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Structure of mixed valence copper sodium
borate biocidal glasses from combined
neutron and X-ray diffraction

Oliver Alderman *T !, Wesley Wall 2, Courtney Calahoo 2

1 ISIS Neutron and Muon Source — Rutherford Appleton Laboratory, Harwell, Didcot, UK, OX11 0QX,
United Kingdom
2 Genics, Inc. — 27717 Acheson Rd., Acheson, AB, Canada, T7X 6B1, Canada

Mixed-modifier copper-sodium-borate glasses are used in wood preservatives, exploiting the
synergistic biocidal effects of boron and copper, along with favourable intermediate-timescale
dissolution rates and long-term retention in the wood. On a fundamental level, the struc-
tural behaviour of copper in glasses, especially Cu(I), requires further investigation, as does
the effect of copper on the boron coordination and speciation in borate glasses and in aqueous
environments. In the present study several glass series were synthesized, nominally zCuO-(20
— 2)Na20-80B203 (0 < z < 10), yCuO-(40 — y)Na20-60B203 (0 < y < 40), and zCuO-(100
- 2)B203 (z = 3, 6, 40, 50). X-ray photoelectron spectroscopy revealed the presence of both
Cu(I) and Cu(II) in appreciable amounts in all glasses, with Cu(I) ranging from 15% to 60% of
total Cu. Elemental analysis revealed volatile losses of Cu and Na. Whilst most glasses were
not significantly contaminated by the seasoned stainless steel crucibles used for glass making,
the two copper-rich borates (z = 40, 50) were found to contain iron (up to 6 mol% Fe203).
Pulsed neutron and high-energy x-ray total scattering diffraction measurements were used as
complementary structural probes, neutrons being more sensitive to boron, and x-rays to copper.
The neutron diffraction combined with bond-valence methodology enables quantification of the
tetrahedral boron fractions (N4), which are challenging or impossible to obtain by typical 11B
nuclear magnetic resonance methods due to paramagnetic Cu(Il) (and Fe(III)). A clear trend
for decreasing N4 as Cu replaces Na was observed. This observation aligns with expectations
based on Raman spectroscopy, as well as sparse available data on Cu(II) borate glasses, and
their Mg and Zn analogues. On the other hand, Cu(I) is an analogue of Li in terms of ionic
radius and charge, which may have suppressed the effect on N4 compared to the hypothetical
100% Cu(II) case. The majority of Cu-O bonds are centred around 1.96(1)A, but x-ray diffrac-
tion reveals additional, longer, Cu-O bonds around 2.14A, leading to total Cu-O coordination
numbers > 4. Further analysis of the Cu environments and their relationship with dissolution
studies is ongoing at time of writing.

Keywords: Borate, copper, sodium, neutron, x, ray, diffraction
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Structure and Viscosity of Sulfur-Bearing
Silicate Glasses: Influence of Sulfur
Speciation and Composition
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Daniel R. Neuville !
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Globe de Paris, IPGP, Paris, France
2SIMaP Lab — CNRS and Université Grenoble Alpes — France

3Laboratoire Magmas et Volcans — Université Clermont Auvergne, CNRS — France

Understanding sulfur incorporation in silicate glasses is crucial for optimizing their structural
and physical properties in various industrial and environmental applications. Sulfur can exist
under different oxidation states, influencing solubility, redox behavior, and network connectivity
depending on glass composition. This study examines in detail the effect of sulfur speciation
through the incorporation of sources with different oxidation states on the solubility, structure,
and rheological properties of glasses. The effect of composition was also assessed by systemat-
ically varying the composition, from a multicomponent synthetic glass to a simplified ternary
system, in order to also observe the impact of network formers and modifiers on sulfur in-
corporation and stability. Structural analyses by Raman spectroscopy, coupled with viscosity
measurements, reveal distinct mechanisms of interaction between sulfur and the silicate network
depending on its chemical form and the nature of the glass matrix. These results demonstrate
that sulfur speciation plays a crucial role in network connectivity, melt reactivity, and conse-
quently, the final properties of the glass, thus providing new insights into controlling the behavior
of sulfur in silicate systems.

Keywords: Silicate glass, Sulfur solubility, Structure, Viscosity
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Probing Densification Mechanisms in
Indented Silica Using Brillouin Spectroscopy
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The objective of this work is to investigate and better understand the densification mecha-
nisms occurring in silica glass at the micrometer scale under micro-indentation. When subjected
to such localized mechanical loading, silica glass exhibits a remarkably high density increase -
up to about 21% - in sharp contrast with conventional oxide glasses, such as float glass, which
show only minor densification (1).

Using high-resolution Brillouin light scattering, we obtained detailed maps of the local elas-
tic properties within and around the indentation imprints. The measured variations in sound
velocity directly reflect local changes in density. Our results show that densification in silica
evolves gradually in the lateral direction, similar to glasses with a high Poisson’s ratio. Along
the central axis beneath the indenter, however, the profile differs: a highly densified zone lies
just below the contact area, followed by a sharp transition to an undensified, purely elastic region.

While Raman spectroscopy provides valuable structural information, its spatial contrast is in-
sufficient to clearly distinguish the densified zone from the undensified region. In contrast,
Brillouin spectroscopy offers the sensitivity and spatial resolution required to characterize these
subtle mechanical and structural gradients. The results are consistent with recent chemical
etching observations (2), which investigate densification within the indentation imprint by mea-
suring local dissolution rates.Together, these complementary approaches contribute to a more
complete picture of the structural and mechanical response of silica under localized loading.

Overall, this work refines the description of the indentation imprint in silica, improves our un-
derstanding of its densification behavior, and highlights the capability of Brillouin spectroscopy
for probing local mechanical responses at the microscale.

(1) Berthelot et al. (2024). Strength of Brillouin spectroscopy to identify spatial densifica-
tion model in indented silica. Journal of Non-Crystalline Solids, 639, 123058.
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Sodium Phosphate Glasses: Insights into
the Short- and Intermediate-Range Order
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! Tnstituto de Fisica de Sao Carlos — Avenida Trabalhador Sao-carlense, n° 400, CEP 13566-590 - Sao
Carlos — Sao Paulo — Brasil, Brazil
2 Center for Research, Technology and Education in Vitreous Materials — Federal University of Sao
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3 Institute for Physical Chemistry, University of Miinster — Corrensstrasse 30, D-48149 Miinster,
Germany, Germany
4 Vitreous Materials Laboratory (LaMaV), Department of Materials Engineering, Federal University of
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Titanium in phosphate bioglasses is acknowledged for enhancing bioactivity and mechanical
strength, thereby offering new prospects for biomedical applications. In this context, a detailed
structural examination of benchmark titanium-bearing phosphate glasses in the low titanium
concentration range can provide valuable insights into the structure-property relationship, while
remaining nearly within biocompatible limits. Glass samples were prepared by melt-quenching
within the sodium metaphosphate compositional series, incorporating up to 10 mol% TiO2. By
combining a suite of standard and advanced multinuclear solid-state NMR experiments (1), the
short- and intermediate-range order of these glasses was characterized. As the titanium content
increases, P2 structural units progressively incorporate titanium, indicating the gradual forma-
tion of P-O-Ti linkages within the network. In contrast, the environment surrounding the 23Na
nuclei is not significantly affected within the compositional range investigated. The resulting
glass properties are critically examined within this structural framework.

** The authors are grateful to the Sao Paulo Research Foundation (FAPESP) for funding this
research through the CEPID project no. 2013/07793-6, the Brazilian grants no.2023/17069-5
(RBP) and 2025/13921-4 (ATY), as well as the Brazil-Germany cooperation grant no. 2025/06921-
8 (RBP).

Reference

(1) H. Eckert, Structural characterization of bioactive glasses by solid state NMR, Journal of
Sol-Gel Science and Technology, 88 (2018) 263-295.
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Impact of boron on high temperature
multicomponent diffusion in
alumino-soda-lime silicates.
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Chemical diffusion in amorphous silicates is a process of paramount interest in many fields,

including geosciences, nuclear applications, and industrial glass melting. Indeed, chemical diffu-
sion plays an important role at all stages of glass melting and transformation. The particularity
of these systems lies in their complex compositions, which contain several network-forming and
network-modifying elements, as well as their high degree of polymerization at high temperatures.
This complexity implies strong interactions between these elements.
An approach initially developed in geosciences, describing diffusion in glass through the eigen-
vectors and eigenvalues of the full diffusion matrix, is increasingly being investigated for various
industrial glass systems (1-4). The advantage of this approach is its ability to provide a general
view of the multicomponent diffusion process within the explored domain using a limited number
of experiments. This macroscopic method interprets diffusion as exchange reactions that repre-
sent the lowest-energy pathways for material transport, with the rate of exchange quantified by
the eigenvalues.

In this study, we aim to investigate the impact of boron on these pathways in the NCAS system
and highlight the influence of the presence of several network formers on these exchanges. We
correlate these pathways with local structural modifications obtained from spatially resolved
Raman measurements.

(1) Claireaux C. et al. (2016), Geochimica et Cosmochimica Acta 192, 235

(2) Pablo H. et al, (2017), Journal of Non-Crystalline Solids, 478,29-40

(3) Claireaux C. et al (2018), Geochimica et Cosmochimica Acta,
(4) Woelffel W. et al. (2015), Journal of Non-Crystalline Solids, 428, 121
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Impact of Fluorine on Silicate Glass
Structure and Diffusivity

John Bussey * 12, Daniel Neuville 2, John Mccloy !

! Washington State University — Pullman, WA, United States
2 Institut de Physique du Globe de Paris — Institut de Physique du Globe de Paris — 1 rue Jussieu,
75005, Paris, France

The incorporation of fluorine plays a crucial role in determining the behavior of silicate
melts across geologic, industrial, and nuclear waste vitrification systems. In addition, there
are several outstanding scientific questions regarding the interconnected structural role and
diffusivity of fluorine. The speciation and diffusion of fluorine is underexplored across many
glass systems and is also important for transport and crystallization processes. It should be
noted that fluorine is of recently renewed focus in Hanford Site vitrification efforts due to new
regulation changes regarding the lack of pre-treatment. Fluorine addition to three classes of
glasses will be discussed: soda-lime silicate glasses, sodium aluminosilicate glasses, and more
complex aluminoborosilicate nuclear waste glasses. The impact of F on glass structure will be
explored through F K edge X-ray Absorption Spectroscopy (XAS), 19F Magic Angle Spinning
Nuclear Magnetic Resonance (MAS-NMR), Raman Spectroscopy, and other nuclei MAS-NMR.
The importance of Al-F moieties as well as the presence of controversial moieties such as Si-F
will also be discussed. The drastic impact of F on diffusivity will be discussed in the context
of viscosity measurements, glass transition temperature changes, and crystallization behavior,
as well as in relation to the glass structure. The tendency for immiscibility in high fluorine
silicate melts will additionally be covered. Finally, the potential to explore diffusivity through
temperature-dependent conductivity and NMR measurements will be mentioned.

Keywords: fluorine, volatiles, viscosity, diffusivity, structure, NMR, XANES
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Speciation of Uranium in Simple Oxide
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Vitrification is a critical technology for long-term immobilization of nuclear waste. While most
U from used nuclear fuel is not planned for immobilization in glass, there are certain situations
where U and/or Th-rich waste streams may be vitrified. One example is the more than 54
million gallons of nuclear waste at the Hanford Site in the USA, where some actinides remain
in certain tanks. When planning for vitrification efforts, understanding the structural impact
of different waste constituents is essential for efficient and successful deployment. In addition,
U exhibits unique, varied, and under-investigated glass chemistry, through the ready formation
for 3 oxidation states as well as the uranyl ion. Finally, the behavior of U in geologic melts and
historical glasses is of interest. This talk discusses uranium speciation (oxidation state, uranyl
moiety, next nearest neighbors) across a range of binary alkali-former oxide glasses (former =
Si, B, P, Te, Ge, Ti, Mo, W) as well as A;0O-BO-SiO glasses with a range of 1+ (A) and 2+
(B) cations. The U speciation is investigated through x-ray absorption spectroscopy (both
XANES and EXAFS), the uranyl v; symmetric stretch (Raman), photoluminescence
spectroscopy, and UV-Vis spectroscopy. Rich colors are produced ranging from brown to red
to orange to yellow to green. A variety of U confirmations are observed and discussed through
the lens of glass chemistry. Specifically, U forms across U4t to UST for melts in air, with a
variety of coordination environments. Uranyl (UO%+) is a common moiety with variations in
equatorial oxygens. The results are contextualized based on overall glass basicity, network
polymerization, and the identity of counter cations. The impact of U on glass structure is also
probed through Raman spectroscopy, differential scanning calorimetry, and molar volume.
Finally, Uranium speciation is compared with Thorium (which is exclusively Th**). These
findings not only advance the fundamental understanding of U and Th incorporation into
non-crystalline matrices but also provide guidance for future vitrification endeavors.

Keywords: Uranium, glass structure, X-ray absorption spectroscopy, luminescence spectroscopy,
basicity, oxidation
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Solid-state NMR is now an essential spectroscopy technique for studying oxide glasses, as it

offers a wide range of techniques for studying both their structure and dynamics at the atomic
scale. However, the information obtained is limited to short-range order (elementary struc-
tural motifs constituting the glass network) and medium-range order (connectivity or proximity
between these motifs). However, it does not allow three-dimensional structural models to be
constructed on its own. To this end, molecular dynamics (MD) is therefore essential for gen-
erating three-dimensional the atomic structure of glasses at a larger length scale. Thanks to
DFT-NMR calculations, structural models developed by MD can now be directly connected to
NMR spectra, (1) which can greatly facilitate the interpretation of experimental data. However,
topology of such models are inherently limited by the accuracy of MD force-fields and/or the
accessible time-scale to MD.
Reverse Monte Carlo (2) modeling provides an efficient approach to overcome these limitations
because it can generate structural models (by random atomic displacements) that reproduce
the available experimental data (generally neutron and X-ray structure factors). We will show
how NMR information characterizing short- and medium-range order can be integrated into
these simulations to produce glassy structures that cannot be produced by molecular dynamics.
In the current context of increasingly frequent use of machine learning, these simulations also
offer the possibility of producing structures with predefined patterns to effectively libraries of
NMR spectral signatures. This is crucial for the development of databases offering a sufficient
structural diversity for the development of transferable ML force fields for example. We will
illustrate these advances in the development of NMR-driven structural modelling for different
oxide glasses, and its combination with equivariant Machine Learning for the prediction of NMR
interactions. (3)

(1) T. Charpentier, M.C. Menziani, A. Pedone, RSC Adv. 3, 10550-10578 (2013);
(2) R.L McGreevy, P Zetterstrom, J. of Non-Cryst. Solids 293-295, 297-303 (2001)

(3) Z. Chaker, M. Salanne, J.-M. Delaye, T. Charpentier Phys Chem Chem Phys. 21, 21709-
21725 (2019) ; T. Charpentier, Faraday Discuss., 255, 370-390 (2025)
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Transition elements exert an important influence on most physical and chemical proper-
ties of oxide glasses and melts, in which they possess peculiar structural characteristics, such
as unusual coordination states or heterogeneous spatial distribution. Their importance covers
technological as well as geochemical applications. The former can be illustrated by the use
of transition elements as glass coloring agents, an attractive property of glassy materials since
centuries, but also by their influence on glass durability, crystalline nucleation or magnetic prop-
erties. The latter encompass the unique information provided by transition elements on natural
glasses, including the redox state of natural magmas or the influence of temperature on the
structure of volcanic glasses. Emphasis will be put on the local structure and chemical bonding
in glasses using the structural information obtained by various spectroscopic methods, among
which synchrotron radiation-based techniques play a central role. Spectroscopic properties of
transition elements provide a unique harvest of structural information of great scientific and
technological significance, spanning various organization scales: at short range scale, mixed va-
lence and mixed ligand organization or unusual coordination numbers such as five-coordination;
at medium range scale, distribution of site geometry, clustering or heterogeneous spatial distri-
bution ... Some structural properties revealed by spectroscopic approaches are inherited from
the peculiar dynamics of silicate melts, including frozen-in exotic coordination numbers, mixed
ligand configuration, thermal expansion of coordination sites or temperature-induced modifica-
tions of cationic sites. At medium range scale, transition elements may be linked to specific
structural subsets, forming cation clusters such as in volcanic glasses, in which they constitute
mixed valence nanolites and magnetic domains.
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In search of an iron-manganese link: a
multispectroscopic study of the color of
silicate glasses.
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In many cases, the color of glass, whether heritage or industrial, find its origin in the presence
of transition metal ions within the glass matrix. Amongst them, iron, which is always present as
an impurity and gives a greenish color, and manganese, which generally gives a purple color, are
of utmost importance. During the cooling of the glass, these elements react each other according
to the simplified equation:

Fe2+ + Mn3+ Fe3+ + Mn2+

Manganese has been widely used to decolorize iron coloured glass and is known as glassmaker’s
soap. This Fe/Mn interaction is therefore long-standingly studied, but several parameters re-
main poorly understood, notably the role of melting temperature and the vincinity between iron
and manganese ions in the molten state, which affects redox properties.

By performing measurements in the glassy state using several spectroscopic techniques (temperature-

dependent UV-Visible absorption spectroscopy, EPR, optical fluorescence), we revealed the
presence of an Fe-O-Mn bond which persists at room temperature and which could affect the
colouration of heritage glass and the redox property of this glass.

Keywords: redox, manganese, iron, charge transfer, spectroscopy
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Structure—Property Relationships in
Ag20-Doped Zinc Aluminophosphate
Glasses: Impact of Alkaline Earth Ions on
Silver Reduction

Jaeyeop Chung *T !, Jeongho Cho !, Kim Sunwoog !

! Korea Institute of Ceramic Engineering and Technology — 101 Soho-ro, Munsan-eup, Jinju-si,
Gyeongsangnam-do, South Korea

Ag20-doped (z)RO—(54—1)Zn0O-5A1203-40P205 (z = 5 or 10 mol%; R = Mg2+, Ca2+,
Sr2+, or Ba2+) glasses were synthesized to investigate how alkaline earth modifier chemistry
influences the silver redox reaction, nanoclustering, and glass network formation. UV-visible
spectra revealed a pronounced decrease in transmittance near 415 nm, attributed to the surface
plasmon resonance (SPR) of metallic Ag. The SPR intensity increased from Mg — Ca — Sr —
Ba, consistent with progressive Ag+ — Ag0 reduction as modifier field strength decreased. X-ray
photoelectron spectroscopy revealed a greater contribution of metallic Ag (Ag0) in Ba-rich com-
positions. High-resolution transmission electron microscopy of the Ba-doped glass confirmed the
presence of Ag0 nanocrystallites (-72-10 nm) with lattice spacings of 0.23 and 0.20 nm, indexed
to fcc-Ag (111) and (200), respectively. To rationalize these observations, optical basicity and
oxygen polarizability calculations, together with Fourier transform infrared and Raman spec-
tra, indicated greater reduction and depolymerization with heavier alkaline earth ions. These
findings suggest that introducing lower-field-strength cations increases network ionicity and non-
bridging oxygen concentration. Consistently, 31P and 27Al magic-angle spinning NMR, showed
a higher fraction of non-bridging oxygen in Ba2+-doped samples, while Zn and Al shifted toward
higher coordination, reducing charge-compensation sites. Overall, lower-field-strength modifiers
with higher basicity promote non-bridging oxygen formation, silver reduction, and nanocluster
growth, whereas Mg2+ suppresses these processes and maintains optical transparency.

Keywords: Silver redox behavior, Glass structure, Alkaline earth oxide, Phosphate glass
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Molecular Dynamics Simulations of the
Environment of Alkali Ions in Mixed
Lithium-Sodium Silicates

Alastair Cormack * !
L Alfred University — 1 Saxon Drive, Alfred, NY 14802, United States

The mixed alkali effect, in which there is a non-linear change in the physical properties of,
say, an alkali silicate glass when one alkali metal is replaced with another, is well known, having
been widely observed experimentally.

Although there have been a number of attempts to provide a theoretical explanation, none has
received universal acceptance. In large part, this is probably because the understanding of the
structure of glasses at the time was limited to the ideas of e.g. Zacharaiasen, and Warren.

However, the last thirty years or so have seen significant advances in our understanding of
the atomic structure of glasses, made possible by developments in, inter alia, x-ray and neutron
scattering, solid state NMR and atomistic computer simulations.

We have used molecular dynamics to investigate the structure of several series of mixed lithium
and sodium silicates, with the object of elucidating the detailed atomic scale environment of
the alkali ions as a function of both Li/Na ratio and silica content. Di-, tri-, and tetra-silicates
have been modelled, with the following Li/Na ratios: 100% Li, 95Li05Na, 75Li25Na, 50Li50Na,
25Li75Na, 05Li95Na and 100% Na.

In this presentation, we will focus on mixed (Li,Na) disilicates for which our simulations re-

produce the mixed alkali effect. We will discuss the changes in structure as a function of Li/Na
ratio with particular emphasis on the immediate local environments of the alkali ions.

Keywords: molecular dynamics, mixed alkali effect, alkali disilicates
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Investigation of Mg substitution effects on
International Simple Glasses structure and
properties

Teuan Cornu *' !, Nicolas Bisbrouck !, Annabelle Laplace !, Thibault
Charpentier 2, Magaly Tribet 3

I Laboratoire de Formulation et de Caractérisation des Matériaux minéraux, LFCM — Commissariat &
I’Energie Atomique et aux Energies Alternatives (CEA) - Marcoule — France
2 Laboratoire Structure et Dynamique par Résonance Magnétique, LSDRM — CEA Saclay, 91191
Gif-sur-Yvette Cedex, France — NIMBE, CEA, CNRS, Université Paris-Saclay, CEA Saclay 91190 Gif
sur Yvette, France
3 Direction des Energies, DES — Commissariat & I’Energie Atomique et aux Energies Alternatives
(CEA) - Marcoule — France

The International Simple Glass 1 or 2 (ISG-1 or 2)! is a standardized composition based
on ISG glass, primarily used in research on nuclear waste management?*. In this study, we
aim to understand the fundamental relationship between the structure of ISG-type glasses and
their physicochemical properties, such as thermal stability, density and more especially chemical
durability. Our ISG-type glasses are composed of SiOs, AlsO3, B5O3, NasO, ZrO,, LasO, CaO
and MgQO. Thus, we substituted Ca by Mg to obtain several ISG type glasses with increasing
Mg/Ca ratios>®. The atomic arrangement and the B(III)/B(IV) ratio of the glasses were first
determined by performing NMR analyses. This was followed by a Raman analysis to confirm
NMR results and obtain more information on the polymerization of the network and percentage
of NBO in the glasses. After characterizing the glasses structure, we then measured Ty, viscosity
and density to correlate the structural changes observed by Raman and NMR with properties
modification. Finally, we measured their initial dissolution rate (rg) to observe the effect of
the Ca by Mg substitution on the chemical durability of ISG-type glasses. This presentation
will summarize the results obtained on several ISG glasses to highlight the structure/properties
relationship induced by the increasing amount of Mg on the glass.

1. Ryan JV, et al. ISG-2: properties of the second International Simple Glass. npj Mater
Degrad., 2023.
2. Gin S, et al., An international initiative on long-term behavior of high-level nuclear waste
glass, Materials Today 2013.
3. Jiménez JA, et al., Physico-chemical properties of international simple glass (ISG) nuclear
waste simulants: Luminescence baseline study. Journal of the American Ceramic Society, 2022.
4. Collin M et al., Structure of International Simple Glass and properties of passivating layer
formed in circumneutral pH conditions. npj Mater Degrad., 2018.
5. Zhang X, et al. Effects of MgO/CaO on the structural, thermal and dielectric properties of
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aluminoborosilicate glasses. J Mater Sci: Mater Electron., 2013.
6. Bertani M, et al., Effects of magnesium on the structure of aluminoborosilicate glasses: NMR,
assessment of interatomic potentials models for molecular dynamics. Journal of the American
Ceramic Society, 2023.

Keywords: Borosilicate glasses, structure, properties, alteration rate
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Investigation of Network Connectivity in
aluminophosphates Glasses via NMR and
Molecular Dynamics

Carla Dackane * !, Gregory Tricot !, Sylvain Cristol 2

! Laboratoire Avancé de Spectroscopie pour les Intéractions la Réactivité et I'Environnement - UMR
8516 — Institut de Chimie - CNRS Chimie, Université de Lille, Centre National de la Recherche
Scientifique — LASIRe, anciennement LASIR— Université de Lille - Batiment C5 (secrétariat), C8 et C4
- 59655 Villeneuve d’Ascq Cedex, France
2 UCCS Equipe Modélisation et spectroscopies pour la Catalyse — Unité de Catalyse et Chimie du
Solide - UMR 8181 — Cité Scientifique - Batiment C3 - 59655 Villeneuve d’Ascq Cedex, France

The study presented here aims at investigating the BaO-K50-Aly03-P205 system used in
the development of laser glasses. Indeed, despite the commercialization of several industrial
products (e.g., LG-770 from Schott, LHG-8 from Hoya), the relationships between the chemical
composition and the local and intermediate ranges organization in these glasses are not fully
understood. The approach of this work is to combine glass synthesis (melt-quench), property
characterization (T, density...), structural study (1D/2D NMR, Raman) and molecular dynamic
calculations to determine these relationships.

A wide compositional range was explored, including binary (BaO-P205), ternary (BaO-
Aly03-P20s5), and quaternary (BaO-K30-Alo03-P205) glass systems. Properties evolution
(Ty and density) were observed and related to composition parameters (%Al,O03, O/P, Al/P...).
Structural analysis was mainly performed using 1D 27Al NMR to identify the (x)Al species and
1D 3'P combined with 27Al/3!P correlation NMR experiments (REDOR, HMQC) to identify
the Q7 speciation.

In the binary system, the 1D spectra reveal a progressive evolution of Q™ structural units as
a function of composition as expected from the binary model distribution. In the ternary and
quaternary systems, the 1D/2D NMR experiments highlight distinct cross-correlations between
phosphorus and aluminum nuclei, confirming the presence of P-O—Al linkages within the glass
structure. These interactions demonstrate the formation of a mixed alumino-phosphate network
in which aluminum tetrahedra bond with phosphate units, thereby enhancing the network con-
nectivity and rigidity.

Overall, this work provides new insights into the composition—structure relationships in
mono- and di-valent alumino-phosphate based glasses and will contribute to the rational design
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Control of Surface Electrical Potentials on
Ge-Sb-S Glasses by Thermal Poling

Antonio De La Torre Pérez *T !, Frédéric Adamietz !, Julien Hunel !,
Romane Henry-Bauer 2, Andrea Piarristeguy 2, Marc Dussauze® !

I Tnstitut des Sciences Moléculaires — Centre National de la Recherche Scientifique - CNRS, Université
de Bordeaux (Bordeaux, France) — Batiment A 12 351 cours de la Libération 33405 TALENCE
CEDEX, France
2 Institut Charles Gerhardt Montpellier - Institut de Chimie Moléculaire et des Matériaux de
Montpellier — CNRS : UMR5253, Université Montpellier II - Sciences et techniques, Ecole Nationale
Supérieure de Chimie de Montpellier — C.C. 1503 2 Place Eugene Bataillon 34095 MONTPELLIER
CEDEX 5, France

Thermal poling is an effective method for immobilizing electric charges in a glass matrix.

These charges are fixed both at the surface and within the core of the vitreous network and add
a static electrical function to the material. Charge spatial distribution in poled glasses depends
on poling parameters and electrode geometry, yet its behavior at the surface is still not fully
understood.
In the present work, chalcogenide glasses in the Ge-Sh-S system doped with Na mobile cations
were synthesized and thermally poled using different voltages and electrode geometries. Com-
position modifications induced in the glass matrix were analyzed by Secondary-lon Mass Spec-
trometry (SIMS), while structural modifications were examined by Raman microscopy. Charge
distribution was evaluated using a combination of Second-Harmonic Generation (SHG) tech-
niques and Kelvin Probe Force Microscopy (KPFM).

Composition analyses revealed that increasing the voltage applied during thermal poling led
to a widening of the cation-depleted zone, from 12 um to 25 ym. SHG analyses of the treated
glasses showed different orientations of the induced electric fields, exhibiting both in-plane (along
the surface) and longitudinal (towards the cathode) components. KPFM analyses of samples
treated with non-structured electrodes displayed an increase in the magnitude of surface electri-
cal potentials with applied voltage, reaching values up to —22 V for the highest applied voltage.
Analyses of samples treated with patterned electrodes revealed electrical potentials varying in
sign that were accurately patterned at the micrometric scale.

Taken together, these data show that control over the sign and magnitude of surface electrical
potentials induced in a Ge-Sb-S glass is achievable by controlling the surface currents that arise
during the thermal poling of the glass. These results pave the way for the creation of new
multifunctional materials combining optical and electrical functionalities.
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Probing Short-Range Structural Disorder
and Glass Formation in Hybrid (Glasses
Obtained from Metal-Organic Frameworks

Marcos De Oliveira Junior * !, Renato Murback !, Flaviana Pamplona ?,
Eduardo Azevedo !, Bruno Trebbi !

! Tnstituto de Fisica de Sao Carlos — Avenida Trabalhador Sao-carlense, n® 400, CEP 13566-590 - Séo
Carlos — Sao Paulo — Brasil, Brazil

Metal-Organic Frameworks (MOFSs) have recently emerged as a unique class of glass-forming

hybrid materials, challenging traditional classifications of vitreous solids. The transition from
the crystalline to the amorphous/glassy state offers compelling advantages, such as monolithic
morphology, enhanced stability, and tunable functional properties. However, a major challenge
lies in fully understanding the atomic structure and the fundamental amorphization mechanisms
in these novel hybrid glasses.
Here, we report on the structural characterization of hybrid glasses derived from MOFs, focus-
ing on both single-metal and mixed-metal imidazolate systems, utilizing advanced Solid-State
Nuclear Magnetic Resonance (SSNMR) spectroscopy. In the Cd(Im)2-x(bIm)x (Im = Imida-
zol, bIm = Benzilimidazol) system, 13C and 1H NMR confirmed the structural integrity and
short-range order of the organic linkers upon vitrification. While 113Cd NMR indicated a clear
increase in disorder within the metal coordination environment, specialized experiments like
113Cd{1H} REDOR demonstrated that the primary Cd-Im/bIm connectivity remains essen-
tially intact, with disorder arising from subtle geometric distortions.

This insight is further corroborated by complementary studies on mixed-metal imidazolate
glasses, such as those incorporating Gallium and Zinc. In these systems, 71Ga SSNMR also
reveals that the short-range order surrounding the Ga center is largely preserved after the tran-
sition to the amorphous state.

Collectively, these findings highlight the power of SSNMR, for probing short-range structural dis-
order in hybrid MOF glasses. Our results provide critical evidence that while the long-range
order is lost during the glass-formation process, the fundamental coordination poly-
hedra of both the metal centers and the organic linkers are substantially maintained,
offering crucial insights into the mechanisms of amorphization that are key for the future design
and synthesis of MOF glasses with desired properties.

Keywords: Hybrid glasses, MOFs, NMR
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Facile and Quantitative Determination of
Glass Redox State

Alexis Duval * !, Nadja Greiner-Mai !, Oksana Smirnova !, Franziska
Scheffler !, Lothar Wondraczek !

! Friedrich-Schiller-Universitit Jena — Germany

The redox state of glasses is a critical determinant of their optical, luminescent, mechan-
ical, thermal, and electrical properties. Yet, its precise determination remains challenging, as
commonly employed techniques are hindered by significant limitations: (i) limited accessibil-
ity (XANES, Maéssbauer spectroscopy), (ii) the need for extensive prior standardization (ESR,
Raman spectroscopy), or (iii) the risk of altering the redox state during measurement (XPS,
EXAFS). In this study, we introduce two quick, accessible, yet precise wet chemistry methods
for this purpose, relying on simple apparatus and easy-to-use reagents. The experimental pro-
tocol is unified across the various redox couples. These methods were validated using analytical
standards encompassing diverse chemistry, and subsequently applied to a broad spectrum of
redox couples and glass chemical systems. Results demonstrated strong agreement with estab-
lished methodologies, even enabling the accurate determination of highly reducing (Eu2+) or
oxidizing (Tb4+) ionic species typically present in trace amounts in glasses.

Keywords: Redox chemistry, Wet chemistry, High throughput methods, Mixed anion compounds
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Influence of Phase Separation on Stress
Corrosion Cracking in Si0y,—B;03—-NayO
Glasses

Weiying Feng !, Daniel Bonamy !, Fabrice Celarie ?, Laure Chomat !,
Paul Fossati 3, Stéphane Gossé 3, Patrick Houizot 2, Cindy Rountree *f !

! Service de physique de ’état condensé — Institut Rayonnement Matiere de Saclay (DRF), Université
Paris-Saclay, Centre National de la Recherche Scientifique — SPEC - UMR3680 CEA-CNRS(ex-URA
2464), CEA /Saclay, Orme des Merisiers, F-91191 GIF SUR YVETTE CEDEX, France
2 Institut de Physique de Rennes — Universite de Rennes 1, Centre National de la Recherche
Scientifique : UMR6251, Centre National de la Recherche Scientifique : UMR6251, Centre National de
la Recherche Scientifique — France
3 Laboratoire de Modélisation de Thermodynamique et de Thermochimie — CEA — France

Phase separated sodium borosilicate glasses have multiple industrial uses: references elec-
trode junctions, desiccants, medical devices, chromatography, catalyst support, filtering impuri-
ties from polluted water or air, etc. Patents show that they have an increase in their resistance
to crushing, yet their resistance to stress corrosion cracking (SCC) is less well-known in litera-
ture. A typical oxide glass SCC curve reveals the crack front velocity (v) as a function of the
stress intensity factor (K') and environmental factors (Temperature, Humidity, etc.). The SCC
behaviour of homogeneous glasses systematically evidences three regions between two thresh-
olds. The lower and upper thresholds correspond to the environmental limit (below which the
crack front does not interact with the environment) and the fracture toughness (after which the
velocity of the crack is unstable). Between the two limits, one finds the three regions. In Region
I, the log of the crack front velocity increases nearly linearly with the stress intensity factor.
The crack front interacts with environmental water, and the limit in this zone is the time for
the reaction to occur. In Region II, the log of the crack front velocity is nearly constant with
the stress intensity factor. The limit in this zone is the time for the water to reach the crack
front. In Region III, the log of the crack front velocity increases nearly linearly with the stress
intensity factor. It is commonly recognized that the crack front dynamics does not depend on
the amount of water in the environment. However, it does depend on other environmental fac-
tors. Si09—B20O3-NagO glasses have a well-defined zone of phase separation. This presentation
concerns two glasses from this zone. Initially, the two parent glasses are annealed with varying
annealing times and temperatures. This provides varying structures, which are quantified and
qualified by AFM, NMR, Raman, Vicker’s indentation, etc. Lastly, how altering the two-phase
structure influences Region I and the environmental limit will be revealed. Keywords: Phase

Separation, Stress Corrosion Cracking, SiOs—B203—NaoO Glasses
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Structural study of nanoparticles under
pressure: toward a new amorphous phase

Tony Faceira *T 1, Alice Berthelot ', Thierry Deschamps !, Sylvie Le
Floch !, Christine Martinet !

! Institut Lumiere Matiere — CNRS : UMR5306, Université Claude Bernard - Lyon I (UCBL) —
UMRS5306 CNRS Université Claude Bernard Lyon 1 Domaine Scientifique de La Doua Batiment
Kastler, 10 rue Ada Byron 69622 Villeurbanne CEDEX, Franc, France

Although glass is a brittle material on the macroscopic scale, plastic deformation, which
induces permanent structural changes and a permanent increase in density, is observed under
micro-indentation at the microscale or under hydrostatic pressure. However, densification of
bulk silica glass requires high consolidation stresses and the elastic-to-plastic transition occurs
only above 9 GPa1)-(2),

Recent numerical simulations have introduced a new synthesis method based on the consoli-
dation of nanoparticles and suggest that transition to the nanoscale enhances the formation
of plasticity sites. Brittle-to-ductile transition could be triggered at pressures as low as 1.2
GPa, depending on the nanoparticle size, figure 1 highlighting how nanoscale structuring facili-
tates plastic deformation and reduces the transition pressure(® . Experimentally, the ILM team
demonstrated an irreversible elastic-to-plastic transition at 2.5 GPa for 15 nm silica particles(®.
Using in situ Raman and Brillouin spectroscopies in a diamond anvil cell, we probe atomistic
rearrangements and the associated increase in sound velocity. Figure 2 shows the ex-situ Ra-
man spectra of bulk silica glass and of nanoglass synthesized by consolidation of 15 nm silica
nanoparticles, obtained at several pressures. The narrower main band and the more intense D1
and D2 bands indicate a narrower Si—-O—Si angle distribution and a higher population of 4- and
3-membered rings, reflecting surface-induced structural effects. We also discuss the differences
in sound velocity and atomic rearrangements between bulk silica glass and the nanoparticle-
derived nanoglass, as well as the inhomogeneity of mechanical stresses during compression. We
discuss the different regimes of structural reorganization under high pressure and compare them
to bulk silica glass.

Our study demonstrates that nanoscale control of silica particles enables a significant reduction
of the elastic-to-plastic transition pressure, offering new opportunities for the synthesis of me-
chanically robust silica glasses with tunable structural and vibrational properties.

(1) T. Rouxel et al., Phys. Rev. Lett. 2008, 100 (22), 225501.
(2) Y. Liang et al., Phys. Rev. B: 2007, 75 (2), 024205.
(3) Y. Zhang et al., Nano Lett. 19 (8), 5222-5228 (2019).
(4) C. Martinet, A. Berthelot, T. Deschamps et al., Ceram. Int. 2025, 51 (26C), 50509.

Keywords: Glass, Silica, High pressure, Vibrational spectroscopy, Structure, Plasticity, Nanoparticles
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Mapping Structural Correlations at the
Nanoscale in Phase-Separated (zlasses Using
4D-STEM

Claire Fourmentin *' !, Partha Pratim Das 2, Evangelos Grivas 2, Stavros
Nicolopoulos 2, Stéphane Godet !, Alejandro Gémez Pérez 2

! Université libre de Bruxelles — Avenue Franklin Roosevelt 50 - 1050 Bruxelles, Belgium
2 NanoMegas SPRL — Rue Emile Claus bte 9, Brussels 1050, Belgium

Despite being one of the most familiar and widely used materials, glass continues to chal-
lenge our fundamental understanding of atomic structure and disorder. The intrinsic disorder of
the amorphous network, combined with possible compositional heterogeneities at the nanometre
scale, makes it difficult to correlate local structural patterns with macroscopic properties. Where
traditional diffraction and spectroscopy techniques provide valuable average informations, they
inherently lack spatial resolution, preventing direct observation of structural variations within
heterogeneous glasses.

Recent advances in four-dimensional scanning transmission electron microscopy (4D-STEM),
and in particular data collection and data processing platform such as those developed by the
company Nanomegas, have opened new perspectives for the characterization of amorphous ma-
terials at the nanoscale. By recording positionally resolved electron diffraction patterns over
extended regions, 4D-STEM enables the local extraction of structural descriptors such as the
structure factor S(Q) and the pair distribution function (e-PDF).

In this work, we used a phase separated soda-lime-silicate glass as case study to develop a
methodology to obtain spatial resolution structural mapping of glasses. This approach enables
the visualization of local structural correlations and provides a framework for exploring short
and medium-range order variations in amorphous systems. These capabilities open the door for
a more detailed and accurate understanding of glass structure and its relationship to composition
and properties.

Keywords: Glass, Structure, Transmission Electron Microscopy, Phase Separation
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Potential Drop Method to measure high
velocity sub-cracking in oxide glasses

Bastien Girault * ', Nitin Gupta' !, Priscille Fauvarquet !, Laure
Chomat® !, Daniel Bonamy! !, Cindy Rountreel !

1 Systémes Physiques Hors-équilibre, hYdrodynamique, éNergie et compleXes — Service de physique de
I’état condensé, Institut Rayonnement Matiere de Saclay — France

Glass is widely used for its advantageous properties, yet its brittleness, particularly in oxide
glasses, remains a major limitation. Understanding the mechanisms behind the failure of glasses
is essential. While dynamic fracture involves fast crack growth (km/s), a more subtle process
known as stress corrosion cracking (SCC) occurs at much lower speeds (nm/s - m/s). Sub-
critical fracture is typically divided into three regions and an environmental limit, if it exists (1,
2). The environmental limit defines the stress intensity factor below which the crack front stops
to propagate, Region I is governed by the chemical reaction between the stretched bonds at the
crack tip and environmental water, Region II is governed by the time for the water to reach the
crack front, and Region III does not depend on the amount of water in the environment due to
a collapse of data for different humidities. Capturing Regions II and III in oxide glasses with
conventional imaging methods is frequently inadequate due to experimental constraints and the
relatively high crack front velocity. The Potential Drop Method provides an alternative. It
employs conductive lines deposited perpendicular to the expected crack path on a glass sample.
As the crack advances, these lines break, which causes a measurable voltage drop recorded
by an oscilloscope. Currently used for PMMA (3), this technique requires an adaptation for
glass, as crack front velocities are significantly higher and crack tip opening displacements are
smaller. This adaptation will reveal Region II and III of the SCC curve for oxide glasses. The
experimental Potential Drop Method and its adaptation from PMMA to oxide glasses will be
presented in the poster.

Keywords: Stress Corrosion Cracking (SCC), Potential Drop Method (PDM), oxide glass
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A new nanometre resolution method for
probing densification ratio at
nanoindentation sites in glass: Unravelling
discrepancies in the literature

Jean-Pierre Guin *' !, Kun Han !, Ludovic Charleux 2, Jean-Christophe
Sangleboeuf !, Michael Ferry 3, Vincent Keryvin 4

! Institut de Physique de Rennes — Institut de Physique de Rennes — Univ Rennes, CNRS, IPR
(Institut de Physique de Rennes), UMR 6251, F-35042 Rennes, France
2 Laboratoire SYsteémes et Matériaux pour la MEcatronique — Université Savoie Mont Blanc — Maison
de la mécatronique 7, chemin de Bellevue 74940 Annecy-le-Vieux, France
3 UNSW Sydney — Australia
4 IRDL — CNRS : UMR6027 — Ctre de Recherche Christian Huygens, Rue de Saint-Maudé, 56100
Lorient, France

The similarity principle of pyramidal indentation test makes it possible to draw on the same
figure all the densification profiles -densification ratio as a function of depth from Raman confo-
cal spectroscopy - under residual indentation imprints (500 mN - 20 N) reported for silica glass
in the literature. The later reveals important discrepancies between studies where as a single
master curve is expected because of the similarity of the indentation test.

Using a novel chemical dissolution technique the region of permanent densification beneath
Berkovich indentation imprints in silica glass is investigated. The use of the similitude regime of
sharp indentation testing allows one to record reliable data with a good spatial resolution (i.e.
nm) that makes it possible to obtain a single master curve from very low loads (typically below
10 mN) indents and, more importantly, crack-free imprints. The densified zone dissolves more
quickly than the non densified regions. The analysis of the results, along the vertical axis, indi-
cates that the densification zone is rather homogeneous with a steep transition to the non densi-
fied zone. The size of the densification zone, with respect to the initial free surface, is estimated
to be around two times the maximum penetration depth of the instrumented indentation test.
These findings are compared with those obtained from Raman confocal spectroscopy studies in
the literature. A good concordance between a Raman spectroscopy result and the chemical probe
results is found for imprints made with no or few cracking events during indentation testing. Yet
in this precise case, this difference can be explained and advantageously used for computing the
confocal resolution of the Raman spectroscope. https://doi.org/10.1016/j.actamat.2024.120005

Keywords: Micro, nanoindentation, Plasticity Densification, Raman spectroscopy, Chemical probe
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A convincing demonstration of indenter tip
geometry imperfection as the cause of the
reported indentation size effect in glass

Jean-Pierre Guin * !, Gwénolé Trenvouez 2, Vincent Keryvin 3

! Institut de Physique de Rennes — Universite de Rennes 1, CNRS : UMR6251 — Batiment 11A F-35042
Rennes, France
2 Institut de Physique de Rennes — Universite de Rennes 1, Universite de Rennes 1 : UMR6251 — France
3 IRDL — CNRS : UMR6027 — Ctre de Recherche Christian Huygens, Rue de Saint-Maudé, 56100

Lorient, France

Indentation size effect (ISE) is usually defined as a strong increase of hardness with de-
creasing indentation load. ISE is nowadays considered by the glass community as a material’s
property and is further satisfactorily described by different models such as Bernhardt, Frohlich,
Hays-Kendal, proportional specimen resistance (PSR) and modified PSR.

In this work we first show from an extended literature survey the existence of important discrep-
ancies in reported hardness variation values with indentation load or depth for the same glass
(i.e. silica glass). The most recent and numerous studies revealing the absence of an ISE down
to nm scale indents.

Then in a second time we demonstrate from geometrical considerations - taking into account
imperfections of a real indenter shape such as conjunction line and tip roundness for four sided
pyramidal indenters- that the variation of the hardness with indentation load can be analytically
expressed and further take the same form as the above reported models, yet parameters solely
depending on geometrical imperfections sizes. We further recall that a part of those findings
were published several times in the literature over the last 80 years, yet largely ignored by the
glass community. Impact of chisel edge length as well as tip weariness (tip radius) on ISE are
discussed in the light of nano, micro and macro indentation regimes as defined by 14577 ISO
standards.

Obtained Analytical expressions are further compared to experimental data both from our lab-

oratory and from the literature. .
Conclusion are drawn and implications regarding other hard materials are addressed.

Keywords: Indentation size effect, hardness, Vickers hardness, Indenter geometry
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Sand dissolution kinetics in pure cullet melts

Benedict Hagel *' ', Enzo Miguel ', Ralf Miiller !, Joachim Deubener? !

! Institute of Non-Metallic Materials; Clausthal University of Technology — Zehntnerstrae 2a; D-38678
Clausthal-Zellerfeld, Germany

In typical batches with primary raw materials, sand grains are chemically attacked and
decomposed by special components such as soda for lime-soda-silicate glasses. When increasingly
higher cullet contents are used, this process is greatly reduced and a diffusion process in an
acidic and viscous oxide melt with low chemical driving force predominates. In this context,
the dissolution of sand grains and synthetic quartz crystals in pure cullet melts was studied
using high-temperature observation microscopy (HTOM). The HTOM is equipped with an IR
imaging furnace that allows temperatures of > 1500 oC and high heating/cooling rates, enabling
an exact temperature-time curve of the sand-melt system under investigation to be maintained
during in-situ observation. The kinetic parameters of sand dissolution were determined from
video sequences of isothermal and non-isothermal test series and compared with characteristic
times of batch melting from raw materials.

Keywords: dissolution kinetics, cullets, high temperature observation, quartz, melting
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Semi-empirical modelling of Young’s
Modulus in aluminoborosilicate glasses from
Network Chemistry and Topology

Gabin Haryouli * 2, Hanyu Hu 3, Sami Soudani ?, Michael Paris 2,
Carole La !, Stephane Grolleau 2, Thilbault Charpentier 3, Dimitri
Deneele 2, Yann Morizet !

! Laboratoire de Planétologie et Géosciences [UMR_C 6112] — Le Mans Université, Université d’Angers,
Institut National des Sciences de I’Univers, Centre National de la Recherche Scientifique, Nantes
université - UFR des Sciences et des Techniques — 2 Rue de la Houssiniere - BP 92208 44322 NANTES
CEDEX 3, France
2 Nantes Université, CNRS, Institut des Matériaux de Nantes Jean Rouxel, IMN, F-44000 Nantes,
France — Nantes Université, CNRS, Institut des Matériaux de Nantes Jean Rouxel, IMN, F-44000
Nantes, France — France
3 Laboratoire National Henri Becquerel (CEA, LIST) — Département d’instrumentation Numérique
(CEA, LIST) — CEA LIST F-91191 Gif-sur-Yvette Cedex, France

Understanding the relationship between atomic structure and mechanical properties of alu-
minoborosilicate glasses is essential for optimizing the performance of nuclear waste confinement
matrices. In this study, the elastic behavior of NagO—-CaO-AloO3-B203-Si0, glasses was sys-
tematically investigated using nano-indentation and Solid-State Nuclear Magnetic Resonance
(NMR) spectroscopy (!B and 27Al). The Young’s modulus (E) ranges from 56 to 93 GPa
depending on the Na/Ca ratio and B2Os content. Ca-rich glasses exhibit the highest stiffness,
reflecting enhanced structural compaction and stronger Ca—O bonds compared to Na—O. The
correlation between E and molar volume (V;,) confirms that network rigidity is primarily gov-
erned by atomic packing density. NMR spectroscopy provides quantitative information on boron
and aluminum speciation, allowing the calculation of Non-Bridging Oxygen (NBOs) fractions.
These data reveal three distinct mechanical regimes: 1) Na-rich glasses, where Na™ acts as a de-
polymerizing modifier; 2) Ca-rich glasses, where Ca?* maintains network stiffness despite higher
NBO content; and 3) mixed Na—Ca glasses showing non-linear and complex elastic behavior.
A semi-empirical model was developed to predict E directly from glass composition, based on
three physically meaningful parameters: theoretical ionic volume (Vo ), dissociation energy per
unit volume (Djopn), and Cation Field Strength (CFS). Calibrated over 160 compositions, the
model achieves R? = 0.80 with a root mean square error of 8 GPa. This approach provides new
insight into the interplay between chemistry, structure, and elasticity in complex oxide glasses,
offering a predictive framework for designing high-performance vitrified nuclear waste matrices
with improved mechanical integrity.

Keywords: Nuclear waste glasses, Mechanical resistance, Young’s modulus, glass structure
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Structural Role of Nb205 in Oxide Glasses:
From Network Integration to Invert Glass
Formation

Bradtmiiller Henrik * !, André Yoshioka 2, Edgar Zanotto 2

! Instituto de Fisica de Sao Carlos, Universidade de Sao Paulo (IFSC/USP) — Avenida Trabalhador
Sao-carlense, n° 400, CEP 13566-590 - Sao Carlos — Sao Paulo — Brasil, Brazil
2 Universidade Federal de Sdo Carlos, (UFSCar) Laboratério de Materiais Vitreos (LaMaV) — Rodovia
Washington Lufs, Km 235, s/n - Jardim Guanabara, Sdo Carlos - SP, 13565-905, Brazil

Niobium oxide (NbyOs) continues to attract growing attention as a functional additive in
oxide glasses, enhancing optical, dielectric, and thermal performance across a range of compo-
sitions. Despite decades of research, the structural role of niobium remains a topic of active
debate. While recent studies point to a predominantly network-forming character, the local
environment of Nb depends sensitively on composition — especially on the balance between
charge-compensating cations and NbsOs5 content.

Building on this context, our group has explored a broad family of Nb-containing glasses —
including alkali, alkaline-earth, and aluminosilicates, as well as phosphates, borates, germanates,
and lead-free optical systems — using multinuclear solid-state NMR, and Raman spectroscopy.
Across these systems, Nb commonly integrates into the network as octahedral (NbOg /2)* units
forming Nb-O-X (X = Si, P, B, Ge) linkages that sustain connectivity.

Intriguingly, in low-silica or highly modified compositions, this behavior changes. Prelimi-
nary results show a systematic decrease in both the glass transition temperature (7,) and the
stability window (7,-Tj,) with increasing NbyOs, suggesting a shift toward an ”invert glass”
regime, where Nb-rich domains dominate but do not seem to entirely decouple from the silicate
framework.

This presentation will highlight recent NMR and Raman findings that shed light on niobium’s
coordination, connectivity, and charge-compensation mechanisms, and their correlation with
macroscopic thermal and optical properties. These insights provide new perspectives on how
intermediate oxides govern glass structure — and key input for predictive, data-driven models of
composition—property relationships. Keywords: NMR, structure, optical, Niobium
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Tailoring chalcogenide glasses for controlled
surface potential via thermal poling

Romane Henry-Bauer * !, Antonio De La Torre Perez 2, Raphael Escalier
I Luc Vellutini 2, Marc Dussauze 2, Andrea Piarristeguy !

! Institut Charles Gerhardt Montpellier - Institut de Chimie Moléculaire et des Matériaux de
Montpellier — Centre National de la Recherche Scientifique, Université de Montpellier — 1919 Route de
Mende, 34090 Montpellier, France
2 Institut des Sciences Moléculaires — Université Sciences et Technologies - Bordeaux 1, Centre National
de la Recherche Scientifique — 351 cours de la Libération, 33405 TALENCE CEDEX, France

The increasing demand for advanced sensors in health, safety, and chemo-selective detection
has driven research toward multifunctional materials that combine optical and electrical proper-
ties. Chalcogenide glasses, well-known for their transparency in the mid-infrared (MIR) region,
are promising candidates for such applications. In this work, we focus on developing chalco-
genide glasses with optimized optical properties and controlled surface potential via thermal
poling. Specifically, we aim to investigate the relationships between glass composition, dielectric
and electrical properties, and the efficiency of thermal poling.

Starting from a Ge24.5Sb10S64.5Nal base system, sulfur was progressively replaced with sele-
nium to obtain Ge24.55b10Se64.5Nal glasses, and sodium was also substituted with silver in
the same series. The glasses were synthesized using the melt-quenching technique and char-
acterized mainly by Raman spectroscopy, UV-Vis-MIR spectroscopy, infrared reflection, com-
plex impedance spectroscopy, Kelvin probe force microscopy (KPFM), and electrostatic force
microscopy (EFM). Raman analysis revealed significant structural changes, particularly upon
sulfur-to-selenium substitution, whereas electrical conductivity exhibited more complex trends.
Regarding surface properties, KPFM measurements indicated a uniform surface potential prior
to poling, and EFM revealed differences in relative permittivity, notably between sodium- and
silver-containing glasses.

Preliminary thermal poling experiments on the optimized compositions yielded encouraging re-
sults. KPFM imaging of poled glasses revealed well-defined surface patterns corresponding to
induced potential differences, demonstrating effective modulation of surface electrical proper-
ties. These findings highlight the potential of tailored chalcogenide glasses as multifunctional
materials for next-generation sensing applications.

Keywords: Chalcogenide glasses, thermal poling, electrical properties, near field microscopy
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Direct connection between secondary
relaxation mode and fracture toughness in
alkali-aluminosilicate glasses

Marco Holzer *T 1, Sidsel Johansen 2, Johan Christensen 2, Morten
Smedskjaer 2, Maria Rita Cicconi 4, Dominique De Ligny 4, Ralf Miiller !,
Andrea De Camargo 1, Robert Maaf} 167

! Bundesanstalt fiir Materialforschung und -priifung (BAM) — Richard-Willstétter-Str. 11, 12489
Berlin, Germany
2 Department of Chemistry and Bioscience, Aalborg University — Fredrik Bajers Vej 7K, 9220 Aalborg,
Denmark
3 Department of Chemistry and Bioscience, Aalborg University — Fredrik Bajers Vej 7K, 9220 Aalborg,
Denmark
4 Department Materials Science, Institute for Glass and Ceramics, Friedrich-Alexander-Universit “at
Erlangen-Nurnberg (FAU) — Martenstrasse 5, 91058 Erlangen, Germany
5 Otto Schott Institute of Materials Research, Friedrich Schiller University Jena — Lessingstrae 12,
07743 Jena, Germany
6 Department of Materials Science and Engineering, University of Illinois at Urbana-Champaign —
Urbana, Illinois, 61801, United States
" Department of Materials Engineering, Technical University of Munich — Freisinger Landstrafie 52,
85748 Garching, Germany

Oxide glasses are intrinsically brittle, lacking sufficient atomic-scale mechanisms that can
relax mechanical stresses in the vicinity of a propagating crack. As a result, fracture is typ-
ically well-captured by considering local bond rupture at the crack tip. In this work, we
demonstrate that the barrier energies associated with the low-temperature y-relaxation mode
in alkali-aluminosilicate glasses are inversely correlated with the fracture toughness determined
from standardized SEPB measurements. This relationship holds both across a series of glasses
with varying alkali cations (Li, Na, K) and within a compositional series of varying Li concentra-
tions. Raman spectroscopy provides structural insight into the origin of this correlation. These
results indicate that a fundamental structural relaxation mode, measurable in bulk specimens,
can serve as an effective predictor of fracture toughness in oxide glasses. Additional data for
other silicate glasses further support this conclusion.

Keywords: Fracture Toughness, Aluminosilicates, DMA
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Uncovering Hidden Glasses
Liping Huang * !
! Department of Materials Science and Engineering, Rensselaer Polytechnic Institute — United States

Glasses have been primarily made by cooling high temperature liquids fast enough to avoid
crystallization. This limits the composition range that can form glasses, the atomic structure
and the resulting properties, as only a small portion of the amorphous states can be accessed.
Recent studies show that pressure can provide different pathways to uncover hidden glassy
states with unique structure and properties that are unattainable from melt quenching. In
other words, pressure allows the retention of kinetically stable atomic configurations such as
higher coordination states that cannot be formed by using temperature and time as the control
variables. Pressure can not only change the structure and properties of glass dramatically, but
also tune them continuously for a given composition, thus adding another dimension to vastly
expand the glassy states. Attractive properties including high elastic modulus, high hardness,
enhanced ductility, high thermal-mechanical stability and reduced optical loss and dispersion,
have been observed in pressure-processed glasses. Furthermore, pressure can also be used to
consolidate glassy nanoparticles at room temperature to form nanoglass with a microstructure
similar to its nanocrystalline counterpart. Nanoglass has nanoscale amorphous cores (”grains”)
separated by glass—glass interfaces (”grain boundaries”), and provides a unique means to control
the composition/structure variation on a much longer length scale than that can be accomplished
in monolithic samples. Structure of pressure-processed glasses will be discussed in detail, in
comparison to those from melt quenching, to understand their unique properties.

Keywords: pressure processing, glass structure, properties, nanoglass
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Understanding the varieties of obsidian:
insight into the compositional and
structural characteristics

Dimitrios-Romanos Isaias * 1'?, Laurent Cormier ', Nadine Schibille 3,
Daniel Neuville 2

1 IMPMC, Sorbonne University, CNRS, MNHN, IRD, Paris — Sorbonne University — France
2 Géomatériaux, IPGP-CNRS, USPC — IPGP — France
3 IRAMAT-CEB, CNRS, University of Orléans — IRAMAT-CEB — France

Owing to their high silica (-770 wt%) and alumina (> 10 wt%), obsidian exhibits high
viscosity, melting point and glass transition temperature. More crucially, it includes a low but
significant amount of volatile components, primarily water (typically < 1 wt%), whose degassing
process influences the quenching of the lava. The final glass may or may not contain bubbles
and/or crystallized phases, mainly of iron, in the form of nanolites. Typically, the iron content
of obsidian does not exceed 2 wt% often only half as much. It is iron that determines the color
of the glass. Although obsidian is often associated with a characteristic deep black colour, it can
in fact exhibit a great variety of colors, including red, brown, grey, deep blue, and green. This
variety is not necessarily the result of different geological processes or chemical compositions, as
different obsidians often occur in close proximity of each other. The coloration mechanisms vary:
black hues arise from iron-rich nanolite clusters, while the red color is linked to dispersed iron
oxide microcrystals. The remaining colors are still a matter of debate. To better understand the
complex processes that contribute to the formation and diversity of obsidian, we investigated
the composition and crystalline structures of several kinds, mainly of black and red varieties.
Specifically, several analytical methods were employed (e.g. EPMA, XAS, Raman spectroscopy,
viscosity measurements) to explore the nature of the nanolites, water contents and viscosity to
better understand the effect of water in the glass and the iron speciation in both crystals and
glass.

Keywords: obsidian, redox, XAS, color, viscosity, volatiles
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Chemical Strengthening, Mechanical
Properties, and Structural Analysis of
Si09,-B,03-A1,035-NayO Glass System for
Enhanced Bending Resistance

Jin Wook Jang * ', Seo Yoon Lee !, Woon Jin Chung' !

! Div. of Advanced Materials Eng., Kongju National University — South Korea

Sodium alumino-silicate (SAS) glasses are widely utilized as cover glass for various mobile
display devices due to their outstanding thermal and mechanical properties, as well as their
ability to be chemically strengthened. However, in recent foldable devices, ultra-thin glass
(UTG) with a thickness of less than 50 um is highly prone to damage under conventional impact,
and a critical issue remains in the form of creases along the folding axis. To prevent crease
formation while maintaining sufficient glass thickness, it is crucial to enhance crack resistance
during folding by either reducing the Young’s modulus (E) or increasing the compressive stress
(CS). Previous studies have reported that SAS glass exhibits excellent ion exchange performance
for chemical strengthening when the Al;O3/NaO ratio is 1, and the addition of B2Os can
effectively reduce the Young’s modulus acting as a network former. However, there has been
limited systematic investigation into glass compositions that simultaneously achieved both low
Young’s modulus and high compressive stress after chemical strengthening, as well as into the
associated variations in physical properties and their structural interpretations. In this study,
Si09-B203-Aly03-NagO based glasses were prepared with a constant AloO3/NagO molar ratio
of 1 to investigate the effects of composition variation on chemical strengthening behavior and
mechanical properties. While the SiOy content was held constant, the contents of BoOg and
(AlyO3 + NagO) were systematically adjusted. Glasses were synthesized using a conventional
melt-quenching process in a Pt-Rh crucible, and their thermal and mechanical properties were
comprehensively analyzed. Vickers hardness and Young’s modulus were determined to assess the
mechanical properties, while compressive stress (CS) and depth of layer (DOL) after chemical
strengthening were measured using a Surface Stress Meter (FSM-6000). In addition, to clarify
the structure—property relationships arising from compositional changes, structural analyses
were performed using Raman spectroscopy, solid-state NMR, XPS, and molecular dynamics
(MD) simulations.

Keywords: Mechanical property, Chemical strengthened, Alumino borosilicate
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From windows to bioactive glass: structure,
viscosity and crystallization of soda lime
silicate glasses

Zhaorui Jin * ', Daniel R. Neuville ?, Scott Kroeker 2, Katrin Hurle *,
Delia S. Brauer' !

1 Otto Schott Institute of Materials Research, Friedrich Schiller University Jena — Lessingstr. 12, 07743
Jena, Germany
2 Institut de Physique du Globe de Paris — Université de Paris — 1 rue Jussieu, 75005 Paris, France
3 Department of chemistry, University of Manitoba — Winnipeg, Manitoba R3T 2N2, Canada
4 GeoZentrum Nordnayern, Friedrich-Alexander-University — Schlossgarten 5, 91054 Erlangen, Germany

Soda-lime silicate glass is the most common type of glass. Its high-silica compositions are

widely used in windows and container glass owing to their low cost and good workability. By
lowering the silica content, we reach the compositional range of bioactive glasses for a very dif-
ferent field of application. This study aims to elucidate how the glass structure and properties
such as viscosity, sintering and crystallization change as the silica content is reduced from 70
(Si70) to 50 mol% (Si50) while the sodium-to-calcium ratio is kept constant at 1:1.
The viscosity of the glasses was measured using a rotating crucible viscometer and a creep appa-
ratus for the high- and low-viscosity regions, respectively. The Adam—Gibbs equation was used
to fit the results while accounting for configurational entropy. The viscosity at a given temper-
ature decreased with decreasing silica content, meaning that the same viscosity can be achieved
at lower temperatures, which facilitates glass processing. However, the decrease in silica content
also led to poor sintering behavior and a high crystallization tendency, both typical indicators
of poor processing ability: heating-microscope measurements showed that Si50 exhibited only
about 5% decrease in silhouette area after sintering, while Si70 showed a decrease of more than
20%. Differential scanning calorimetry revealed that both the crystallization onset tempera-
ture and the processing window decreased with decreasing silica content, suggesting that these
glasses are much more difficult to process without crystallization occurring. Heat-treatment and
X-ray diffraction followed by Rietveld refinement was performed to determine the influence of
crystalline phases in these differences in sintering. The processing behavior can be explained
by the glass structure suggested by solid-state NMR: Si70 is dominated by a three-dimensional
silicate network, whereas Si50 contains significant amounts of Q? chains. This indicates that the
glass network depolymerizes with decreasing silica content in this ternary glass system.

In summary, low silica content leads to a more disrupted glass structure, which lowers the
viscosity but also reduces the processing ability of the glass due to crystallization.

The authors gratefully acknowledged support of the German Research Foundation (Deutsche
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Forschungsgemeinschaft, DFG, grant 444711651, RTG 2723 Materials-Microbes- Microenvironments,
Project C).
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Structural Role of MgO in Soda Lime
Silicate Glasses: Compositional Variations
and Spectroscopic Insights

Ann Jose !, Libor Kobera ?, Bahar Kuzu* *, Taygun Akar ' 3, Nahide
Ozben 3, Pelin Akkaya 3, Ashutosh Goel !

! Department of Materials Science and Engineering, Rutgers, The State University of New Jersey — The
State University of New Jersey, Piscataway, NJ, USA, United States
2 Institute of Macromolecular Chemistry of the Czech Academy of Sciences — Heyrovského ndm. 2, 162
00, Prague 6, Czech Republic, Czech Republic
3 Sisecam Science, Technology and Design Center — Cayirova, Sisecam Yolu St., Kocaeli 41420, Turkey,
Turkey

The structural role of MgO in soda lime silicate glasses remains an area of active investiga-
tion, particularly regarding whether it acts as a network modifier or becomes incorporated into
the glass network depending on the overall composition. To investigate this, a classical soda
lime silicate glass composition was selected as the base, and three series of glasses were designed:
MgO substituted for Na20, MgO substituted for CaO, and MgO added by proportionally re-
ducing all major oxides (Si02, A1203, Na20, CaO). Structural characterization was performed
using Raman spectroscopy, 23Na MQ/MAS NMR, 29Si MAS NMR, and 27A1 MAS NMR to
evaluate changes in network connectivity and modifier environments. These analyses aim to
clarify how Mg2+ ions integrate into the glass network and influence its structural organization.
The results provide insight into the compositional dependence of glass structure and lay the
groundwork for understanding how MgO incorporation affects the overall behavior of soda lime
silicate glasses.

Keywords: Soda lime silicate glass, magnesium oxide, glass structure, network modifier, spectro-
scopic analysis, NMR, Raman spectroscopy, structural role.
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Glasses of R,0-B,03-Al,03 systems: study
of structure-mechanical properties
relationships at the metaluminous joint (R

= Li, Na, K).

Nathan Kail * !, Claire Fourmentin 2, Alejandro Gémez Pérez 3, Tanguy
Rouxel 4, Stéphane Godet !

L 4MAT, Université Libre de Bruxelles, 50 Avenue F.D. Roosevelt (CP 165/63), 1050, Bruxelles —
Belgium
2 Université libre de Bruxelles (ULB) — Avenue Franklin Roosevelt 50 - 1050 Bruxelles, Belgium
3 NanoMegas SPRL — Rue Emile Claus 49 bte 9, Brussels 1050, Belgium
4 Institut de Physique de Rennes — Universite de Rennes 1, Centre National de la Recherche
Scientifique : UMR6251, Centre National de la Recherche Scientifique : UMR6251, Centre National de
la Recherche Scientifique — France

Glassy materials have long been considered fragile, exhibiting purely elastic behavior before
breaking when subjected to stress (1). However, the advent of fine-scale mechanical character-
ization techniques, such as instrumented micro-indentation, has revealed that glass can exhibit
permanent deformations when subjected to sharp contact loading, induced by the appearance
of two mechanisms: densification and shear flow (2). Although developed on a local scale, these
mechanisms govern the mechanical properties of glass on a macroscopic scale. Increasing crack
initiation resistance therefore requires a highly adaptable matrix, both at short and medium
range.

Alkali aluminoborate glasses are of particular interest due to their high flexibility, especially
within the first few coordination spheres of the network. In particular, studies of these systems
close to the metaluminous joint (R=Al203/R20=1) have already shown increased properties
when subjected to localized stress (3). This study therefore focuses on the relationships between
the concentration of each formative element at R=1 and the mechanical properties obtained.
Some of the obtained glasses displayed the highest crack resistance value ever reported for an
oxide glass (CR ~ 50 N). The crack initiation resistance results are then correlated with the
different structural variations obtained by electron diffraction and RAMAN micro-spectroscopy.

Bibliography:

(1) Wondraczek, L.; Bouchbinder, E.; Ehrlicher, A.; Mauro, J. C.; Sajzew, R.; Smedskjaer,
M. M. Advancing the Mechanical Performance of Glasses: Perspectives and Challenges. Ad-
vanced Materials 2022, 34 (14), 2109029. https://doi.org/10.1002/adma.202109029.

(2) Peter, K. W. Densification and Flow Phenomena of Glass in Indentation Experiments. Jour-
nal of Non-Crystalline Solids 1970, 5 (2), 103-115. https://doi.org/10.1016,/0022-3093(70)90188-
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https://doi.org/10.1021 /acs.jpch.8b02905.

71



Effect of alkaline-earth ions on shear
localization and crack resistance under
indentation tests in aluminoborosilicate

glasses

Yoshinari Kato * !, Gustavo Rosales-Sosa !, Taichi Nakashima !, Etienne
Barthel 2, Shingo Nakane !, Hiroki Yamazaki !

! Fundamental Technology Division, Nippon Electric Glass Co., Ltd., Shiga — Japan
2 Ecole Superieure de Physique et de Chimie Industrielles de la Ville de Paris — SIMM, ESPCI Paris,
Université PSL, Sorbonne Université, CNRS — France

Understanding the mechanisms behind indentation crack resistance (CR) is fundamental
for designing stronger and more durable glass products. Densification, which is evaluated by
"recovery of indentation depth” (RID), has been accepted as one of the important factors to
affect CR . Densification is considered to reduce residual stress around the imprint, resulting in an
increase of CR. On the other hand, localization of shear deformation (”Shear bands”) is recently
considered as another important factor affecting CR. It is assumed that intersections of shear
bands are a cause of crack initiation and that intense shear bands are negatively affecting CR. It
was reported that shear bands on an imprint cross-section of calcium aluminoborosilicate(ABS)
glass became less distinct with increasing B2Ogs content, and that glasses with less distinct
shear bands tended to exhibit higher CR. However, effects of alkaline-earth (AE) type on shear
bands formation and CR in the AE-ABS glasses remain unclear. In this study, we evaluated
densification and shear bands induced by indentation for AE-ABS glasses containing different
AEs. The glass composition system to investigate in the present study is: (75— )SiOg—z B2Os—
15A1,03-15RO (R = Mg, Ca, Sr, and Ba; 2 = 0 -~ 25 mol%). CR increased with increasing
Bs0O3 content, and also increased as the AE ion radius decreased. However, RID remains
relatively constant regardless of the composition, meaning no clear relationship between CR
and RID in these systems. On the other hand, shear bands varied significantly depending on
glass composition: higher BoOs content and smaller AE ions (i.e., higher field strength) made
shear bands less distinct. This trend supports the assumption that shear bands may affect to
decrease C'R. However, in glasses with high BoOg content, smaller AE ions exhibited higher CR
despite all samples showing relatively homogeneous plastic deformation zone without any clearly
observable shear bands. The mechanism by which AE ions influence both shear band formation
and CR will be discussed.

Keywords: indentation crack resistance, shear band, densification, alkaline, earth ion, alumonoborosil-
icate, indentation cross section
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Enhancing Niobate Solubility in
Aluminosilicate Glasses through Network
Former Addition

Vera Kerling * !, Dominique De Ligny !, Maria Rita Cicconi !

! Friedrich-Alexander-University Erlangen-Nuremberg (FAU), Department of Materials Science and
Engineering, Lehrstuhl fiir Glas und Keramik — Martensstrafle 5, 91058 Erlangen, Germany

Nag 5Ko5NbO3 (ANbO3) crystallizes in a perovskite structure and exhibits promising prop-
erties for energy storage and conversion applications. In this work, we explore the development
of transparent glass-ceramics containing ANbOs within an aluminosilicate matrix, aiming to
combine the functional properties of the crystalline phase with the transparency and physic-
ochemical stability of glass. A key challenge lies in extending the glass-forming range of the
system to incorporate higher niobate contents. To achieve this, we introduce additional network
formers to exploit the positive influence of configurational entropy on glass-forming ability.

Network formers such as P2Os (5.5 and 9 mol%) and B20O3 (6 mol%) were incorporated
into an alkali aluminosilicate (NAS) composition, followed by the addition of ANbO3 up to its
solubility limit. The resulting glasses were characterized regarding their structure and prop-
erties. The addition of P2O3 significantly increases niobate solubility, whereas BoO3 does not
show a similar effect. Polarized Raman spectroscopy was used to investigate the mechanisms
behind this solubility enhancement by analyzing the interaction between the glass matrix (NAS
+ P205/B203) and the incorporated niobate. P2Os, for example, induces a strong interaction
and structural reconfiguration upon niobate addition due to the formation of Nb—O-P bonds,
which are responsible for the observed increase in niobate solubility. Additionally, we show
that network former addition induces complex changes in the thermal properties of niobate-
containing glasses. We discuss the influence of these additions on the formation of secondary
phases, alongside the desired single niobate perovskite phase formed in a pure NAS matrix.

Overall, the addition of network formers can enhance niobate solubility in NAS glasses
but can also alter their crystallization behavior. Polarized Raman spectroscopy proves to be
a powerful tool to evaluate the structural changes induced by network former addition and to
identify underlying mechanisms behind the observed property variations. Keywords: Raman

spectroscopy, perovskite glass ceramics, aluminosilicate glasses, mixed networkformers, transparent glass
ceramics
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A constitutive model for e-beam induced
viscous flow in silicate glasses at room
temperature

Guillaume Kermouche * !, Morgan Rusinowicz !, Sergio Sao-Joao !,
Yoshinari Kato 2, Gustavo Rosales-Sosa 2, Etienne Barthel 3

! Laboratoire Georges Friedel — Ecole des Mines de Saint-Etienne, Université de Lyon, Centre National
de la Recherche Scientifique — 158, cours Fauriel F-42023 Saint-Etienne cedex 2, France
2 Fundamental Technology Division, Nippon Electric Glass Co., Ltd., Shiga — Japan
3 Sciences et Ingénierie de la Matiere Molle (UMR 7615) (SIMM) — Ecole Supérieure de Physique et de
Chimie Industrielles de la Ville de Paris, Université Paris sciences et lettres, Sorbonne Université,
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CEDEX 05, France

The effect of electron- irradiation on silicate glasses viscoplastic flow has been attracting
more and more attention in the recent years. It started in the 2010s when Zheng et al re-
vealed that amorphous silica exhibits remarkable ductility under e-beam irradiation in a TEM
— nanoparticles and nanowires showed large plastic strains exceeding 200 % without heating.
Subsequent works confirmed this ductile behavior at the microscale and under lower-voltage
irradiation using in situ SEM micropillar compression testing at room and high temperature. In
the recent work of (Rusinowicz et al, 2025), we have evidenced an apparent role of the electric
charge (i.e. time integral of the current or dose) under mechanical loading in driving the stress
relaxation of amorphous silica under electron irradiation. Many groups are clearly on the edge
of major findings in this field. The aim of our present work is to propose an original constitutive
model that allows to predict plastic flow of silicate glasses under various e-beam and mechanical
loadings. This model is built upon the accurate quantification of stress and strain rate as a
function of time and electron irradiation conditions, using in situ SEM micropillar compression
and relaxation experiments. We observe a one-to-one relation between the creep rate and the
injected current. The constitutive model is implemented and checked under various conditions.
It makes possible to reproduce fairly the effect of SEM scanning time and magnification on
stress-strain and stress relaxation curves. It explains the master curve that relates the elec-
tric charge to stress relaxation. This constitutive model yields also good results to simulate
the viscoplastic response of amorphous olivine under uniaxial tension in a TEM (Orekov et al,
2025). We believe that this model can be very useful to design new routes for room-temperature
shaping of silicate glasses.

Keywords: Plasticity, Viscous flow, Electron irradiation, Micropillar compression, In situ SEM
mechanical testing, constitutive modelling
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Investigation of the Effect of Fourth
Component Addition on the Solubility of
Zr0O2 in SrO-SiO2 System Glass by
High-Throughput Micro-Melting Method

Tetsuo Kishi * !, Teppei Osawa !, Kana Tomita !, Tetsuji Yano !
! Institute of Science Tokyo — Qokayama 2-12-1, Meguro-ku, Tokyo, Japan

This study investigates how the addition of a fourth component-specifically ZnO, TiO2,
Y203, Nb205, Ta205, or WO3-affects the solubility of ZrO2 within SrO-SiO2 system. Given the
infinite compositional possibilities of inorganic glasses, we employed a high-throughput micro-
melting method to efficiently screen for vitrification and analyze structural correlations.
Experimental samples were prepared from a 2.2Na20-30SrO-67.85i02 (mol%) parent glass,
which was crushed into a slurry using ethanol and mixed with ZrO2 and various additive oxides
in 10x10 Pt-Au microwells. These mixtures were heat-treated at 1450 °C. The resulting samples
were analyzed using optical microscopy, XAFS (Zr K-edge), and Raman spectroscopy. Analysis
confirmed that while Na volatilized during processing, the Sr:Si ratio remained constant at ap-
proximately 3:7.

The results demonstrated distinct behaviors among the additives with respect to glass forma-
tion. Co-doping with WO3, Ta205, and Nb205 significantly narrowed the vitrification range,
while Y203 narrowed it slightly. Conversely, TiO2 and ZnO maintained the glass-forming range.
XANES analysis indicated that Zr exists in a 6-coordinate structure. Notably, Ti and Y ions ap-
peared to influence the local structure of Zr, likely occupying charge-compensation sites within
ZrO6 octahedra, thereby facilitating ZrO2 solubility.

Raman spectral analysis, utilizing Non-negative Matrix Factorization (NMF) to decompose 442
spectra into partial Raman spectra (PRS), provided quantitative structural insights. For sam-
ples containing Ta205 and Nb205, the spectral factors associated with Zr incorporation into
the network decreased, indicating a reduction in ZrO2 solubility. In contrast, ZnO addition
increased factors related to Zr/Zn-bonded structures, confirming that ZnO does not suppress
ZrO2 dissolution. The broader glass-forming region observed with TiO2 and Y203 correlated
with only minor decreases in network-related factors. The limited glass-forming range observed
with WO3 was primarily due to the precipitation of WO3 crystals rather than a direct negative
effect on ZrO2 solubility. These findings highlight the utility of high-throughput screening in
elucidating complex structure-composition relationships in glass materials.

Keywords: glass forming region, high throughput, silicate, ZrO2, Raman, XANES, multivariate
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Intermediate-range order in disordered
materials

Shinji Kohara * !
! National Institute for Materials Science — 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, Japan

Understanding the intermediate-range ordering in disordered materials is essential for un-
raveling the nature of glass transition. The combination of neutron and X-ray diffraction has
been widely used for studying disordered materials since X-rays are sensitive to heavy elements
while neutrons are sensitive to oxygen. Moreover, the application of advanced simulation tech-
niques and topological analyses, in conjunction with diffraction experiments, makes it possible
to understand ‘order within disorder’ in disordered materials. We report our recent findings on
tetrahedrally coordinated disordered materials with a special focus on the origin of diffraction
peaks.

Keywords: Glass, Structure, Diffraction
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Analytical Models to Evaluate Stresses in
Chemically Strengthened (lass

Konstantin Koreshkov *' !, Douglas Allan 2

! Corning Scientific Center — Salmisaarenaukio 1, Helsinki, 00180, Finland
2 Corning Research and Development Corporation — 184 Science Center Drive, Painted Post, NY,
14870, United States

Ton exchange induced stress profiles in glass are typically characterized by several simple
quantities, some of those being measured directly by an instrument, and some being computed
from measured ones. These include (but are not limited to) CS (compressive stress at the
surface) and DOL (depth of ion exchange layer), reported by the FSM instrument; CT (central
tension), computed from CS and DOL or measured by alternative techniques, and DOC (depth
of compression, a depth where stresses cross zero). In this presentation, we will show analytical
relations between these quantities for the cases of binary ion exchange when ions have not yet
started to arrive to the center of a glass sample and stress relaxation can be ignored. We will also
demonstrate an approach to rescale stress profiles with respect to glass thickness for ion exchange
that is symmetric through the thickness. We begin with a physical argument for separating
complicated aspects of the stress profile, including stress relaxation, into a thickness-independent
term, and then identify a thickness-dependent term associated with force balance and giving rise
to center tension CT. This physical argument is then rendered with equations that retain the
full generality of arbitrary ion exchange conditions. Using the machinery described in this
presentation, one would accelerate design of their glass chemical strengthening process and
optimize final stress profiles.

Keywords: ion exchange, chemical strengthening, stress profile, modeling
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Phenomenological Understanding of
Thermal Conductivity in Complex Crystals

and Glass-Like Materials Across Broad
Temperature Ranges

Oleksandr Kryvchikov * 12, Oksana Korolyuk 3, Yu. V. Horbatenko 4, D.
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3 B. Verkin Institute for Low Temperature Physics and Engineering of the National Academy of
Sciences of Ukraine — 47 Nauka Ave., 61103 Kharkiv, Ukraine, Ukraine
4 B. Verkin Institute for Low Temperature Physics and Engineering of the National Academy of
Sciences of Ukraine, Kharkiv, 61103, Ukraine — 47 Nauky Ave., 61103 Kharkiv, Ukraine, Ukraine
5 Institute of Low Temperature and Structure Research, PAS — ul. Okélna 2, Poland
6 Department of Chemistry, Graduate School of Science, Osaka University — Toyonaka Osaka 560-0043,
Japan

This study presents a comprehensive analysis of the temperature-dependent thermal conduc-
tivity, (T'), in a range of complex crystalline and glass-like materials, including organic semi-
conductors, clathrates, mixed oxides, amorphous alloys, and polymers. Using a two-component
theoretical framework—comprising a standard phonon (Peierls) contribution, xp(T"), and a
coherence-related term, ko (T)—we model k(T across wide temperature ranges with high ac-
curacy. Experimental data reveal that while kp(T") captures low- to intermediate-temperature
behavior, ko (T') becomes essential at higher temperatures, particularly in systems exhibiting vi-
brational coherence or structural complexity. The fitting results confirm the general applicability
of the combined model

-1

E
+ Ko exp <_T> ,

demonstrating its capacity to distinguish between crystal-like and glass-like transport mech-
anisms. This dual-term approach offers a unified understanding of thermal transport in disor-
dered and hybrid materials, with implications for phonon engineering, thermal insulation, and
thermoelectric optimisation. Keywords: thermal conductivity, glass, diffusons, propagons

A
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Synthesis and Characterizations of
Ca0-Zn0-B203-Si02 (CZBS) Glass
Ceramic Sealants for Low Temperature
SOEC Applications

Jiwoo Lee * !, Taeryoung Kim 2, Woon Jin Chung' !

! Div. of Advanced Materials Engineering, Kongju National University — South Korea
2 Div. of Advanced Materials Engineering, Kongju National University — South Korea

The Solid Oxide Electrolysis Cell (SOEC) is one of emerging technology for producing green
hydrogen gas through high-temperature electrolysis with a solid oxide or ceramic electrolyte. In
order to achieve energy efficiency and low operational energy requirements, demand for SOEC
which can be operated at low temperature down to 650 oC is recently increasing., SOEC requires
sealing materials that effectively prevent gas leakage at operating temperatures and maintain
stable adhesion under prolonged high temperature operation. Therefore, the sealing glass must
have a high glass softening point and a coefficient of thermal expansion (CTE) compatible with
components such as yttrium stabilized zirconia (YSZ) and FC460 to ensure long-term reliability
and efficiency. Previous studies on BaO-containing glass systems have revealed sealing failures
caused by volatile crystalline phase formation through reactions between Ba ions and the metal
substrate (FC460). To overcome this issue, a new compositional system is necessary to enhance
the chemical and thermal stability of SOEC glass sealants. In this study, a quaternary silicate-
based Ca0O-Zn0-B203-Si02 (CZBS) system was explored as a Ba-free candidate for SOEC
applications. The compositions was designed to form a hardystonite phase with a proper high
CTE. Thermal properties of the glasses were analyzed using differential thermal analysis (DTA)
and thermo-mechanical analyzer (TMA). The crystalline phases formed within the glass were
confirmed via X-ray Diffraction (XRD) analysis after heat-treatment simulating the sealing and
operation conditions. The glass transition temperature, flow button test, and CTE values of the
CZBS glass and glass ceramics were systematically investigated. Adhesion tests were carried
out by joining glass-sealants with the YSZ and FC460, followed by aging tests at the operation
temperature, examining the actual sealing characteristics, reactivity, and stability via Scanning
Electron Microscope (SEM) equipped with an Energy Dispersive Spectrometry (EDS) analyseis.
The practical feasibility of the obtained glass and glass-ceramics was assessed by hydro-thermal
test using an autoclave under SOEC operation conditions.

Keywords: SOEC, CaO, ZnO, B5;03, SiO4, Sealant, Hardystonite, Thermal expansion
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Effect of R Ratio on the Dielectric and
Thermal Properties of
Si10,—A1,035-B,0s—NayO Glasses for
Semiconductor Packaging Substrates

Seo Yoon Lee * !, Woon Jin Chung' 2, Jin Wook Jang

! Division of Advanced Materials Engineering, Kongju National University — South Korea
2 Div. of Advanced Materials Eng., Kongju National University — South Korea

With the rapid expansion of artificial intelligence and high-performance computing, conven-

tional semiconductor packaging technologies are reaching their physical and material limitations,
constraining further improvements in processing capability. As a breakthrough solution, glass
substrate materials have emerged as a promising alternative to conventional PCB-based pack-
aging substrates, which suffer from high dielectric loss at high frequencies, surface roughness,
limited mechanical strength, and insufficient thermal resistance. In addition, glass substrates
can be produced in large areas, enabling reduced manufacturing costs compared with silicon
interposers. Among various candidates, borosilicate glass has attracted considerable attention
owing to its low dielectric constant and loss, as well as its thermal expansion characteristics
compatible with silicon. However, systematic investigations into the compositional dependence
of physical properties in borosilicate glasses remain limited.
In this study, SiO2—Als03-B203—NasO glasses were prepared to examine the effects of the
(Al;O3 + B203):NagO ratio (R-ratio) on their physical properties while maintaining a fixed
Al503:B203 ratio of 1:2 and varying the NasO content. The glasses were synthesized via the
conventional melt-quenching method using a Pt—10 wt% Rh crucible. Their thermal and me-
chanical properties were characterized, including dielectric constant, Vickers hardness, Young’s
modulus, and coefficient of thermal expansion (CTE). Furthermore, Raman spectroscopy, nu-
clear magnetic resonance (NMR), and X-ray photoelectron spectroscopy (XPS) were employed
to elucidate the structural origins of the observed property variations with composition.

Keywords: Borosilicate glass, Low Dielectric constant
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Kinetics Issues of Ion Exchange in Silicate
Glasses
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Ton exchange is a well-established technology in silicate glass processing, where the under-
pinning physics is widely known, even though some particular issues are still debated in the
scientific glass community. By its nature, Ion exchange in glass is a kinetic process that oc-
curs in a non-equilibrium system. The open systems thermodynamic analysis of ion exchange
identifies the equilibrium conditions and the driving forces that activate the mutual exchange
of alkali ions from a silicate glass to a molten salt reservoir. On the other hand, Thermody-
namics cannot detail how the incoming ion concentration evolves in the glass; this is a kinetic
interdiffusion problem. The solution to the interdiffusion kinetic problem depends in a critical
way on the boundary conditions at the glass/ion reservoir interface. The classical approach
is based on the assumption that an interface equilibrium is established on a time scale much
shorter than the overall contact time. There is evidence in the literature that this condition
is indeed an approximation. A simple, full kinetic model is proposed for the description of ion
exchange, where a key role is played by the introduction of a surface saturation time at the
ion-reservoir/glass interface. The conditions under which this new approach merges into the
classical one are critically discussed. Further discussion is focused on an interdiffusion problem
between two heterogeneous phases (the Ion reservoir and glass) where equilibrium conditions
at the interface are treated in the classical way. The analysis puts in evidence the effect of ion
mobility in the ion reservoir on the interface equilibrium and residual ion concentration in glass.

Keywords: Ion Exchange, Thermodynamics, Kinetics, Diffusion, Interface Equilibrium
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Effect of MgO Content on the Dissolution

Behavior of Soda Lime Silicate (SLS)
Glasses in Alkaline Conditions

Pinar Mercan ', Bahar Kuzu *' !, Taygun Akar ', Nahide Ozben !, Ann
Jose 2, Ashutosh Goel 2

I Sisecam Science, Technology and Design Center — Cayirova, Sisecam Yolu St., Kocaeli 41420, Turkey,
Turkey
2 Department of Materials Science and Engineering, Rutgers, The State University of New Jersey,
Piscataway, NJ, USA — The State University of New Jersey, Piscataway, NJ, USA, United States

The chemical durability of soda lime silicate glasses in alkaline environments is a key factor
for their performance in packaging applications, particularly under conditions such as dishwasher
exposure. This study investigates the impact of MgO on the short-term (14 days) dissolution
behavior of soda lime silica glasses in a controlled alkaline medium (pH 10.5) — emulating the
dishwasher conditions. Accordingly, three series of glasses were synthesized based on a refer-
ence soda lime silicate composition: MgO substituted for Na20, MgO substituted for CaO, and
MgO added by proportionally reducing all major oxides (SiO2, A1203, Na20, Ca0). Dissolution
experiments were conducted under controlled conditions, and the concentration of released ele-
ments into the solution was monitored over time using ICP-OES analysis. Normalized elemental
losses were calculated to evaluate the dissolution kinetics and compositional dependence. The
results reveal that MgO content and its substitution significantly influence the dissolution rate
in alkaline conditions. These findings provide insight into the role of MgO in modifying the glass
network and its impact on chemical durability.

Keywords: SLS, MgO, alkaline dissolution, chemical durability, ICP, OES analysis, glass corrosion,
short, term dissolution, compositional effect
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Tuning Eu2+ Emission in Oxynitride
Glass-Ceramics
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In recent years, there has been growing attention on developing new luminescent materi-
als doped with rare-earth ions for energy-efficient light-emitting diodes (LEDs). Among these
materials, oxynitride glass-ceramics offer unique advantages over conventional oxide systems
due to their enhanced network connectivity, as well as improved thermal and chemical stabil-
ity. However, systematic investigations of Eu?* photoluminescence in NayO-modified oxynitride
glass-ceramics remain limited.

In this work, Eu-doped oxynitride glass-ceramics in the Na-Ca-Mg-Al-Si-O-N system with
varying NagO content (0-12 wt.%) were synthesized by spark plasma sintering (SPS) to elucidate
the influence of sodium-induced structural evolution on Eu?* emission. Although europium was
introduced as EupOs, the reducing SPS conditions stabilize Eu?* as the dominant luminescent
center. Structural changes were characterized by X-ray diffraction with Rietveld refinement and
Fourier-transform infrared spectroscopy, while photoluminescence spectra and CIE 1931 chro-
maticity coordinates were used to quantify optical responses.

XRD reveals a NaoO-driven amorphous-to-crystalline transition, with crystalline phase frac-
tion increasing from about 18 vol.% (Na-0) to approximately 60 vol.% (Na-12), accompanied
by the formation of multiple nanocrystalline silicate and aluminosilicate phases embedded in a
residual oxynitride glass matrix. Progressive NapO addition causes a systematic red shift of the
Eu?T emission maximum from 481 to 499 nm and spectral broadening (FWHM from 113 to 138
nm), directly correlating with increasing crystallinity and the coexistence of distinct Eu?* co-
ordination environments. FTIR analysis confirms NayO-driven depolymerization of the silicate
network, supporting the luminescence trends. The emission intensity exhibits a non-monotonic
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dependence on NagO content, with a maximum for the intermediate composition (Na-3, ~31
vol.% crystalline), indicating an optimal balance between crystallization-enhanced Eu?* coor-
dination and the onset of concentration-dependent quenching.

These results establish a clear quantitative structure-property relationship linking NasO-
induced crystallization, local Eu?* coordination environments, and emission characteristics. Na-
modified oxynitride glass-ceramics thus emerge as versatile host materials for broadband UV-
excited phosphors with tunable emission bandwidth, peak position, and color, offering strong
potential for next-generation solid-state lighting, display technologies, and advanced photonic
applications. Keywords: oxynitride glass, ceramics, Eu?* photoluminescence, CIE chromaticity
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Superposition Method for the Analysis of
EXAFS Spectra from Ni Ions in Molten
Glasses
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Institute of Science Tokyo — 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8550, Japan
2 R&D Japan, Group Function, Nippon Sheet Glass Co., Ltd. — 2-13-12 Konoike, Itami-shi, Hyogo-ken,
664-8520, Japan

X-ray Absorption Fine Structure (XAFS) spectroscopy has been used for local structural

analysis of glass materials for long time. Because of lack of long-range order, short-range order
(SRO) as well as medium-range order attract scientific attentions. Especially, XAFS spec-
troscopy is effective way to elucidate SRO around transition metal ion in glasses.
For the extended XAFS (EXAFS) regime, conventional analyses frequently (i) impose sym-
metric, gaussian-like bond length distributions (BLD) and (ii) assume a single local structural
geometry; conventional fitting method usually assumes a Gaussian-like harmonic oscillator dis-
tribution of bond length, and deviations from this are expressed by the Debye-Waller factor, and
the Cumulant expansion. The assumption (i) and (ii) are fragile in structurally and thermally
disordered systems. Eventually, unnatural fitting result are sometimes observed.

We therefore adopt a non-parametric approach, named ”Superposition method” which can be
applicable to disordered systems, where well-ordered systems with Gaussian assumption are no
longer legitimate. Theoretically, the method is similar methodology to Monte Carlo approach
modeling complicated three-dimensional structure. Instead of modeling whole structure of dis-
ordered system, we reproduce BLD, or radial distribution function around absorption atom. We
take advantage of the EXAFS equation that explain EXAFS oscillation is the summation of each
scattering paths. We apply this concept to the 1st shell itself: EXAFS oscillation of 1st shell
around element M can be reproduced from liner combination of single-path oscillation x(k, R) of
different M-O distances. Practically, FEFFS is used to simulate x(k, R) as the basis oscillations
over the grid of M-O distances R, and the measured EXAFS signal is reconstructed as a linear
combination of these basis oscillations. This inversion yields a physically variable BLD without
imposing symmetry or a particular coordination geometry, enabling representation of distortion,
asymmetry and temperature-dependent broadening.

We used ”Superposition method” for fitting of EXAFS spectra of Ni in aluminosilicate molten
glass. Finally, we obtained BLDs of molten glasses, which was challenging using conventional
fitting method. BLDs of melts showed skewed shape compared to glass and crystals. The
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method provides broad perspective of short-range order of molten glasses as a general toolkit
for quantifying local structure in disordered systems.

Keywords: XAFS:EXAFS, melt, local structure
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Local Structure of Ni ions in
Na20-MgO0O-Al1203-Si02 Glasses and Melts:
Speciation of Ni Polyhedra along with
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Aluminosilicate glasses are widely used from the base glass for glass-ceramics and bioactive
glasses to the matrices for immobilizing high-level radioactive wastes because of their outstand-
ing optical/mechanical performance, chemical resistance etc; high-quality grades are required
for display substrates as well. These compositions are also studied in geoscience as quenched
analogues of silicate melts and as model materials for the Earth’s mantle. Herein, incorpora-
tion of MgO enhances mechanical and chemical durability, providing its local structure as a key
variable. Because the ionic radius of Ni ion is comparable to that of Mg ion, Ni might become
as a sensitive structural probe of Mg. Ni ion in glass is known to show coordination-dependent
colors varying from purple to green, and it may also become reference data of local structure of
Mg ion.

We investigate the local structure of Ni ion in NiO-doped Na20-MgO-Al1203-Si02 (NMAS)
glasses at room temperature (RT) and high temperatures (HT) using UV-Vis-NIR and X-ray
absorption fine structure (XAFS) spectroscopies. At RT, UV-Vis-NIR and XAFS reveal that the
glasses contained Ni-centered polyhedra of square-pyramidal (SP), trigonal-bipyramidal (TBP)
and tetrahedral (Td) geometries. These polyhedra were found to correlate systematically with
the glass optical basicity, suggesting a compositional control over the ligand field. Comparison
between RT and HT data indicates that the local structure of Ni ion at RT partially inherits
features of the melt; compositions with high MgO and Al203 content exhibit anharmonic Ni-O
bond-length distributions and retention of disordered characteristics strongly after quenching.

Methodologically, we demonstrated this extraction of structure contributions on UV-Vis-NIR
absorption spectra by applying non-negative matrix factorization (NMF) to deconvolute the
spectra into the components with not only the mathematical but also individually physical
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meaning. In EXAFS analyses linear-combination FEFF fitting was applied; EXAFS oscillations
with respect to Ni-O bond length distribution. These results provide a consistent structural
picture on the distribution of Ni coordination polyhedra, linking to the composition (optical
basicity), temperature history (melt inheritance) and also offering the guideline for tuning color
and structure in Ni-containing aluminosilicate glasses, and the insight into structural role of Mg
ion.

Keywords: Aluminosilicate, EXAFS, Optical Absorption, melt, Ni, local structure
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Barium borosilicate glasses are widely used for optical systems dure to their high refractive
index or their ability to host large amount of rare earth elements. They can be also found as filler
in classic dental composites. They are also used in LTCC and sealants for solid oxide fuel cells.
Therefore, their mechanical and thermal properties need to be better known. Moreover, due to
the presence of Ba, liquid-liquid phase separation limits the compositional range where homo-
geneous glass formation is possible. Therefore, a glass series near the edge of the decomposition
region were synthesized with approximately 30 mol% BaO while changing the network former
ratio, Si02/B203, along the disilicate-diborate join allowing a good coverage of the system and
to investigate the link between structure and properties.

On the structural side, the effect of the Si02/B203 ratio on both B coordination and network
polymerization were quantified using Raman, IR and NMR spectroscopies and molecular dy-
namic. All these results converge to show IIIB, threefold coordinated boron, increase linearly
with boron content, at the expense of IVB. The kQ3 equilibrium constant decreases slightly with
boron addition up to 37 mol%, whereas at greater B203 contents, the silicate network rapidly
polymerizes. These trends are reinforced by theoretical results which show that the average
connectivity, polymerization, and ring size are directly related.

On the property side, if the glass transition temperatures increase monotonously with the silica
content, the elastic moduli measured from Brillouin spectroscopy show a local maximum at 37
mol% B203 and 33 mol% SiO2. This maximum in the mechanical moduli correspond to the
maximum in the atomic packing density found to be _70.6. Naturally the mechanical moduli
are linked to the underlying structure and the role of mixing boron to increase the moduli of a
silica-rich network will be emphasized. The relationship between the structure and packing den-
sity will be then compared to previous studies and extrapolated to the entire BaO-B203-SiO2
ternary.
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Fracture toughness of calcium
aluminosilicate glasses
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Anders K. R. Christensen !, Xuan Ge 3, Theany To *°, Lars R. Jensen
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A major limitation of oxide glasses is their low fracture toughness, leading to premature fail-
ure as a result of critical flaws. A thorough understanding of how fracture toughness is linked to
the glass composition and structure still needs to be developed. Here, we investigate the fracture
toughness of the important family of calcium aluminosilicate glasses by means of the Single-Edge
Precracked Beam (SEPB) method. We connect the glass structure to the fracture toughness by
investigating glasses with varying silica contents and alumina/calcia ratios, encapsulating both
percalcic and peraluminous compositions. By molecular dynamics simulations, validated by X-
ray total scattering, we correlated the fracture toughness to specific structure features. We infer
that local coordination changes of aluminum, so-called bond switching, correlate positively with
the fracture toughness. We further extend our investigation to include hardness, crack initiation
resistance and elastic moduli, finding that various structural features should be considered to
understand each of these mechanical properties within the calcium aluminosilicate glass family.

Keywords: CAS glass, calcium aluminosilicate, mechanical properties, fracture toughness, single
edge precracked beam, SEPB
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Stabilizing Unusual High Oxidation States
of Transition Metals in (Glasses

Doris Moncke * !, Amir Asjari , Lenorah Haight-Stott

L Alfred University, NYSCC — United States

Transition metal ions have been coloring glasses since the dawn of glass making. Many of
these 3d ions are known to be present in glasses in the divalent or trivalent state. We were able to
stabilize unusual high oxidation states of transition metal ions such as Co®* (yellow to brown),
Ni%* (blue), Mn* (blue), Mn%* (deep green) and possibly Fe*t (brown) in cesium-barium sili-
cate (CBS, e.g., 40Csy0-10Ba0O-50Si04, mol%). Favorable glass compositions for the stabiliza-
tion of these high oxidation states were of exceptionally high optical basicity (A = 0.72——0.81),
values also reached in Cs(Ba)-ortho-borate glasses [?].

The high valent ions were confirmed by UV-Vis, photoluminescence (PL), and Raman spec-
troscopy. Raman spectroscopy showed resonance enhancement for hexavalent MnQO, tetrahedra
near 800 cm™!, allowing the identification of Mn%* even at dopant concentrations of only 0.01
mol%. Mn®T shows a strong NIR emission at 1190 nm, sparking interest in the development
of more stable glasses for photonic applications that rely on NIR light emission, such as tem-
perature sensing or bio-imaging. Since many of these glass samples were of high hygroscopicity,
more stable glasses were designed [?, 7].

Even though trivalent transition metal ions are not unusual for many 3d elements, cobalt
and nickel have traditionally been designated as divalent in glass. However, after quenching from
high melting temperatures, Cot can be confirmed in pyrex-type glasses, or after irradiation,
Co%t and Ni** can be found in other technical silicate or phosphate glasses [?].

It was found that the Mn®*/MnS%* ratio in our glasses is very sensitive to variations in the
glass composition, which resulted from synthesis, such as crucible dissolution or cesium oxide
evaporation.

References:
(1) Ashjari et al., Photoluminescence and Resonance Raman Study of Tetrahedral Mn®* and Mn%T in
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Vibration Function of Disk-type Glass
Actuator based on Ion-conductive
Phosphate Glass

Miyu Nakagawa !, Kana Tomita !, Tetsuo Kishi !, Shuichi Akasaka !,
Akifumi Matsuda !, Tetsuji Yano * !

! Institute of Science Tokyo — 2-12-1, Ookayama, Meguro-ku, Tokyo 152-8550, Japan

Mechanical responses of materials to the applied electric power have been investigated and
used as ”actuator”. Conversion of electric energy to mechanical one in materials has been
evaluated in terms of electrostrictive effect, and glass has been classified to have low conver-
sion efficiency. Recently, our group investigated ”Glass actuator” using ion-conductive glasses,
where cantilever-type actuator device was fabricated and showed vibration of electrostricvtive
effect under low AC voltage with various frequency at room tempearture. This means that glass
materials are good candidate for actuator elements to induce electrostrictive function
Ag20-WO3-P205 (AWP) glass was prepared by melt-quenching method. Transparent glass,
weakly colored with green, was obtained. Mold press instrument was originally designed to
prepare AWP glass element for actuator. Typical dimension of the element was 15 mm-0.D. x
0.2 mm-t, glass disk.

The glass actuator is composed of 5 layers; electrode/cladding layer /glass/cladding layer /electrode.
Our group employed a-TiO2 for cladding layer. a-TiO2 layers were deposited on the AWP glass
element by Puled laser Deposition (PLD) method. TiO2 poly-crystalline target was irradiated
by KrF excimer laser pulses in vacuum chamber. In order to suppress oxygen deficiency, O2 gas
was introduced around glass element. deposition time was 1-2 h. RHEED and XRD analyses
were conducted to confirm amorphous state of the deposited films. O2 assist increased optical
transmittance in visible to infrared wavelength region, showing the reduction of oxygen defect
in the film.

After depositing of Au layers as electrodes, the glass actuator elements were placed on the
special sample holder jig, and subjected to the actuator evaluation analysis. AC electric field
was applied between electrodes with the amplitude around 1.5 V with the frequency range of 1
— 3000 Hz at room temperature.

Vibration behavior was monitored by Laser Doppler Vibrometer. By scanning the laser spot
(532 nm) on the actuator device, the vibration behavior of the disk-type glass actuator was
confirmed. In the presentation, detailed results will be shown.

Keywords: glass actuator, phosphate glass, ion conduction, electrostrictive effect
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Effective Thermal Strengthening of Glass by
Enhanced Configurational Entropy at its
Supercooled State

Madoka Ono * !
! Tohoku University — 6-6-05 Aoba Aramaki-Aza, Aoba-ku, Sendai, 980-8579 Japan, Japan

Physical strengthening (thermal tempering) induces surface compressive stress, and its mag-
nitude is largely proportional to the difference in thermal expansion coefficients between the su-
percooled liquid (al) and glassy (ag) states, denoted as Da. We aimed to enhance strengthening
by designing glasses with a maximized Da while maintaining a conventional ag.

We investigated the Si02-B203-Na20 system. We found that while ag primarily depends
on Na20 content, aht (representing al) shows a significant peak when the molar ratio R =
(Na20)/(B203) approaches 1. MAS-NMR analysis confirmed this anomalous expansion is
driven by a drastic increase in configurational entropy above T'g. This transition involves the
dissociation of stable BO4 and Si(Q4) networks into looser BO3 and Si(Q3)units.

Based on this mechanism, we developed an optimized glass (SBBN) with ag similar to standard
sodalime (SL) glass but a much larger Da. Tempering demonstrations confirmed that SBBN
achieved more than double the compressive stress of SL glass under similar conditions. This
demonstrates that controlling configurational entropy in the supercooled liquid state is an effec-
tive strategy for enhancing thermal strengthening. Furthermore, it was noted that the resulting
fragment density upon fracture did not necessarily follow the order of the stored internal stress,
suggesting complex fracture dynamics.

Keywords: thermal expansion, ttempering, configurational entropy at supercooled state
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Intermediate-range structure of P205 glass
revealed by a combination of quantum beam
diffraction and topological data analyses

Yohei Onodera * ', Hirokazu Masai 2, Shinji Kohara 3

I Center for Basic Research on Materials, National Institute for Materials Science — 1-2-1 Sengen,
Tsukuba, Ibaraki 305-0047, Japan
2 Department of Materials and Chemistry, National Institute of Advanced Industrial Science and
Technology — 1-8-31 Midorigaoka, Ikeda, Osaka 563-8577, Japan
3 Center for Basic Research on Materials, National Institute for Materials Science — 1-2-1 Sengen,
Tsukuba, Ibaraki 305-0047, Japan

P205 is a representative network-forming oxide with Q3 tetrahedral motifs, in which three
bridging oxygens (BOs) and one non-bridging oxygen (NBO) are bonded to a phosphorus atom.
To elucidate the intermediate-range structure of P205 glass manifested by diffraction peaks,
we constructed a three-dimensional structure model that is consistent with neutron and X-ray
diffraction data by combined reverse Monte Carlo and classical molecular dynamics simulations.
Partial structure factors of the structure model indicated that a doublet first sharp diffraction
peak of P205 glass originates from the Q3 network composed of two different length scales
formed by P-BO and P=NBO bonds. The intermediate-range structure extracted from the
three-dimensional structure model via topological analyses and the origins of the diffraction
peaks of P205 glass are addressed.

Keywords: Intermediate, range structure, diffraction, network forming oxide
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Alkaline earth — borate systems:
thermodynamic modeling & key
experiments

Alexander Pisch * !

1 Science et Ingénierie des Matériaux et Procédés — Université Grenoble Alpes — 1130 rue de la Piscine,
BP 75 38402 Saint Martin DHeres, France

Solid and liquid/amorphous alkaline earth borates are important in many industrial appli-
cations. At the same time, experimental information on phase diagrams and thermodynamic
properties are not abundant. Only the CaO-B2Og3 system is well characterized. Data on the
other systems with MgQO, SrO and BaO are more limited and sometimes contradictory.

In this contribution we report on new experimental and theoretical results for the binary alkaline
earth — borate systems. The ground state properties (structure & heat of formation) as well
as the heat capacities of the solid compounds were calculated using density functional theory
(DFT). Heat capacities at constant pressure, the glass transition temperatures as well as the
liquidus temperatures were measured for selected glasses using differential scanning calorimetry

(DSC).

All new data together with the available literature information were used to perform a consistent
thermodynamic modeling of these systems using a third generation Calphad approach. The heat
capacity of the solid compounds were modeled as a function of temperature using a multiple
temperature Einstein function. For the liquid phase, two different model approaches were used:
the associate model and the modified quasi-chemical model in order to reproduce a correct
description of the short-range order observed in these systems. Keywords: Alkaline earth borates,

Calphad modeling, Phase diagrams
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Structure of Hydrated Borate (zlasses

Elsebeth Juhl Pedersen * !, Anders Christensen !, Oliver Alderman 2,
Randall Youngman 2, Morten Smedskjaer’ !

! Department of Chemistry and Bioscience [Aalborg University] — Fredrik Bajers Vej 7H, 9220 Aalborg,
Denmark, Denmark
2 ISIS Facility, Rutherford Appleton Laboratory — OX11 0QX Didcot, United Kingdom
3 Science and Technology Division, Corning Incorporated — Corning, New York 14831, United States

Understanding the structural role of water in glasses is important for a range of phenomena,
including the mechanical properties. For example, water can lead to stress corrosion, but more
recent work has shown that steam treatment of some glass compositions can lead to improved
crack initiation resistance, including in borate glasses. In this study, we therefore study the struc-
ture of tH20(1-2)B203 glasses with z = 0.1, 0.2, 0.33, and 0.4 by melting B203 with varying
amount of water in closed containers to incorporate water in the bulk borate glass structure. We
characterize the structure through solid state NMR and x-ray and neutron scattering measure-
ments. Particularly, we explore the hydrogen coordination environments by taking advantage of
the different scattering lengths of the hydrogen isotopes. That is, we prepare glasses with either
1H, 2H, or a combination thereof to obtain a null-scattering isotope composition of hydrogen,
allowing the use of the isotope difference method to separate the hydrogen contributions from
the borate network structure. We correlate the observed structural changes with the measured
density and glass transition temperature.

Keywords: Borate glass, water, neutron, x, ray, scattering, NMR
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Interfacial tension and thickness in phase
separation of RmOn-SiO2 systems

Franck Pigeonneau * !, Wilfried Blanc 2

I Centre de Mise en Forme des Matériaux — Mines Paris - PSL (Ecole nationale supérieure des mines de
Paris), Centre National de la Recherche Scientifique — Rue Claude Daunesse CS 10207 06904 Sophia
Antipolis cedex, France
2 Institut de Physique de Nice — Université Nice Sophia Antipolis (1965 - 2019), Centre National de la
Recherche Scientifique, Université Cote d’Azur — 17 Avenue Julien Lauprétre - 06200 - Nice -France,
France

Liquid-liquid immiscibility occurs in rare earth or alkaline silicate systems among others. The
kinetics of the phase separation in such systems is a complex phenomena needing an accurate
knowledge of the thermodynamic state functions and the interfacial energy. Due to difficulties
to experimentally determine the last property, theoretical models are needed. To be able to
compute the interfacial energy, molar Gibbs energy with a Redlich-Kister excess potential is de-
termined for various binary systems with monotectic line or subliquidus metastable miscibility
gaps. Thermodynamic data are assessed by a determination of critical conditions and the misci-
bility gap for each system. Using Gibbs energy minimization, a first method similar to Butler’s
theory is used to determine the interfacial energy. The dependence on reduced temperature
T/Tc is determined. A clear difference appears between the systems with a liquid-liquid phase
separation and systems with a sub-liquidus phase separation. Using the Cahn-Hilliard theory,
the interfacial energy can be also determined by an integration over the solute molar fraction
between equilibrium states. The ratio of the two predictions of the interfacial energy provides
an estimation of the interfacial thickness. For the various systems, this thickness depends on
the temperature becoming infinite in the critical condition. The typical size of the thickness is
around few nanometers comparable to experimental data.

Keywords: thermodynamics, phase separation, Cahn, Hilliard theory, binary systems
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Properties and structure of glasses along the
join x Na20-(x/2) Al203-(x/2)
B203-(100-x) SiO2
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3 Sao Carlos Institute of Physics, University of Sao Paulo — Sao Carlos, Brazil
4 Institute of Inorganic Chemistry, University of Wiirzburg — Wiirzburg, Germany
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Berlin, Germany
8 Otto Schott Institute of Materials Research, Friedrich Schiller University Jena — Jena, Germany

The glass system Na20-B203-Si02 (NBS) is the basis of many industrial applications and
therefore one of the most studied ones. Glass formation in this system is possible over a wide
compositional range, but there are also ranges of pronounced phase separation and crystallization
tendency. Even small addition of A1203 can substantially change this behavior. As the Na20-
Al203-B203-Si02 (NABS) system is also known as the basis for glasses in strength-relevant
applications, the behavior during the transition from the NBS system to the NABS system is of
interest. Therefore, a small step melt series in this system was studied using the robotic glass
melting system at the Federal Institute for Materials Research and Testing (BAM, Division
Glasses). In this work, glasses with composition x Na20-(x/2) Al203-(x/2) B203-(100-x) SiO2
with (18 < x < 42) were characterized with respect to density, glass transition temperature,
crystallization behavior, coefficients of thermal expansion, elastic constants, and their molar
volumes. Additionally, part of the experimental data was compared with their available modeled
counterparts. The choice of the studied series was based on the theoretically based assumption
that both Al and B could be present in 4-fold coordination. In order to explore this possibility,
the structure of these glasses was also investigated via solid-state NMR and Raman spectroscopy
in the attempt to identify detailed structure/property correlations.

Keywords: Na20, A1203, B203, SiO2 glasses, glass transition temperature, density, structure
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Effect of irradiation and thermal treatment
on the stored energy, physical properties
and structure of ISG glass
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In France, borosilicate glass, known as R7T7, is used to contain high-level, long-lived nu-
clear waste generated from spent fuel reprocessing. The resulting glass canisters are destined to
be stored in deep geological repository. After several thousand years, groundwater is expected
to come into contact with the glass and begin to leach it. However, the glass will have been
self-irradiated by the radionuclides it contains. This can modify its structure and properties,
and therefore its leaching behaviour.

Insofar as the alteration phenomenon will take place on an expected time scale that is in-
accessible, modeling enables to simulate the very long-term glass behavior. In order to better
understand the alteration mechanisms of nuclear glasses, this work focuses on a simplified borosil-
icate glass, called ISG (International Simple Glass). Its simple chemical composition exacerbates
some phenomena, such as leaching and irradiation-induced structural modifications, and makes
characterization and modeling easier.

In an oral presentation, we propose to focus on the effect of the structural defects created
by irradiation in the material which cause constraints in the glass structure and can be repre-
sented as an excess of internal energy commonly referred to as ‘stored energy’.

In order to simulate the defects created by the recoil nuclei generated by « decays in a ra-
dioactive glass, we will study a non-radioactive ISG glass irradiated using external beams. The
effects of the recoil nuclei were simulated with multi-energy Au ions (0.5, 1.2, 2.5, 4 and 7 MeV)
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up to 40 MGy (i.e., the nuclear saturation dose). The aim is to determine the energy stored in
these samples by calorimetric measurement and to make it vary. We have therefore chosen to
proceed by thermal annealing in order to gradually restore some defects and therefore decrease
the stored energy.

A study was also carried out to determine the variation of the structure and properties of
ISG glass irradiated with Au ions during annealing. Variations of two glass properties (swelling
and hardness) with annealing were characterized by interferometry and Vickers hardness, while
structural variations were characterized by Raman spectroscopy and solid-state NMR.
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Structure of alkaline-earth aluminosilicates
and aluminoborosilicates: insights from
neutron, X-ray diffraction and MD
simulations
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520-8639, Shiga, Japan
2 ISIS Neutron and Muon Source — Rutherford Appleton Laboratory, Harwell Campus, Didcot OX11
0QX, UK

Tolerance to contact damage in silicate glasses is driven by an interplay between plasticity
and brittle fracture. Recent works have shown that partial substitution of silica with boron
oxide in alkaline-earth aluminoborosilicates (ABS) glasses resulted in a drastic increase of dam-
age tolerance correlated with a transition from non-homogeneous plastic flow (shear banding)
to homogeneous plasticity. Moreover, the type of alkaline-earth (AE) ion can also strongly con-
tribute to the contact damage. This investigation aims to elucidate the role of boron and the
type of alkaline-earth ion on the atomic structure of a group of ABS glasses. We investigated
a series of aluminosilicate AS (70S102-15A1203-15R0) and aluminoborosilicates ABS (555102-
15A1203-15B203-15R0) glasses with different alkaline-earth cations (R = Mg, Ca, Sr, Ba) using
neutron and X-ray diffraction experiments. To gain more details on the atomic structure, we
performed MD simulations using a newly-improved version of the SHIK potential. The MD
simulations could reproduce well both the observed experimental neutron and x-ray total corre-
lation functions for all the proposed series, confirming the accuracy of the improved potential.
The local structure around network formers (NWF) and alkaline-earth cations was evaluated
through analysis of the pair-distribution functions in both experiments (neutron and X-ray)
and MD calculations. In the AE-aluminosilicate glasses, the results revealed that Mg, Ca, Sr,
Ba assume coordination with oxygen between four (4) and eight (8), respectively. The size of
the AE ion did not seem to affect the local structure of either silicon (Si) or aluminium (Al),
which assumed mostly tetrahedral coordination. In the AE-aluminoborosilicate series, neutron
diffraction experiments clearly revealed boron-oxygen correlations assuming mostly 3-fold coor-
dination independently of the AE ion. The local structure of the AE-ion in ABS glass series
was like those of the AS glass series, although with slightly lower coordination numbers. The
effect of the type of AE-ion and role of boron on the intermediate range order (ring structure
and bond angles distributions) will also be discussed. It is proposed that the small coordination
number assumed by magnesium ions along with the exclusive 3-fold coordination of boron in
these glasses are key features of these damage-tolerant glasses.
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Origins of thermal anomalies in glasses

Nikita Shcheblanov *f 1
! Maastricht University [Maastricht] — Universiteitssingel 40;6200 MD Maastricht, Netherlands

Network glasses exhibit universal vibrational and cryogenic thermal anomalies: a “boson
peak” corresponding to an excess in the vibrational density of states over the Debye _ w2 law,
and a plateau in thermal conductivity that remains nearly temperature-independent in the range
1-25 K. These anomalies have so far lacked a quantitative first-principles explanation, owing to
the prohibitive computational cost of lattice-dynamics methods for disordered systems and the
limitations of classical molecular dynamics at low temperatures. Here, we combine the Wigner
formulation of thermal transport with numerical analysis based on GPU-accelerated machine-
learning interatomic potentials and optimized tensor-contraction algorithms to compute the an-
harmonic vibrational spectrum and thermal conductivity of amorphous silica models containing
_"1.5 million atoms-sufficiently large to capture the long-wavelength wvibrations active at cryo-
genic temperatures. We show that the conductivity plateau arises from a balance of two transport
mechanisms: temperature-inhibited, anharmonicity-damped propagation of vibrations below the
boson peak, and temperature-activated, disorder-mediated "tunneling” of vibrations above it. Our
approach opens a pathway to understanding and controlling thermal transport in disordered solids
at cryogenic temperatures.

Keywords: thermal conductivity, anharmonicity, simulations
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Study of X-ray induced damage on sulfur in
glass during X-ray analyses
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Sulfur is a crucial multivalent element for tuning the properties of glass, existing primarily as
sulfide (S2—) and sulfate (S5%) species. Accurate determination of sulfur valence states is essen-
tial for understanding and controlling glass characteristics. X-ray analysis is a key technique for
determining the valence state of sulfur. However, the techniques such as X-ray absorption fine
structure (XAFS) and X-ray fluorescence (XRF) can induce changes in sulfur valence through
photo-oxidation or photo-reduction during analysis. This phenomenon complicates the reliable
analysis of sulfur speciation and may lead to misinterpretation of the true redox state of sulfur
in glass.

In this study, we systematically investigated the stability of sulfur valence states in soda-lime
silicate glass under X-ray irradiation, focusing on the effect of conductive carbon coatings as a
strategy to suppress X-ray-induced damage as the damage may be caused by surface charging
during measurement. Glass samples with a standard composition (16.5Nay0-9.4Ca0-74.15i04
(mass%) with 0.2 mass% FeaOs and SOg3, and 0-0.3 mass% carbon as a reducing agent) were
prepared by melting and quenching. A certified reference material (SGT10, Society of Glass
Technology, UK) was also used. Conductive carbon coatings of varying thicknesses were applied
to the glass surfaces.

Our results demonstrate that carbon coatings effectively protects the glass samples from X-ray
induced damage and preserve the integrity of the spectral feature, enabling accurate analysis of
the original sulfur redox state in S K-edge XAFS measurement. The coated samples exhibited
stable XAFS spectra with consistent peak intensities for S>— and S, even after repeated mea-
surements and extended irradiation times. This approach also allowed for longer measurement
durations, improving the signal-to-noise ratio and revealing minor spectral features. This study
provides a simple and versatile solution for controlling X-ray induced damage in glass analy-
sis, supporting more precise determination of sulfur valence states by XAFS. The conductive
coating method is applicable to a wide range of glass compositions and analytical conditions.
Application of this technique to X-ray fluorescence will be also discussed.

Keywords: X, ray, damage, sulfur, conductive coating
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Spatial distribution of modifier cations and
tuning its effect on the ionic conductivity of
network oxide glasses

Sabyasachi Sen * !
1 University of California , Davis — United States

The distribution of modifier cations around non-bridging and bridging oxygen (NBO and
BO) atoms in single- and mixed- modifier metaphosphate glasses is investigated using 170 NMR
spectroscopy and is correlated to their ionic conductivity measured using electrical impedance
spectroscopy. Structural relaxation of these glasses during isothermal aging significantly reduces
their ionic conductivity. While the activation enthalpy D Hm of ionic conduction remains con-
stant after aging, the entropy of migration DSm decreases, leading to a corresponding reduction
in the hopping rate of mobile alkali ions. This behavior is observed to be associated with a
spatial redistribution of the modifier cations in the glass structure during aging. These findings,
when taken together, suggest that significant increases in the ionic conductivity of a glass can
be achieved by raising its fictive temperature. The possible consequences of this effect will be
discussed.

Keywords: phosphate, structure, modifier distribution, 170 NMR, ionic conductivity, fictive tem-
perature
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Influence of MgO addition on the structure
and properties of Zinc phosphate Glasses

Junhyuk Shin * 12, Jinho Kim !, Bongki Ryu' 2, Jaeyeop Chung* !

! Korea Institute of Ceramic Engineering and Technology — Korea Institute of Ceramic Engineering and
Technology, Jinju 52851, Korea, South Korea
2 Pusan National University — Department of Materials Science and Engineering, Pusan National
University, Busan 46241, South Korea

Antibacterial phosphate glasses have attracted growing attention due to their potential to
inhibit bacterial growth and reduce infection risks. Zinc oxide (ZnO), in particular, is widely
employed as an antibacterial agent because it offers strong antibacterial efficacy against both
Gram-negative Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. aureus),
while avoiding the toxicity and environmental concerns associated with conventional biocides
such as silver. Consequently, zinc phosphate glasses have emerged as promising materials for
antibacterial and biomedical applications. However, their relatively poor chemical durability
remains a major limitation, restricting their long-term stability and use in harsh environments.
In this study, we investigated the influence of MgO content on the physical, thermal, chemical
durability, dissolution, and structural properties of (50-x)Zn0O-7A1203-xMg0O-43P205 (x = 0,
1.5, 3, 4.5, 6, 9) glasses. Distinct changes in density and thermal behavior were observed at
3 mol% MgO, suggesting a compositional threshold affecting the glass network. To interpret
these property variations, Raman spectroscopy and molecular dynamics (MD) simulations were
employed to establish structure—property correlations. These insights provide a fundamental
framework for tailoring phosphate glass compositions with enhanced chemical durability and
antibacterial performance for advanced biomedical and environmental applications.

Keywords: Zinc phosphate glass, Antibacterial glass, Molecular dynamics simulation, Chemical
durability
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Enhancement of Fracture Toughness in
Glasses by Ag Incorporation via Ion
Exchange Process

Kenji Shinozaki * !

! National Institute of Advanced Industrial Science and Technology (AIST) — 1-8-31 Midorigaoka,
Ikeda, Osaka 563-8577, Japan

Our previous work demonstrated that incorporating a small amount of Ag nanoparticles into
Si09 glass via spark plasma sintering (SPS) significantly enhanced its fracture toughness through
crack bridging and plastic deformation at crack tips (Liu & Shinozaki, Mater. Sci. Eng. A 2021).
This finding indicated that even a minor introduction of ductile metallic species can effectively
relax local stress and suppress crack propagation within a brittle glass matrix. However, that
approach required high-temperature sintering and was limited to bulk composite systems, which
are not always compatible with transparent glass fabrication or surface strengthening processes.

To extend this concept to a more versatile and practical strengthening route, the present study
focuses on the ion exchange process as a means to introduce silver into glass. This method enables
controlled incorporation of Ag ions, clusters, or nanoparticles into the near-surface region at
relatively low temperatures, while maintaining optical transparency. Although Ag-ion exchange
has been explored for modifying optical and antibacterial properties, its influence on mechanical
performance—particularly fracture toughness and the associated toughening mechanism remain
poorly understood.

In this work, we systematically investigated the effect of Ag incorporation via ion exchange
on the fracture toughness of silicate glasses. Compositional profiling, crack morphology anal-
ysis, and indentation-based mechanical evaluation were combined to elucidate the relationship
between silver diffusion behavior and local mechanical response. The results revealed that frac-
ture toughness can be enhanced even in the absence of measurable surface compressive stress,
suggesting a distinct, stress-independent toughening mechanism such as K-ion exchange. This
study thus extends our previous findings from bulk Ag-doped glass composites to a transpar-
ent ion-exchanged system, providing new insights into the design of mechanically reliable and
optically functional glass materials. Keywords: Toughness, Ion exchange, Metallic Nanoparticle
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Micrometric patterning of a borogermanate

glass containing terbium by thermal poling

to manage luminescence and second order
optical properties

Martin Smith * !, Juliane Resges Orives ?, Lia Mara Marcondes 3,
Frédéric Adamietz !, Thierry Cardinal 3, Marcelo Nalin 2, Marc Dussauze
1

! Institut des Sciences Moléculaires (ISM) — CNRS, Université de Bordeaux (Bordeaux, France) —
France
2 Institute of Chemistry — Sdo Paulo State University — Araraquara, SP, 14800-060, Brazil — Brazil
3 Institut de Chimie de la Matiere Condensée de Bordeaux — Université de Bordeaux, Institut
polytechnique de Bordeaux, Institut de Chimie - CNRS Chimie, Centre National de la Recherche
Scientifique — 87 Avenue du Docteur Schweitzer, 33608 PESSAC cedex, France

Borogermanate glasses containing terbium ions are interesting materials due to their lumi-
nescent and magnetic properties. Terbium can present two different oxidation states and the
thermal poling technique can be a pertinent way to modulate spatially the oxidation state of
these ions. In this work, we demonstrate using a thermo-electrical imprinting process the trans-
fer of micro scaled motifs on the surface of a borogermanate glass containing Th3+ resulting
in a micrometric structuring of the oxidation state of Th3+/Th4+ ions. A large change in
absorption and luminescence optical properties is observed, arising from the distinct properties
of trivalent and tetravalent terbium ions. Correlative micro luminescence, Raman and second
harmonic generation measurements were carried out on the patterned poled glass surface. This
has demonstrated an accurate concomitant modification of the glass structure accompanying
large luminescence changes and the appearance of a second order optical response which could
be attributed to a localized space charge implantation. These original results demonstrate how
a simple electrical process allows managing multi optical properties but also paves the way to
induce static electrical functionalities in a magnetic optical glassy system.
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Pressure-Induced Structural
Transformations and Electronic Transitions
in TeO2 Glass by Raman Spectroscopy

Elissaios Stavrou *T 2, Anastasios Papadopoulos 2, Nagia Tagiara 3, Li
Fei 4, Guochun Yang ¢, Efstratios Kamitsos'

I Materials Science and Engineering Department, Guangdong Technion - Israel Institute of Technology
— Guangdong Technion241 Daxue Road, Jinping District, Shantou, Guangdong Province, China, China
2 Department of Materials Science and Engineering, Technion - Israel Institute of Technology — Israel
3 Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation — Greece
4 State Key Laboratory of Metastable Materials Science, School of Science, Yanshan University — China

In this work, TeOs glass was studied up to the record pressure of 70 GPa using Raman
spectroscopy (1). The Boson peak frequency (wy,) exhibits a decrease of the dwy,/OP slope at 5—
6 GPa, indicating a modification towards a more compact tellurite network. Above 30 GPa, wy
reaches a “saturation” with a practically constant value up to 70 GPa. In the short-range order,
both our experimental and theoretical results indicate that pressure up to 15 GPa induces the
transformation of single Te-O-Te bridges to double Te-Os-Te bridges, leading to a more compact
tellurite network. At higher pressures, a new Raman activity develops around 580 cm ™! and is
associated with the increase of Te coordination to six-fold. Natural bond orbital analysis showed
that the formation of double Te-Os-Te bridges favors the s—d transition, which promotes the
increase of Te coordination number at higher pressures through a d?sp? hybridization. This
results in the formation of a practically canonical TeOg octahedron, in strict difference with
crystalline TeOs at the same pressure range, and the development of a 3D network that freezes
the medium range order. Our study highlights the interplay between pressure-induced electronic
transitions and the increase in Te coordination number in the flexible tellurite glass network.
Given that our study is the first to record the BP at such pressures, it paves the way for further
exploration of this unique in glasses feature at high pressures. The results are discussed in
relation to previous experimental and theoretical studies in the field.

References
(1) A. G. Papadopoulos, N. S. Tagiara, E. Stavrou®, F. Li, G. Yang, and E. I. Kamitsos*:
J. Phys. Chem. Lett. 14, 387 (2023). Keywords: High pressure, TeO2 glass, Raman spectroscopy,

Boson peak
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Combined X-ray Raman Scattering, X-ray

Emission Spectroscopy, and Optical Raman

Spectroscopy for in situ Studies of Glasses
and Melts under Extreme Conditions

Leonie Tipp * !, Mirco Wahab !, Robin Sakrowski 2, Gordon Scholz 2,
Christoph Sahle 3, Christian Sternemann 2, Sindy Fuhrmann *

! Technische Universitit Bergakademie Freiberg — Germany
2 Technische Universitit Dortmund — Germany
3 European Synchrotron Radiation Facility — ESRF — France

Understanding the atomic and electronic structure of melts and glasses at extreme tem-
peratures (> 1000 K) is crucial for advancements in planetary science, materials research, and
sustainable industrial processes. However, in situ experimental studies are challenging due to
possible sample contamination from containers and the difficulty in probing low-Z elements.
This presentation introduces a novel experimental setup at the ESRF-ID20 beamline that over-
comes these limitations by combining aerodynamic levitation and COs laser heating with a suite
of advanced X-ray techniques.

This unique instrumentation enables container-less, in situ analysis of materials in their liquid
and supercooled states. We will present the successful implementation and capabilities of the
new setup, which integrates X-ray Raman Scattering (XRS) for probing the local environment
of low-Z elements (e.g., O, Al, Si), X-ray Emission Spectroscopy (XES) for heavier elements,
and supplementary optical Raman spectroscopy.

We will showcase the power of this new methodology with recent scientific results on several sys-
tems. First, we investigate the compression mechanisms and structural evolution in oxynitride
and fluoride-phosphate glasses. Second, we explore the structure of slags at high temperatures
to understand the origin of their properties under extreme conditions. These insights may also
be vital for developing more efficient recycling strategies. By providing direct, element-selective
structural information not accessible by other methods, this work opens exciting new avenues
for research into disordered materials under extreme conditions.

Keywords: Aerodynamic Levitation, X-ray Raman Scattering, High-Temperature Melts, In situ
Spectroscopy
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Combined X-ray Raman Scattering, X-ray
Emission Spectroscopy, and Optical Raman
Spectroscopy for in-situ Studies of Glasses

under Extreme Conditions at ESRF-I1D20

Leonie Tipp !, Mirco Wahab !, Robin Sakrowski 2, Gordon Scholz 2,
Christoph Sahle 3, Christian Sternemann 2, Sindy Fuhrmann * !
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2 Technische Universitit Dortmund [Dortmund] — 44221 Dortmund, Germany
3 European Synchrotron Radiation Facility [Grenoble] — European Synchrotron Radiation Facility
(ESRF) — 71, avenue des Martyrs, CS 40220, 38043 Grenoble Cedex 9, France

The presentation will show the implementation of CO2 laser heating and optical Raman
spectroscopy for X-Ray Raman Spectroscopy (XRS) /X-Ray Emission Spectroscopy (XES) mea-
surements at ESRF-ID20 to study the structure of low Z-elements under extreme conditions
(megabar pressures, > 1000 K). The progress, including the CO2 laser setup and the installed
optical Raman system will be presented. The presented scientific results feature XRS/XES on
compression mechanisms in oxynitride as well as fluoride-phosphate glasses. This new instru-
mentation is crucial for planetary science and materials research in general.

Keywords: XRay Raman Spectroscopy (XRS), XRay Emission Spectroscopy (XES), Raman spec-
troscopy, high pressure, oxynitride glass, fluoride phosphate glass
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Composition and structural impact on

thermal and mechanical properties of
Mg-Al-Si-O-N Glasses

Theany To * !
1 GeM - Ecole Centrale de Nantes, University of Rennes — 1 rue de la Noé 44300 NANTES, France

This study investigates the structural, thermal, and mechanical properties of Mg-Al-Si-O-N
glasses. Six compositions with nitrogen content designed to increase as oxygen content decreases
were synthesized by melting mixtures of high-purity oxide and nitride precursors, followed by
quenching and annealing. Structural analysis via X-ray diffraction and Raman spectroscopy
confirmed the amorphous nature of the glasses and highlighted distinct spectral features based
on the Mg/Al ratios, providing insights into glass network changes and the presence of different
Si-O and Al-O linkages as nitrogen levels rise. The effects of nitrogen incorporation on glass
density, molar volume, atomic packing density, glass transition temperature, and thermal ex-
pansion were systematically examined, revealing strong correlations. Measurements of elastic
moduli, hardness, and fracture toughness underscore the role of nitrogen and the Mg/Al ratio
in enhancing mechanical properties. The findings demonstrate that increased nitrogen content
results in denser and more rigid glass networks, leading to improved thermal and mechanical
properties. Additionally, regression models for these properties align well with experimental
findings, highlighting the significant role of nitrogen and the Mg/Al ratio in improving material
performance.

Keywords: Fracture toughness, oxynitride glasses
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Heat Capacity Measurements of Molten
Glass by Using a Mercury-Free Drop
Calorimeter

Hirofumi Tokunaga * !, Toru Sugawara 2, Satoshi Yoshida *

1 AGC Inc. - 1-1, Suehiro-cho, Tsurumi-ku, Yokohama-shi, Kanagawa, 230-0045, Japan
2 Akita University — 1-1, Tegata Gakuen-machi Akita 010-8502, Japan

Accurate heat capacity data of molten glass are essential for thermal simulations of indus-

trial glass furnaces, evaluation of melting energy, and thermodynamic modeling including phase
equilibria. In a previous study (1), we developed a mercury-free drop calorimeter that employs
only water as the working fluid. This setup allows for environmentally safe operation while
maintaining the ability to accurately measure the heat released by a sample when it is heated
to a specific temperature and dropped into a well of the ice calorimeter. The released heat can
be determined by measuring the decrease in volume of the ice in the calorimeter that has been
frozen beforehand.
In this work, we apply the mercury-free calorimeter to determine the heat capacities of several
multi-component glasses for which heat capacity data have been reported using mercury-based
calorimeters. We compare the obtained values with previously reported data in order to validate
the present measurement method. The results demonstrate that the measured heat capacities
show good agreement with existing thermodynamic reference data within experimental uncer-
tainty. The comparison highlights the capability of the mercury-free calorimeter to reproduce
temperature dependent trends in heat capacity. These findings confirm the validity and practi-
cal utility of the developed mercury-free calorimeter for high-temperature melted glass systems.
Measurements of more complex industrial glass compositions are currently underway and will
be also discussed.

(1) GOMD2025

Keywords: Drop calorimeter, Mercury, free, Enthalpy, Heat capacity, molten glass
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Mechanochemically synthesized Na,S-based
glasses as promising electrolytes for
all-solid-state sodium batteries
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2 Institut Charles Gerhardt Montpellier - Institut de Chimie Moléculaire et des Matériaux de
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Sodium-based solid electrolytes are attracting increasing attention as promising alternatives
to liquid electrolytes for all-solid-state batteries, owing to the abundance of sodium and the
improved safety resulting from the absence of organic solvents. Among these materials, glassy
sulfide electrolytes stand out for their potentially high ionic conductivity. However, many com-
positions within this family remain unexplored.

In this presentation, we first describe the synthesis and characterization of new NasS-based
glasses, prepared by mechanochemical processing, with compositions that have not yet been
reported in the literature. Their structure was analyzed by X-ray diffraction and Raman spec-
troscopy, while scanning electron microscopy (SEM) was used to evaluate morphology, homo-
geneity, and composition. Differential scanning calorimetry (DSC) revealed a characteristic glass
transition, confirming the amorphous nature and thermal stability of the samples. The ionic
conductivity, measured by electrochemical impedance spectroscopy between 10 °C and 60 °C,
reached values up to 107° S-cm™! at room temperature, with the temperature dependence fol-
lowing an Arrhenius behavior.

The most conductive glass was selected as solid electrolyte, and its electrochemical properties
were further investigated. The electronic conductivity, determined by DC polarization, was
found to be very low (=~ 107'2 S.em™!), confirming the predominantly ionic nature of the
material. At the end, we report on the development of an all-solid-state sodium battery operating
at ambient temperature and 80 °C. The different stages of battery assembly as well as the
first electrochemical tests will be presented. Keywords: Chalcogenides, Ionic conductivity, Solid

electrolyte, Solid state battery
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Mixed alkaline earth effect on the structure
and dielectric properties of
aluminoborosilicate glass

Yingxin Wang * ', Dehua Xiong "2, Jun Xie' 2, Zhang Jihong

! State Key Laboratory of Advanced Glass Materials, Wuhan University of Technology — China
2 Hepu Research Center for Silicate Materials Industry Technology — China

The rapid advancement and application of 5G/6G systems, has increased the demand for low
dielectric glass fibers in high-frequency semiconductor chips and systems. In fact, challenges re-
main in optimizing glass structure to improve the thermal compatibility and performance at GHz
frequency ranges. This study focused on Si02-A1203-B203-RO-TiO2 alkali-free aluminosilicate
glass and investigated the effect of mixed alkaline earth oxides (CaO and MgO) on the glass
structure. Furthermore, the relationship between the structure and properties were analyzed.
Several techniques such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), and magic angle spinning nuclear magnetic resonance (MAS-NMR) were employed to
conduct both qualitative and quantitative analyses the structure of glass. The study also evalu-
ates the glass transition temperature, coefficient of thermal expansion, high-frequency dielectric
properties (ranging from 0.6 to 10 GHz), density, and chemical stability of this aluminosilicate
glass. The results indicate that when the CaO/MgO ratio is 1:4, the glass exhibits an optimal
performance, achieving the lowest coefficient of thermal expansion (o =2.97 x 106 /oC) and
the lowest dielectric constant (4.36 at 10 GHz). Both the FTIR and MAS-NMR results reveal
that the introduction of mixed alkaline earth metals optimizes the tetrahedral network structure
of this glass, leading to an enhanced performance. This study highlights the role of the alka-
line earth oxides mixture effect in adjusting the glass composition, providing valuable insights
into the critical structure-property relationship of low-dielectric, low expansion glass fibers and
contributes to both high-frequency applications and practical production.

Keywords: Alumino, borosilicate glass, mixed alkaline earth effect (MAEE), glass network struc-
ture, thermal stability, dielectric properties
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Influence of doping on the properties of
fused quartz glass

Gabriela Kazimiera Warden *T !, Bartlomiej Adam Gawel 2, Marisa Di
Sabatino !

I Norwegian University of Science and Technology — Norway
2 The Quartz Corp — Norway

Fused quartz glass is the preferred crucible material used in the production process of

monocrystalline silicon ingots. The crucible is used to hold the silicon melt during the Czochral-
ski process. Due to the global increase of PV installations, there is a need for increased pro-
duction yield of the silicon ingots used for the solar panels. One factor limiting the yield of
the Czochralski process is the crucible lifetime- with increased holding time, the viscosity of the
crucibles decreases, leading to sagging and deformation. Due to the cristobalite phase trans-
formation, the crucible material is not reusable, and there is no commercial recycling process
available yet. Therefore, extending the crucible’s lifetime would lead to both improved produc-
tion yield and less waste, making the process cheaper, more sustainable and environmentally
friendly.
In our previous work, we have used various characterization techniques to assess the crucible
properties, such as their viscosity, OH-content, bubble growth etc. The results have revealed
inhomogeneities in the crucible, affecting its behavior during the Czochralski process. We have
also looked at how the addition of Al affects the same properties and concluded that doping
with small amounts of Al leads to lower OH content and increased viscosity and hence better
stability during the Czochralski process.

In the current study, we look at fused quartz glass doped with varying amounts of different
doping elements. Both the doping and the fusion processes are performed at laboratory scale.
We present how the different levels and types of doping affect the glass’ viscosity, OH content,
fictive temperature, glass transition temperature and possibly also the glass structure.

Keywords: glass doping, glass transition temperature, viscosity
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Structure and properties of peraluminous
sodium aluminoborosilicate glasses
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Germany

The system NasOxAlyO3xBo03xSiO2 (NABS) has been studied extensively because it
exhibits interesting regions of phase separation or crystallization. Aluminoborosilicates can thus
be found in many modern applications. Glasses with higher AlsOgs content are also used for
waste applications, as Al203 is known to improve not only the mechanical but also chemical
properties. In this study, the role of network formers with varied (Al1203)/(SiO2) ratio was
investigated for glasses with an Al,O3 content of > 20 mol%. For this purpose, a model glass
series of 20 NagO-(x) Al;O3-5 B2O3-(75-x) SiOg (with 20
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Unraveling the correlation between
populated site energies, activation barriers
and saddle point energies in solid ion
conductors
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Transport phenomena in disordered materials, particular in solid-state ion conductors are

governed by a complex potential energy landscape that includes a distribution of local energy
minima (sites), saddle point energies and local energy barriers (activation energies). Long-range
transport and local hopping take place in the same complex energy landscape but may visit
different regions of it. A detailed understanding of the correlation between site energies, saddle
point energies and local activation energies is therefore essential to unravel the transition be-
tween local hops and long-range transport.
This work presents a comprehensive, multi-methodological approach to establish a quantitative
link between the populated site energy distribution (PSED), the distribution of barriers and the
saddle points of the potential energy landscape. The PSED is experimentally determined by the
Charge Attachment Induced Transport (CAIT) technique that yields concentration dependent
diffusion coefficients and activation energies by comparison of measured concentration depth
profiles to profiles gained by Nernst-Planck-Poisson modeling (1,2). The CAIT method looks at
long-range transport where a specific saddle point energy is rate determining and transport prop-
erties are dominantly determined by the distribution of local energy minima. For Li3B7012, the
FWHM of the PSED is determined to be 250 meV (3). On the same material, the distribution
of local activation energies, g(Eact), is probed through Nuclear Magnetic Resonance (NMR)
measurements and a FWHM of 500 meV is found for the energy distribution of barriers (4).
These findings suggest that the apparent energy distribution of saddle points, SPD, which is
a convolution of PSED and g(Eact), must be even broader, i.e. approximately 550 meV. The
findings provide an important contribution to the understanding of the energetic landscape in
disordered ion conductors and shed light on the mechanisms underlying macroscopic transport
processes.

(1) M. Schéfer, K.-M. Weitzel, Materials Today Physics, 5, 12-19, (2018)
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(2) M. Schéfer, K.-M. Weitzel, Phys.Chem.Chem.Phys., 27, 18128 (2025)

(3) V.H. Gunawan, M. Schifer, and K.-M. Weitzel, Phys.Chem.Chem.Phys., 26, 14430 (2024)
(4) M.A. Badgragheh, E. Winter, M. Vogel, unpublished results
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Structure—Property Correlations in
(Ge33As12Se55)1-xAgx Chalcogenide
Glasses: Influence of Network on Ionic and
Optical Behavior

Anupama Yadav *T !, Akila Prabhudessai 2, Ramesh Karuppannan 2

! Department of Physics, Sri Aurobindo College, University of Delhi, New Delhi — India
2 Department of Physics, Indian Institute of Science, Bangalore — India

The addition of silver to chalcogenide glass networks offers a powerful route to tune both
ionic transport and optical functionalities for infrared photonics and solid-state electrochemical
applications. In this work, the structural, ionic, and optical behavior of (Ge33As12Seb5)1-xAgx
(x= 0 to 20 at%) glasses is systematically investigated to establish clear structure-property cor-
relations across the composition range. Raman spectroscopy and thermal analysis reveal that
Ag incorporation progressively modifies the host Ge-As—Se network by depolymerizing rigid
backbone units, forming Ag-Se/Ag—As bonding environments, and increasing free-volume path-
ways. These structural changes directly manifest in enhanced ionic conductivity, driven by the
creation of mobile Ag+ species and a more flexible network framework. Concurrently, optical
measurements show composition-dependent variations in refractive index, optical bandgap, and
infrared transmittance, governed by changes in mean coordination number and network polariz-
ability. Together, these findings demonstrate how controlled Ag addition enables simultaneous
optimization of ionic and optical properties through targeted network engineering.

Keywords: chalcogenide glasses, refractive index, ionic conductivity, glass transition temperature,

infrared transmission
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Glass formulation of
Ca0O/Sr0O-La203-A1203-Zr0O2 system using
In-Flight Melting Method
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2 Japan Atomic Energy Agency — Japan

Conditional glass formation of CaO/SrO-La203-A1203-ZrO2 system was investigated using

container-less In-Flight Melting method, where the raw materials particles is injected into hy-
drogen/oxygen combustion burner flame and melted. Wide range of composition showed glass
formulation and the spherical glass particles were obtained.
This glass system is expected to show wide optical transmission window and high mechanical
toughness and also interesting optical properties. However, due to high melting point of the con-
stituent oxides, glass formulation have not been well reported. Hydrogen/oxygen combustion
burner flame provides extremely high temperature. In-Flight melting promises rapid heating at
T> 2000 degree-C.

By referring to the phase diagram of La203-A1203-ZrO2 system, various composition of raw
fine materials were mixed with the addition of appropriate CaO/SrO, and heat-treated once
to form sintered materials. After crushing and classification, the raw materials particles were
injected into the burner flame. After flying in flame about 30 cm for several 10 ms, the formed
molten droplets were suddenly quenched in air, and collected. From the injection to quenching,
the materials were held in air without contact to other material.

The collected glass particles were observed by optical microscope, and their structural informa-
tion were obtained using Powder X-ray diffraction, thermal analysis, and Raman and EXAFS
spectroscopies. From optical microscope observation, transparent spheres were confirmed al-
though those devitrified were also observed which were considered not to have been heated well
depending on the irregular flight course in flame.

EXAFS analysis focused on the coordination environment of Zr. We employed two measurement
techniques; ordinary XAFS on powder pellet and micro-XAFS on each sphere. Combing with
other structural information using other spectroscopies, the relationship between the composi-
tion and structure is discussed from the point of view of glass forming tendency and properties.
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Li-Ion Transport and Mechanics of
Li—S—P—B-1 Glassy Electrolytes
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Glassy sulfide and halide based electrolytes are promising candidates for all-solid-state
lithium batteries owing to their high ionic conductivity and good processability. Their ionic
transport and mechanical properties depend on the complex local structure, but structure-
property relations are not yet fully understood. This work employs molecular dynamics simula-
tions with a machine learning force field (MLFF) to reveal how the competition between flexible
B-S and rigid P—-S networks governs the properties of Li-S-P-B-1 (LSPBI) glasses across a
full composition range (0P2S5 to 100P2S5). The developed MLFF accurately reproduces ab
initio reference data and enables large-scale simulations to explore dynamics and mechanics
mechanisms. The distinct roles of B-S and P—S bonding networks govern both ionic transport
and mechanical response in the glassy Li-S—P—-B-I electrolytes. B—S bonds tend to form more
flexible and reconfigurable local structures, which facilitate Li-ion migration through transient
bond rearrangements. In contrast, the stronger and more directional P—S bonds generate a
rigid network that suppresses Li mobility. Under external stimuli, the out-of-equilibrium inter-
actions between Li and its S-coordinated neighbors promote local bond-switching events in B—S
environments, while P—S frameworks resist such rearrangements. This compositional contrast
explains the simultaneous variation of ionic conductivity and fracture resistance as the relative
proportions of B-S and P—S units evolve. This work provides atomistic insight into how chem-
ical composition governs transport and mechanical properties in Li-S-P-B-I glass electrolytes,
offering guidance for the design of robust and high-performance solid electrolytes. Keywords:

Lithium, ion batteries, Glassy electrolytes, Machine learning force field, Tonic conductivity
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Revisiting the rate-dependent hardness of
glass

Satoshi Yoshida * !

I Materials Integration Laboratories, AGC Inc — 1-1, Suehiro-Cho, Tsurumi-Ko, Yokohama, Kanagawa
230-0045, Japan

Over 75 years ago, Taylor first reported the formation of permanent imprints on glass surface
following Vickers indentation.!) Five years after Taylor’s report, Ainsworth? observed that the
mean diagonal length of Vickers imprint on glass depended on the loading conditions, such as the
duration time and the contact speed of the tip. More precisely, the mean diagonal length of Vick-
ers imprints on glass increased as the indenter tip’s contact speed (2 20 mm/s) was increased.
However, using a recent dynamic indentation apparatus (~103/s) such as Split-Hopkinson pres-
sure bar, an inverse relationship was also reported for several types of glasses.?) (i.e. the larger
contact speed results in the shorter diagonal length.) This conflicting evidence may be due to
differences in the experimental conditions, compositions, and cracking, which affect the deter-
mination of the diagonal lengths. In this study, therefore, the dynamic indentation hardness of
soda-lime and borosilicate glasses was evaluated by using three different set-ups (pendulum test,
belt-slider test, and universal mechanical testing apparatus) with blunter diamond pyramid in-
denters. The blunter indenter enabled crack-free, larger imprints to be obtained, which reduces
the uncertainty in measuring the diagonal length of imprints. The results of these dynamic
indentation tests show that the dynamic hardness of soda-lime and borosilicate glasses is lower
than their quasi-static hardness. This is because the deformation mechanism under the indenter
changes from permanent densification to shear flow as the contact duration time increases. A
longer contact duration time or slower penetration rate results in a larger contribution of shear
flow. Since the yield stress for shear deformation of glass may be greater than for densification,
the quasi-static hardness should be higher than the dynamic hardness.

1) E. W. Taylor, Nature, 163 (1949) p.323.
2) L. Ainsworth, J. Soc. Glass Tech. 38 (1954) p.479.
3) For example, R. J. Anton & G. Subhash, Wear 239 (2000) p.27. Keywords: Hardness, Rate,

dependence, Densification
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Ionic conductivity enhancement in
Li20-P205 glasses by AICI3 addition

Vinicius Zallocco ', Henrik Bradtmiiller , Joao Vitor Campos !, Ana
Candida M Rodrigues *T 2

! Federal University of Sao Carlos — Rod. Washington Luiskm 235 - SP-310 - Sao Carlos, Brazil
2 Federal University of Sao Carlos — Brazil

The effect of halide incorporation into the glass structure to enhance ionic conductivity
in phosphate and borate glasses is already known. However, in these previous studies, halide
ions were introduced through lithium halides, thus also enhancing lithium concentration. In this
presentation, we will discuss the effect of introducing halide ions by incorporating AICI13 into the
x Li20 - (100-x) P205 (x = 55, 60, and 64.5 ) glass system, thereby avoiding the incorporation
of extra Li+ charge carriers. The highest chlorine content, as determined by chemical analysis,
is found in the glass with the highest Li20/P205 ratio, i.e., for x = 64.5. The introduction
of AICI3 increases the glass transition temperature, Tg. Nuclear magnetic resonance (NMR)
reveals that the incorporation of aluminum into the glass structure occurs via the expected
replacement of P-O—P linkages by new P—O—-Al bonds, whereas the incorporation of chlorine
results in minimal apparent structural changes. The rise in ionic conductivity is clearly found
to follow the increase in chlorine content for all three series of glasses.

Keywords: Ionic conductivity, solid electrolyte, halides salt, phosphate glass
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Multi-Scale Structural Origins of
Rare-Earth Luminescence in Glasses

Qi Zhang * ', Xian Wei !, Ruilin Zheng! 12

! Nanjing University of Posts and Telecommunications — China
2 Shanghai institute of optics and fine mechanics — China

Disentangling how structural disorder at different length scales governs rare-earth lumines-
cence remains a fundamental challenge in optical materials science. Although local coordination
environments are widely regarded as the primary determinants of rare-earth emission, growing
evidence indicates that structural organization beyond the first coordination shell can also play
a critical yet insufficiently understood role. In crystalline materials, however, the intrinsic re-
quirement of long-range periodicity severely constrains the introduction and independent control
of disorder, limiting systematic investigations across multiple structural length scales.

Glasses provide a unique structural platform to overcome this limitation, as they inherently
combine long-range disorder with tunable short- and medium-range organization. In this work,
Ce?*t-doped borosilicate glasses are employed as a model system to investigate the distinct roles
of short-range and medium-range structural disorder in regulating rare-earth luminescence. By
systematically varying the B/Si ratio, the glass network structure is modulated in a controlled
manner, enabling selective tuning of different structural regimes.

Advanced structural characterization, including synchrotron-based pair distribution function
analysis, reveals contrasting structural responses at different length scales, highlighting the non-
trivial evolution of medium-range order within the disordered glass network. Complementary
optical and temperature-dependent spectroscopic measurements demonstrate that the observed
luminescent behavior cannot be fully accounted for by local coordination effects alone. Instead,
it reflects a coupled response to structural organization extending over multiple length scales. In
particular, variations in medium-range structural flexibility are found to correlate with distinct
thermal response characteristics, suggesting an important role of non-local structural effects in
governing non-radiative relaxation processes.

Together, this study proposes a hierarchical perspective on rare-earth luminescence regulation,
in which short-range and medium-range structural disorder play fundamentally different yet
cooperative roles. These findings provide new insight into disorder-sensitive luminescence mech-
anisms in glasses and offer general guidance for the rational design of luminescent materials
through controlled structural complexity. Keywords: Multiscale structure, Structure, property

relationship, pair distribution function
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Pressure-induced densification of vitreous
silica: Insight from elastic properties

Coralie Weigel *T ', Benoit Rufflé !, Marie Foret ', René Vacher

! Laboratoire Charles Coulomb, Université de Montpellier, CNRS UMR 5221 — University Montpellier
— France

In situ high-pressure Brillouin light scattering experiments along loading-unloading paths
are used to investigate the compressibility of vitreous silica. Below 9 GPa, the equation of state
obtained from the sound velocities corrected for dispersion agrees with volume measurements.
Conversely, huge anelastic effects are observed in the range 10-60 GPa, unveiling the reversible
transformation from the fourfold-coordinated structure to the sixfold one. The associated den-
sity changes correlate with the average Si coordination number. Decompression curves from
above 20 GPa reveal abrupt backward coordination changes around 10-15 GPa and significant
hysteresis. Contrary to common wisdom, the residual densification of the recovered silica sam-
ples can be figured out from changes in elastic properties along pressure cycles, ruling out a
plastic description of the latter process. Keywords: Silica glass, high pressure, polyamorphism,

Brillouin scattering, structure, densification, elastic properties
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Thermal conductivity of oxide
glass-ceramics

Martin B. Ostergaard *' 1, Line Thomsen ', Sandie S Nielsen !, Hicham
Johra 2, Yuanzheng Yue !

! Department of Chemistry and Bioscience, Aalborg University — Fredrik Bajers Vej 7H, 9220 Aalborg,
Denmark
2 Department of Architectural Engineering, SINTEF Community — Norway

The thermal transport in oxide glasses and glass-ceramics is poorly understood despite their
importance for the development of new materials, either for fast heat transport or thermal insu-
lation. The disordered structure of glasses complicates the prediction of thermal conductivity,
given the lack of periodicity compared to crystalline materials. However, the thermal conduc-
tivity of glasses may be described similarly to that of their crystalline counterpart (for glasses
with crystalline stoichiometry), with the main difference being the mean free path causing a
change in phonon scattering. Thus, the conversion of crystals into glasses results in a better
insulating material. In this presentation, the effect of crystallization on thermal conductivity in
silicate glasses will be discussed. The formation of glass-ceramic materials is expected to result
in thermal conductivities that fall between those of the amorphous and crystalline endmembers.
However, we have demonstrated that partial crystallization suppresses the thermal conductivity
before it increases towards crystalline values. This anomalous behavior is emphasized by an
initial decrease in thermal conductivity of approximately 20 % compared to the virgin glass,
occurring at a relative crystallinity of around 15 %, followed by an increase in thermal con-
ductivity as the relative crystallinity increases. The initial drop is attributed to an enhanced
scattering effect of the glass-crystal interface compared to that of the amorphous structure itself.
Besides the relative crystallinity, the size of crystallites in the glass-ceramics plays a significant
role in the thermal conductivity. Lastly, the possibility of introducing the anomalous behavior
into insulating materials will be discussed to enhance the insulation properties of construction
materials for low-energy buildings in the future.

Keywords: Thermal conductivity, Silicate glass, Glass, ceramic, Crystallinity
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Quenching Rate and Composition
Combined Effect on Structural Properties
and Microstructure in Magnesium
Aluminosilicates

Pierre-Emmanuel Bes De Berc * 12, Laurent Cormier 3, Gerald Lelong 3,
Amandine Ridouard 4, Michelle Korwin-Edson 4, Pierre Florian °

! Institut de minéralogie, de physique des matériaux et de cosmochimie — Museum National d’Histoire
Naturelle, Université Pierre et Marie Curie - Paris 6, Institut de recherche pour le développement [IRD]
: UR206, Centre National de la Recherche Scientifique — Tour 23 - Barre 22-23 - 4e étage - BC 115 4
place Jussieu 75252 PARIS, France
2 Owens Corning — Owens Corning - OCV Chambéry International - 767 quai des Allobroges 73009
Chambéry — France
3 Institut de minéralogie, de physique des matériaux et de cosmochimie — Museum National d’Histoire
Naturelle, Université Pierre et Marie Curie - Paris 6, Institut de recherche pour le développement [IRD]
: UR206, Centre National de la Recherche Scientifique — Tour 23 - Barre 22-23 - 4e étage - BC 115 4
place Jussieu 75252 PARIS, France
4 Owens Corning — Owens Corning - OCV Chambéry International - 767 quai des Allobroges 73009
Chambéry — France
5 CEMHTI — CNRS : UPR3079 — Univ. Orléans, F-45071 Orléans, France

As the energy demand increases worldwide, a need appears for ever-bigger and ever-efficient
wind turbines, largely placed at sea, far from shores, to harness stable winds and lack of obstacles.
To meet this demand, necessary materials must be ever-lighter (low density), ever-cheaper and
ever-stronger (high Young’s modulus). For a few decades, fiberglass composites have met all
those criteria. Where polymer resins bring chemical resistance, it encases fabrics of woven
fiberglass that bring rigidity and mechanical resistance to the blades. It is thus of interest to
increase, to the best of our abilities, the mechanical resistance of those fibers.

A proven way to do so is to dope fibers with rare earths. To understand the link between
rigidity in glass fibers and rare earths composition, we studied the effect of a few molar percent
of lanthanum and yttrium on the structure of bulk and fiber glass. Notably the effect of the
quenching rate on the structure and mechanical properties has been studied through 2" Al NMR
and molecular dynamics. Studied quenching rate ranges from 10? K/s (dip quench) to 10'3 K/s
(via molecular dynamics). While it has been shown that both rare earths promote 5- and 6-
coordinated aluminium species (1), the relationship between the concentration of rare-earth and
the concentration of 5-coordinated aluminium is very dependent on the quench rate. Thus, where
it has been shown in bulk glasses that an increase of the mean coordination of aluminium (Zeg)
leads to an increase in rigidity, higher quench rate seems to promote lower Young’s modulus.
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The origin of this effect was studied through RE K-edge EXAFS, Electron Paramagnetic Reso-
nance (EPR) and Raman spectroscopy on three experimental sample sets with different quench-
ing rates and a fourth simulated one to get a multi-scale understanding of the effects of both
quenching rate and rare-earths insertion on the glass network.

References:

e Stevensson, B.; Edén, M. Journal of Non-Crystalline Solids 2013, 378, 163-167. https://doi.org/10.1016/

Keywords: quench rate, rare, earths, nmr, structure, modulus
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From Two-Phase to Porous: Surface and
Electrical Characteristics of Sodium
Borosilicate Glasses

Adam Bartosiewicz * !, Karolina Idczak 2, Krzysztof Kierzek !, Agnieszka
Cizman !

L Wroctaw University of Science and Technology = Politechnika Wroclawska [Wroctaw] — Wybrzeze
Wyspianskiego 2750-370 Wroctaw, Poland
2 University of Wroctaw [Poland] — P1. Uniwersytecki 1 50-137 Wroctaw, Poland

Porous glass nanocomposites based on sodium borosilicate (SBS) glasses offer a promising
platform for incorporating various ions or nanoparticles into their internal pore networks. SBS
glasses are particularly suitable as host matrices because they remain structurally and chemically
stable after embedding, while their irregular pore distribution allows them to host a wide range
of guest materials. In this work, Broadband Dielectric Spectroscopy (BDS) is used to determine
the electrical properties of the materials and to analyze relaxation processes observable both in
phase-separated (two-phase) glasses and in their porous counterparts. Dielectric measurements
also reveal how the electrical response evolves because of structural changes induced in two-phase
glasses during chemical treatment. Additional characterization included mercury porosimetry
technique to determine the average pore size, pore-volume distribution, and overall porosity of
the samples. Complementary X-ray Photoelectron Spectroscopy (XPS) measurements will be
used to identify differences in the surface structure of phase-separated (two-phase) and porous
glasses. These structural insights will help to better understand the origin of the electrical
properties observed in dielectric measurements and clarify how chemical treatment modifies the
glass surface and, consequently, its electrical behavior.
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High temperature non-Newtonian rheology:
case of nuclear glass melts

Sébastien Castel * 1, Sylvain Mure 2

I Laboratoire de Formulation et de Caractérisation des Matériaux minéraux — Département de
recherche sur les Procédés et Matériaux pour les Environnements complexes (ex-DE2D) — Centre de
Marcoule, 31207 Bagnols-sur-Ceze, France
2 Laboratoire de Formulation et de Caractérisation des Matériaux minéraux — Département de
recherche sur les Procédés et Matériaux pour les Environnements complexes (ex-DE2D) — Centre de
Marcoule, 30207 Bagnols-sur-Ceze, France

Nuclear industries produce radioactive waste that must be immobilized to prevent the dis-
persion of radionuclides into the environment. In France, high-level radioactive waste is calcined
and then vitrified in an industrial furnace at temperatures typically ranging from 1000 to 1250
oC, using an industrial glass frit. The molten glass is poured into a steel container, forming
a monolithic block whose chemical composition depends on both the waste and the frit used.
Understanding the rheological behavior of the molten glass is critical for industrial processing.
Homogeneous melts behave as Newtonian fluids, with their flow characterized by a single vis-
cosity. The temperature dependence of viscosity can be modeled using empirical equations such
as the Vogel-Fulcher-Tammann model. However, more complex compositions may exhibit non-
Newtonian behaviors, including thixotropy, yield stress, and viscoelasticity.

A rotational rheometer coupled with a cylindrical furnace was used to investigate the rheological
properties of systems representative of nuclear glass compositions. The sample is placed in a
geometry consisting of a rotating and a static part. The device applies torque to the sample
and measures its angular displacement, enabling the calculation of shear stress and shear rate,
and thus the determination of apparent viscosity at various shear rates. The geometries were
calibrated using model Newtonian oils in a Couette analogy method.

In addition to homogeneous Newtonian melts, three systems of interest for nuclear glass were
studied. First, certain waste compositions introduce insoluble particles of platinum group met-
als (RuOg, Pd, Rh) into the melt, altering its rheology. These particles induce shear-thinning
behavior, well described by the Sisko model, due to their disaggregation under high shear. Rapid
re-aggregation upon flow cessation results in thixotropic behavior. A second case involves partial
crystallization of the melt at processing temperatures. Isothermal experiments under constant
shear revealed an increase in viscosity during crystallization, attributed to changes in the sus-
pending fluid’s composition and hydrodynamic interactions caused by crystal presence.Finally,
a glass system exhibiting phase separation was analyzed. The phase separation temperature was
estimated by the onset of non-Newtonian and thixotropic behavior at decreasing temperatures.
The behavior of the second-phase droplets under various shear conditions was also investigated.

*Speaker

135



Keywords: Rheology, Nuclear, Suspension, Crystallization, Phase separation

136



Solid-State Vitrification of Li and Al
Phosphates Through High Energy
Mechanical Milling

Matheus Ferreira , José Schneider * !

! Tnstituto de Fisica de Sao Carlos, Universidade de Sao Paulo (IFSC-USP) — Av. Trabalhador
Saocarlense 400 Centro, CEP 13566-590, Brazil

New glassy states of several phosphates (LiPO3, LiCa(P0O3)3, A1(P0O3)3) were obtained at
room temperature from their respective crystalline phases via solid-state mechanical processing
in a planetary ball mill. We demonstrate the feasibility to reach a glassy state by mechanical
methods starting from a state of low energy, the crystal phase, instead of the quenching of the
melt. The products of milling were analyzed using XRD, 31P, 7Li, 27A1 NMR, and DSC. The
mechanically amorphized materials show DSC signatures of glass transition and crystallization
to the original phase. These glasses are produced in excited structural states, relaxing the ex-
cess of enthalpy through an exothermic process below Tg, akin to hyperquenched glasses. The
collapse of the crystal structures as a function of the milling time was monitored by 31P-NMR,
revealing the disappearance of resonances from P-crystallographic sites and the appearance of
structural disorder. The crystal-to-amorphous transition seems to proceed as a continuous pro-
cess developed by accumulation of defects and bond distortions during the early stages of milling
(< 5 h). During this period, progressive increases in local disorder around PO4 groups and
in the excess of enthalpy are observed, but no glass transition is defined yet. Above that time,
structural and thermal parameters are stable and a glass transition is clearly observed. For
Al(PO3)3, a system very difficult to vitrify by conventional methods, 31P-NMR indicate the
disruption of the 4-membered rings of PO4 tetrahedra in the crystal and the formation of long
chains or large rings in the amorphous state. 27AI-NMR, shows the change in the coordination
of Al, from octahedral in the crystal to a distribution of 4, 5, and 6-fold coordination in the
amorphous state. From 7Li-NMR, it was concluded that Li4+ mobility is similar in glasses pro-
duced by melt-quench and mechanical process. Glasses obtained from mechanical process are
less stable than their melt-quenched counterparts, showing lower Tg, Tc, Tc -Tg, and crystal-
lization enthalpy. Structurally, they show more Qn-disproportionation, suggesting differences in
middle-range order. Conversely, the milling of melt-quenched glasses causes increases in glass
stability and disproportionation, suggesting an accumulation of distortions over the structure of
the glass.

Keywords: structure, relaxation, mechanochemistry, NMR, phosphates
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On the nature of the glass transition in
metallic glasses studied via fast scanning
calorimetry

Prof. Dr. Isabella Gallino * !

! Technical University of Berlin / Technische Universitiit Berlin — Chair of Metallic Materials,
Ernst-Reuter-Platz 1, 10587 Berlin, Germany

Only recently, the development of fast differential scanning calorimetry (or chip-calorimetry)
has allowed us to characterise in situ the glass transition response of metallic glasses during
cooling from the liquid over a wider range of time scales employing scanning rates from 100
K/s up to 50,000 K/s. The generally accepted description is that the vitrification kinetics
should exhibit the same temperature dependence as the relaxation time for the alpha-process.
However, we have recently observed that vitrification at deep undercooling may occur with
a milder temperature dependence than the alpha-relaxation (1-2). The slower the system is
cooled the more pronounced is the decoupling between these vitrification kinetics and the atomic
mobility. As a consequence, vitrification can occur at fictive temperatures lower than those which
would be obtained only accounting for the alpha-process. This apparent decoupling of the time
scales for the vitrification kinetics from the time scales for the alpha-relaxation process is more
pronounced at deep undercooling and for small sample sizes. This is of most importance because,
it advocates a heterogeneity of cooperative atomic rearrangements, where faster mechanisms
for atomic mobility that apparently are not contributing to the alpha-relaxation process, are
maintaining the undercooled liquid system in (metastable) equilibrium and delay vitrification
to lower temperatures.

(1) V. Di Lisio, I. Gallino, S. S. Riegler, M. Frey, N. Neuber, G. Kumar, J. Schroers, R. Busch,
D. Cangialosi, Nature Commun. 14 (2023) 4698.
(2) X. Monnier, D. Cangialosi, B. Ruta, R. Busch, I. Gallino, Sci. Adv. 6, eaay1454 (2020).

Keywords: Glass transition, calorimetry, metallic glasses
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Fragility Dependence of Relaxation
Dynamics in Silicate Glasses Near the Glass
Transition

Ozgur Gulbiten * !

! Corning Incorporated — Corning, New York 14831, United States

Fragility of glass-forming liquids is a critical factor in glass relaxation processes, governing
the connection between metastable equilibrium and nonequilibrium regions. It is typically quan-
tified using a unitless index that characterizes dynamic behavior near the glass transition. While
the fragility index is widely used to analyze the composition dependence of relaxation dynamics,
some estimation methods rely on assumptions, including the equivalence of activation energy
for enthalpy relaxation and viscous flow. Recent studies have revealed that these relaxation
processes can decouple in certain glass compositions. A systematic investigation of relaxation
processes across a wide range of fragility values could provide insight into this decoupling mech-
anism and its relationship to fragility. This study examines the fragility dependence of various
relaxation mechanisms near the glass transition in different silicate glass families over a broad
range of fragility index values.

Keywords: relaxation, fragility, supercooled liquids, viscosity, enthalpy, calorimetry
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Probing glassy dynamics and local elasticity
in dense colloidal suspensions: insights from
single-particle experiments

Piotr Habdas *T !, Rachel Courtland , Doug Anderson , Eric Weeks! 2

! Department of Physics, Saint Joseph’s University — Philadelphia, PA 19131, United States
2 Department of Physics, Emory University — Atlanta, Georgia 30322, United States

We study experimentally the nature of the colloidal glass transition, drawing from several
single-particle studies. We show how stirring at the particle scale in supercooled colloidal liquids
uncovers heterogeneous dynamics and slow relaxation processes. Next, we discuss direct mea-
surements of local elasticity near the glass transition, highlighting significant spatial variations in
viscoelastic properties and their connection to microscopic particle motion. Finally, we describe
experiments using forced probe particles to reveal nonlinear responses and signatures of dynamic
arrest as the colloidal suspension approaches a glassy state. Together, these experiments provide
a comprehensive view of how localized perturbations and microscale measurements elucidate the
emergence of glassy behavior and dynamic heterogeneities in dense colloidal systems.

Keywords: Colloidal glass transition, colloidal suspensions, local perturbation.
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Simultaneous memory effects in the stress
and in the dielectric susceptibility of a
stretched polymer glass

Jérome Hem ', Caroline Crauste-Thibierge *I !, Thomas Merlette 2,
Florence Clément 2, Didier R. Long 23, Sergio Ciliberto !

! Laboratoire de Physique de 'ENS Lyon — Ecole Normale Supérieure de Lyon, Université de Lyon,
Centre National de la Recherche Scientifique — 46 allée d’Italie 69007 Lyon, France
2 LPMA - Solvay (France), CNRS : UMR5268 — France
3 Matériaux, ingénierie et science [Villeurbanne] — Université Claude Bernard Lyon 1, Institut National
des Sciences Appliquées de Lyon, Centre National de la Recherche Scientifique : UMR5510, Centre
National de la Recherche Scientifique — Batiment Blaise Pascal 7, avenue Jean Capelle 69621
VILLEURBANNE CEDEX, France

We study the molecular dynamics of relaxation processes during plastic flow of glassy poly-
mers up to the strain hardening regime by Dielectric Spectroscopy.
We consider various histories of deformation from the onset of the non-linear regime up to large
amplitude deformation.
In particular we show that the relaxation time evolves non-monotonously. The dynamics is ac-
celerated by the applied stress and is the fastest in the stress softening regime then slows down
in the strain hardening regime, whereas the width of the relaxation time distribution gets nar-
rower first and then broadens in the strain hardening regime. We consider then more complex
deformation histories.
In a second set of experiments, we stop the deformation at some point during the strain hard-
ening regime and maintain fixed the deformation.
The stress remains high. It allows to study the ageing of the same in this regime. Then, we
resume the deformation at constant strain rate and study
the evolution of the distribution of relaxation time. We do similar studies in a third ”unloading
protocole” with the difference that the stress is set almost to zero during the arrest step.
We consider the evolution of the distribution of relaxation times. We conclude that the presence
of a stress allows the samples to age by structural relaxation.
The effect of changing the the stress level on the dynamics is very fast, either upon increasing
the stress (acceleration of the dynamics) or upon decreasing the stress
(slowing down of the dynamics). On the other hand, our experiments point to the fact that
strain hardening is associated to modifications which are very slow to relax. This slow relax-
ation
process is responsible for the memory effect of polymers in the strain hardening regime and
we attribute them to chain orientations. Jérome Hem, Caroline Crauste-Thibierge, Thomas C.
Merlette, Florence Clément, Didier R. Long and Sergio Ciliberto Microscopic Dynamics in the
Strain Hardening Regime of Glassy Polymers Macromolecules 55 (2022) 9168.
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Thomas C. Merlette, Jérome Hem, Caroline Crauste-Thibierge, Sergio Ciliberto, Florence Clément,
Paul Sotta and Didier R. Long Theory of Plasticity and Strain Hardening of Glassy Polymers
Macromolecules 56 (2023) 6510.
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Unified theory of phonon in solids with
phase diagram of non-Debye anomalies

Mingiang Jiang * *
! Institute of Mechanics, Chinese Academy of Sciences — Beisihuanxi Road 15, Beijing 100190, China

The classical Debye model successfully predicts the phononic contribution to the specific heat
of solids in the continuum limit. However, as the phonon wavenumber increases, their vibrational
density of states gradually deviates from the Debye prediction and eventually manifests as the
Van Hove singularities for crystals, and a boson peak for glasses. To date, there is still much
controversy over whether these two non-Debye anomalies are equivalent or not. In this talk,
we propose a unified model and demonstrate that it describes the vibrational density of states
in both crystals and glasses. We achieve this by treating the vibrational excitation of solids
as the elastic phonons resonating with local modes. Our modeling enables the construction of
a phase diagram of non-Debye phonon anomalies. We clarify that the Van Hove singularity
and boson peak can evolve as two variants of the same entity when the dispersion displays
continuous softening; otherwise, they emerge separately due to resonance-induced extra acoustic
softening, further proved by their coexistence. The model is supported by a comparison with
experimental heat capacity data over a wide range of real solids, including 143 crystalline and
glassy substances. These findings provide a unified picture of the Van Hove singularity and
boson peak, and deepen our fundamental understanding of continuum elasticity of real solids.

Keywords: Phonon, Vibrational density of states, scattering, Van Hove singularity, Boson peak
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Modeling viscoelastic behaviour of a
nonequilibrium glass

Uliana Karaseva *T !, Alexander Freidin !

! Institute for Problems in Mechanical Engineering of the Russian Academy of Sciences — Boljshoy
prospekt V.O., d.61, Saint-Petersburg, Russia

Two processes related to the relaxation of the structure of a glassy material are discussed:

e the relaxation of the structure to the equilibrium state described with the use of internal
variables which evolve to the equilibrium values;

e corresponding stress relaxation since the viscosities depend on above variables.

A viscoelastic material is modeled as the Maxwell material consisting of an elastic element and
two viscoelastic elements. The viscosities of dashpots in the second and the third Maxwell
elements depend on the internal variables which characterize how far the material is from the
equilibrium state. It is assumed that the free energy of the first element is a quadratic function
of the elastic strain equal to the total strain, while the energies of the second and the third
elements are the quadratic forms of elastic strains and the internal variables with cross effect.

The dependencies of the total stress on the total strain and kinetic equations for the internal
variables are formulated based on the Clausius-Duhem inequality. The cross-terms in the free
energies make additional contributions to the stresses induced by the nonequilibrium structure
represented by internal variables and have the meaning of internal stresses. Then the internal
variables were specified as fictive temperatures. Finally the derived system of equations for the
internal variables and viscous strains was solved to describe the stress relaxation and evolution
of the viscosity to the equilibrium value in the case of uniaxial tension.

Two sets of material parameters were chosen for which it was shown that:

e The stress relaxation and structure relaxation characteristic times can be the values of the
same order. In this case one can observe the direct dependence of the viscosity on stress,
i.e. so called nonlinear viscosity;

e If the stress relaxation time is much less than structure relaxation time then the influence
of stress on viscosity and structure relaxation is noticeable only at short times, while the
relaxation of the structure and, thus, the viscosity to equilibrium values continues after
stress relaxation.
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Nonequilibrium Viscosity and Structural
Relaxation Kinetics in PbSiO3 (Glass

Ricardo Lancelotti * !, Oscar Peitl !, Edgae Zanotto !

! Federal University of Sao Carlos = Universidade Federal de Sdo Carlos — Rod. Washington Luiskm
235 - SP-310 - Sao Carlos, Brazil

Viscosity above 10712 Pa-s in the glass transition range is intrinsically time dependent, as
structural relaxation proceeds toward metastable equilibrium. Despite its fundamental impor-
tance for glass dynamics, systematic measurements of nonequilibrium viscosity below Tg remain
scarce. In this work, the time-dependent viscosity of PbSiO3 glass was quantified using pene-
tration viscometry under constant load in the temperature range 375-395 oC, below Tg = 408
oC. The penetration depth h(t) was continuously monitored during isothermal holds, and the
instantaneous viscosity 7(t) was calculated from the time-resolved penetration rate. The n(t) in-
creased with time, approaching a steady plateau corresponding to metastable equilibrium. The
viscosity evolution at each temperature was accurately described by the Kohlrausch—Williams—
Watts (KWW) function, yielding characteristic relaxation times
tau and stretching exponents § < 1. Although
tau values were comparable to the Maxwell stress-relaxation time, the time required for near-
complete equilibration was longer due to stretched kinetics. To account for nonlinear aging
effects, the dataset at all temperatures was analyzed using the Tool-Narayanaswamy—Moynihan
(TNM) model, incorporating the evolution of fictive temperature. A single set of kinetic param-
eters described the full temperature range. The relaxation parameters obtained from viscosity
closely matched those previously determined from refractive index relaxation in the same glass
batch, demonstrating that both observables probe the same intrinsic a-relaxation process. Equi-
librium viscosity was described using the Mauro—Yue-Ellison-Gupta-Allan (MYEGA) model
and incorporated into the Mauro—Allan-Potuzak (MAP) model to account for the nonequi-
librium initial states through their dependence on fictive temperature. Together, the MAP
model quantitatively described the initial nonequilibrium viscosity, KWW and TNM captured
its temporal evolution, and MYEGA represented the final equilibrium state reached. These
results establish a physically consistent connection between nonequilibrium viscosity, structural
relaxation kinetics, and equilibrium dynamics in the PbSiO3 system.

Keywords: Glass transition, structural relaxation, aging, penetration viscometry, nonequilibrium
viscosity

*Speaker

146



Memory and recovery effects in the strain
hardening regime of glassy polymers :
comparison between theory and experiments

Didier Long *' ', Thomas Merlette !, Caroline Crauste-Thibierge 2, Sergio
Ciliberto 2, Jérome Hem 2, Jérome Bikard 3

! Institut National des Sciences Appliquées de Lyon — Université de Lyon, Institut National des
Sciences Appliquées — 20 Avenue Albert Einstein, 69621 Villeurbanne cedex, France
2 Laboratoire de Physique de 'ENS Lyon — Ecole Normale Supérieure de Lyon, Université de Lyon,
Centre National de la Recherche Scientifique — 46 allée d’Italie 69007 Lyon, France
3 Syensqo - site Centre de Recherche et Innovation Lyon — Syensqo (SA) — 85 rue des Fréres PerretBP
6269192 Saint Fons, France

Complex memory effects under applied strain are a defining feature of glassy polymers in the
strain hardening regime. We proposed recently a theory for plastic flow and strain hardening as
controlled by two contributions to the free energy barriers in glassy polymers submitted to an
applied deformation. Free energy barriers decrease under the effect of the stress,which leads to
yielding and the onset of plastic flow. Conversely, monomer orientation increases the barriers.
These two contributions have very different kinetics. The contribution related to the stress
relaxes quickly as a function of the applied stress whereas the orientation contribution relaxes
by rotational diffusion, which is very slow at depth in the glassy state. This description could
account for the main feature of the Bauschinger effect when considering a stop of the deformation
followed by a resuming of the deformation after some waiting time, or for describing deformation
cycles, e.g. a tensile test followed by a compression, or the reverse. We show here that the same
model allows for interpreting and explaining memory effects in complex deformation histories as
regard the distribution of relaxation times, the evolution of tangent delta measured by dielectric
spectroscopy and the kinetics of recovery of the reference curve as a function of the waiting
time and allows for the interpretation of recent experimental results obtained by small probes
reorientation dynamics and dielectric spectroscopy.

Keywords: Polymer physics, glass transition
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Phase Change Materials from the Liquid
and Glass Point of View

Pierre Lucas * !

! Department of Materials Science and Engineering [University of Arizona] — Tucson, Arizona 85721,
USA, United States

Phase change materials (PCM) are highly unstable glass-forming solids that can switch
rapidly and reversibly between the glassy and crystalline phase. The high contrast in physical
properties between the two phases has led to their use in many technological applications such
as optical and electrical memories where binary information can be encoded using the contrast
in conductivity or reflectivity of the memory cell. While the crystalline phase of PCM has been
extensively studied, the glassy phase has received less attention, yet it exhibits unique physical
behaviors due to the extreme quenching rates required for its formation. In particular, it shows
very unusual dynamic behavior due to its abnormally low isotructural viscosity resulting from its
exceptionally high fictive temperature. Probably their most striking feature is that glassy PCMs
can crystallize far below the glass transition temperature in a way analogous to hyperquenced
amorphous water. The liquid phase of PCMs is equally unusual as they broadly exhibit liquid-
liquid phase transitions accompanied by fragile-to-strong transitions. This presentation will
review recent evidence in the relaxation and dynamic behavior of liquid and glassy PCMs and
their implication for technological applications in novel fields such as neuromorphic computing.

Keywords: phase change materials, chalcogenides, glass transition, isotructural viscosity, relaxation
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Local scale probing of the relaxation
mechanisms in a metallic glass-former by
calorimetric, mechanic, and structural
investigations

Marouane Mejres !, Nicolas Delpouve *T !, Ronan Henry !, Ivan Blum ',
Francois Vurpillot !, Loic Perriere 2, Yannick Champion 3, Valerio Di
Lisio 4, Daniele Cangialosi *, Allisson Saiter-Fourcin !

! Université de Rouen Normandie — Normandie Université — 1, rue Thomas Becket 76821
Mont-Saint-Aignan Cedex, France
2 Institut de Chimie et des Matériaux Paris-Est — Institut de Chimie - CNRS Chimie, Université
Paris-Est Créteil Val-de-Marne - Paris 12, Centre National de la Recherche Scientifique — 2-8, rue Henri
Dunant 94320 Thiais, France
3 Science et Ingénierie des Matériaux et Procédés — Institut de Chimie - CNRS Chimie, Centre National
de la Recherche Scientifique, Université Grenoble Alpes, Institut Polytechnique de Grenoble - Grenoble
Institute of Technology — 1130 rue de la Piscine, BP 75 38402 Saint Martin D’Heres, France
4 Center of Materials Physics CSIC-UPV / EHU and Donostia International Physics Center — 20080,
San Sebastian, Spain

The thermodynamic equilibration of the glass, or physical aging, is a complex phenomenon,
recently evidenced to be driven by several relaxation mechanisms, whose molecular origins are
still under scrutiny. Despite its known impact on macroscopic properties, physical aging is not
fully understood in terms of structural changes, owing to its self-slowing-down character, which
leads the relaxation process duration to largely exceed the laboratory timescale. The increase of
the relaxation time being even more critical far below the glass transition, the experimental data
gathered from long-term storage are precious resources to complement the predictive models.
Metallic glasses offer the advantage to generally situate in the deep glassy state at ambient
temperature, that is, where the concomitance of several mechanisms is proved. Besides, their
structure can be finely described at the atomic scale. Eventually, they show decent resistance
against environmental aggressions, suggesting that their structural changes over time are essen-
tially related to physical aging. It is worth noting that metallic parts target long service time,
which makes the physical aging study relevant for applicative purposes as well. Several insights
regarding the relaxation features in metallic glasses and the underlying structural mechanisms
have been gained during the last decade, offering new foundations to discuss their behavior after
prolonged storage.

In this work, the physical aging impact consecutive to ten years of storage is investigated on
a magnesium-based glass. Based on the Adam Gibbs theory, a characteristic size of molecu-
lar motions, triggered by nanoindentation is evaluated to reveal the heterogenization of glassy
dynamics. Meanwhile, the structural evolution over time is studied by atomic probe tomogra-
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phy. Eventually, the relaxation kinetics are investigated from fast scanning calorimetry. The
enthalpy loss and the fictive temperature, needed to follow the glass equilibration, are extracted
from isochronal and isothermal experiments. Furthermore, step response analysis is used to catch
the temperature dependence of the relaxation time in the glass transition vicinity, allowing to
estimate the kinetic fragility.

Keywords: physical aging, cooperativity, nanoscale
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Oxidation state-induced glass-forming
ability of melts with high vanadium content

Stefanie Meyer *T !, Joachim Deubener *

! Institute of Non-Metallic Materials, Clausthal University of Technology — Zehntnerstrafie 2a, 38678
Clausthal-Zellerfeld, Germany

The ability to form glasses in the system CaO-V2035, up to pure V205, was studied us-
ing conventional melt-quenching techniques, FDSC (fast differential scanning calorimetry) and
aerodynamic laser-levitation, while the polyvalence of vanadium (V5+, V4+, V3+) in the ob-
tained glasses was analysed by X-ray Near Edge Structure (XANES) and Raman spectroscopy.
The correlation between the oxidation state at elevated temperatures (oxygen partial pressure)
and the ratio of vanadium valence states, which is frozen in the glass transition temperature, is
discussed with regard to calorimetric and viscosimetric data in order to determine the fragility
of V205 as a conditional glass-forming oxide.

Keywords: FDSC, Raman spectroscopy, calorimetry, viscosimetry, V205, polyvalence of vanadium
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Isomorph Theory as a Framework for
Understanding Glass Formation: Insights
from High-Pressure Experiments and
Simulations

Kristine Niss * !
! Roskilde University (RUC) — Universitetsvej 1, P.O. Box 260DK-4000 Roskilde, Denmark

When a liquid is cooled or compressed into a glass, its dynamics slows down dramatically-
changing by many orders of magnitude. This change in relaxation dynamics is accompanied by
subtle structural evolution. Isomorph theory predicts that all structural features and dynamics
stay invariant along the same lines in the phase diagram; these lines are referred to as isomorphs.
The theory works well for simple LJ-type systems in molecular dynamics (MD) simulations, but
the question has been to which extend it is relevant for real experimental molecular systems.
For more than a decade we have worked on developing and performing experimental tests of the
isomorph theory. To probe the dynamics, we combine dielectric spectroscopy and quasielastic
neutron scattering, accessing time scales from picoseconds to kiloseconds. This is combined
structural studies by X-ray scattering and supported by MD-simulations on realistic molecular-
models. Combining all these techniques we have tested a number of different isomorph pre-
dictions and established strong evidence that isomorph theory holds for van der Waals bonded
liquids and gives some level of insight to ionic liquids and hydrogen bonding liquids as well.

The implication is that any general theoretical description of viscous slowing down and the
glass transition must be compatible with the framework provided by isomorph theory. Iso-
morph theory does not explain the glass transition but simplifies the problem by reducing the
thermodynamic phase diagram from 2 dimensions to 1 dimension.

Selected references:

D. Gundermann et al; Nature Physics, 7, 816 (2011), L.A. Roed et al.; Journal of Chemi-
cal Physics, 143, 221101 (2015), H-W. Hansen et al.; Nature Communications, 9, 218 (2018),
H.W. Hansen et al.;Journal of Chemical Physics, 149, 214503 (2018), P. A. Knudsen et. al.;
Journal of Chemical Physics, 155, 054506 (2021), D.B. Noirat et al.; Physical Chemistry Chem-
ical Physics, 26, 29003 (2024) E. H. Lgrup et. al. (2026).

Keywords: Glass transtion, theory, molecular glasses
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Probing the microstructural heterogeneity
of metallic glass: Universal understanding of
DMA, stress relaxation and creep

Jichao Qiao * !
! Northwestern Polytechnical University (NWPU) — NO.127, West Youyi Road, Xi’an, China

The intrinsic structural heterogeneities of amorphous alloys are closely related to thermody-
namics. The state of amorphous alloy is also determined by its thermal and mechanical history.
The implication is twofold: the dynamical behavior (such as mechanical relaxation, aging, glass
transition, crystallization and plastic deformation) determines the state of the glass, which in
turn determines its future dynamical behavior. Furthermore, the structural information is sub-
merged into the out-of-equilibrium disordered long-range structure, which makes it difficult to
explore and resolve the features of amorphous alloys heterogeneities. Due to the structurally
disordered arrangement of atoms and deviation from thermodynamic equilibrium, the physical
and mechanical properties of metallic glasses can vary with time, temperature and magnitude of
strain or stress. The current talk provides a theoretical framework based on the hierarchically
correlated atomic theory, which allows a quantitative description of the non-elastic deformation
in metallic glasses. The defect concentration is adopted as an order parameter, which can evolve
with temperature and non-elastic strain owing to correlated atomic movements. Through our
hierarchically correlated atomic theory, we derive the characteristic times for local shear events
in metallic glasses that entail activation, growth and/or annihilation of flow defects, which how-
ever are not accounted for in the previous mean field theories. Finally, we demonstrate that
the current theoretical framework can be validated by the dynamic mechanical relaxation, stress
relaxation and creep experiments on typical metallic glasses, which in turn provides quantitative
insights into the non-elastic deformation mechanisms in metallic glasses.

Keywords: Metallic glass, Stress relaxation, Creep, Microstructural heterogeneity, Physical model
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Dynamical Heterogeneity in Inorganic
Network Liquids: Temperature and Fragility
Dependence

Sabyasachi Sen * !
1 University of California , Davis — United States

The atomistic origin of a stretched exponential kinetics for the primary or - relaxation
in supercooled liquids remains a highly debated topic in the literature. However, it is now
well-established that the stretching results from a spatio-temporally heterogeneous relaxation
with a distribution of relaxation times. In the present study the temperature dependence of the
stretching exponent 3 for a-relaxation is determined for a wide variety of supercooled strong
and fragile inorganic glass-forming liquids using a powerful combination of shear-mechanical and
neutron spin-echo spectroscopy and dynamic light scattering. While 5 and fragility are observed
to be uncorrelated, a clear pattern emerges when the variation of g is considered as a function
of the a-relaxation timescale
taua. In particular, for relatively strong liquids S increases rapidly with decreasing
taua upon increasing temperature above the glass transition. In contrast, for fragile liquids 5
remains nearly constant with increasing temperature until
taua becomes rather short, on the order of nanoseconds. Beyond this point, further increase
in temperature results in a rapid increase in 8. Possible microscopic origins of these observed
patterns in S(
taucr) as a function of fragility will be discussed.

Keywords: relaxation, fragility, heterogeneity, stretching, spectroscopy, scattering
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Permanent structural modifications of silica
glass after laser shock for different
impulsion regime

Rémi Sevestre * 1, Jean-Pierre Guin !, Marion Harmand 2, Corentin
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2 Laboratoire Procédés et Ingénierie en Mécanique et Matériaux — Conservatoire National des Arts et
Métiers [CNAM], Centre National de la Recherche Scientifique, Arts et Métiers Sciences et Technologies
— F-75013 Paris, France
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Environnement, Centre National de la Recherche Scientifique — Batiment 14, Université de Rennes 1,
Campus de Beaulieu, CS 74205, 35042 Rennes Cedex, France

Understanding the structural and physicochemical transformations of materials subjected to
hypervelocity impacts is of great interest in both planetary science and aeronautical engineering.
The analogy between laser-induced shocks and real impact events enables the reproduction of
those extreme loading conditions in the laboratory, in terms of pressure, temperature, and strain
rates (beyond 100 GPa, 5000 K and 107 s~1) (1). High-intensity laser facilities make it possible
to generate various shock-loading regimes, while associated in situ and time-resolved diagnostics
provide access to mechanical parameters such as shock and particle velocities.

In silica glass, shock-wave propagation induces structural and atomic rearrangements (2). The
subsequent release waves, hydrodynamic decay, and thermal diffusion all contribute to the ther-
momechanical history of the material. The resulting permanent deformations can be measured
and analyzed, particularly through post-mortem Raman spectroscopy.

In this work, different laser pulse regimes (femtosecond, picosecond and nanosecond) were inves-
tigated using different laser installations (ELFIE, HERA) for shock experiences on silica glass.
Post-mortem investigations (optical, Raman spectroscopy) of the impacted zone were carried on
to study structural modifications as a function of depth beneath the impacted zone. Two kinds
of investigations were done: 1) from the sample surface; 2) from the side of the sample (along
an orthogonal plan to the impacted surface) after cutting it.
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Residual permanent structural transformations with depth are presented. Results are finally
discussed in terms of structural modifications, permanent densification and laser pulse regimes
(i.e., strain rate and thermomechanical history).

References:

(1) B. Aubert et al., Simulation of laser-driven cratering experiments on aluminum. In: Journal
of Laser Applications 31.4 (Oct. 24, 2019), p. 042014. issn: 1042-346X. doi: 10.2351/1.5086736

(2) R. Renou et al., Silica Glass Structural Properties under Elastic Shock Compression: Ex-
periments and Molecular Simulations. In: The Journal of Physical Chemistry C 121.24 (June
22, 2017). Publisher: American Chemical Society, pp. 13324-13334. issn: 1932-7447. doi:
10.1021/acs.jpce.7b01324 Keywords: silica glass, laser shock, Raman spectroscopy, permanent mod-
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Effect of Na20/CaO ratio on the
Performance of Bioactive Glasses

Meixin Su * !, Zhaorui Jin 2, Scott Kroeker 3, Daniel Neuville , Delia
Brauer! 2

1 Otto Schott Institute of Materials Research, Friedrich Schiller University — Lessingstr. 12 (AWZ),
07743 Jena, Germany, Germany
2 Otto Schott Institute of Materials Research, Friedrich Schiller University — Jena, Germany
3 Department of Chemistry, University of Manitoba — Winnipeg, Manitoba, Canada
4 Geomat Lab, IPGP, Université de Paris, 1 rue Jussieu, Paris 75005, France — Institut de Physique du
Globe de Paris, IPGP, Paris, France — France

Bioactive glasses are used clinically to regenerate bone and fight infections such as osteomyeli-
tis. Bioactive glass reactivity with water is a key step in their biomedical performance, and var-
ious studies have investigated the influence of silica content and silicate network polymerization
(or network connectivity) on making silicate glasses bioactive or antimicrobial. In the present
study, we focus on the network modifiers, by maintaining silica content constant while varying
Na20/CaO ratio. Raman and Si-29 MAS NMR spectroscopy show the network connectivity
to remains nearly unchanged, many glass properties changed drastically. was measured using
a rotating crucible viscometer and a creep apparatus for the high- and low-viscosity regions,
respectively. The Adam—Gibbs equation was used to fit the results while accounting for configu-
rational entropy. Decreasing the Na20/CaO ratio leads to higher viscosity and glass transition
temperature, along with a reduced tendency for crystallization. Density measurements followed
by molar volume calculations show that the molar volume decreases with decreasing Na20/CaO
ratio. Lower Na20/CaO ratios also enhance the chemical durability of the glasses, reflected in
slower ion release and less pronounced pH changes upon immersion in physiological testing so-
lutions. These changes arise from the higher field strength of calcium ions compared to sodium
and the increased packing density created when Na20 is replaced by CaO (or, rather, when two
sodium ions are replaced by one calcium ion).

Keywords: Bioactive glass, network modifier, structure
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Relaxation dynamics in anisotropic
orientional glass-formers of planar ring
molecules

Josep Tamarit *I !, Jonathan Gebbia ', Michela Romanini 2, Luis Pardo
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2 Departament de Fisica, Universitat Politecnica de Catalunya — Edaurd Maristany 10-14 Barcelona,
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Orientational disorder in crystalline phase is known to give rise to glassy properties, quite
similar to those of canonical glasses. Planar molecules as hexasubstituted benzene derivatives
with similar substitutions as methyl groups or chlorine atoms have previously been described
to show orientationally disordered phases, for which the aforementioned methyl and chlorine
occupy the crystallographic sites with different occupational factors. Such a disorder within a
crystalline framework enables to account details of the dynamics as well as to correlate them
with structural properties. In addition to the low-temperature anomalies of these orientational
glasses, the dynamics of the disordered phases will be here described by using different spectro-
scopic techniques, as broadband dielectric spectroscopy and inelastic neutron scattering.

The low-dimensional, highly anisotropic disorder involving these quasi-planar hexasubstituted
benzene derivatives have revealed, contrary to what might be expected from a decrease in disor-
der, a greater complexity of the dynamics: the low-dimensional glass-former actually exhibits a
richer landscape, with two distinct whole-molecule (primary) a- and o/-relaxations. The study
of the different relaxations will be explored, in addition to the aforementioned experimental
techniques, with molecular dynamics simulations, which have enabled to rationally account for
their physical origin. Keywords: Orientational glass, relaxation dynamics
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Linear Scaling Between Excess Modes and
Structural Disorder in Metallic Glasses

Yunjiang Wang * !

! Institute of Mechanics, Chinese Academy of Sciences — No 15 Beisihuan Xi Road, Beijing, 100190,
China

The boson peak-an excess of low-frequency vibrational modes beyond Debye scaling-is a
long-standing anomaly of amorphous solids. While structural disorder has been proposed as its
physical origin, quantitative evidence remains limited. Here we demonstrate such evidence in
realistic metallic glasses by generating amorphous states from unstable in silico glasses to ul-
trastable regimes. Using a configurational-entropy—based order parameter, we uncover a linear
scaling between structural disorder and excess vibrational modes. This scaling reflects compe-
tition between a dispersion-less quasi-localized transverse excitations at high wavevector and
damped harmonic modes, both controlled by degree of structural disorder. The coincidence
of the boson-peak frequency with the Ioffe-Regel limit further supports this mechanism. Our
results establish structural disorder as the key control parameter of non-Debye modes quantita-
tively, reconciling competing theories of vibrational anomalies in glasses.

Keywords: metallic glass, boson peak, configurational entropy, dispersion, less mode
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Network Connectedness in Non-Zachariasen
Oxide Glasses

Stephen Wilke *I 12, Benjamin Moulton ®, Chris Benmore 2, Randall
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I Materials Development, Inc. — United States
2 X-ray Science Division, Advanced Photon Source, Argonne National Laboratory — United States
3 Inamori School of Engineering at the New York State College of Ceramics, Alfred University — United
States
4 Science and Technology Division, Corning Incorporated — United States
% Neutron Science Division, Spallation Neutron Source, Oak Ridge National Laboratory — United States

The vast majority of oxide glasses contain atomic structures bound by Zachariasen’s rules:
(1) oxygen atoms are linked to no more than two network-forming cations, (2) the number
of oxygen surrounding a network-forming cation is small, i.e. four or less, and (3) the oxygen
polyhedra share corners with each other, not edges or faces. The standard analysis for network
connectedness in these glasses is the Q™ distribution, which quantifies the number of neighboring
network units in a tetrahedral network. Levitation melting enables the vitrification of oxide
glasses with atomic structures that defy all of Zachariasen’s rules, and the network connectedness
of these non-Zachariasen glasses cannot be adequately described using Q™. Specifically, the
network is not strictly tetrahedral, edge-sharing is present and often constitutes 10-30% of the
overall linkedness, and a significant fraction of oxygen is triply coordinated to network-forming
cations. To better quantify and compare the connectedness of these networks, we introduce
a modified definition for connectedness, K", to account for this structural complexity. The
application and utility of K™ is illustrated with three case studies of levitation melted glasses:
rare earth aluminates, rare earth titanates, and unmodified aluminosilicates. Keywords: oxide,

network, structure, levitation melting, xray scattering, neutron scattering, EPSR, aluminates, titanates
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Glass transition and glassy state - a new
perspective

Zdenék Cernosek !, Jana Holubova * !

! Department of General and Inorganic Chemistry, Faculty of Chemical Technology, University of
Pardubice, Studentska 573, CZ-532 10, Pardubice — Czech Republic

Using StepScan DSC, a technique without temperature modulation, the glass transition
was studied. When analyzing the results, a key problem of the kinetic theory of the glass
transition was identified - the neglect of the always present weak, so-called van der Waals
interactions. These interactions are crucial and eliminate the hard-to-accept consequences of
the kinetic model, i.e., the idea that glass is a melt that may or may not crystallize at any
temperature and time, and if glass does not crystallize, then an entropic crisis, known as the
Kauzmann paradox, occurs when the temperature is lowered. It has been shown that the
glass transition is a thermodynamically equilibrium process dependent only on the chemical
composition. Below the glass transition temperature, only the solid phase exists, either as a
thermodynamically stable crystal or a thermodynamically metastable glass. Thus, glass is not
a melt and the thermodynamically unacceptable Kauzmann paradox, which is in fact only a
theoretical consequence of the kinetic model, is eliminated.

Keywords: Glass transition, van der Waals forces, Kauzmann paradox, StepScan DSC
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Thermo-optic response of chalcogenide
glasses for fibered infrared devices
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6303 — Université Bourgogne Europe, CNRS, Laboratoire Interdisciplinaire Carnot de Bourgogne ICB
UMR 6303, 21000 Dijon, France — 21000 Dijon, France

Chalcogenide glasses have emerged as a promising platform for the development of fiber-
based mid-infrared (MIR) photonic devices due to their exceptional optical properties (1), includ-
ing broad transparency, high nonlinearity, and tunable refractive indices. The thermo-optic (TO)
response of infrared-transparent glasses is a critical parameter for designing temperature-stable
photonic devices. In this work, we systematically investigated the temperature dependence of
the refractive index of fiber-drawing compatible glasses of compositions GejgAsasSers.sTesq s
(GAST45), TegpAsspSeso (TAS50), GegpSegoTeay (GST20), and a polymer: polyethersulfone
(PES). Measurements were performed across the 0.5-4 pm spectral range starting at higher
temperatures down to the room temperature using spectroscopic ellipsometry technique com-
bined with temperature-controlled stages. The refractive index data were fitted with Sellmeier
models, enabling extraction of dn/dT values.

The results reveal distinct thermo-optic behaviors: GST20 and TAS50 exhibit moderate positive
dn/dT values ~(2-3 x 107° K1), while GAST45 shows a strong response ~(20-30 x 107° K1)
linked to its high Tellurium content, which is consistent with literature. PES polymer shows neg-
ative thermo-optic coefficient ~—(1.2-3) x 10~* K~! within the considered wavelength range.

Comparative analysis highlights the role of glass composition in governing TO coefficients, with
chalcogenide systems offering tunability through change of composition. These findings provide
benchmark data for modeling dispersion and show the future possibility to adjust the linear or
nonlinear parameters of fibered waveguides. Potential of the simultaneous integration of the
selected materials within functional hybrid fibered architectures is discussed.

(1) Fang, Y., D. Furniss, D. Jayasuriya, et al. “(INVITED) Methods for Determining the Re-
fractive Indices and Thermo-Optic Coefficients of Chalcogenide Glasses at MIR Wavelengths.”
Optical Materials: X 2 (May 2019): 100030. https://doi.org/10.1016/j.0mx.2019.100030. Key-

words: Chalcogenide glass, Ellipsometry, Thermo, optic coefficient, Infrared
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Cs3TbCl6 Perovskite
Nanocrystal-Embedded Silicate GGlasses for
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Halide perovskite nanocrystals (CsPbX3, X = Cl, Br, I) exhibit narrow emission linewidths
of ~20 nm and high quantum efficiency, making them promising materials for next-generation
optoelectronic devices such as LEDs, displays, and photovoltaics. Their commercialization,
however, has been restricted by the toxicity of lead (Pb) and their poor stability under air,
light and heat. Efforts to obtain a lead-free metal halide perovskite (LFMHP) nanocrystal sys-
tem, thus, have focused on substituting Pb with lanthanides, actinides, or transition metals.
Most reported approaches, however, rely on solution-based methods (e.g., hot-injection, col-
loidal, solvothermal), which offer insufficient thermal and chemical stability and thus restrict
their practical applications. Embedding nanocrystals within inorganic glass matrices provides
a promising alternative, as glasses provide excellent robustness with reasonable quantum yield.
However, studies on Pb-free perovskite nanocrystal-glass systems have been rarely reported. In
this study, silicate glasses were used as the host matrix, where PbO was replaced with Th4O7
to induce the crystallization of robust, lead-free Cs3TbClg nanocrystals upon heat treatment.
Glass preparation and heat treatment conditions have been varied to form the nanocrystals.
The successful formation, structure, and morphology of the Cs3ThClg phase were confirmed
by XRD, TEM and SEM. Characteristic luminescence from Tbh3* has been observed and its
intensity was significantly improved with the formation of nanocrystals. The results demon-
strated the potential of Pb-free, nanocrystal-embedded glasses as stable and efficient candidates
for next-generation LED and optoelectronic applications. Keywords: Lead free perovskite, Nano

crystal, glass, LED, Photoluminescence
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The glass science of optical nonlinearities
John Ballato * !, Peter Dragic ?, Thomas Hawkins 2

I Clemson University — 91 Technology Drive, AMRL Anderson, SC 29625, United States
2 University of Illinois at Urbana-Champaign — United States
3 The Center for Optical Materials Science and Engineering Technologies (COMSET) and the School of
Materials Science and Engineering — United States

Scaling the output power from optical fiber-based amplifiers and lasers to higher levels is
important for a wide variety of reasons. From a technological perspective, the applications of
high-power fibers range from machining and manufacturing to directed energy systems. From a
scientific perspective, the underlying physics is fascinating and offers insights into new phenom-
ena and a deeper understanding of light-matter interactions. However, the long propagation
lengths and small mode sizes that are defining features of modern fibers often exacerbate par-
asitic nonlinearities and thermal effects prior to the desirably high powers being reached. This
talk will focus on the materials physics of light-matter interactions as relevant to mitigating
nonlinearities and thermal effects in optical fibers. Put another way, approaches to reduce and
potentially negate parasitic nonlinearities materially though the judicious selection of the com-
position of the fiber core will be reviewed. Additionally, and synergistically, recent advances
in the internal cooling of fiber lasers using anti-Stokes fluorescence, including the realization of
athermal fiber lasers, will be discussed including the overlapping benefits of internal cooling and
intrinsically low optical nonlinearities.

Keywords: optical fiber, glass, nonlinear optics
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Structure-Property Relationship and
Thermometric Performance of RE3+4+-Doped
High TeO2 Content Glasses

Ricardo Baltieri 12, Nagia Tagiara 2, Leandro Estevam Da Silva 4,
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4 Sdo Carlos Institute of Chemistry (IQSC) — University of Sao Paulo (USP), Sao Carlos, SP, Brazil
5 Sao Carlos Institute of Physics (IFSC) — University of Sao Paulo (USP), Sao Carlos, SP, Brazil
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Tellurite glasses have attracted significant interest for photonic and thermometric applica-
tions owing to their high refractive indices, wide optical transparency, and excellent rare-earth
(RE3+) ion solubility. In this work, we present a comprehensive structural and optical investi-
gation of pure TeO2 glass compositions doped with Eu3+, Sc3+, and Yb3+. The glasses were
synthesized from highly purified precursors to minimize extrinsic compositional effects, enabling
the intrinsic structural features of the TeO2 network to be elucidated. Complementary spec-
troscopic techniques, including Raman, solid-state NMR, EPR, and photoluminescence, were
employed to reveal how RE3+ ions are accommodated within the tellurite framework. Raman
analysis indicated the formation of non-bridging oxygens upon doping, while distinct vibrational
features in Sc34-doped samples suggested specific structural rearrangements. These results pro-
vide new insights into the inherent flexibility and stability of the tellurite network. Building upon
this structural understanding, we investigated the potential of RE3+-doped TeO2 glasses for lu-
minescence thermometry. Er3+/Yb3+ co-doped samples exhibited upconversion emission from
thermally coupled 4S3/2 and 2H11/2 levels, enabling reliable primary thermometry between
-7250 and 550 K with a maximum relative sensitivity (SR) of 1.1% K-1 at 300 K. Additionally,
Eu3-+-doped glasses showed temperature-dependent excitation spectra, revealing three distinct
intensity inversion regions and SR ~ 0.5% K-1 at 300 K. The excellent agreement between ex-
perimental and modeled temperature data confirms these materials as robust, calibration-free
optical thermometers. Overall, the combined structural and luminescence analyses establish
high-TeO2 content glass as a versatile model host for understanding RE3+ interactions and for
the design of next-generation photonic and thermometric materials.

Keywords: RE3+, doped TeO2 glasses, TeO2 glass structure, Er3+/Yb3+ upconversion, Eu3+
excitation thermometry, Luminescence thermometry
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Optical performance in mechanically
improved multicomponent oxide glasses
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Oxide glasses play a central role in advanced materials, both in cutting-edge research and in
widely available commercial technologies. They stand out due to their wide chemical flexibility,
stability, and relatively simple fabrication routes, which make them suitable for large-scale and
cost-efficient production. Their tunable refractive index and ability to combine high optical
quality with chemical durability have already enabled applications ranging from lenses and op-
tical fibers to displays and biomedical devices. Furthermore, as emerging technologies demand
improved performance and security, oxide glasses continue to attract interest as materials capa-
ble of providing mechanical resistance while preserving desirable optical properties.

Despite their relevance, traditional oxide glass families face important challenges, especially re-
garding brittleness and the need to expand their functional capabilities without compromising
transparency, processability, or stability. Recent research to overcome these limitations has fo-
cused on exploring chemically complex compositions to unlock improved optical and mechanical
behaviors. By tailoring composition through multiple network-forming oxides, it is possible to
enhance structural compactness and charge density, ultimately achieving higher refractive in-
dices, an essential feature for many modern optical design.

In parallel, incorporating trivalent rare-earth dopants enables further optical functionality by
means of characteristic electronic transitions suitable for sensing, luminescence, and energy-
related applications. Rare-earth-doped oxide glasses have shown improved emission efficiencies
when embedded in highly polarizable networks, emphasizing the importance of composition en-
gineering. In this work, we investigate multicomponent oxide glasses containing more than five
network-forming oxides, focusing on their mechanical behavior and optical viability. Special
attention is given to the incorporation of rare-earth ions such as Sc3+, Er3+, Yb3+, and Eu3+
to explore their influence on structural and optical behavior. The motivation is to advance the
understanding and development of glass systems that combine enhanced optical performance
with mechanical robustness, paving the way for durable, high-index materials suitable for next-
generation photonic and sensing applications.
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Synthesis and characterization of
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Lanthanide-doped CasNboO7 offers versatile and tunable luminescence properties. Previous
studies have shown that Pr3*-doped and Pr3* /Er®* co-doped CagNbyO7 ceramics exhibit non-
destructive mechanoluminescence and thermoluminescence and have potential for optical tem-
perature sensing. However, to date, there are very few studies on calcium niobate glass-ceramics,
although they would offer excellent temperature resistance, controllable crystallization and high
chemical durability.

This study investigates Pr3* single doping and Pr3*/Er3t co-doping in glass-ceramics pre-
pared from niobate-containing calcium aluminosilicate (CAS) glasses. The aim is to obtain
glass-ceramics containing CasNboOr crystals that have the perovskite layered structure and to
evaluate their potential as lanthanide hosts.

Glasses with the composition 55CaO—(35-2)Alo03-10Si02—xNbyO5 (mol%, where z = 0, 5,
10) were prepared by melt-quenching, and then doped with Pr3* single doping and Pr3+ /Er3+
co-doping before controlled crystallization and characterization.

Niobate glass-ceramics containing only CasNboO7 crystals were successfully synthesized. The
luminescence properties of both glasses and glass-ceramics were investigated and it is shown that
the glasses show intrinsic luminescence and act as self-activators. Furthermore, in the doped
glass-ceramics several interesting photoluminescence mechanisms were observed: UV excitation
induces charge transfers to the activator ions, Er®t up-conversion from NIR to the visible and
Pr3t-Er3t energy transfer, broadening the range of Er3T excitation. Overall, the CagNbyO7
host enhances rare earth emission efficiency, demonstrating the strong potential for photonic
and energy conversion applications in glass-ceramics. Keywords: Energy Transfer, Glass, Ceramic,

Niobate, Rare Earth Host
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Multi-Angle Optical Characterization of
Reflective and Transmissive Scattering
Using the Agilent Cary 7000 UMS

Thibault Brule *T !, Wesam Alwam?® 2, Burt Travis 2

L Agilent — Agilent, Agilent Technologies France SAS — France
2 Agilent — Australia

Traditional optical characterization methods often rely on single-angle measurements of spec-

ular reflectance and direct transmittance, which can overlook critical angular scattering phenom-
ena. These effects are especially relevant in applications involving optical coatings, surface gloss,
diffuse scattering media, and functional optics such as sensors, displays, and solar cells.
This study leverages the Bidirectional Scattering Distribution Function (BSDF) framework-
comprising the Bidirectional Reflectance Distribution Function (BRDF) and Bidirectional Trans-
mittance Distribution Function (BTDF)-to quantify angular scattering behavior. While con-
ventional goniophotometers and custom-built setups can perform such measurements, they are
typically limited by manual operation and restricted angular coverage.

The Agilent Cary 7000 Universal Measurement Spectrophotometer (UMS) overcomes these lim-
itations through full automation of angle of incidence, detector rotation, polarization control,
and sample orientation. It supports a wide spectral range (250-2500 nm) and delivers high
precision via automated alignment and detector selection.

We demonstrate the Cary 7000 UMS’s capabilities by characterizing both reflective and trans-
missive scattering across a range of materials. Reflectance measurements compare Lambertian
and glossy surfaces, while transmittance studies contrast silica and PTFE samples. The results
confirm the system’s robustness and reproducibility in BSDF analysis, making it a powerful tool
for advanced optical material characterization.

Keywords: BRDF, BTDF, BSDF, optical scattering, Cary 7000 UMS, Lambertian, Specular, Dif-
fuse scattering, PTFE; silica
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Elaboration of an electrode on a
chalcogenide glass fiber for operando
monitoring of a battery by infrared
spectroscopy
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Verres et Céramiques — France

Infrared optical fiber evanescent wave spectroscopy (FEWS) represents an innovative ap-
proach for real-time investigation of chemical phenomena and electrodes interfaces in batteries;
the knowledge of these two key factors permits to improve the lifetime of Li(Na)-ion batteries.
Indeed, FEWS enhances our understanding of these complex processes and paves the way for
more durable and efficient batteries.

To study these phenomena in the most effective way, the most appropriate solution would be
to integrate the electrode directly onto the fiber. This would make possible to understand
the changes in their entirety, rather than being limited to partial information due to the weak
penetration depth of the evanescent wave. In this study, for the first time, an electrode is
fabricated directly on an optical fiber. To do so, the fiber is made conductive with a 50 nm
Indium Tin Oxide (ITO) layer deposited by magnetron sputtering, while preserving its infrared
transparency.

Then, a 100 nm of Prussian Blue (NaFe3* (Fe?*(CN)g)) layer is electrodeposited to obtain the
positive electrode. The opto-electrochemical sensor thus elaborated is integrated into a func-
tional battery system, allowing real-time monitoring of electrolyte decomposition mechanisms,
ion solvation dynamics, and structural evolutions of the electrode material during cycling. Key-

words: Optical sensors, Chalcogenide fibers, Batteries, Prussian blue
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Integration of active glass with planar
waveguide platform

Florian Calzavara * !, Milan Kizhakkayil Moncy !, Jamie Low 2,
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Melbourne, VIC 3001, Australia, Australia

Erbium-doped waveguide amplifiers (EDWAs) are fundamental for the on-chip integration of
active photonic functions onto platforms like silicon nitride (Si3N4) or lithium niobate (LiNbO3),
enabling applications in quantum technologies such as lasers, modulators, and memories. How-
ever, glass integration using direct bonding techniques at low temperatures is challenging since
it requires bonding between the glass and the host platform with minimal damages such as
cracking due to coefficients of thermal expansion mismatches or even glass crystallisation. A
promising method for scalable material integration and conformal shaping is the slumping of
glass. This thermal process leverages gravity and glass viscosity to conform a heated section to
the waveguide geometry and the host platform. This procedure is particularly relevant for tel-
lurite glasses because their low glass transition temperatures (-"280-3200C) permit low working
temperatures during slumping, thus limiting glass and waveguide damages. Furthermore, tellu-
rite glasses are highly valued in photonics for their unique optical properties, including a wide
transparency window (0.36 to 6 pum), high rare-earth solubility (-710°21 Er3+.cm-3), and the
ability to finely tune their refractive indices which are key requirements for efficient waveguide
amplifiers. Although slumping offers benefits over other integration methods (sputtering, ionic
exchange, pulsed laser deposition), two primary challenges remain the low surface reactivity of
the slumped glass which can prevent bonding to the waveguide and the host platform, and the
formation of internal stress combined with a narrow processing window prior to glass devitrifi-
cation may lead to cracking during the subsequent annealing process. In this work, we present
our approach for optimizing the slumping process in tellurite glasses with various geometries
(bulk, fibres), detailing a force-free integration concept and its progress. Endowing photonic
integrated circuits with gain via this method offer an alternative for the robust miniaturization
of various on-chip active devices.

Keywords: Glass integration, Tellurite glasses, LiNbO3, Silicon Nitride
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Composites: Structure and Optical
Properties
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The field of luminescent metal-organic frameworks (MOFs) has predominantly focused on
the crystalline state, despite the significant advantages offered by the glassy phase. MOF's are
highly versatile materials with potential for multiple applications, such as photonics, among
others. Recent studies have demonstrated the feasibility of producing hybrid glasses with per-
manent porosity from zeolitic imidazolate frameworks (ZIFs). In this project, we aim to combine
the luminescent properties of lanthanide MOFs-which typically exhibit high thermal stability
and a wide range of possibilities in the crystalline phase-with the unique structural and porous
characteristics of ZIF-derived glasses to develop MOF crystal-glass composites. To investigate
these materials, we employed a combination of analytical techniques, including Differential Scan-
ning Calorimetry (DSC), X-ray Diffraction (XRD), luminescence spectroscopy, and Solid-State
Nuclear Magnetic Resonance (NMR) spectroscopy, providing comprehensive insights into the
structural and functional behavior of the composites. ZIF-62 was synthesized via solvothermal
methods, while the luminescent MOF was prepared through a similar solvothermal approach.
The materials were characterized using NMR, complemented by analyses of glass transition tem-
perature, crystalline structure, and luminescence properties. DSC analysis revealed the melting
temperature of ZIF-62, followed by the identification of the glass transition temperature (Tg)
during the second heating cycle, with vitrification confirmed by the absence of diffraction peaks
in XRD. Importantly, the resulting ZIF-62 glass was transparent, highlighting its potential for
optical applications. Luminescence analysis demonstrated that the characteristic emission of the
MOF was preserved within the composite material. Additionally, *3C and *H NMR spectroscopy
revealed chemical shift variations, corroborating the amorphous structure of the glassy matrix.
Overall, this study successfully explored the glass formation of transparent ZIF-62 and its inte-
gration with a luminescent MOF, demonstrating the potential of these crystal-glass composites
for advanced functional materials.
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The integration of photonic components has become crucial in several areas such as sensing,
data communication, biomedical, quantum technology and optical storage. Silica based glass
composition is not always well adapted and can present limitations. Oxide glasses of exotic
non-silicate composition such as phosphate, germanate or gallate glass matrices become then
particularly interesting for photonic applications by offering original photosensitivity properties
or extended transparency ranges in the infrared.

Reducing the size of components and photonic systems is challenging. Among the different
approach, femtosecond (fs) Direct Laser Writing (DLW) has appeared well adapted for imple-
menting high precise and localized multiscale three-dimensional modification in glass to design
low scale photonic component. Indeed, Direct Laser Writing (DLW) has been an exponentially
growing research field during the last two decades, by providing an efficient and robust way to
directly address three dimensional (3D) structures in transparent materials such as glass using
femtosecond laser pulses. Generally, DLW in glasses induces physical changes such as perma-
nent local refractive index modifications that have been classified in silica under three distinct
regime inducing refractive index modification, nanogratings and voids labelled Type I, Type 11
& Type II1.

Adapting the glass composition to the DLW techniques allows generating novel optical com-
ponents hardly accessible with silica based glass compositions. Indeed, among the different
approach, the adaptation of the glass composition to DLW is becoming an emerging topic in
material science. Femtosecond laser structuring applied to silver or bismuth-containing glass
allows for instance developing a new regime of interaction based on photochemistry and redox.
It allows creating a variety of photo-induced species or nanoparticles depending on the laser pa-
rameters but also the material glass composition leading to unique three-dimensional linear and
nonlinear optical properties. Close relations have been established between the local structural
modification, the initial glass composition and the optical response.

DLW associated to exotic glass composition can led to the development of various photonic com-
ponents such as waveguides for integrated optics, imaging or sensors, custom phase plates, but

*Speaker

174



also more recently prototypes of “free” lenses, micro-optics or novel way to engineer integrated
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Fs-laser induced nanostructures for high
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When ultrashort laser pulses are tightly focused inside transparent glass, they generate ex-
tremely high light intensities, on the order of tens of TW /cm?. This leads to ultrafast heating of
the exposed glass to thousands of degrees, along with multi-gigapascal pressure shockwaves, re-
sulting in irreversible material transformations. These transformations, such as phase separation,
crystallization, or cavitation, depend on both the laser parameters and the glass composition.
These modifications can be used to functionalize glass-based devices, including optical fibers in
the form of Fiber Bragg gratings (FBGs) for sensing applications. FBGs offer advantages like
compactness, sensitivity, flexibility, and multiplexing capabilities for measuring temperature,
pressure, or strain. However, in high-temperature environments (above 800 oC), such as turbine
engines, combustors, or nuclear reactors, specific nanostructures like Types IIp and IIIp must be
imprinted in the glass due to their good thermal stability. For instance, in standard Ge-doped
silica core optical fibers, these nanostructures can withstand 900 oC for 1 year and 1100 oC for
30 minutes, respectively. While impressive, this limits their use in more extreme but requested
conditions, such as 1000 oC for 1 year in aircraft or above 1500 oC for 30 minutes in alarm
systems.

This presentation will review the key parameters / mechanisms driving the erasure of these
nanostructures at elevated temperatures, which ultimately degrade the optical sensor response(s)
(e.g., wavelength drift and reflectivity loss in FBGs). A theoretical framework based on the
Rayleigh-Plesset equation, combined with optical and electron microscopy analyses, will help
clarify the degradation kinetics. Lifetime predictions for these optical devices will also be dis-
cussed, supported by accelerated aging experiments.

Finally, we will explore potential strategies to enhance the thermal stability of such devices.
These include using glass compositions with photo-imprinted crystalline phases (e.g., ZrOz- or
Al;O3-based) and developing novel glass compositions like oxycarbides to increase glass vis-
cosity and improve thermal stability over silica-rich glasses. Both theoretical and preliminary
experimental validations will be presented.
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Controlling pump power and Er3+4 doping
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glasses for light-emitting devices
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This work investigates tunable color emission in Er3+ doped tellurite glasses with nominal
composition (70 — x)Te02-25Zn0-5Ge02-xEr203 (x = 0.25, 0.50, 0.75, 1.00 mol%). Tellurite
hosts are attractive for color-controllable emitters owing to their high transparency from the
visible to near-IR and strong nonlinear response that supports efficient upconversion (UC). By
varying the 980 nm pump power and the Er3+ concentration, we quantify how the green/red
UC intensity ratio changes-and thus how the perceived emission color can be tuned. Micro-
photoluminescence measurements were performed on a system using a 980 nm diode laser and
a b0x objective to ensure precise focusing on the glass surface. Chromaticity mapping was
employed to track color coordinates as functions of excitation power and dopant level. The
study elucidates the energy-transfer pathways underlying UC and demonstrates the suitability
of the TZG glass matrix for color-controlled light-emitting applications. Complementary UV—
Vis absorption spectroscopy was used to derive refractive indices from transmittance via the
Nussbaumer method and to validate dispersion with Sellmeier fits. Optical band gaps and Ur-
bach energies were obtained from Tauc analyses. A systematic increase in optical band gap with
FEr3+ content is observed, suggesting modifications of the local field and glass network around
the activator ions. Together, these results provide design guidelines for optimizing rare-earth-
doped glasses as tunable color light sources.

Keywords: Tellurite glasses, Rare, earth ions, Chromaticity, Luminescence
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Water pollution has reached critical and continuously increasing levels, driving a global need
for advanced solutions to monitor environmental water quality. Real-time in situ monitoring
systems enable faster responses and more efficient water treatment management (1). However,
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natural water bodies are highly heterogeneous and dynamic, making accurate in situ monitoring
challenging with current technologies. There is a clear need for sensing devices with improved
selectivity, higher sensitivity, and broader detection ranges.

Although several in situ monitoring solutions exist, many-primarily from non-EU suppliers-
remain limited in scope, measuring only a few parameters and suffering from high costs, limited
reliability, and significant energy consumption. To better meet end-user needs and enhance
environmental monitoring, innovative sensing technologies are required.

The european project IBAIA addresses these challenges through the development of four com-
plementary sensor modules based on photonic and electrochemical technologies, integrated with
microfluidic and microelectronic systems:

- A Mid-IR sensor module combining a chalcogenide glass transducer, QCL chip array, and
III-V detector for selective detection of organic micropollutants, supported by regenerable or
biodegradable polymers and an optimized microfluidic system for reduced environmental im-
pact.

- A VIS-NIR sensor module based on rare-earth-doped oxide glass for improved salinity mea-
surements and microplastic detection.

- An optode sensor array for cost-effective monitoring of pH, Os, and COs, including inte-
grated temperature compensation.

- A regenerable electrochemical sensor using nanostructured gold or carbon microelectrodes
for detecting trace metals (e.g., As, Cd) and nutrients (e.g., phosphates, nitrates).

These modules will be integrated into a single portable, cost-effective multi-sensor platform.
Each module will be interchangeable, providing flexibility in both functionality and cost de-
pending on user requirements. The IBATA system will enable real-time, in situ monitoring of
multiple pollutants and physicochemical parameters, supported by advanced remote data pro-
cessing, including machine learning and data fusion.

The system is designed for deployment across diverse aquatic environments, such as rivers, lakes,
estuarine, and coastal waters. It will be particularly valuable for rapid response to accidental
pollution events and for monitoring wastewater treatment processes, including phytoremediation
Systems.

The project has received funding from the European Union’s Horizon Europe Framework Pro-
gramme under grant agreement No 101092723.

(1) Sousa et al., (2018), ‘A Review on Environmental Monitoring of Water Organic Pollutants
Identified by EU Guidelines’, Journal of Hazardous Materials.
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Detecting organic molecules in water is a major scientific and environmental challenge due
to rising pollution and growing global demand for clean water. Conventional analytical tech-
niques, though precise, are unsuitable for real-time or in situ monitoring. To address this, the
development of portable optical sensors has become essential. Mid-infrared (MIR) spectroscopy
offers powerful molecular identification through unique vibrational signatures but conventional
instruments remain bulky and costly. Integrated photonic platforms based on waveguides and
evanescent-field sensing provide a compact and efficient alternative, enabling real-time analyte
detection directly in aqueous environments.

Chalcogenide glasses have emerged as promising materials for mid-infrared (MIR) photonics due
to their unique optical and physical properties. Composed of elements such as sulfur, selenium,
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or tellurium combined with arsenic or germanium, they provide broad MIR transparency and
high refractive indices that allow strong light confinement in waveguides. Their refractive index
can be tuned through composition to balance confinement and evanescent field penetration,
optimizing sensor sensitivity. Moreover, their amorphous structure permits thin-film deposition
on diverse substrates using scalable techniques like RF sputtering, enabling the fabrication of
integrated photonic components.

This study develops planar waveguide structures based on GeSe2 chalcogenide glasses for mid-infrared
(MIR) sensing in water, avoiding arsenic compounds for environmental safety reasons. Thin
films were deposited by RF sputtering and thoroughly characterized for morphology and optical
properties. The films exhibited high uniformity, low surface roughness, and low optical losses.
Waveguide geometry was optimized to enhance evanescent field penetration and improve inter-
action with target analytes.

An integrated fabrication and processing framework was developed to convert chalcogenide
materials into scalable sensing platforms for water analysis. The waveguides were surface-
functionalized with a hydrophobic polymer coating to improve chemical stability, analyte se-
lectivity, and durability while maintaining MIR transparency. The resulting transducer is com-
patible with microfluidic systems and designed to be reconfigurable for various sensing scenarios.
Its modular architecture supports the integration of quantum cascade laser arrays and MIR de-
tectors, enabling compact, versatile, and portable in situ sensing solutions.

The financial supports of the European Union’s Horizon Europe Framework Programme under
grant agreement No 101092723 (IBAIA)
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The integration of luminescent particles into glass matrices has emerged as an alterna-
tive strategy for developing multifunctional materials with enhanced optical and luminescent
performance, environmental compatibility, and thermal stability. The so-called Phosphor-in-
Glass (PiG) systems can offer a robust alternative for solid state lighting, photochromism,
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and persistent luminescence (PersL) combining the advantages of inorganic phosphors with the
processability and mechanical resilience of glasses. Recent works have demonstrated that the
microstructure of the glass host — pore morphology, particle dispersion, and interface chem-
istry — plays a critical role in stabilizing the particles, tuning the properties, and securing
long-term stability of these composites. At the Glass division at BAM, we have been work-
ing on this research topic through different approaches. Examples are lead-free double halide
perovskites as CsayAgp.4Nag ¢BiyIn;_,Clg (CANBIC, y = 0.01-0.04) obtained by mechanochem-
istry and the silicates SroSiO4:Eu(II) and BaMgAl;(O;7:Eu(Il) obtained by sol gel, which are
dispersed in hybrid matrices. Besides, we have been studying the photochromic and PersL phos-
phOI‘S SrgMgSigO7:Eu2+,Dy3+, LiNa7AIGSi6OQ4(Cl,S)2:Ti3+ and NagAIGSi6OQ4(CI,S)Q/(BI',S)Q,
sintered into borosilicate glasses. The composite materials are characterized from the struc-
tural, thermal, and photophysical viewpoints through DRX, DSC, Raman, UV-Vis, and PL.
In this work we will present an overview of the results so far obtained and future perspectives.
Keywords: phosphor in glass, perovskites, persistent luminescence, glass composites
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Si02-Er3+4+:NaGdF4 upconversion coatings
prepared by combining green hydrothermal
and sol-gel methods
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This work reports the successful preparation of Si02-Er3+:NaGdF4 upconversion (UC) coat-
ings using a pre-crystallized nanoparticles sol-gel route. The synthesis combines the use of a
green hydrothermal method for the controlled crystallization of 5-NaGdF4 nanocrystals with a
low-temperature sol-gel process to obtain homogeneous coatings. Dopamine was employed as a
surface functionalizing agent, which provided excellent colloidal stability and prevented nanopar-
ticle agglomeration during the incorporation into the SiO2 sol. Different amounts of Er3+dopant
were explored and the best UC performance was observed for 6 mol% Er3+:NaGdF4. The result-
ing coatings also exhibited remarkable UC luminescence under near-infrared (NIR) excitation,
attributed to the preservation of the crystalline phase and the uniform distribution of nanocrys-
tals within the silica matrix. Structural and optical characterizations (XRD, FTIR, TEM, and
photoluminescence spectroscopy) confirmed the successful integration of Er3+:NaGdF4 within
the silica matrix. This study presents a promising approach for the fabrication of rare-earth
based UC coatings for applications in photonics and optoelectronics.

Keywords: UC coatings, sol, gel, luminesce, SiO2, Er3+:NaGdF4
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Managing Efficient Second-Order Optical
Nonlinearity in Optical glasses by
micro-poling methods
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Numerous breakthroughs in photonics have been achieved by harnessing nonlinear optical
properties, particularly in the field of information technologies. To fully exploit the nonlinear
optical potential of glass, multidisciplinary research efforts have been essential, integrating op-
tics, glass chemistry, materials science, and the development of advanced optical or electrical
polarization processes. This presentation explores both the fundamental aspects of second-order
optical properties in glasses and recent advances demonstrating that amorphous inorganic ma-
terials can now rival lithium niobate single crystals in performance. Through a thermo-electrical
imprinting process, we show the ability to precisely control-at the micrometer scale-the geom-
etry and spatial location of highly efficient second-order optical responses (x(2) = 29 pm/V at
1.06 gm) in amorphous niobate thin films. These results open up exciting opportunities for the
future design of integrated nonlinear photonic circuits based on amorphous inorganic materi-
als, leveraging the spatially selective and effective second-order optical susceptibility of these
innovative materials.
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Soft glasses: a powerful platform for the

exploration of new concepts and applications
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Soft glasses offer a huge versatility in optical properties through tailoring of glass compo-

sition and doping with luminescent species (lanthanides, crystal particles). Their ability to be
processed and shaped at relatively low temperature opens up unprecedented control of optical
fibre cross-sectional structures and new avenues to incorporate crystal particles or to suppress
their formation in glass. These features make soft glasses a powerful platform to explore new
science and engineering concepts as well as new applications as illustrated by these examples:

(
(
(
(
(

)
)
3)
)
)

tellurite glass fibres doped with luminescent lanthanide ions for new avenues in temperature
sensing and volumetric display (1,2,3)

extrusion-based glass shaping techniques for fabricating optical fibre preforms with new
structures (4,5,6)

tellurite and lead-silicate glass fibres doped with luminescent diamond particles for quantum-
based magnetic field sensing; design of doping technique to control size and spatial distri-
bution of diamond particles in fibres (7,8,9)

tellurite glass fibres doped with lanthanide-containing microcrystals for new concept of
lasing at the limit of glass transparency (10)

unprecedented control of the size and concentration of gold nanocrystals in tellurite glass
for extraordinary tuning of plasmonic effects (11)

glass-based tissue-mimicking phantom material with tailored absorption, luminescence and
scattering for calibration of imaging systems (12)

ZBLAN fluoride glass fibres drawn in microgravity for next-generation fibre optics cables
for conventional and quantum communication (13)

1) D. Stavrevski et al., Sci. Rep. 14, 15084 (2024)

9) J. Li et al., Opt. Lett. 43, 1682 (2018)

Y. Wei et al., Adv. Phot. Res. 6, 2500158 (2025)

4) W. Zhang et al., Opt. Mater. Express 19, 21135 (2011)
5) E. Salih et al., Opt. Mater. Express 15, 3016 (2025)
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0) J. Lee et al., Adv. Opt. Mater. 12, 2401536 (2024)
1) Y. Wei, Light: Sci. € Appl. 12, 293 (2023)
2) M. Yang et al., Adv. Phot. Res. 6, 2400209 (2025)
13) https://www.adelaide.edu.au/newsroom/news/list /2024 /09 /23 /space-fibres-touch-down-for-
in-depth-analysis Keywords: soft glass, tellurite glass, ZBLAN glass, optical fibre, extrusion, fluores-
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Glass-ceramics combine the compositional versatility of glasses with the mechanical stability
of ceramics, enabling advanced applications such as waveguides and sensors. Rare-earth ions
(RE3+) are attractive for luminescence thermometry due to their narrow emission bands and
high compatibility with host matrices, especially in glasses and glass-ceramics. This study inves-
tigates the influence of the material type on the temperature-dependent upconversion emission in
fluorophosphate glasses and glass-ceramics containing different concentrations of ytterbium(III)
(Yb3+) and erbium(III) (Er3+), while maintaining a constant ((PO3)-)/(F-) ratio. DSC ther-
mograms revealed relatively low characteristic temperatures (glass transition, Tg, and onset
crystallization, Tx, temperatures) for the glasses, which increased with the incorporation of
RE3+. The increase in Tg suggests enhanced structural connectivity, likely due to network
crosslinking by RE oxides, whereas the rise in Tx indicates a tendency toward crystallization
inhibition by RE ions. The high thermal stability (AT = Tx — Tg), above 100 oC, enabled
the formation of glass-ceramics through controlled heat treatments. Raman spectra showed a
decrease in Q2 units accompanied by an increase in Q1 and QO units, indicating phosphate
network depolymerization with increasing RE3+ content, along with redshifts in the bands as-
signed to Q0 and Q2, associated with P—O bond weakening and increased local effective mass.
19F NMR analyses revealed four distinct fluorine sites, whose chemical shift variations suggest
increased fluoride coordination with RE34. Additionally, the paramagnetic nature of RE3+
induces changes in fluorine magnetic relaxation rates (shortening T2), leading to peak broaden-
ing as the RE3+ content increases. Overall, the DSC, Raman, and NMR 19F results provide
evidence that RE3+ addition modifies the short-range order around fluoride ions and the overall
structure of the glass network. Finally, under 980 nm excitation, the intensity ratio between the
emissions from the thermally coupled levels 2H11/2 (525 nm) and 4S3/2 (546 nm) served as a
thermometric parameter (Boltzmann distribution) and yielded relative (SR) and absolute (SA)
thermal sensitivities of approximately 1.1% K—1 and 3.2x10-3 K—1, respectively, confirming the
potential of these materials as primary optical thermometers.
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Green and NIR Emissions of Yb3+-doped
CsPbBr3 Perovskite Nanocrystals
Embedded in Borosilicate glass for
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Abstract

Halide perovskite nanocrystals have demonstrated significant potential in optoelectronic appli-
cations such as solar cells, lasers and light-emitting diodes (LEDs). Notably, the CsPbX3 (X
= Cl, Br, or I) perovskite nanocrystals (PNCs) exhibit a wide range of luminescence proper-
ties, including high photoluminescence quantum yield (PLQY), narrow emission linewidths, and
tunable emission spectra across the entire visible range. Additionally, rare-earth-doped PNCs
show remarkable optical and luminescence properties, as well as wide range of excitation and
emission bands along with improved PLQY. This versatility has attracted considerable interest
from researchers, leading to further exploration of inorganic-based perovskite nanocrystal em-
bedded in glass (PNEG). Borosilicate glasses, known for their excellent thermal and chemical
stability, are used to achieve high quantum efficiency in emissions and are considered for various
applications.

In this study, Yb3+-doped CsPbBr3 PNCs embedded in boro-silicate glass were synthesized by
melt quenching technique and subsequent heat-treatment process. The crystalline phases formed
within the glass were confirmed via X-ray diffraction (XRD) analysis after heat-treatment at
different conditions. The formation and microstructure PNCs were confirmed by transmission
electron microscopy (TEM) analysis. Optical and photoluminescence spectra were measured,
confirming the intense of green emission from CsPbBr3 PNCs and NIR emission of Yb3+ ions.
PLQY improved above 75% for green emission (530 nm) by changing the Yb3+ ion concentra-
tion under UV light excitation. Time-resolved spectroscopic results were evaluated to estimate
decay dynamics of PNCs. Thermal, photostability, and chemical stability were examined for
practical applications. The results indicated that these materials can be used as phosphors for
anti-counterfeiting applications which can be excited both under UV and IR (980 nm) excitation.

Keywords: CsPbBr3, Yb3+ ions, Quantum cutting, Green and NIR emission, Anticounterfeiting.

*Speaker
TCorresponding author: wjin@kongju.ac.kr

191


mailto:wjin@kongju.ac.kr

Synthesis and Characterization of Glasses
and Fibers for Ultra-Sensitive
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Abstract:

In view of the scientific progress and the high demand for innovation in the field of magneto-
optical devices for applications in current and magnetic field sensors, there is ongoing research
into glass compositions with high concentrations of paramagnetic ions, especially those based on
Th3+. The main challenge in this field is to find glass matrices that allow the incorporation of
high content of rare earth elements presenting high thermal stability. Aiming the development
of the next-generation of magneto-optical (MO) devices, we have systematically investigated
the viability of boro-aluminate (BAG) glasses containing Th407 for optical fiber fabrication.
Thermal analysis (DSC) revealed excellent stability against devitrification (with Tx-Tg> 150
oC), while Tg ranges 693704 oC and Tx are around 850-942 oC, depending on the glass com-
position. Furthermore, the glasses exhibited high transparency from _"500 up to 1500 nm due to
electronic absorptions of Th3+. The magneto optical constant (Verdet, Vb) at 632 nm reached
_7109 radT-1m-1 for BAG containing 13 mol % of Th40O7. Based on these properties, a study
was conducted in order to obtain a MO fiber. Core-cladding preforms were successfully obtained
by using the rod-in-tube technique. To obtain the tube, a new lifting methodology was devel-
oped and the experimental details will be presented. The resulting multi-mode fiber shows low
attenuation, with "4 dB/m at 1120 nm, and can be used for applications in the O band, at
1310 nm optical window, consolidating this material platform as highly promising for advanced
MO devices.

Acknowledgments: This work was supported by Sdo Paulo Research Foundation -FAPESP
(Project number 2025/10231-7) and Conselho Nacional de Desenvolvimento Cientifico e Tec-
noldgico (CNPq).

Keywords: Fiber Optics, Magneto Optical Sensors, Boro, aluminate Glass
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Rare-earth (RE3*)-doped glasses exhibiting up-conversion (UC) luminescence have attracted
significant attention for photonic applications. Among them, thulium (Tm?*)-containing mate-
rials stand out for their strong blue emission under near-infrared excitation, making them suit-
able for solid-state lasers and other light-emitting devices. Typically, Tm3* ions are co-doped
with other RE3* ions to enhance UC efficiency; however, increasing dopant concentration can
compromise solubility and hinder fiber fabrication. In this work, alkali-aluminum—phosphate
glasses, a host matrix known for high RE?* solubility and excellent fiber-drawing capability,
were synthesized with varying concentrations of Tm3*, Nd3*, and Yb3* ions. Corresponding
tri-doped optical fibers were also fabricated. The glasses were excited at 808 nm and 980 nm to
investigate the UC mechanisms, while the optical fibers exhibited bright blue luminescence when
excited at 788 nm and 980 nm. The strong UC emission combined with low optical loss highlights
the promising potential of these triply-doped phosphate fibers for next-generation fiber-based
photonic devices. Keywords: blue up, conversion, rare, earth luminescence, aluminophosphate glasses,

optically active optical fibers, photonics.
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supercontinuum generation

Théo Guérineau *T !, Esteban Serrano !, Albert Dupont !, Steeve
Morency !, Jerome Lapointe !, Tran Pham !, Mathis Bartenstein ,
Philippe Labranche !, Bertrand Kibler 2, Grégory Gadret , Frédéric

Smektala ?, Thierry Cardinal 3, Martin Bernier !, Réal Vallée !, Younes
Messaddeq *

1 COPL - Université Laval — Canada
2 Laboratoire Interdisciplinaire Carnot de Bourgogne — Centre National de la Recherche Scientifique —
France
3 Institut de Chimie de la Matiere Condensée de Bordeaux — Université de Bordeaux, Institut
polytechnique de Bordeaux, Institut de Chimie - CNRS Chimie, Centre National de la Recherche
Scientifique — 87 Avenue du Docteur Schweitzer, 33608 PESSAC cedex, France

Over the past decades, fiber-based supercontinuum (SC) sources covering the 1-5 ym spec-

tral range have become key tools for spectroscopy, biomedical imaging, environmental sensing,
and metrology. However, further power scaling and long-term stability remain limited by the
trade-off between nonlinearity and thermomechanical robustness in existing mid-infrared (MIR)
glass fibers. Addressing this challenge requires new glass compositions that simultaneously de-
liver high optical performance and mechanical reliability.
In this talk, we present the development of transition-metal-containing gallate glasses, incorpo-
rating oxides such as niobium and tantalum to achieve an exceptional balance between robustness
and nonlinearity. By introducing up to 20 mol% of transition-metal oxide, we achieve a 25%
increase in hardness and a two-order-of-magnitude improvement in water corrosion resistance
compared to transition-metal-free gallate glass. At the same time, the nonlinear refractive index
more than doubles, exceeding that of silica by over an order of magnitude. Remarkably, these
enhancements can be achieved without significantly altering the thermal dilatometric behavior,
thus preserving the glass processability required for fiber fabrication.

Leveraging these optimized compositions, we fabricated niobium-rich gallate step-index mul-
timode fibers, which were successfully used to generate supercontinuum spectra spanning from
600 nm to 4.5 pm. Numerical modeling was employed to further optimize the fiber design un-
der realistic pumping conditions near 2 pm, consistent with mature thulium-doped fiber laser
technology.

Owing to their unique combination of thermomechanical resilience, chemical durability, and high
optical nonlinearity, transition-metal-modified gallate fibers represent a powerful new platform
for mid-infrared photonics. They open a path toward power-scalable, all-fiber supercontinuum
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sources capable of delivering average powers approaching 100 W across the 0.5-5 pm range,
offering new opportunities for high-brightness, broadband light generation in demanding envi-
ronments.

Keywords: Glass, Fiber, Mid, infrared, Supercontinuum, Gallate, Heavy, metal oxide
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We have developed bio-functionalized chalcogenide (GeSbS) infrared optical glass fibers de-
signed for mid-infrared evanescent wave spectroscopy. The tapered sensing zone of the fiber
was surface-biotinylated by reacting a maleimidegroup with sulfhydryl sites on the glass surface.
The interaction between biotin and streptavidin was then investigated using fiber evanescent
wave spectroscopy. By comparing the kinetic responses of functionalized and non-functionalized
fiber surfaces at various protein concentrations, we demonstrated the high bio-selectivity of the
functionalized glass fibers. This surface functionalization significantly enhances protein enrich-
ment, improving the protein detection limit by more than two orders of magnitude compared
to non-functionalized reference fibers. In a second phase, we aimed to extend the mid-infrared
transparency window for integrated fiber-based biosensors. To achieve this, we studied the
effect of sulfur-to-selenium substitution on the efficiency of surface bio-functionalization. Us-
ing complementary techniques-including vibrational spectroscopy, surface characterization, and
fluorescence-based protein detection-we correlated glass structure with bio-functionalization per-
formance. Our findings show that maleimide reactivity on selenide glass surfaces is effective for
bio-functionalization, greatly expanding the available spectroscopic window for highly sensitive
infrared bio-detection.

Keywords: Chalcogenide glass fibers, biofunctionalization, evanescent wave spectroscopy, sulfur
selenium substitution, protein detection, mid infrared sensing
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Disclosing mechanism of the effect of
short-range and medium-range structures
on spectroscopic properties of active ions in
silica-based glasses

Lili Hu *T !, Ruilin Zheng ', Lu Deng !, Wang Xin !
! Shanghai Institute of Optics and Fine Mechanics, CAS — China

With the rapid development of artificial intelligence (AI) and sensing technologies, there is
an increasing and urgent demand on broadband optical communication and new laser band.
Silica-based glass serves as an excellent medium for the active ions such as rare-earth ions and
bismuth ions to realize high power fiber laser and fiber amplification in various bands. In
this talk, we will present our latest research progress in understanding how the local structure
influences the luminescence behaviors of active ions such as neodymium and bismuth ions. The
relationship among local structure, thermal history, and luminescent properties will be discussed.
Our findings indicate that not only short-range but also medium-range structure significantly
affects the luminescent behaviors of these active ions in glasses.
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Preparation, crystallization kinetics, and
optical temperature sensing properties of
Er’" and Tm?" doped oxyfluoride glass and
glass-ceramics containing KErF,, KTmF,,
and KZnF; crystals

Badar Khan * 12, Hossein Hosseini !, Gustavo Galleani !, Rajesh

Dagupati 3, Dusan Glausek ¥, Lothar Wondraczek 2, Jose Veldzquez !

! FunGlass (Centre for Functional and Surface Functionalized Glass) — Funglass Studentska 2, 911 50
Trencin, Slovakia
2 Friedrich-Schiller-Universitit Jena = Friedrich Schiller University Jena = Université de Iéna [Jena,
Germany] — Universititshauptgebaude, Fiirstengraben 1, 07743 Jena, Germany
3 Madanapalle Institute of Technology & Science — Madanapalle, India
4 Joint Glass Centre of the IIC SAS, TnUAD nd FChPT STU — Trencin, Slovakia

Accurate temperature measurement is vital in many different fields, such as industrial oper-
ations, biomedical diagnostics, and environmental monitoring. However, conventional tempera-
ture sensors such as thermocouples, resistance temperature detectors (RTDs), and infrared sen-
sors, often encounter limitations in harsh environments due to electromagnetic interference, slow
response times, and material degradation. These limitations underscore the need for advanced,
non-contact temperature sensing systems that offer high sensitivity, stability, and reliability. In
this work, singly doped Er3* and Tm3* oxyfluoride glasses (OxG) and glass-ceramics (OxGC)
containing KZnF3, KErF4, and KTmF4 nanocrystals were successfully fabricated via the melt-
quenching method to explore their potential for optical thermometry applications. Crystalliza-
tion kinetics revealed the formation of KZnF3 as the primary nanocrystalline phase, while KErF,
and KTmF, appeared as secondary phases, particularly at higher concentrations of Er3* and
Tm3* ions, providing suitable lattice environments for rare-earth incorporation. Both, Er3* and
Tm3* ions, were effectively embedded into their respective low-phonon-energy fluoride nanocrys-
tals, reducing non-radiative losses and enhancing luminescence efficiency. Strong upconversion
emissions corresponding to the Er3+ (2H11/2, 483/2 — 4115/2) and Tm3* (1Dy — 3F,) transitions
were observed. Using the fluorescence intensity ratio (FIR) technique, temperature-dependent
emissions from both Er3T and Tm?* ions demonstrated the capability for high-resolution op-
tical thermometry in transparent glass and glass-ceramic matrices. Furthermore, the optical
properties of the OxG and OxGC systems were examined under NIR excitation, emphasizing
their upconversion behavior and temperature-dependent luminescence characteristics. By ana-
lyzing both thermally coupled and non-thermally coupled energy levels, the temperature sensing
performance was optimized. These findings suggest that the developed materials possess strong
potential for use in luminescent thermometry, laser systems, and advanced photonic technolo-
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A fresh look to the correlation of nonlinear
spatiotemporal light shaping and local
structure of silica fibers

Thomas Larqué *' 12, Dan-Esli Bouyou Bouyou »?, Maxime Jonard 2,
Julie Cornette , Jean-René Duclere ', Gaélle Delaizir , Claire Lefort 2,
Vincent Couderc 2, Maggy Dutreilh-Colas

! Institut de Recherche sur les CERamiques — Institut de Chimie - CNRS Chimie, Centre National de la
Recherche Scientifique, Institut Matériaux Procédés Environnement Ouvrages — Centre Européen de la
Céramique, 12 Rue Atlantis, 87068 LIMOGES CEDEX, France
2 XLIM — Université de Limoges, Centre National de la Recherche Scientifique — 123 Avenue Albert
Thomas 87060 Limoges Cedex, France

Many photonic applications, such as fully fiber-based laser sources, require access to new
wavelengths (visible, UV, mid-IR) via non-linear conversion. However, although nonlinear opti-
cal conversion has been extensively studied, from a structural point of view it remains relatively
unknown.

The aim of this communication is therefore to evidence how the local structure in silica optical
fibers impacts non-linear inscription.

Numerous studies in the literature show that the fictitious temperature (Tf), germanium con-
tent, distribution of large silica rings and the presence of impurities (phosphorus + OH content)
influence the short- and medium-range order of silica glasses (2)(3)(4)(5). In order to study the
structure of the fibers, we use vibrational techniques (Raman, FTIR, OPTIR) before and after
non-linear writing in the fibers. Non-linear writing in fibers is possible thanks to an optical
setup called optical poling which induces a local reorganization of the lattice. The effects of the
fiber structure on the optical poling efficiency are then highlighted by multivariate analysis. The
chemometric approach, specifically the principal component analysis, facilitates the decorrela-
tion of parameters that modify the structure which is linked to the non-linear spatio-temporal
formation of light. All of these results will ultimately enable the creation of a database for es-
tablishing a robust predictive model which will correlate poling efficiency to the fibers shaping.

(1) M. Jonard, ” Influence des Paramétres Structurauz de la Silice sur la Non-Linéarité Quadra-
tique Imprimée dans les Fibres Optiques Multimodes 7, Thése, 2023

(2) R. Le Parc, ” Diffusion de rayonnements et Relazation structurale dans les préformes de
fibres optiques et les verres de silice ”, Theése, 2002

(8) C. Martinet, V. Martinez, C. Coussac, B. Champagnon, et M. Tomozawa, ” Radial dis-
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tribution of the fictive temperature in pure silica optical fibers by micro-Raman spectroscopy”,
Journal of Applied Physics, 2008

(4) V. Martinez, R. Le Parc, C. Martinet, B. Champagnon, 7 Structural studies of germa-
nium doped silica glasses: the role of the fictive temperature”, Optical Materials 24, 2003

(5) M. Lancry, E. Régnier, et B. Poumellec, ” Fictive temperature in silica-based glasses and
its application to optical fiber manufacturing”, Progress in Materials Science, 2012

Keywords: Photonics / Optical properties / Fibers / Local structure / Silica
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Vitrification-annealing enables white-light
emission in zeolitic imidazolate frameworks

Zhencai Li * !
1 Aalborg University — Fredrik Bajers Vej 7TH, Aalborg @st, 9220, Denmark

Zeolitic imidazolate framework (ZIF) glasses, as a subset of metal-organic framework (MOF)
glasses, are a newly emerged family of melt-quenched glasses. Recently, ZIF glasses have at-
tracted attention from materials scientists owing to their fascinating properties, such as ultrahigh
glass-forming ability, high structural porosity, processability and lack of grain boundaries, and
multi-functionality (e.g., gas separation and energy storage). Zn-based ZIF glasses are the most
promising MOF glass candidates for large-scale applications, However, their photonic function-
ality remains largely unexplored. In this study, we report the discovery of broadband white light
emission in ZIF-62, achieved through a vitrification-pressurization-annealing strategy. In this
strategy, visible (blue) light emission emerged after the vitrification of ZIF-62, which is subse-
quently enhanced and broadened upon pressurization of the ZIF-62 glass. Additionally, a sharp
red shift (37 nm) of the emission peak occurred in pressurized ZIF-62 glass as the annealing
temperature exceeded a critical annealing temperature (1.077'g). This implies that the photolu-
minescence behavior of ZIF-62 can be precisely tailored by this strategy. The photoluminescence
quantum yield of ZIF-62 glass reached 12.2% after annealing at 1.137T'g for 30 min. The origin of
the observed phenomena was revealed by conducting structure analyses. Based on the annealed
ZIF-62 glass with the best performance, we fabricated a white light-emitting diode (LED) with
a luminous efficacy of 4.2 Im/W and high operational stability, retaining 74.1% after 180 min of
operation. This study demonstrated the feasibility of utilizing ZIF-62 glass in LED applications
and a significant advancement in the development of one-component white LEDs.

Keywords: Zeolitic imidazolate framework glasses, Critical annealing temperature, Red shift, Elec-
tronic conjugation, White light emission

*Speaker

202



Pressure-Induced Energy Transfer
Enhancement in SCS:Nd~(34)/Yb"(3+4+)
Glass Investigated By Luminescence
Spectroscopy

Patricia Lima Santos * 23, Robson Ferrari Muniz' 2, Antonio Neto* 2,
Christine Martinet? 4

! Laboratério de Radiagao e Materiais Vitreos (LRMV) — Av. Colombo, 5790 - Zona 7, Marings - PR,
87020-900, Brazil, Brazil
2 Universidade Estadual de Maringd - DFI — Av. Colombo, 5790 - Bloco G56 - Zona 7, Marings - PR,
87020-680, Brésil, Brazil
3 Institut Lumiere Matiere — CNRS : UMR5306 — UMR5306 CNRS Université Claude Bernard Lyon 1
Domaine Scientifique de La Doua Batiment Kastler, 10 rue Ada Byron 69622 Villeurbanne CEDEX,
France, France
4 Institut Lumiere Matiere (ILM) — CNRS : UMR5306 — UMR5306 CNRS Université Claude Bernard
Lyon 1 Domaine Scientifique de La Doua Batiment Kastler, 10 rue Ada Byron 69622 Villeurbanne
CEDEX, France, France

Near-infrared (NIR) quantum cutting (QC) via downconversion (DC) in Nd3+/Yb3+

co-doped sodium calcium silicate (SCS) glasses was investigated through lumi-
nescence spectroscopy under high-pressure conditions using a diamond anvil cell.
Nd3+/Yb?+ co-doped glasses are promising for photonic applications due to their efficient en-
ergy transfer (ET) mechanisms. Rare-earth systems have attracted significant interest for spec-
tral conversion processes, such as downconversion, which can help mitigate spectral mismatch
losses in conventional silicon-based solar cells. Pressure is a key thermodynamic variable capable
of modifying the ligand field, local structure, and energy levels. Understanding these effects is
essential for the development of optical sensors under extreme conditions. In this work, the spec-
tral evolution was analyzed from ambient pressure up to 18 GPa. Emission intensity variations
and peak shifts were evaluated to investigate the energy gap evolution between Nd3+ and Yb3+
and to assess the downconversion process. The application of high pressure promotes energy
level matching between Nd3+ and Yb3+, leading to enhanced energy transfer efficiency. After
decompression, the samples exhibit permanent modifications in their electronic structure. These
results highlight the potential of this system for optical pressure sensing and photonic energy
conversion applications. Keywords: Downconversion, Sodium Calcium Silicate Glass, Luminescence

Spectroscopy, High Pressure, Eletronic Structure
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Phase-separation modulated dual-band PL
of CsPbBr3 perovskite nanocrystals in
glasses

Chao Liu * 12, Shasha He 2, Jong Heo 12

! State Key Laboratory of Advanced Glass Materials, Wuhan University of Technology — China
2 Silicate Materials Engineering Research Center, Wuhan University of Technology — Wuhan 430070,
China, China

Cesium lead halide (CsPbX3, X=Cl, Br, I) have emerged as important optoelectronic materi-
als for their potentials towards light-emitting diodes, date storage, X-ray detection and imaging,
etc. Incorporation of CsPbX3 perovskite nanocrystals into glasses can significantly improve
their chemical and thermal stabilities, facilitating their potential applications. Tuning the band
gap energies of glass-embedded CsPbX3 perovskite nanocrystals, i.e., the optical absorption
and photoluminescence, can be achieved by adjusting the size and halide components of these
nanocrystals, which is mainly based the composition of the glass and thermal treatment condi-
tions. However, based on these two methods, only single band photoluminescence is realized,
and dual-band photoluminescence from these CsPbX3 nanocrystals in glasses have not realized.
In this work, a new strategy is proposed to control the growth of CsPbBr3 perovskite nanocrys-
tals in glasses. Glasses with phase separation are designed in order to control the precipitation
of CsPbBr3 perovskite nanocrystals. It is found that the CsPbBr3 perovskite nanocrystals
can be formed in these phases separated glasses and size of the CsPbBr3 perovskite nanocrys-
tals is determined by the phase separation, leading to the formation of CsPbBr3 perovskite
nanocrystals with different size. Consequently, dual-band photoluminescence is realized with
stable photoluminescence in the blue and green spectral region. Detailed mechanisms governing
the size and photoluminescence of CsPbBr3 perovskite nanocrystals in glasses will be discussed.
Results reported in this work are valuable for the development of optoelectronic devices based
glass-embedded CsPbBr3 perovskite nanocrystals.

Keywords: Perovskite nanocrystals, Phase separation, Photoluminescence, CsPbX3
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Engineering the optical bandgap and
structural correlations in tellurite glasses via
GeO2 incorporation

Gaston Lozano Calderén * ) Victor Murilo Poltronieri Da Silva !, Victor
Anthony Garcia Rivera 2, Danilo Manzani !

1 830 Carlos Institute of Chemistry, University of Sao Paulo — Avenida Trabalhador Sao-carlense, n®
400, CEP 13566-590 - Sao Carlos — SP, Brazil
2 Sd0 Carlos Institute of Physics, University of Sdo Paulo — Avenida Trabalhador Sdo-carlense, n° 400,
CEP 13566-590 - Sao Carlos — SP, Brazil

Tuning the optical bandgap is crucial for the development of integrated photonics device
applications. Tellurite glasses are promising materials for photonics due to their remarkable
properties, surpassing those of conventional glasses. This research presents a comprehensive
exploration of the structural changes in tellurite glasses arising from the substitution of TeO2
by GeO2. The non-crystalline nature of the samples was corroborated by their broad X-ray
diffraction patterns and by the presence of a glass transition temperature. The optical bandgap
displays a linear dependence on the GeO2 content. Moreover, the Raman band intensity ratio
between the TeO4 and TeO3/TeO3+1 structural units also demonstrates a linear correlation
with GeO2 content. In addition, the glass transition temperature increases, while the density
decreases, as GeO2 content increases. According to the Raman spectroscopy analysis, this
behaviour is linked to the formation of interconnected GeO4 units, which form three, four and
six-membered rings, and a higher bond dissociation energy of the Ge-O bonds compared to
Te-O. These correlations are attributed to the successful isovalent substitution of Ted4+ and
Ged+, achieved under controlled synthesis conditions. This strong, linear structure-property
relationship offers a reliable route for designing novel tellurite glasses with targeted optical
functionalities.

Keywords: Tellurite glasses, Optical bandgap, Raman spectroscopy
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Photoluminescence in bioactive glasses

Anna Lukowiak * !, Katarzyna Halubek-Gluchowska !, Beata Borak 2

! Institute of Low Temperature and Structure Research, PAS, Wroclaw — Poland
2 Department of Mechanics, Materials and Biomedical Engineering, Wroclaw University of Science and
Technology, Wroclaw — Poland

Bioactive glasses are biocompatible materials that can form strong bonds with biological
tissues. Among these, innovative luminescent bioactive glasses stand out by also exhibiting
optical activity, primarily achieved through the incorporation of rare-earth (RE) ions such as
europium, terbium, or neodymium. The typical matrix of these amorphous bioactive glasses
mainly consists of silica, calcia, and phosphorous oxide, with occasional modifications involving
other ions to further enhance their bioactivity.

The studies presented here focus on investigating the luminescent properties of bioactive glasses
doped with rare-earth ions. Luminescence intensity proves to be highly sensitive to various
factors, including thermal treatment, glass degradation, and biomineralization processes. Addi-
tionally, this luminescent behavior changes dynamically as drug molecules are gradually released
from the glass matrix. Analysis of spectral profiles and emission lifetimes provides valuable in-
sights into the material’s structure and interactions. In particular, co-doping with pairs of
ions, such as Th3+/Yb3+ or Er3+/Yb3+, facilitates energy upconversion that allows for near-
infrared excitation, a feature especially advantageous for biological applications. Moreover, the
potential for encapsulating drugs within these luminescent bioactive glasses opens exciting new
possibilities, especially in cancer treatment. These materials integrate biocompatibility, bioac-
tivity, and optical functionality into a multifunctional platform, enabling advanced biomedical
applications like real-time monitoring of drug delivery and tracking the degradation of implants,
which ultimately promote bone regeneration and the healing of soft tissues.

Continued research focused on multifunctional doping strategies is essential to advance clinical
applications. Further work will pave the way for the next generation of regenerative medicine,
as well as innovative diagnostic and therapeutic platforms that combine sensing and treatment.

Keywords: bioglass, photoluminescence, melt quenching, sol gel, medical applications
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Thermo-electrical polarization of an ionic
silicate glass surface assisted by plasma:
properties and application to liquid-crystals
molecular alignment

Alexis Maillard *T %2, Marc Dussauze ', Frédéric Adamietz !, Tigran
Galstian 2

! Institut des Sciences Moléculaires — UMR 5255 CNRS, Université de Bordeaux — France
2 Centre d’optique, photonique et laser, Université Laval, Québec — Canada

We report a plasma-assisted thermo-electrical polarization treatment of glassy surfaces and

its application to tailor liquid-crystals molecular alignment. The functionalization process is
performed in a simple wire-anode configuration used to generate a dielectric-barrier discharge
(DBD) plasma at the glass surface, which promotes in-plane electrical polarization. We corre-
lated structural (Raman) and compositional (EPMA) measurements with the electrical response
of the polarized glass, measured via second-harmonic generation (SHG) microscopy. These re-
sults show that the in-plane electric field arises from a long-range gradient poling effect extending
over several hundred micrometers, driven by surface plasma ignition at the glass—gas interface.
The spatial distributions of SHG signal and near-electrode structural modifications are qualita-
tively explained by an electrostatic model and correlated with the plasma properties.
Subsequently, we demonstrate the potential of such in-plane polarized glass substrates for
liquid-crystals alignment control. The electrically polarized surfaces in contact with nematic
mesophases display strong versatility, allowing both single- and multi-domain structuring from
micrometer to millimeter scale. Moreover, dynamic measurements of liquid-crystals motion via
polarized-light microscopy suggest molecular anchoring at the interface similar to commercially
available substrates.
These results demonstrate that plasma-assisted thermo-electrical polarization enables controlled
spatial structuring and shaping of electrical polarization effects, with potential application to
multi-scale tailoring of liquid-crystals mesophases. This work opens new perspectives for engi-
neering surface electrical properties of ionic glassy compositions.

Keywords: polarization, raman, microscopy, spectroscopy, liquid crystals, plasma, surface, treat-
ment, electrical, nonlinear
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Controlled microstructuring of glass optical
responses by electrothermal poling

Lia Marcondes * !, Thierry Cardinal 2, Marcelo Nalin 3, Marc Dussauze *
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Bordeaux, Bordeaux INP — France
3 Sao Paulo State University (UNESP) — Brazil
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The rapid progress of integrated photonics demands materials that go beyond traditional
crystalline and semiconductor platforms. In this context, glass emerges as a versatile medium
combining broad optical transparency with very low optical losses, outstanding structural sta-
bility, and tunable functional responses. From this perspective, controlled microstructuring in
glass offers a powerful route to tailor light—matter interactions and to introduce active properties
such as electro-optic or nonlinear behavior. In this work, sodium niobium germanate glasses
were microstructured by electrothermal poling to induce localized linear and nonlinear optical
functionalities. The printing process combines heating and the application of an electric field to
modify the glass surface, creating a surface microlayer on the sample near the anodic electrode.
This microlayer creates an induced static electric field that generates spatially modulated second
harmonic generation (SHG) responses that follow the pattern of the anodic electrode used in the
poling treatment. Correlative characterizations combining Raman spectroscopy, phase-contrast
imaging, atomic force microscopy and SHG mapping revealed a strong spatial correlation be-
tween the glass network structural reorganization, refractive-index variations, and localized x(2)
responses. Microscale SHG imaging confirmed the electro-optical origin of the nonlinear re-
sponse, localized at the electrode edges and governed by the micro-anode geometry. Linear
and nonlinear diffraction experiments exhibited well-defined periodic responses, validating the
long-range order of the imprinted structures. This work establishes electro-thermal poling as a
powerful approach for imprinting stable, designable x(2) microstructures in glass, opening new
opportunities for compact and engineered nonlinear photonic devices.

Keywords: glass, electrothermal poling, surface structuring, linear and nonlinear optics
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Physical and structural properties of
La203-W0O3-MoO0O3 glasses prepared by a
levitation technique

Atsunobu Masuno * ', Munakata Sae 2, Shuseki Yuta '

! Kyoto University — Kyotodaigaku-Katsura, Nishikyo-ku, Kyoto 615-8520, Japan
2 Hirosaki University — 3 Bunkyo-cho, Hirosaki, Aomori 036-8505, Japan

Glass formation was achieved at compositions of 20 and 25 mol% La203 in the La203-
WO3-MoO3 ternary system using a levitation technique. All obtained glasses were transparent,
with color gradually changing from colorless to brown as the MoO3 content increased. The com-
position dependence of thermal and structural properties was investigated. The glass transition
temperature, T'g, and crystallization temperature, TX, decreased with increasing the MoO3
content, while the DSC signal for T'g became less distinct as the gap between T'g and T'X grad-
ually narrowed. The density decreased linearly with the substitution of MoO3 for W03, and
the packing density showed a similar but less pronounced trend. Raman scattering spectra and
XAFS measurements revealed that the structure of of the glass with x = 25 closely resembles
those of the crystalline phase of La2M03012 and La2W3012. The similarities and differences
between the glass and the crystalline phases will be discussed.

Keywords: Optical transparency, Raman scattering, XAFS
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Development of Radiation Hard Optical and
Photonic Glasses

Owen Mcgann * ', Katrina Skerratt-Love 23
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The increasing deployment of optical and photonic technologies in high radiation environ-

ments such as space exploration and nuclear systems has amplified the demand for radiation
hard glass materials. Glasses, by virtue of their amorphous structure, exhibit inherent resistance
to the kinetic disruptions caused by particle radiation, yet they remain susceptible to radiation.
The formation of electronic defect sites and alterations in network connectivity can degrade
optical performance through increased attenuation and shifts in refractive index.
This talk will begin with a review of commercially available radiation hard optical materials,
followed by insights from two lines of research conducted at Glass Technology Services into the
development of advanced glass compositions tailored for photonic applications in phosphate and
heavy metal oxide glass systems.

Work on ErYbCe phosphate glasses will be presented, including the methodology for enhancing
radiation resistance and results from spectroscopic analyses performed before and after expo-
sure to 0.6 MGy X-ray doses. These analyses demonstrate a marked improvement in radiation
hardness compared to baseline compositions.

Research on vanadate heavy metal oxide glass systems, a family of oxide glasses with promising
potential for mid-wave infrared (MWIR) applications, will also be discussed. These materials
exhibit low-level electronic conductivity via polaronic transport across mixed valence states,
offering potential for intrinsic radiation tolerance. Experimental outcomes from binary vana-
date glasses subjected to 0.6 MGy X-ray irradiation will be shared, with FTIR data supporting
robust radiation resilience, likely facilitated by defect recombination enabled by the materials’
conductive properties.

These findings demonstrate the capability of glass materials to perform effectively in high radia-
tion environments, supporting their use in advanced optical systems. However, further challenges
remain in validating long-term performance and more demanding radiation sources.
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Multi-material optical components for
infrared

Mathis Metais * !, Clément Strutynski !, Frédéric Desevedavy !, Lionel
Canioni 2, Thierry Cardinal 3, Grégory Gadret !, Frédéric Smektala, !

1 Université Bourgogne Europe, CNRS, Laboratoire Interdisciplinaire Carnot de Bourgogne ICB UMR
6303 — Université Bourgogne Europe, CNRS, Laboratoire Interdisciplinaire Carnot de Bourgogne ICB
UMR 6303, 21000 Dijon, France — 21000 Dijon, France
2 2Institut de Chimie de la Matiere Condensée, UMR 5026 CNRS-UB, Université de Bordeaux, —
Université de Bordeaux, ICMCB, CNRS, UMR 5026, F-33600 Pessac, France. — 33600 Pessac, France
3 Institut de Chimie de la Matiere Condensée, UMR 5026 CNRS-UB, Université de Bordeaux, —
Université de Bordeaux, ICMCB, CNRS, UMR 5026, F-33600 Pessac, France. — 33600 Pessac, France

Abstract:

The growing demand for integrated photonic devices operating in the infrared range is driving
the exploration of new, innovative fabrication processes capable of overcoming the limitations
of conventional approaches. Traditional techniques remain largely confined to essentially two-
dimensional or linear geometries and face difficulties when combining different materials within
a single platform. Yet, achieving three-dimensional and multi-material integration is a key
challenge for advancing miniaturization, performance, and functional diversification of photonic
devices.

In this context, the present work investigates the innovative combination of advanced additive
and subtractive processes, FLICE (Femtosecond Laser Irradiation assisted Chemical Etching)
and PAMI (Pressure-Assisted Melt Impregnation) with the goal of developing three-dimensional,
multi-material integrated optical components specifically tailored for applications in the near-
and mid-infrared domains. The project focuses on three main axes: the design and structuring
of high-T'g matrices such as Barium Germano-Gallate (BGG); the development of an infiltration
setup for low-Tg infrared-transparent glasses (such as chalcogenide and tellurite glasses); and
the characterization of the optical performance of the resulting structures.

Significant results have already been achieved. A custom-designed device enabled the successful
infiltration of chalcogenide glasses into borosilicate capillaries with an internal diameter of 500
pm. In parallel, laser irradiation followed by chemical etching allowed the fabrication of buried
microchannels located 300 to 500 pm below the glass surface and interconnected within Y2Os-
doped BGG matrices. These channels, with lengths ranging from 1 mm to 2 mm and diameters
between 100 pm and 400 pm, can be subsequently infiltrated to form three-dimensional, multi-
material photonic platforms.

These results, combining technological innovation with the realization of three-dimensional,
multi-material structures, represent an important step toward the development of next-generation
integrated photonic devices, such as waveguides, micro-spectrometers, optical couplers, paving
the way for compact and high-performance photonic platforms for infrared applications.
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Fabrication of complex bismuth-doped
silicate fiber using an all-vapor deposition
method

Thomas Meyneng * !, Aissaoui Malek 2, Raman Kashyap 2, Younes
Messaddeq *

L Center of Optics, Photonics and Lasers (COPL) — Laval University, Canada
2 Engineering Physics Department, Polytechnique Montreal — Canada
3 Center of Optics, Photonics and Lasers — Laval University, Canada

The current systems exploit only 11 THz of the 47 THz available in the low-loss region of
SMF fibers, through the well-established erbium-doped fiber amplifiers (EDFAs). The utiliza-
tion of the remaining spectral regions is being extensively studied as part of the ongoing effort
to further increase data transmission capacity. Over two decades of research have established
bismuth-doped silicate fibers as one of the most promising solutions, with commercial products
already available in recent years. Bi:doped silicate can cover a wide range of emission and am-
plification window, while offering low noise-figures. The addition of co-dopant in the silicate
matrixe (Ge, P, B...) can shift the net-gain window from the 1250 up to 1700 nm.

However, several technological challenges still surround the use and fabrication of Bi-doped
fibers. Firstly, their low absorption typically limits the use of cladding-pumping configurations
and requires in-band core pumping over lengths of several hundred meters to achieve gain levels
exceeding 30 dB. Secondly, most fibers are fabricated using solution-doping techniques, which
restricts the architecture to single-core designs.

The present study demonstrates the fabrication of Bi-doped silicate, germanosilicate, and phos-
phosilicate fibers using an all-vapor technique developed in-house. This approach offers signifi-
cant advantages in terms of design flexibility, enabling the production of pedestal-doped fibers
with precise control over both doping concentration and refractive index profile. We also present
results on the amplification performance of these fibers.

Keywords: Silicates, bismuth, fibers, amplifiers, MCVD
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Phosphate glasses are attractive hosts for rare-earth ions due to their high solubility, low
melting temperature, and excellent optical transparency. Doping with trivalent terbium (Th3T)
ions produces intense green luminescence corresponding to the °Dy — “Fj transition, which is
significant for photonic and display applications (1,2). When doped with high concentration of
Th3*, these glasses/glass-ceramics can find additional uses as Faraday rotators. Building on
these studies, the controlled transformation of phosphate glass into glass-ceramics can further
enhance luminescence by improving local symmetry and reducing non-radiative losses (3). For
example, Hongisto et al. demonstrated that transparent Yb®+ doped phosphate glass-ceramics
with enhanced spectroscopic properties can be obtained from the glass with the composition
10 NagO — 90 NaPOg (in mol%) (4).

In this presentation, we will explain how to prepare Tb3*-doped glasses with the composition
(100 — 2)(10 NagO — 90 NaPOs3) —  TbyO7 (z = 0, 1.5, 2.5, 3.5 mol%) using the conventional
melt-quenching technique. A thermal treatment was performed at various temperatures to
induce crystallization which was confirmed using XRD and SEM. The influence of Th3* concen-
tration and heat-treatment temperature on the structural, thermal, and optical properties will
be presented. The luminescence properties of the glasses and heat-treated glasses under 377 nm
excitation will be discussed. We will demonstrate that Th3*-doped phosphate glass-ceramics
are promising materials for solid-state lighting and photonic applications.

References

(1) M. Peng, G. Hong, N. Da, “Transparent glass ceramics functionalized by rare-earth ions:
Materials and photonic applications,” Progress in Materials Science, 84, 79-114 (2016).

(2) L. Zhang, X. Zhao, S. Zhou, “Luminescence properties of Th3*-doped phosphate glass and
glass-ceramics,” Journal of Non-Crystalline Solids, 428, 142-147 (2015).

(3) J. Li, H. Yang, C. Yu, “Thermal and structural evolution of rare-earth-doped phosphate
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Recently, composites made of rare-earth (RE) doped crystals and persistent luminescent
(PeL) particles have been found to be promising materials as NIR rechargeable ”optical bat-
tery”. PeL refers to the type of emission which lasts for a long time (from seconds to hours)
after the removal of the irradiation source. By combining the NaYF4: Yb, Tm upconver-
sion materials with typical UV /blue upconversion emission (350/475 nm) and UV rechargeable
SrA1204:Eu,Dy persistent luminescent particles, the green persistent luminescence at -~ 520 nm
could be activated by 980-nm NIR excitation due to the spectra overlapping between the upcon-
version emissions and absorption of persistent phosphors. This NIR conversion to visible light
could be useful for solar cell application for example if it could be obtained from glass-based
materials used as a substrate for the solar cell. These materials can be used to accumulate the
solar energy during the day producing visible light to the solar cell for the production of the
electric current during the night. The aim of this work is to develop new transparent composites
composed of glass, Tm3+, Yb3+ codoped crystals and PeL. phosphors using the Spark Plasma
Sintering (SPS) technique. Composites have been prepared with optimized amounts of UC and
PeLL crystals. The SPS offers several advantages when compared to the traditional sintering
processes, like a rapid processing, lower sintering temperature, better homogenity and others.
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The development of lead-free oxide glasses represents a sustainable and technologically sig-
nificant route toward functional materials that combine optical transparency, mechanical robust-
ness, and high ionizing-radiation shielding capability. This study consolidates recent progress on
SiOg-, B2O3-, and TeOs-based matrices modified with heavy-metal oxides such as BaO, Bis O3,
and related compounds, highlighting the correlation between structural configuration, density,
and attenuation performance compared with conventional Pb-containing glasses. The combi-
nation of strong network formers (SiO2, B2O3) and highly polarizable TeOy units enables the
fabrication of dense yet optically clear matrices exhibiting linear attenuation coefficients (u) in
the range of 20-30 cm™! at 59.5 keV, half-value layers (HVL) of approximately 0.23-0.26 cm,
and radiation protection efficiencies exceeding 95% for diagnostic energies. These results are
comparable to, or surpass, the performance of commercial RS-series glasses, for instance. SiOo—
BaO systems demonstrated an excellent balance between optical transmittance (> 90%) and
gamma-ray shielding, while BoO3s-rich compositions enhanced charged-particle attenuation due
to the presence of strong covalent B-O bonds. Meanwhile, TeOs-based matrices provided the
highest gamma- and neutron-shielding efficiencies, attributed to the elevated atomic number of
Te (Z = 52), its electronic polarizability, and the structural compactness of Te-O networks.
All investigated systems preserved broad optical transmittance (400-1500 nm) and tunable op-
tical bandgaps ranging from 3.4 to 4.8 eV, coupled with mechanical hardness values around
3-5 GPa, exceeding those typically reported for commercial radiation-shielding glasses. Overall,
these lead-free systems match or outperform conventional Pb-based counterparts while offering
distinct advantages in terms of reduced weight, improved chemical durability, and environmen-
tal compatibility. The synergistic interaction among SiO2, B2Ogs, and TeOq glass formers with
heavy-metal oxides provides a compositional platform for tailoring density, transparency, and
shielding strength simultaneously. Collectively, these findings establish a foundation for the
next generation of sustainable, optically functional, and environmentally responsible radiation-
shielding glasses, with potential applications in medical diagnostics, nuclear safety, and advanced
photonic technologies. Keywords: Radiation shielding, Radiation protection, Medical glass, Gamma,
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Microspheres are a class of morphology-dependent resonators in which light is confined by
continuous total internal reflection near the cavity perimeter. The modes have therefore been
named “whispering gallery modes”. Such optical microcavity offers strong spatial light confine-
ment due to small mode volumes as well as important temporal confinement described by the
optical quality factor Q. Surface tension induced microspheres lead to high optical Q factor (1)
and are of great interest for low threshold lasing and sensing (2). The small mode volume and
the long photon storage time is also favorable to nonlinear optical effects generation such as
Raman gain or frequency comb generation (3). Therefore, soft glasses that present high rare
earth (RE) solubility, strong nonlinear optical properties and a wide transparency range from
visible to mid infrared (MIR) have a huge potential for micro-resonator optics.

Chalcogenide and tellurite glasses present large third-order Kerr and Raman nonlinearities. We
have previously demonstrated ultra-wideband MIR light conversion called supercontinuum in
both tellurite and chalcogenide fibers through high purity synthesis and low loss fiber drawing

(4).

In this presentation, we will describe the production of microspheres from chalcogenide and
tellurite glass fibers fabricated in ICB lab. In both cases, we show that state of the art Q factors
of 107 were obtained and is material absorption limited. AsySes spheres were used to conduct
Raman emission studies. Raman lasing was observed from undoped tellurite microspheres. We
also used the high RE solubility of tellurite glass to produce Tm3*/Ho3" co-doped tellurite
microspheres and obtained lasing at 2 pm.

(1) D. W. Vernooy et al., “High-Q measurements of fused-silica microspheres in the near in-
frared,” vol. 23, no. 4, p. 247.

(2) A. Chiasera et al., “Spherical whispering gallery mode microresonators,” Laser € Photonics
Reviews, vol. 4, no. 3, pp. 457-482.

(3) T. J. Kippenberg et al., “Dissipative Kerr solitons in optical microresonators,” Science,
vol. 361, no. 6402.

(4) E. Serrano et al., “Towards high-power and ultra-broadband mid-infrared supercontinuum
generation using tapered multimode glass rods,” Photon. Res., vol. 13, pp. 1106-1115, May
2025. Keywords: Tellurite glass fiber, Chalcogenide glass fiber, Microspheres, laser
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Recently, new types of optical fibers containing dielectric nanoparticles have been developed.
These unique fibers, whose scattering properties are significantly enhanced by the presence of
nanoparticles in their core are being widely developed for distributed optical fiber sensor ap-
plications. The scattering performances strongly depend on the nanoparticles characteristics.
Therefore, it is crucial to control and adjust their properties on demand. The nanoparticles con-
tained in the core of these fibers are formed by phase separation during the preform preparation
stage by doping silica glass with lanthanum ions. As the drawing parameters (temperature or
drawing speed) are modified, the La-silicate nanoparticles can be altered as they can melt, grow,
elongate and break up due to Rayleigh-Plateau instability. However, the nanoparticles have the
same characteristics along the fiber, over at least several tens of meters. The current challenge
is to modify and control the properties of the nanoparticles to modulate their characteristics on
an arbitrary fiber length with micrometer precision. To this end, we propose an approach based
on laser-induced local heating directly in the core of the fiber. When an intense femtosecond
laser is tightly focused in a silica fiber, light is absorbed via multiphoton processes only at the
microscale focal point, located in the core of the fiber. This absorption leads to a pseudo-plasma,
formation, a dense quasi-free electrons gas coexisting with the ionic lattice. The system then
relaxes in few microseconds. The use of a high repetition rate laser (typically about MHz) leads
to cumulative effects accompanied by a significant temperature increase thus enabling very lo-
calized heating and therefore controlled modification of the nanoparticle characteristics at the
micrometer scale. Here, we show that by adjusting the laser parameters, via a beam-shaping
technique, controlled structural modifications are laser-induced in the core of fibers containing
nanoparticles. First, electronic and optical microscropy, micro-Raman spectroscopy and chemi-
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cal composition analysis revealed reorganization occurring in the laser-heated zone, particularly
lanthanum migration. Then, to gain insight on the laser-induced temperature distribution, we
also imaged the pseudo-plasma emission in real time. This study shows the great potential of
using femtosecond lasers to engineer nanoparticles contained in optical fibers.

Keywords: optical fiber, nanoparticles, chemical migration, beam shaping, femtosecond laser in-
duced plasma
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The development of new synthesis methods for metal oxides can play an important role
in the discovery of highly original materials with new compositions and crystal structures. In
this context, the crystallisation of glasses and undercooled melts is a relatively under-explored
technique for the isolation of new metastable oxides, and when it is coupled to rapid melt-
quenching methods it can be applied to a surprisingly wide range of compositions. Here I will
present some recent examples where containerless processing (aerodynamic levitation with laser
heating) is used to produce glassy reactive precursors with diverse compositions, which can then
be crystallised under controlled heating conditions to yield new and surprising functional oxides.
This includes new families of highly-nonstoichiometric aluminate garnets based on RE3AI5012 —
well known luminescence hosts that are typically considered as line phases — which can form with
up to 20mol% excess of rare-earth cations according to RE3+xAl5-x012 (0 < x < 0.6; RE =
Eu3+, Gd3+, Th3+, Y3+) when their melts are quenched from _"20000C. The crystal structures
of these garnets accommodate excess RE3+ by substitution of Al3+ at the octahedral sublattice:
for example, up to 30% of these crystallographic sites are substituted in Gd3.6A14.4012, a
radical increase upon the defect-level concentrations achievable by solid state reaction methods.
The distribution of RES3+ over two crystallographic sites has implications for the luminescence
properties of these materials, because rare-earth activators are no longer confined to a single
sublattice, and this has a strong impact on the chromaticity of up-conversion systems such
as YAG:Yb3+4/Er3+. This opens pathways to property tuning in garnets by control of host
stoichiometry, and the prospect of improved performance or new applications for other garnet-
type materials.

Keywords: crystallisation, garnet, luminescence, aerodynamic levitation
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Tellurite glasses doped with erbium ions (Er3+) have attracted considerable interest for the
development of optoelectronic devices and temperature sensors because of their high midinfrared
transmittance, low phonon energy, excellent optical properties, and stability in extreme envi-
ronments without electromagnetic interference. In this work, the combined influence of Er3+
doping and gold nanoparticles (AuNPs) on the thermal sensitivity of tellurite glasses was inves-
tigated using the fluorescence intensity ratio technique based on the thermally coupled levels of
the Er3+ ion.The samples were synthesized by the melt-quenching method with varying con-
centrations of Er3+, and subsequently subjected to annealing treatments of 0, 12, 24 and 36
hours at temperatures below the glass transition temperature. Structural and optical charac-
terization was performed by X-ray diffraction (XRD), optical absorption spectroscopy, emission
spectroscopy and temperature-dependent luminescence measurements. The results showed a
notable increase in fluorescence intensity and in both absolute and relative thermal sensitivities
for the co-doped samples containing Er3+ and Au NPs, which is attributable to the coupling
between Er3+ ions and the localized plasmonic fields generated by the metallic nanoparticles.
An improvement in radiative energy-transfer efficiency and in the thermal stability of the ma-
terial was also observed. These findings demonstrate that the combination of Er3+ and Au
NPs in tellurite glass is an effective strategy to optimize the performance of optical temperature
sensors, with strong potential for high-precision thermal monitoring systems.

Keywords: Tellurite glasses, Optical thermometry, Fluorescence Intensity Ratio, Thermally coupled
levels, Rare, earth ions
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The growing demand for high-speed and large capacity data transmission has driven the
search for active optical amplification materials exhibiting near-infrared (NIR) emission that
covers the telecommunication bands (O, E, S, C) simultaneously. In this work, the structural
and optical properties, particularly the NIR emission behavior of tellurite glasses doped with low
concentrations of bismuth were systematically investigated under different heattreatment dura-
tions to understand their emission mechanisms as well as their potential for telecommunication
applications. The samples were synthesized by the melt quenching technique and characterized
through optical absorption spectroscopy, X-ray diffraction, refractive index measurements, and
NIR emission spectroscopy. The results show that the incorporation of Bi203 at low concentra-
tions preserves the amorphous nature of the glass matrix and suppresses the formation of bis-
muth clusters that limit optical amplifier efficiency. Furthermore, the NIR emission intensity and
bandwidth increase with the bismuth content, reaching a broad spectrum from approximately
900 to 1600 nm, effectively covering the O-E-S—C telecommunication bands. The observed
emission is attributed to Bismuth active centers (Bix+), where x+ are the possible oxidation
states formed during melting and heat treatment, whose optical response is modulated by the
glass structure and local environment. These findings highlight Bix+ doped tellurite glasses as
promising candidates for optical amplifiers and integrated optoelectronic devices in high-speed
telecommunication systems.

Keywords: Tellurite glasses, Bismuth near, infrared luminescence, Telecommunication bands, Op-
tical amplifiers
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FD-7 radiophotoluminescence (RPL) glass dosimeters commercially designed for clinical and
personal applications, are also explored today for high dose applications in kGy-MGy range.
Monitoring such high radiation levels using accurate dosimetry is accordingly necessary to pre-
vent components’ failure and maximize their lifetime. In this context, FD-7 RPL dosimeters
need further characterization under irradiation conditions where their response is still not fully
understood. This study presents the first investigation of flat (8.5 mm x8.5 mm x1.5 mm)
FD-7 RPL dosimeters irradiated with 2.5 MeV electron beam at SIRIUS facility. The evolution
of the transmission spectra was recorded during irradiation and the growth kinetics of Radia-
tion Induced Attenuation (RIA) were deduced up to 1 MGy at different dose rates: 2.7 Gy/s,
30 Gy/s and 300 Gy/s. The kinetics of RIA as a function of dose exhibit strong consistency,
with repeated measurements at varying dose points under the same dose rate showing nearly
identical growth trends. This demonstrates excellent repeatability of online RIA measurements
for FD-7 RPLs at the facility even at high dose rate of 300 Gy/s. Preliminary results show the
RIA dose response depends on dose rate and operation wavelength. For example, the data set
dispersion at 7 kGy varying the dose rate, corresponds to 70% at 550 nm and drops to 14%
at 800 nm. Post-irradiation measurements taken up to 50 minutes, also reveals partial RIA re-
covery also depending on dose rate and considered wavelength. These responses align with the
previous findings reported for rod-type FD-7 RPLs irradiated with X-rays. Recent experiments
focusing on comparing the online RIA responses with 2.5 MeV electron beam and X-rays will
be presented during the conference.

Keywords: dosimeters, glass, high, dose, radiation induced attenuation
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The presence of unpaired electrons in the d-orbitals of transition metals, such as titanium
(Ti), is recognized as a source of coloration in glasses and glass-ceramics (GCs). This is particu-
larly true for compositions within the ZnO-Al203-Si02 (ZAS) system, where TiO2 is commonly
added as a nucleating agent. In this case, glasses and GCs acquire a characteristic yellowish
to brownish color due to the presence of Ti3-+ ions, limiting their use in applications requiring
transparent and colorless materials. To address this undesired effect, different oxidizing agents-
Ce02, Sb203, and As203-were individually added to a base ZAS composition containing TiO2
as the sole nucleating agent. The objective was to promote the oxidation of Ti3+ ions to Tid+
during the glass melting process. The effectiveness of the selected oxidizing agents in eliminating
the coloration of the resulting glasses and GCs was evaluated by comparing their light trans-
mittance in the visible range and by conducting CIELAB colorimetric analysis. Additionally,
Electron Paramagnetic Resonance measurements were implemented to determine the oxidation
states of the coloring ions. Finally, Vickers hardness tests were carried out to investigate the
impact of CeO2, Sb203, and As203 on the mechanical performance of the GCs. The results
demonstrate that As203 and Sb203 are more effective than CeO2 in reducing coloration and
enhancing the light transmittance in the visible range of the ZAS GCs containing TiO2 without
affecting their hardness.
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Sensors miniaturization is a source of strong research. This study aims to initiate research
efforts to design a compact tool that may be employed for minimally-invasive photoelectrochem-
ical sensing in small constrained environments. A key aspect of this concept is the development
of a single tool enabling the coupling between illumination and electrochemical charge transfer
at the liquid/solid interface. The approach proposed in this work is the realization of multifunc-
tional fibers that combine several materials such as phosphate glasses and metals, compatible
with assembling and drawing approaches to design and fabricate multi-material fibers. In this
context, hybrid phosphate glass/metal fibers which have both shown, light transmission from
350 to 900 nm and electrical conduction in the metal over several tens of centimeters have been
produced. Photocurrent generation in such hybrid fibers has been shown with an illumination
of the semiconductor through the phosphate glass. In addition, glucose detection has been
highlight as a first step to photoelectrochemical sensing.

Keywords: phosphate glasses, multimaterial fibers, photoelectrochemistry
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Ultrashort laser pulses can induce a wide range of structural modifications within the bulk of
glass materials, such as Type I, Type II, Type X, and Type III, based on the energy deposition
and the resulting structural characteristics. Among these, Type II (nanogratings) and Type
X (elliptical nanopores) have attracted particular attention due to their strong birefringence
properties, with Type X additionally offering exceptional optical transparency (up to 99% in
the visible spectrum). Both modification types have demonstrated promising applications in
optical data storage, 3D geometric phase optics, and other optical elements, including optical
sensors, geometric phase optics, polarization converters, and birefringent components. Fused
silica remains the most widely studied material for these applications, and many laser-written
nanograting based devices are already close to or partially in commercialization. However, scal-
ing to industrial production is still hindered by significant challenges, such as limited processing
speeds and residual stress formation. Recent studies have shown that the intrinsic free volume of
glass plays a key role in nanograting formation, suggesting that nanoporous glasses (NPG) could
provide a more favorable material for fs-laser modification and potentially facilitate industrial-
ization of such applications. In this work, we present a comparative study of fs-laser-induced
birefringent modifications in NPG and fused silica. Experiments were performed using a Sat-
suma (Amplitude Systémes) laser source (1030 nm, 350-1000 fs, 100 kHz), with pulse energy
varied between 0.5-4 pJ and scanning speed between 0.5-50 mm/s under 0.16 NA focusing. The
resulting structures were evaluated through retardance and optical transmission measurements.
Our results show that the large free volume of NPG (average size of pores is 8-12 nm) facil-
itates the formation of both Type II and Type X modifications. The formation of elongated
nanopores (Type X) demonstrates the combination of moderate birefringence and high trans-
parency. Importantly, NPG exhibits broader processing windows for both types and higher
possible retardance than fused silica, with values up to 788 nm achieved at writing speeds as
high as 50 mm/s (NA = 0.16). These findings highlight the potential of NPG for fast, low-loss
inscription of birefringent structures and its advantages over fused silica for advanced photonic
applications.
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Low-loss chalcogenide glasses and fibers
made by Additive Manufacturing

Johann Troles *I I, Robin Cheneviere 2, Simon Coudray ', Catherine
Boussard-Pledel !, Frédéric Charpentier 2, Yann Guimond 2, Francois
Cheviré !

I Univ Rennes — Univ Rennes - CNRS, ISCR-UMR 6226, F-35000 Rennes, France, France
2 Umicore, IR glass — Umicore IR Glass — ZA le Boulais, 35690 Acigné, France

In recent years, there has been growing interest in optical materials and fibers for the mid-
infrared (mid-IR) region. This interest stems from societal needs in health and environmental
monitoring, as well as from demands in defense applications. The mid-IR spectral region in-
cludes atmospheric transmission windows (3-5 pm and 8-12 pm), which are essential for thermal
imaging in both military and civilian contexts.

The development of chalcogenide microstructured optical fibers (MOFs) enables the combination
of chalcogenide glasses mid-IR transparency (up to 12 pm) with the unique optical properties of
MOFs, thanks to the high degree of freedom in designing their geometrical structures. In this
context, additive manufacturing of glass materials emerges as a promising technique to achieve
complex designs that are difficult to realize using conventional methods such as stack-and-draw
or molding.

Taking advantage of the specific physical properties of chalcogenide glasses-such as their low
glass transition temperature and extrusion temperature-we have demonstrated that chalcogenide
preforms can be rapidly fabricated by fused deposition modeling (FDM) using a customized
RepRap-style 3D printer fed with chalcogenide glass rods. These as-printed preforms can subse-
quently be drawn into chalcogenide optical fibers. The optical quality of the printed glasses and
the different fiber designs obtained during the drawing process will be presented and discussed.

Keywords: Chalcogenide fibers, 3D printing, Mid, Infrared
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Tailoring Multifunctional Properties
through Controlled Synthesis of Gd- and
Mn-Doped Zinc Tungstate Glass-Ceramics

José Joaquin Veldzquez Garcia * !, Sadegh Azadmehr 2, Sanaz Alamdari
3. Majid Tafreshi #, Zaighum Tanveer °, Omid Mirzaee ¢, Aliasghar
Najafzadehkhoee 7

I FunGlass, Alexander Dubéek University of Trenéin — Studenska 2, 91101, Trenéin, Slovak Republic,
Slovakia
2 Faculty of Physics, Semnan University — P.O. Box: 35195-363, Semnan, Iran
3 Faculty of New Sciences and Technologies, Semnan University — Semnan 35131-19111, Iran, Iran
4 Faculty of Physics, Semnan University, — P.O. Box: 35195-363, Semnan, Iran, Iran

5 Faculty of Applied Sciences, National Textile University — Faisalabad 38000, Pakistan, Pakistan

6 Faculty of Materials and Metallurgical Engineering, Semnan University — Semnan,35131-19111, Iran,
Iran
7 Joint Glass Centre of the IIC SAS, TnUAD and FChFT STU - Studentské 2, Trencéin 91150, Slovak
Republic, Slovakia

Zinc tungstate (ZnWOy) has attracted considerable interest due to its remarkable chemical
stability, monoclinic crystal structure, and suitability for a wide range of applications includ-
ing photocatalysis, luminescence, and scintillation. Current research efforts increasingly focus
on tailoring the functional performance of ZnWQ, through controlled doping with transition-
metal and rare-earth elements.! Among the most promising dopants, gadolinium (Gd) and
manganese (Mn) offer distinctive advantages: Gd contributes strong luminescent behaviour and
a high magnetic moment, while Mn introduces valuable electronic and magnetic functionalities.
Moreover, previous studies have demonstrated that Gd and Mn doping can substantially alter
the structural and functional response of ZnWQy,, improving dielectric behaviour, and modu-
lating luminescent emission.? Yet, a systematic understanding of how each dopant—and their
incorporation—affects the overall properties of ZnWQ, nanocrystals remains incomplete.

This work addresses this gap by synthesizing Gd- and Mn-doped ZnWQ4 nanocrystals via a co-
precipitation route and conducting a detailed characterization of their structural, morphological,
functional, dielectric, and magnetic properties. The results reveal that the incorporation of Gd3+
and Mn?7 ions influence crystallization behaviour in distinct ways, primarily due to differences
in ionic radii and local lattice distortions. Luminescence studies show efficient blue—yellowish
emissions in the co-doped systems, opening opportunities for warm white-light generation when
combined with suitable red-emitting ions. Furthermore, Mn-doped ZnWO, nanocrystals exhibit
enhanced magnetic and electrical responses compared with the pristine material.

Finally, the influence of embedding these nanocrystals into an amorphous borate-based glass
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matrix is examined, demonstrating how glass—nanocrystal interactions further modulate their
optical and functional behaviour.

Overall, this study provides new insights into the role of Gd and Mn dopants in engineering
ZnWOQy4-based nanostructures for advanced optical, electronic, and multifunctional applications.
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Rare Earth Titanate (Glasses for Optical
Devices
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Recent development of titanate network glasses provides a new host material for rare earth
ions. The glasses contain ~80 mole% titanium oxide with the balance rare earth oxide (1). The
network is composed mainly of corner and edge shared octahedra. The glasses have relatively
low phonon energy combined with a high solubility and uniform distribution for rare earth
ions. Glasses have been formed into spheres and fibers directly from the supercooled liquid
phase. Spheres have been post-processed to make disks, enabling optical property measure-
ments including fluorescence lifetime and bandwidth for erbium and neodymium doped glasses.
Measurements of gain in Yb-doped fibers and laser demonstration in Nd-doped disks will be
presented (2,3). The results will be discussed in the context of developing new optical devices
enabled by these materials.

(1) S. K. Wilke, O. L. G. Alderman, C. J. Benmore, J. Neuefeind and R. Weber, “Octahedral
oxide glass network in ambient pressure neodymium titanate,” Sci. Rep., 12, 8258 (2022).

(2) B. Topper, A. Neumann, S. K. Wilke, A. Alrubkhi, A. Mafi and R. Weber, “Site-selective flu-
orescence and spectroscopic properties of Yb-doped lanthanum titanate glasses,” Int. J. Glass.
Sci., 15, 256 (2024).

(3) J. Tolliver, S. K. Wilke, A. Alrubkhi, A. Neumann, G. Balakrishnan, R. Weber, and B. Top-
per, “Nd-doped lanthanum titanate glass laser,” Opt. Components and Mats. XXII, S. Jiang &
M. J. F. Digonnet, Eds. Proc. of SPIE, 13362, 1336204 (2025).

Funding sources: NASA grants SONSSC19K1288 & 80NSSC18K0059. US Department of Energy
DE-SC0018601. Keywords: Glass, rare earth, fluorescence, optical device
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A new oxysulfide glass-ceramics embedded
with ternary rare earth sulfide nanocrystals

Jiahui Wei *T 12, Jong Heo 2, Chao Liu 12
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China, China

Ternary rare earth sulfides (ALnS2) exhibit wide bandgap, low phonon energy, and high
transmittance in the infrared region, making them promising candidates for applications in
anti-counterfeiting, light-emitting diodes, and X-ray detection and imaging. However, the prac-
tical application of ALnS2 is significantly hindered by their poor chemical stability, including
oxidation and agglomeration. Improving the stability of ALnS2 remains a huge challenge. In
this work, we propose a novel strategy for in-situ crystallization of ALnS2 nanocrystals in glass
matrix. Stable glass can effectively isolate ALnS2 nanocrystals from the external environment,
thus significantly enhancing their stability. The results show that a series of ALnS2 nanocrys-
tals (NaScS2_-"NaLaS2) were successfully precipitated in glass. The nanocrystals structure of
the prepared ALnS2 nanocrystals include rhombohedral and cubic phases, and they have low
phonon energy (< 350 cm-1).

Keywords: Ternary rare earth sulfides, Oxysulfide glass, ceramics, Low phonon energy
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Chiral optical properties induced by
elliptically polarized beam in silica via
Femtosecond laser writing
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Femtosecond direct laser writing (FDLW), developed over decades as a mature photonic
fabrication technique, has enabled applications in health (1,2), selective chemical etching (3),
optical data storage (4-6), and photonic components (7-10). These advances are based on three
main laser-induced modifications: refractive index changes (11), nanogratings (12), and voids
(13). Asymmetric nanostructures have been achieved through strategies such as ‘quill’ writing
(14), silica decomposition (15), and shear stress fields (16). More recently, multilayer writing
has induced chiral optical properties via anisotropic nanogratings and stress (17-18), though this
approach remains multistep.

Traditionally, asymmetric writing relies on linear polarized beams, where pulse front tilt, shear
stress, or the torque from the combination play an important role. Structured beams have
emerged as alternatives, which was proved with 3D polarization structured Bessel beams suc-
cessfully imprinting chirality in silica (19). In this work, we demonstrated that elliptically
polarized femtosecond laser beams can directly induce chiral optical properties in silica. SEM
analysis reveals the morphology of distinct 3D nanostructures along the propagation direction,
which evolves from nanoporous features into hybrid forms combining nanoporous and nanoplane
domains and ends with nanoplane. Important chiral optical properties such as circular birefrin-
gence (CB) and circular dichroism (CD) were detected via Muller microscopy system. Increasing
with pulse number and energy (below 100 kHz repetition rate), CB can reach up to 0.2 rad with
1,000 pulses at 1.5 uJ. Crucially, its sign reverses with the handedness of elliptically polarization,
confirming that the induced chirality originates from polarization-dependence.

In summary, our results uncover the overlooked potential of elliptically polarized beams in
FDLW for inducing chiral optical responses. Compared with conventional methods, this ap-
proach offers a simpler and more efficient route to fabricate chiral photonic elements, including
isolators, waveguides, and encryption structures. Beyond its practical advantages, this work
advances understanding of light—matter interactions and opens new perspectives for laser-based
manufacturing of chiral optical components.

Keywords: fs laser writing, chiral optical property
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Thermal Mirror Spectroscopy: a new
approach to obtain emission quantum
efficiency of luminescent glasses

Vitor Zanuto * !, Lucas Nascimento !, Brenno Greatti !, Marcelo
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The characterization of the optical properties of rare-earth-doped glasses is fundamental
for the development of new photonic devices. A key parameter governing the performance of
these materials is the luminescence quantum efficiency, which is often limited by concentration-
dependent non-radiative processes. In this work, a investigation of the concentration quench-
ing mechanisms was carried out on a series of glasses of the low-silica CaO-Al203-Si02-MgO
(LSCAS) system doped with different concentrations of Neodymium ions. The employed ap-
proach consisted of using two independent methodologies for the determination of luminescence
quantum efficiency. First, the Judd-Ofelt theory was applied to the absorption spectroscopic
data to calculate the theoretical radiative properties, which, in conjunction with the fluorescence
lifetime measurements, allowed for a first determination of the quantum efficiency. Second, the
new approach, the Thermal Mirror Spectroscopy was used as an independent photothermal
method, based on the relationship between heat generation and the excitation wavelength. The
central objective of this work is, therefore, to perform a comparative analysis of the results
obtained by these two distinct methodological routes. This approach allows not only for the
robust determination of the quantum efficiency but also for the cross-validation of the methods
for investigating the concentration quenching mechanisms in the studied glass system.

Keywords: Neodymium, Photothermal techniques, Judd, Ofelt
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Impact of Ion Exchange (I0X) alteration
layer properties on glass surface contact
electrification
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A specialized methodology has been developed to measure tribocharging behavior on glass
surfaces at the micro- and nano-scale, utilizing side band Kelvin Probe Force Microscopy
(KPFM) on ultra-thin glass substrates ranging from approximately 20 to 150 pum in thickness.
Initial experiments, conducted to validate this method, revealed significant variability depend-
ing on whether the glass substrate had undergone chemical strengthening through ion exchange
(IOX) or remained in its parent-glass form. Chemically strengthened 10X glasses showed a pro-
nounced dependence of charge accumulation on glass thickness, with a substantial magnitude of
positive charge (+AVtip-surface). In contrast, non-ion-exchanged (NIOX) glasses exhibited no
thickness dependence and accumulated a much smaller magnitude of charge, but with the oppo-
site polarity. To better understand the factors influencing contact charging, further experiments
were undertaken to deliberately engineer the properties of the IOX alteration layer, allowing
for the deconvolution of the various contributions to tribocharging observed on glass surfaces.
Complementing these experimental findings, a theoretical framework was established using Fi-
nite Element Modeling (FEM) and Density Functional Theory (DFT) calculations, providing a
solid foundation for interpreting results and elucidating the mechanisms governing tribocharging
behavior in ion-exchanged glass systems.

Keywords: 10X, surface, contact, charging, glass
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Multiscale modeling of heterogeneous
etching

Drew Antony * !, Eduardo Barros De Moraes !, Ross Stewart !, Nicholas
Stone-Weiss !

! Corning — United States

Glass dissolution is a complex multi-scale phenomenon, where variations in the etch rate
at the atomistic scale can reveal emerging topographical features at larger length scales. This
presentation details a new multiscale etching and dissolution model for glassy materials. The
primary advancement is the development of an upscaled semi-Markovian algorithm which can
simulate surface topography as a function of etch depth at the mesoscale. Unlike determinis-
tic etch models, our mesoscale stochastic model uses probability distributions of etch rates as
input, providing the origin of local variability and ultimately to surface roughness. Etch rate
distributions can be derived from atomistic simulations (e.g., kinetic Monte Carlo or molecular
dynamics) or measured experimentally. Finally, the power of this new tool will be demonstrated
by showing how it can be used to solve and understand different problems in glass surface science.

Keywords: etching, modeling
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Regeneration of Combustion-Degraded
Quartz Optical Windows via Chemical and
Mechanical Treatment
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View ports, i.e. sight glasses to observe thermal processes are made of quartz glass, vitre-
ous silica. The degradation and contamination under high-temperature combustion remains a
critical obstacle to stable optical diagnostics. While degradation mechanisms are well studied,
restoration of flame-exposed quartz glass has been scarcely explored. The presented work experi-
mentally establishes a combined chemical and mechanical-cleaning strategy that regenerates UV
transmittance while maintaining surface integrity. Systematic tests were carried out in combi-
nation with spectroscopic and microscopic analyses conducted with UV-VIS-NIR spectroscopy,
Raman spectroscopy and confocal light microscopy.

Keywords: Combustion, exposed glass, UV—Vis, NIR transmittance, Raman spectroscopy, surface
degradation, Chemical cleaning
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Invisible Damage on Glass Surfaces:
Assessment of Surface/Subsurface
Modification and Durability
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Invisible damage describes subtle surface or subsurface modifications in glass that evade
standard inspection yet may manifest during downstream processing or reliability evaluations.
This work explores the reproducibility and characterization of such damage under sub-threshold
blunt contact conditions. Controlled loading experiments were combined with surface tech-
niques on multicomponent silicate glasses, including surface topography mapping, compositional
and spectroscopic analysis, and molecular-level simulations. Results show that topographical
changes range from undetectable to shallow features, while chemical and structural alterations
occur within the contact zone-even when physical changes are absent. Post-processing steps,
such as etching, revealed these modified regions, confirming their latent nature. Despite clear
evidence of structural and chemical modifications, mechanical strength testing did not demon-
strate measurable degradation, leaving the threshold for reliability impact unresolved. These
insights advance understanding of hidden damage mechanisms and underscore their relevance
to product durability and cosmetic quality.

Keywords: Glass surfaces, Surface/subsurface modifications, Contact, induced changes, Chemi-
cal durability, Mechanical durability, Topography mapping, Spectroscopic analysis, Molecular dynamics
modeling, Sub, threshold contact
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Experimental Investigation of Combined
Chemical Strengthening and Flame

Treatment for Post-Processing of Soda Lime
Glass

Frank Bayer * !, Andreas Rosin !, Thorsten Gerdes !

! University of Bayreuth, Keylab Glass Technology — Germany

While chemical strengthening has long been established in the float glass and display glass

industry, its sustainable implementation in the container glass industry remains a challenge (1).
Despite the successful application of surface ion exchange using potassium nitrate for strength-
ening container glasses during the 1980-1990s in the former German Democratic Republic, this
technique is seldom utilized on an industrial scale today (2). The main obstacle for transferring
this technology to this sector lies in the incompatible nature of batch processing in chemical
strengthening, limiting its application to the vast volumes necessary for continuous container
glass production (elevating manufacturing costs and unit prices).
To overcome this issue, efforts were made to build up an accelerated ion exchange process for
high-throughput production to shorten overall process times and increase economic attractive-
ness. Our development aims to combinate the immersion of glasses in the potassium nitrate
salt bath and a subsequent flame treatment of the glass surfaces. This raises several questions,
starting with the implementation of such a combination and ending with the examination of
whether the desired strengthening effect can be accelerated. Since the sodium-potassium ion
exchange is a diffusion-driven process, it is time and temperature dependent (3,4).

A subsequent flame treatment should make it possible to overheat the glass surface in a rel-
atively short time and thus accelerate the diffusion of the potassium ions into the glass (Fig.
1). The question of whether the stresses generated by such short-term overheating persist, or
dissolve through relaxation processes, will be discussed. This study compares float glass samples
that have been chemically tempered with samples that have undergone combined conditioning.
In addition, the focus is placed on the amount of potassium in the first few micrometers of the
glass surface and how that may change the glass itself.

References
(1) A. K. Varshneya; International Journal of Applied Glass Science, 2010 p. (2) 131-142
(2) D. Mauerhoff; Pressglas-Korrespondenz, 2011, 3-01, 1-27

(3) R. Gy; Materials Science and Engineering B, 2008, p. 149, 159-165
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Comparative aging of colored opal glass
from the late 19th and early 20th centuries
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Opal glass offers an aesthetic alternative to clear glass. Used in decorative objects and
tableware from XIXe century, opal glass keeps or improves the major properties of glass as
mechanical resistance or chemical durability. Depending on the microstructure and chemical
composition, opal glass shows an opalescent and slightly tinted appearance. In this study, two
types of opal glass were studied. The oldest one was produced at the end of the 19th century in
the glassworks of Vierzon (France) for decorative objects such as vases. The more recent opal
glass was developed at the Duralez glassworks (La Chapelle-Saint-Mesmin, France) between
1964 and 1966 for tableware such as plates and cups. These opal glasses are colored in the mass,
in white, blue, Emerald green or cream. Opalescence was obtained from the crystallization of
calcium fluoride or complex phosphate oxides. In this study, both types of opal were examined
and their chemical durability was compared, when submitted to accelerated ageing at 800C in
atmospheric conditions and aggressive solution in acidic and alkaline environment. Chemical,
structural and microstructural analyses have been carried out thanks to SEM-EDS, XRD, Ra-
man spectroscopy, ToF-SIMS, ICP-AES and solid NMR. The glass matrix ability to retain the
metallic coloring agents was explored.

Keywords: Opal glass, Chemical durability, Structure, Aging
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PMMA-Silica Nanoparticle Composite
Coatings for Increased Strength of Soda
Lime Silicate GGlass
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Poly(methyl methacrylate) (PMMA) silica nanoparticle composite coatings are applied to
glass for improved strength. The coatings are applied to glass slides via the dip coating method,
and the strength is evaluated using 4-point bend flexural tests. The improvement in strength
from these coatings is due to the flaw filling mechanism. Flaw filling is shown by scanning
electron microscopy and focused ion beam (SEM and FIB), to cross section a Vickers indent on
the glass surface that was coated over, displaying the depth and amount to which the coating
filled the indent. Additionally, the nanoparticles incorporated into the coating provide the
PMMA matrix with a reinforcement effect that enhances the overall strength improvement of
the coating. Five different coatings are tested with different weight percentages of nanoparticles
ranging from 0-2wt%. Three different groups of samples are tested for strength. Group one
consists of coating unaltered glass slides, group two samples have controlled defects (CD) on the
glass surface made using a Vickers indenter, and group three samples have controlled defects
on the coating surface (CDOC) also created via Vickers indenter. All the coatings maintain
high optical transparency across the visible spectrum and have thickness values ranging from
1-3 pm. While there is evidence of other coatings providing strengthening to glass, this effect
has never been shown with PMMA-silica nanoparticle composite coatings. These coatings are
beneficial due to the biocompatibility of PMMA and the favorable mechanical properties of
silica nanoparticles. In addition, these coatings can be processed via solution mixing in a one
pot method without the need for any additives.

Keywords: Strength, Coating, Polymer Nanoparticle Composite Coating
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Study of Point Scatterers in Highly
Reflective Coatings for Gravitational Wave
Interferometer Mirrors.
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Gravitational wave detectors such as Advanced Virgo and Advanced LIGO re-
quire mirrors with exceptional optical properties to enable the detection of infinites-
imal spacetime distortions. The performance of highly reflective optical coatings,
made up of amorphous silica and tantala layers, is limited by light scattering caused
by micrometer-size surface defects and deposition imperfections, which directly af-
fects the circulating laser power and the sensitivity of the detectors.

This work focuses on the study of tantala monolayers deposited on a fused silica sub-
strate by Ion Beam Sputtering (IBS) at Laboratoire des Matériaux Avancés (LMA).
Advanced characterization techniques, including Optical Microscopy, Environmen-
tal Scanning Electron Microscopy (ESEM), Atomic Force Microscopy (AFM), and
Focused Ion Beam (FIB) were performed at MATEIS Laboratory (Matériaux :
Ingénierie et Sciences). The analysis focuses on understanding the nature of these
defects, their formation and the underlying mechanisms. The main objective is to
understand how deposition parameters influence the defect density and the optical
properties in order to optimize the deposition process for a reduction of the defect
density by a factor of two.

The results contribute to improving fabrication processes and material selection for
the next-generation gravitational wave detectors, ensuring mirrors with outstanding
optical properties, while advancing precision optical glass coatings.

Keywords: multilayer optical coatings, optical properties, light scattering, Ion Beam Sputtering,
gravitational wave detectors.
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Effects of encapsulation glass erosion by
sandblasting and temperature variation on
solar panels efficiency

Said Bouzid * 1
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Solar is the most promising energy source and most powerful among renewable energies
especially in the several regions of the Arabic country (Saharan regions), particularly in Algeria.
The protective glasses and encapsulations of photovoltaic cells (PV) are subjected to various
conditions of environment and particularly the wind of sand.

In this work, we simulated the sand storms by the sandblasting test and its effect on glass
surface. We examine the effect of the sandblasted encapsulation glass of the panels on the
optical transmission and the relative efficiency. The thermographs of solar panel are obtained
by infra-red camera to examine the distribution of temperature according to irradiance of the
sun.

Finally, we introduced a damage function of the panel’s relative efficiency in function of the
sandblasted glass. The efficiency of panels depends strongly of the glass surfaces behaviour
when they are subjected to impacts of particles.

Keywords: Photovoltaic cells, solar, energy, Encapsulation Glass, Erosion, Impact, Sandblasting
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Mechanical properties and local structure
evolution in the sol-gel thin-films during
high temperature heat treatment

Jean-Baptiste Bringuier * 12, Etienne Barthel 3, Ekaterina Burov ,
Jérémie Teisseire 4, Alessandro Benedetto °

! Surface du Verre et Interfaces — SAINT-GOBAIN, Centre National de la Recherche Scientifique — SVI
UMR 125 CNRS/Saint-Gobain Recherche, 39 quai Lucien Lefranc, BP 135, F-93303 Aubervilliers
Cedex, France
2 Sciences et Ingénierie de la Matiere Molle (UMR 7615) — Ecole Supérieure de Physique et de Chimie
Industrielles de la Ville de Paris, Institut de Chimie, CNRS Chimie, Sorbonne Université, Centre
National de la Recherche Scientifique — ESPCI, 10 rue Vauquelin, 75231 Paris Cedex 05, France
3 Sciences et Ingénierie de la Matiere Molle (UMR 7615) — Ecole Supérieure de Physique et de Chimie
Industrielles de la Ville de Paris, Université Paris Sciences et Lettres, Sorbonne Université, Centre
National de la Recherche Scientifique — ESPCI, 10 rue Vauquelin, 75231 Paris Cedex 05, France
4 Saint-Gobain Recherche — 39 quai Lucien Lefranc, F-93303 Aubervilliers, France
® Saint-Gobain Recherche (Mechanics of Materials group / TMM département) — SAINT-GOBAIN — 39
quai Lucien Lefranc, F-93303 Aubervilliers, France

To provide thermal comfort and reduce carbon footprint, many functions are provided to
glazing by coating, for applications related to buildings, transport or decoration. In some
cases, these glass products must undergo thermal tempering to give the glass better mechanical
strength. The development of functional coatings resistant to high temperatures (> 6000C) is
thus a major challenge that sol-gel coatings can contribute to address. Indeed, the inorganic
nature of the precursors is compatible with temperature resistance and allows good covalent
adhesion to glass substrate. However, one of the limitations of these materials is the cracks
generated in the layers due to the high tensile stresses that occurs during the condensation of
the network and the evaporation of solvents. In addition, two known phenomena occur during
tempering: the diffusion of alkali ions from the substrate to the layer and the passage of the
melting temperature of the glass, which complicates the mechanics of the problem. This leads
to a serious limitation in the achievable thicknesses of coatings and reduces the field of possible
applications for the design of new products. The objective of this work is to better understand
the relationships between the glass substrate, the structure, and the mechanical properties of
the silica-based sol-gel layers during this complex tempering process. To reach this goal, we have
developed an original strategy based on the combination of several ex- and in-situ techniques
that allow us to follow the evolution of the microstructure of the layer (Raman spectroscopy),
the mechanical properties (Nano-indentation) and the stress (curvature measurement) during
the tempering coupled with the alkali ions migration from the glass substrate.
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Feasibility of Albite and Sanidine as
Environmental Barrier Coatings for CMAS
Corrosion Prevention

Leyla Buyukfirat * 2, Preeti Malviyal !, Ann Jose! !, Ravisankar
Naraparaju ®, Ashutosh Goel3 !

I Rutgers, The State University of New Jersey — 57 US Highway 1, New Brunswick, NJ 08901-8554,
United States
2 Hisar School — Turkey
3 Deutsches Zentrum fiir Luft- und Raumfahrt (DLR) — Germany

Calcia-Magnesia-Alumina-Silicate (CMAS) is a molten silicate deposit that forms on gas
turbine engine blades made of nickel-based superalloys at elevated temperatures (> 1200 °C). Its
infiltration into thermal barrier coatings (TBCs) significantly accelerates degradation, ultimately
leading to mechanical failure of the engine. This study investigates the potential of Albite
(NaAlSizOg) and Sanidine (KAISi3Og) as environmental barrier coatings (EBCs) to mitigate
CMAS attack and extend blade lifetime. Two experimental approaches were designed to study
the interaction between simulated CMAS glass and the EBCs at 1300 °C: (1) coating EBC
pellets with CMAS glass powder to investigate interfacial reactions, and (2) preparing mixed
pellets by combining EBC and CMAS in varying proportions to examine the microstructural
evolution of reaction products. The heat-treated samples were characterized using SEM-EDS
and XRD. The findings from these experiments will be presented in this paper. Keywords:

Environmental barrier coatings, coatings, CMAS, CMAS corrosion, Albite, Sanidine
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Glass and amorphous dielectrics at the
heart of Gravitational Waves detection.

Gianpietro Cagnoli *T !

I Universitd di Padova — Italy

It may not be widely known, but glass, and in particular fused silica, was at the heart
of the technological revolution that enabled the first detection of GW signals more than 10
years ago and has since enabled the detection of around 300 signals. The challenges facing
glass, and amorphous dielectrics in general, are now even greater than before. The limit to
the detection of gravitational waves stems from the materials used to reflect light from the test
masses: these materials form so-called Bragg mirrors and must have low thermal noise and
ultra-low optical absorption. In order to support upgrades to existing detectors (LIGO, Virgo,
and KAGRA) and the advent of third-generation detectors (Einstein Telescope and Cosmic
Explorer), it is necessary to develop new materials with significant improvements over current
ones. After a general introduction to the problems of materials in gravitational wave detection,
the presentation will focus on understanding thermal noise and optical absorption in amorphous
optical materials and will illustrate the lines of research pursued by the groups involved in the
Virgo collaboration.
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Improving the luminescent emissions of
oxyfluoride and oxide tellurite glass thin
films deposited by pulsed laser deposition

through annealing in an oxygen atmosphere

José Yitzhak Aarén Chacaliaza Ricaldi *T ', Victor Anthony Garcia
Rivera 2, Jose Gonzalo ?, Euclydes Marega Junior 4

I Universidade de Sao Paulo — Brazil
2 Universidade de Sao Paulo — Brazil

3 Instituto de Optica "Daza de Valdés” — Spain
4 Universidade de Sao Paulo — Brazil

Er3+ doped tellurite and oxyfluoro-tellurite glasses combine high refractive index, broad in-
frared transparency, and low phonon energy, making them attractive hosts for active photonics.
Translating these materials to thin films via pulsed laser deposition (PLD) enables planar inte-
gration but typically yields as-deposited films with depressed photoluminescence due to stress,
defect-assisted non-radiative pathways, and OH- absorption. We systematically assess how post-
deposition annealing at 315 °C in O2 recovers and enhances emission in PLD films. Compared
with unannealed controls, the 1.53 um luminescence under 980 nm excitation increases markedly
with annealing time, reaching a maximum at 6 h before declining at longer durations. The early-
time enhancement is attributed to defect passivation, OH- removal, and structural relaxation,
whereas the late-time decrease is consistent with Er34 migration/clustering and cross-relaxation.
These results establish post-annealing as a critical step to restore and optimize Er3+4 emission
in PLD tellurite and oxyfluoro-tellurite thin films for integrated photonic devices.

Keywords: Tellurite glasses, Oxyfluoride glasses, Rare, earth ions, Pulsed laser deposition, Thin
films
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In-situ observation of macrodeformation of
sheet glass induced by ion exchange

Yong Gyu Choi * !, Ji In Lee !, Se Young Ko !

! Korea Aerospace University — South Korea

Chemical strengthening of sheet glass becomes more substantial and more popular com-
pared to its physical strengthening via thermal tempering. It is understandable that imbalance
of residual stresses between two faces of sheet glass tends to cause unintentional macrodefor-
mation in the form of warpage or bending. For instance, the mismatch in kinetics of Na - K
ion exchange originating from the anisotropy between air- and tin-side needs to be taken into
consideration to avoid the nonzero curvature when float glass undergoes ion exchange. In addi-
tion, ultra-thin glass with thickness tantamount to _~50 um for use as cover window in foldable
smartphones is more vulnerable to the unwanted macrodeformation, so it requires extra care
to perform ion exchange. In this study, curvatures of 100-um-thick ultra-thin glass caused by
ion exchange were in-situ observed and then numerically formulated as a function of time and
temperature. The classical Stoney formula was successfully modified to quantitatively interpret
time- and temperature-dependent evolutions of curvature due to elastic deformation. Moreover,
contribution of plastic deformation stemming from the stress-induced structural relaxation was
introduced as in the form of curvature in our numerical modeling. A special attention is paid
to other ion exchange conditions such as Na - Li and Na - (Li, K) to address their significance
and potential applications.

Keywords: ion exchange, chemical strengthening, sheet glass, warpage
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INDUSTRIAL EXAMPLES OF GLASS
ANALYSES BY ToF-SIMS AND XPS

Laurent Dupuy * !
1 SERMA TECHNOLOGIES - - — France

SERMA TECHNOLOGIES, a wholly owned subsidiary of SERMA GROUP, proposes activ-
ities of technology expertise, analysis, control, test, consulting and training, on semiconductors,
materials, active and passive components, boards, systems, batteries, hydrogen and solar panels
for signal and power electronics. SERMA TECHNOLOGIES supports its customers by advising
them at R&D, Engineering, Manufacturing and Sustaining phases.

Within SERMA TECHNOLOGIES, the Science et Surface laboratory is a materials analysis
and expertise laboratory that groups together all the usual physico-chemical surface analysis
techniques (XPS, SSIMS, DSIMS, GD-OES, FTIR, FIB, SEM, TEM, AFM, etc.). We assist
our customers in development assistance (materials and processes), quality control and defect
analysis expertise.

Through examples, we will demonstrate the interest of ToF-SIMS and XPS techniques to study
glass alteration, glass treatments and glass defects. Keywords: ToF, SIMS, XPS, glass alteration,

glass treatments, glass defects
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Laser welding of glass as a key technology
for safe and cost-effective storage solutions

Harald Erler * !, Martin Grof 2, Torben Béhm 3, Dieter Pfaltz 4, Muawia,
Dafir !, Leonie Tipp !, Sindy Fuhrmann !

! Institute of Glass Science and Technology — Technische Universitit Bergakademie Freiberg, Germany
2 ReViSalt GmbH — Ferdinand-Reich Str 1, 09599 Freiberg, Germany
3 Laser Zentrum Hannover e.V. — Hollerithallee 8 — D-30419 Hannover — Germany, Germany
4 Glasbiegerei Pfaltz e.K. — Friedrich-Ludwig-Jahn-Allee 6, 01471 Radeburg, Germany

In recent years, the glass industry has made significant advances in processing technology,
particularly through the use of laser welding (1, 2, 3). This process allows for selective heating
and bonding of glass components without the creation of critical thermal stress. It has enabled
both thin-walled and thick-walled glass products, such as borosilicate tubes, to be successfully
joined (4, 5, 6). The technology opens up new possibilities to manufacture sealed glass contain-
ers with defined wall thicknesses from semi-finished products.

Laser welded, large hollowware could be suitable for a safe and long-term stable storage of
hazardous waste materials in underground landfills. In this presentation we will demonstrate
the welding process and show the strength and residual stress profiles of the resulting glass
containers. The major focus of the presentation will be set to aging tests of the welded glass
against the environmental conditions of the underground waste disposal sites on one hand side
and various different type of waste materials on the other hand. The general potential for stor-
ing critical waste materials in hollow glass bodies joined with the laser welding technology is
explored and the relevancy for different wastes identified.

(1) https://doi.org/10.1007/s00170-016-9314-9

(2) https://doi.org/10.1016/j.procir.2022.08.068

(3) https://doi.org/10.2351/7.0001120

(4) https://doi.org/10.2351/1.5061063

(5) https://doi.org/10.1364/A0.47.006524

(6) LIA Paper zu LasGlaReLa eingereicht aber noch nicht veroffentlicht

Keywords: Laser Welding, Corrosion, sealed glass containers, critical waste materials
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Three-Dimensional Structural
Characterization of Hierarchical
Nanoporous Layers Formed by Corrosion

Takuya Fujima * !, Tori Funayama , Koyo Nogami , Tadanobu Hiratsuka, ,
Rinka Kato

L Tokyo City University (TCU) — Faculty of Engineering, Tokyo City University, 1-28-1 Tamazutsumi,
Setagaya, Tokyo 158-8557, Japan

Glass surfaces exposed to corrosive environments can develop various textures and mi-

crostructures through chemical alteration processes. Among these corrosion-induced surface
modifications, we have focused on a unique hierarchical nanoporous layer characterized by a
gradual decrease in pore diameter from the surface toward the interior of the glass. This depth-
dependent pore structure creates a continuous gradient in refractive index, enabling functional
properties while maintaining optical transparency. In our previous studies, we demonstrated
that the hierarchical nanoporous layer (HNL) glass exhibits anti-reflective properties and super-
hydrophilicity without compromising transparency, making it promising for optical and surface-
functional applications. However, structural characterization had been limited primarily to sur-
face and cross-sectional observations using conventional scanning electron microscopy (SEM), for
example, which provided only two-dimensional information about the complex three-dimensional
porous network.
In this study, we employed focused ion beam scanning electron microscopy (FIB-SEM) tomogra-
phy to precisely measure the three-dimensional structure of the hierarchical nanoporous layers.
The FIB-SEM technique enables sequential milling and imaging at nanometer-scale resolution,
allowing reconstruction of the complete porous architecture throughout the depth profile. This
approach reveals critical structural information, including pore connectivity, tortuosity, spatial
distribution, and the nature of the gradient in pore size from the surface to the bulk glass.

Furthermore, we compare the three-dimensional structural data obtained from FIB-SEM to-
mography with pore size distribution measurements from nitrogen adsorption analysis. The
nitrogen adsorption method provides complementary information about pore volume, specific
surface area, and statistical pore size distributions based on the Brunauer-Emmett-Teller (BET)
theory and Barrett-Joyner-Halenda (BJH) analysis. By correlating these different characteriza-
tion techniques, we discuss the structural features of the hierarchical nanoporous layers, including
the relationship between three-dimensional pore morphology and functional surface properties.
This comprehensive structural analysis advances our understanding of corrosion-induced nanoporous
glass formation and provides insights for controlled fabrication of functional glass surfaces with
tailored optical and wetting properties.
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Non-Bridging Oxygen in Leached and
Electron-Irradiated Barium Glass

Ondrej Gedeon *T 1,234

I Petr Jificek — Institute of Physics of the Czech Academy of Sciences, Czech Republic
2 Klara Beranova — Institute of Physics of the Czech Academy of Sciences, Czech Republic
3 Adéla Polonsk4 — University of Chemistry and Technology Prague, Czech Republic
4 Petra Ksirova — University of Chemistry and Technology Prague, Czech Republic

The interaction between alkali—silicate glass and water, as well as with electron irradiation,

was studied to understand the behaviour of non-bridging oxygens (NBOs) under different deal-
kalisation conditions. When alkali-silicate glass is immersed in water, water molecules and their
dissociation products penetrate the network due to a chemical potential gradient. Hydrogen,
water, and hydronium ions readily diffuse into the glass, while alkali ions migrate towards the
surface and dissolve into the aqueous phase. Consequently, the near-surface region becomes
dealkalised and enriched in hydrogen, which substitutes for alkali ions at NBO sites.
In contrast, irradiation with electrons of moderate energy induces alkali migration out of the
irradiated volume, again forming a dealkalised region but without available hydrogen for sub-
stitution. In such cases, NBOs cannot be stabilised by hydrogen, leading instead to structural
relaxation and the formation of defect oxygens (DOs).

To investigate these mechanisms, a commercial barium—alkali—silicate glass was studied using
X-ray photoelectron spectroscopy (XPS). Four samples were prepared to represent various corro-
sion and relaxation conditions: (i) the original untreated surface (S), (ii) the same glass annealed
under vacuum (ST), (iii) glass leached in demineralised water (W), and (iv) leached glass sub-
sequently annealed (WT). After treatment, samples were analysed by XPS on the surface and
after sputtering to a depth of 20 nm. For comparison, two additional specimens were irradiated
with electrons at doses below and above the incubation threshold.

Decomposition of the O 1s spectra revealed the distribution of bridging oxygens (BOs) and
NBOs, enabling the identification of structural and chemical changes. In water-treated glass, the
oxygen-to-network-former ratio remained constant, confirming the stability of the silicate subnet-
work. However, oxygen atoms could dynamically exchange between NBO, DO, and hydrogen-
bonded (HO) states depending on the treatment. Not all NBO-M (M = alkali) bonds were
replaced by NBO-H, leaving some defect-type oxygens with similar binding energies.
Electron-irradiated samples exhibited analogous relaxation behaviour. Low-dose irradiation in-
duced partial sodium migration without significant structural change, while high-dose exposure
produced complete surface dealkalisation and polymerisation of the glass network via conversion
of DOs into BOs, accompanied by oxygen release and enhanced structural ordering.
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Decoding glass durability: new insights into
the role of composition

2

I

Stéphane Gin * !, Faijan Faijan !, Sumit Tiwari !, Mélanie Taron
Jean-Marc Delaye !

I CEA MARCOULE - Valrho, Laboratoire d’étude du comportement des matériaux en environnement
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30207 Bagnols sur Ceze, France
2 CEA MARCOULE - Valrho, Laboratoire d’étude des Matériaux et Procédés Actifs — Commissariat &
I’énergie atomique et aux énergies alternatives — DPME SEME BP17171 30207 Bagnols sur Ceze, France

To some extent, glass composition can be tailored to achieve a desired chemical durability.
However, this requires a detailed understanding of how composition influences the mechanisms
of glass alteration. These mechanisms govern the alteration rate, which in turn strongly depends
on environmental conditions such as temperature, pH, and fluid composition-factors that are
closely linked to the intended application of the glass.

We first show that combining structural descriptors of the glass allows for accurate predic-
tions of its initial dissolution rate under fixed pH and temperature conditions. The proposed
model distinguishes between glasses exhibiting congruent and incongruent dissolution behaviors.

Under conditions favorable to gel formation, this alteration layer may become passivating
through densification and precipitation. In such cases, the alteration rate decreases by sev-
eral orders of magnitude compared to the initial rate. We present recent findings highlighting
the role of network-forming elements such as Si, B, and Al in these passivation mechanisms.

We also introduce the latest models developed to link gel properties to residual alteration rates.
These include stochastic (Monte Carlo) models as well as continuum models that describe the
spatial and temporal evolution of the gel’s physical and chemical properties. While currently
explanatory in nature, these models are progressively evolving toward predictive capabilities.

Keywords: alteration, corrosion, nuclear glass, kinetics
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Network Polymerization, Aluminum
Coordination, and the Shifting Mechanisms
of GGlass Dissolution

Ashutosh Goel * 1, Ann Mary Jose , Bertani Marco 2, Randall Youngman
3 Grégory Tricot 4, Stéphane Gin , Alfonso Pedone °

! Rutgers, The State University of New Jersey [New Brunswick] — United States
2 Department of Chemical and Geological Sciences, University of Modena and Reggio Emilia — via
Giuseppe Campi, 103 , 41125 - Modena (Italy), Italy
3 Science and Technology Division, Corning Incorporated — United States
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Adding Al203 is traditionally known to enhance the chemical durability of silicate glasses.
This improvement arises from the tetrahedral coordination of Al3+ ions within the glass network,
which requires charge compensation by alkali or alkaline-earth cations. As a result, the concen-
tration of non-bridging oxygens decreases, leading to a more connected and hydrolysis-resistant
network. Interestingly, most functional glasses are peralkaline, meaning their alkali/alkaline-
earth oxide—to—Al203 ratio exceeds one. This raises important questions: What happens when
the glass structure becomes fully polymerized, or when Al3+ adopts a coordination number
greater than four? Does Al3+ still enhance chemical durability under such conditions? And
does the underlying mechanism of corrosion remain the same?

The present study addresses these questions by investigating the dissolution kinetics and mech-
anisms of MgO-A1203-B203-Si02 glasses designed along the peralkaline-to—metaluminous—
to—peraluminous compositional join. Dissolution experiments were conducted in aqueous HCI
solution at pH = 1. A comprehensive suite of bulk and surface-sensitive spectroscopic and elec-
tron microscopy techniques, complemented by molecular dynamics simulations, was employed
to elucidate the chemo-structural factors controlling glass dissolution.

The results reveal a transition from incongruent to congruent dissolution as the glass compo-
sition shifts from peralkaline to peraluminous. Moreover, the initial dissolution rates of Mg, Al,
and B decrease, while that of Si increases across the same compositional trend. These behaviors
are interpreted in terms of systematic modifications in the short- to medium-range structure of
the glass network with changing composition.

Keywords: glass, chemical durability, aluminum, structure
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Tellurite glasses and optical fibers coated
with lanthanide coordination polymers: a
new composite material for chemical sensing

Renato Grigolon Capelo * !, Clément Strutynski , Grégory Gadret
Frédéric Desevedavy |, Guillermo Orellana |, Francis Garcia , Frédéric
Smektala , Danilo Manzam 2

! Laboratoire Interdisciplinaire Carnot de Bourgogne — Université Bourgogne Europe — Université
Bourgogne Europe - 9 avenue Alain Savary - BP 47870 - 21078 Dijon Cedex, France
2 Sao Carlos Institute of Chemistry, University of Sao Paulo — Sao Carlos, SP, Brazil

Coordination polymers (CPs) have gained significant attention as chemical sensors due to
their highly tunable porous structures, enabling selective interactions with target analytes.
Lanthanide-based coordination polymers (Ln-CPs) have been extensively utilized in optical sens-
ing owing to their photoluminescent properties. However, these applications typically require
deposition on stable substrates with appropriate chemical and physical characteristics. This
study introduces simple and rapid in situ synthesis and coating process for Ln-CPs on oxide
glass bulks and optical fibers. Eu3+-based CPs were successfully coated onto tellurite and phos-
phate glasses using polycarboxylic acids as ligands. Although slight deviations from previously
reported crystalline structures were observed, the luminescent coatings were effectively formed
and demonstrated good adhesion to the tellurite glass substrates. These materials exhibited po-
tential selectivity toward carbonyl compounds, showing an enhanced luminescent response at low
concentrations. The successful integration of Ln-CPs onto TZN-based optical fibers underscores
their potential for real-time remote sensing, offering promising applications in environmental
monitoring, industrial safety, and biomedical diagnostics.

Keywords: luminescent coatings, lanthanide, coordination polymers, tellurite glasses, optical fibers,
chemical sensing.
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Thin Films
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Silica thin films are widely used as protective layers in microelectronics, optics, and biomed-
ical applications due to their excellent thermal, chemical, and mechanical stability. Their struc-
ture and properties, however, depend strongly on their growth technique and conditions (1).
Variations in network polymerization, porosity, and hydroxyl content distinguish thermally
grown oxides from deposited ones. Certain deposited silica films, especially those produced
by plasma-enhanced-chemical-vapor-deposition (PECVD) or by magnetron sputtering, exhibit
structural characteristics comparable to an irradiation-densified silica known as the metamict
phase (2,3) as evidenced by their intense Dy Raman band, typical of metamict phase. Never-
theless, some can be even denser (2.35 g-ecm ™3 vs 2.26 g-cm™3), suggesting distinct atomic-scale
associated with the growing process.

The objectif of this study is first to compare the structure and properties of different silica films
according to the preparation mode (thermally grown oxides, structurally resembling fused bulk
silica, PECVD-films and High-Power-Impulse-Magnetron-Sputtering (HiPIMS) films exhibiting
denser network), Second, to characterize the evolution of these films under electron irradiation
and to follow their relaxation compared to that of bulk silica.

Electron irradiations were conducted using a 2.5 MeV beam at the Sirius accelerator (LSI-
EMIRA). Nano-FTIR (SMIS-beamline-SOLEIL), Raman spectroscopy and ellipsometry (for re-
fractive index) were performed. First results indicate a remarkable electron-radiation resistance
of thermal oxides compared to PECVD-deposited films. The latter showed a 26 cm™! shift
toward higher wavenumbers and narrowing of the 1119 cm™! Si-O-Si as-stretching band in the
nano-FTIR spectrum, indicating a more homogeneous network with reduced Si-O—-Si bond-angle
dispersion. Raman and ellipsometry analyses (ongoing) will refine this interpretation. Irradi-
ation at 600 K (1 GGy) caused hydrogen loss confirmed by ERDA, consistent with network
compaction via dehydration—condensation. Notably, regardless of their initial composition, all
irradiated PECVD-films evolved, after a 600 K irradiation, towards a structure and composition
resembling that of wet thermal oxides, with comparable thickness. Furthermore, unlike thermal
annealing, irradiation induces deeper structural and compositional transformations—an effect
relevant for silica direct-bonding applications where controlled modification of OH content and
distribution is critical.

(1) Pliskin W. A. et al. (1965). J. Electrochem. Soc., 112, 1013-1019.
(2) Ben Khemis S. et al. (2021). Thin Solid Films, 733, 138811.
(3) Shchedrina N. et al. (2025). J. Non-Cryst. Solids, 655, 123463. Keywords: Silica thin films,

Electron irradiation, NanoFTIR, PECVD, Thermal oxidation, HIPIMS

265



The Formation and Characterization of Gel
Layers on Modified Aluminoborate Glasses
during Aqueous Corrosion

Sly Jessica *T !, John Mauro *

! The Pennsylvania State University, Department of Materials Science and Engineering — United States

The nature of gel formation on borate glasses during dissolution remains relatively unex-
plored, despite relevance to bioactive glass applications. In this work, we investigate gel layer
formation on sodium- and potassium- modified aluminoborate glasses after dissolution in deion-
ized water. Analysis of bulk monoliths provided insights into the evolution of gel layers formed
on borate glass surfaces as a result of aqueous corrosion. The dissolution of the monoliths oc-
curred at the bulk scale with all glass components degrading as opposed to the selective ion
leaching observed in many silicate glass systems. Powder X-ray diffraction revealed primarily
amorphous gels after exposure except for one composition which formed the mineral santite due
to stoichiometric similarity with the base glass. The resulting gel did not inhibit ion release from
the glass into solution as shown by ICP-AES analysis of both the gel and solution. Data suggests
good tunability of ion release by altering the bulk glass composition which greatly impacts the
structural durability of the network. This work provides conclusive observations of macroscopic
gel formation on fast dissolving borate glass surfaces.

Keywords: Corrosion, Borate, Dissolution
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Texturing glass surfaces for enhancing
tactile experience

Huseyin Kaya *T !
! Corning Incorporated — Corning, New York 14831, United States

In today’s world, much of our interaction with information displays occurs through touch
screens, where tactile feedback plays a significant role in the user experience. One promising
approach to improve this experience is through the texturing of glass surfaces. This talk will
discuss the results of human perception experiments conducted on textured glass samples, high-
lighting the types of textures participants favored. Furthermore, it will cover different techniques
for texturing glass and provide an overview of their potential uses and advantages.

Keywords: surface texturing, etching, tactility, haptics
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Factors Governing Staining of Float (lass
Exposed to an Acid Cleaning Product

Ricardo Lancelotti * !, Eduardo Ferreira 2, Valmor Mastelaro 2, Edgar
Zanotto !

! Federal University of Sao Carlos = Universidade Federal de Sdo Carlos — Rod. Washington Luiskm
235 - SP-310 - Sao Carlos, Brazil
2 Universidade de Sao Paulo = University of Sao Paulo — Cidade Universitaria - 05508-090 Sao Paulo,
Brazil

Staining of architectural float glass facades is a recurrent and costly issue in urban envi-
ronments, particularly under exposure to acid rain and aggressive post-construction cleaning
procedures. This study investigates the causes of staining observed in laminated float glass pan-
els from four commercial manufacturers after exposure to an acidic cleaning product. Six glass
samples were examined, including unused samples and samples previously installed in building
facades. Three hypotheses were tested: (i) the influence of surface tin contamination originat-
ing from the float bath, (ii) the role of bulk chemical composition and chemical durability, and
(iii) the influence of surface condition, particularly roughness and micro-scratches. A multiscale
characterization approach was employed, combining refractive index measurements, nanoinden-
tation, EDS, XPS, XRF, chemical solubility tests, and laser scanning microscopy. Although tin
was detected at the outer surface, reaching up to 3.6 at% in one sample, no correlation was
found between tin concentration, oxidation state (Sn?*/Sn**), and staining susceptibility. One
unused glass with a higher network modifier-to-former ratio exhibited lower chemical durabil-
ity and stained readily upon acid exposure. For previously used glasses, staining was strongly
associated with surface condition. Well-polished surfaces showed only minor roughness changes
after acid contact, whereas pre-damaged surfaces exhibited rapid roughness amplification and
pronounced visible staining. These results demonstrate that staining susceptibility in float glass
is primarily governed by intrinsic chemical durability and surface condition, rather than by sur-
face tin contamination. Keywords: Chemical durability, float glass, staining, surface roughness, tin

contamination
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Pharmaceutical glass BS50: Chemical
alteration phenomena in aqueous and
atmospheric medium.

Albane Lanternier * 12, Odile Majérus !, Julien Hell 2, Jolanta
Swiatowska !, Daniel Caurant !

! Institut de Recherche de Chimie Paris — PSL University, Chimie Paristech, CNRS, Institut de
Recherche de Chimie Paris (IRCP) — Paris, France
2 Becton Dickinson — Becton Dickinson France — Le Pont-de-Claix, France

Type I glasses, commonly referred to as “neutral glass” (1), used for medical solutions, are
low-alkali aluminoborosilicate glasses, of which composition has been designed to favor high
polymerization degree and homogeneity of the glass network. These structural properties are
probably related to their excellent chemical durability. Within this composition domain, we will
focus solely on BS50 aluminoborosilicate glass, named after its thermal expansion coefficient of
50-1077 K1 (1).

The chemical durability of aluminoborosilicate glasses has been extensively studied because of
their use as nuclear wasteforms. However, polymerized compositions such as BS50 have been less
explored and the details of their chemical alteration by water are not described in the literature
(2). Despite these compositions are tailored to be highly durable, their surface composition,
structure and microstructure are inevitably modified by water attack, which is of importance to
control the surface properties of the pharmaceutical glass.

The purpose of this study is to establish behavioral laws describing the alteration mechanisms
governing the BS50 glass surface, in submerged and atmospheric environments. We therefore
monitored alteration of monolith and powdered BS50 glass samples in the laboratory, by vary-
ing several parameters such as temperature, pH, and time. The microstructure of the monolith
samples surfaces was observed using an optical microscope, a SEM and an AFM. The chemical
modifications of the surface and sub-surface were characterized using ToF-SIMS and XPS. The
hydration rate was determined by measuring the thickness of the hydrated layer (TOF-SIMS)
and by thermogravimetric analysis (TGA) of glass powders. For alterations in submerged envi-
ronment, the congruent versus incongruent behaviour, as well as the kinetics of glass dissolution
were measured by ICP-AES of the leachates.

The poster will put together and summarize the main results concerning the alteration of BS50-
type aluminoborosilicate glass in submerged and atmospheric environments.

(1) Guadagnino, E.; Guglielmi, M.; Nicoletti, F. “Glass: The Best Material for Pharmaceutical
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Packaging.” Int. J. Appl. Glass Sci. 2022, 13(3), 281-291.

(2) Taron, M.; Gin, S. & Delaye, J.-M. “Impact of B and Al on the initial and residual dissolution
rate of alumino-borosilicate glasses. Part I: kinetic data.” npj Mater. Degrad. 2025, 9, 32.
Keywords: Glass surface, alteration, aluminoborosilicate glass, pharmaceutical glass, BS50

270



Ultrashort laser-treated PVD
ZrCuAg-based thin film metallic glasses,
towards bactericid advanced surfaces
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Florence Garrelie !, Jean-Francois Pierson ?, Marthe Rousseau 2, Philippe
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! LAboratoire Hubert Curien [Saint Etienne] (LHC) — CNRS : UMR5516, Université Jean Monnet -
Saint-Etienne — 18 rue du Professeur Lauras 42000 SAINT-ETTENNE, France
2 Institut Jean Lamour — Institut de Chimie - CNRS Chimie, Université de Lorraine, Centre National
de la Recherche Scientifique — Institut Jean Lamour - CNRS - Université de Lorraine. Campus Artem 2
allée André Guinier BP 50840 54011 Nancy Cedex, France
3 Santé Ingénierie Biologie Saint-Etienne — Centre Ingénierie et Santé, Université Jean Monnet -
Saint-Etienne, Institut National de la Santé et de la Recherche Médicale — Faculté de Médecine -
campus Santé Innovations10 rue de la Marandiniere 42270 Saint Priest-en-Jarez, France
4 Matériaux, ingénierie et sciences [Villeurbanne] (MATEIS) — Institut National des Sciences
Appliquées de Lyon, Centre National de la Recherche Scientifique : UMR5510 — Batiment Blaise Pascal
7, avenue Jean Capelle 69621 VILLEURBANNE CEDEX, France

Due to the lack of metallurgical crystalline defects, bulk metallic glasses (BMG) have dis-
played attractive physical and chemical properties. They have been intensively studied, but
BMGs development was however limited to relatively small sizes linked to required fast quench
rates. Recently, thin film metallic glasses (TFMGs) have emerged as alternative syrface materi-
als for many advanced applications. Physical vapor deposition (PVD) processes, like sputtering,
make now possible synthesis of TFMG in an extended range of compositions. It has been demon-
strated that binary Zr-Cu films (13-85 at.%Cu), presenting a glassy-like microstructure, can be
obtained using pure Cu and Zr targets (1).

The biomedical field constitutes probably one of the most promising field, where TFMGs could
be really interesting candidates. Their chemistry can be indeed easily controlled, giving rise for
instance to bactericide or bacteriostatic surfaces, depending on the film silver content (2).

In the current study, we propose a further degree of freedom to functionalize the surface, linked
to the control, at a sub-micrometer scale, of its topography. Considering the fineness of targeted
textures on the hand, and the preservation of the amorphous nature of the film surface on the
other hand, ultrashort lasers were used (3).

In the present work, laser-treatments were applied to Zr-Cu-Ag TFMGs, synthesized by mag-
netron sputtering. These films are amorphous, smooth, display high hardness. Modifying the
operating laser parameters (wavelength, frequency, pulse number and duration, fluency...), spe-
cific sub-micrometric LIPSS designs (Laser-Induced Periodic Surface Structures) were achieved
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(4). Behaviour of the fs laser-treated surface, in terms of hydro-phily /phoby, was then measured
at different scales: macroscopic (contact angle measurement) as well as microscopic, using an
environmental SEM under the humid in situ mode. The bactericid character of surfaces is then
discussed in light of both the films chemical composition and its surface texture.

(1) M. Apreutesei et al., J. Alloys and Comp., 619 (2015) 284.

(2) S. Comby-Dassonneville et al., ACS Applied Materials and Interfaces, 13 (2021) 17062.

(3) M. Prudent et al., Nanomaterials, 11 (2021) 1076.
(4) N. Lebrun et al., App. Surf. Sci., 670 (2024) 160617.

Keywords: Thin film metallic glasses, PVD process, laser texturing, Environmental SEM, biological
active surfaces, wetting

272



The effectiveness of Liquid treatment for the
Dealkalization of pharmaceutical glass
containers

Giuseppe Legrottaglie *T 2, Giovanna Trevisi 2, Tiziana Pastore 2,

Michele Poncini 2, Davide Faverzani 2, Davide Costa 3, Babacar Diallo 4,
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! Department of Physics [Parma] — Parco Area delle Scienze, 7/A 43124 Parma, Italy
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37/A - 43124 Parma (Emilia-Romagna), Italy
3 Bormioli Pharma S.p.a — Corso Magenta, 84 - 20123 Milano (MI), Italy
4 Conditions Extrémes et Matériaux : Haute Température et Irradiation — Université d’Orléans,
Institut de Chimie - CNRS Chimie, Centre National de la Recherche Scientifique — Site Cyclotron, CS
30058, 3A rue de la Férolerie, 45071 Orléans Cedex 2 Site Haute Température, CS 90055, 1D avenue de
la Recherche Scientifique, 45071 Orléans Cedex 2, France

In the pharmaceutical industry, the stability of glass containers is paramount, especially
regarding ’Specific release,” which refers to the leaching of elements, mainly Alkali and Alkaline
earth, from glass into solutions
This study focuses on Soda Lime Silicate Glass, the most susceptible to such release, and ex-
plores innovative approaches to mitigate this issue.

The most used approach in the glass industry involves the use of a sulfur-based gas treatment
to dealkalize the internal surface of glass containers. Unfortunately, it presents some drawbacks
related to the used reactants.

We present here the results obtained by applying liquid treatment, based on non-toxic com-
pounds and on a different application process. In detail, different parameters have been studied
to optimize the application of the solution, such as Vial Temperature Application (250-6000C),
Nozzle Aperture Time, and Post Deposition Annealing Cycle. In addition, studies on the setup
of application effectiveness have been conducted.

The quantification of the specific release follows pharmacopoeia regulations that set the lim-
its for the titration but do not account for all the elements released in solutions. To gain insight
into this phenomenon, we used Inductively Coupled Plasma — Optical Emission Spectroscopy
and Inductively Coupled Plasma — Mass Spectrometry for the quantification of elements.

For a morphological analysis, Scanning Electron Microscopy and Atomic Force Microscopy were
used for the characterization of the vials surface. Finally, Ion Beam Analysis was used for the
characterization of the elemental depth profile variation of treated samples before and after re-
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lease experiment.

Morphologically, the gas-treated vials ‘surface presents a homogeneous pitting that varies by
area, due to the contact of the glass with sulfuric acid. A morphology that liquid-treated vials
do not present.

Our results indicated that increasing the vials temperature of application leads, in the first
nanometers, to a decrease in the Na profile and a slight increase in H, a correlation reflective of
the underlying mechanism of the treatment.

Following parameter optimization, the liquid treatment demonstrated a reduction of at least
90% in elements released, such as Na, Ca and Si, thereby affirming its efficacy in enhancing the
chemical durability of the vials.

Keywords: dealkalization, glass surface, pharmaceutical glass packaging, leachable
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Thermal annealing of GeO2-based coatings:
glass transition and implications for coatings
in high-performance Bragg mirrors

Michele Magnozzi *T !, Stefano Colace !, Shima Samandari !, Ramon
Rodriguez-Lopez 2, Michael Caminale !, Valentina Venturino !, Riccardo
Galafassi 3, Christophe Michel 4, Julien Teillon #, Valérie Martinez °,
Marco Bazzan ¢, Gianpietro Cagnoli ¢, Gianluca Gemme 7, Francesco
Bisio 3, Carmen Menoni 2, Maurizio Canepa !

1 OptMatLab, Dipartimento di Fisica, Universita di Genova — Italy
2 Department of Electrical and Computer Engineering, Colorado State University, Fort Collins,
Colorado, USA — United States
3 ONR- SPIN Genova — Italy
4 Laboratoire des Matériaux Avancés — IP2I, CNRS, Université de Lyon, Université Claude Bernard
Lyon, Lyon — France
5 Institut Lumiere Matieére — Université Claude Bernard Lyon, Lyon — France
6 Dipartimento di Fisica, Universitd di Padova, Padova, Italy — Italy
7 INFN - sezione di Genova — Italy

Amorphous GeO2-based optical coatings have recently been proposed as building blocks
in the next-generation high-performance Bragg mirrors for Gravitational Wave Detectors(1-4).
Like for every amorphous material so far considered for this role, also in the case of GeO2-based
coatings a post-deposition thermal annealing is necessary to relax the coating structure while
avoiding crystallization(5-7). However, unlike more commonly used coating materials such as
Si02,; TiO2 and Ta205, several properties of GeO2-based coatings show non-monotonous trends
during the thermal annealing(8). In particular, the thickness of amorphous mixed Ti:GeO2 coat-
ings increases when the coating is heated up to 600 oC, but then it starts decreasing rapidly
when the coating is held at that constant temperature(8), as determined with in situ spectro-
scopic ellipsometry. This peculiar trend, and other remarkable temperature-dependent behaviors
of GeO2-based coatings, are interpreted by considering the strong glass-forming properties of
GeO2.

References

(1) G. Vajente et al., Phys. Rev. Lett., 127, 171101, 2021

(2) A. Davenport et al., Optical Interference Coatings Conference OIC2022, Optica Technical
Digest Series WAG6, 2022

(3) S. Khadka et al., Class. Quant. Grav. 40, 205002, 2023

(4) S. Bhowmick et al., Class. Quant. Grav. 41, 105007, 2024

(5) A. Amato, M. Magnozzi, J. Wohler. Adv. Photon. Res. 6, 2400117, 2025
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Processing & thermal behavior of alkali
silicate solutions, xerogels & coatings

Hamza Mohsin * !

! Ghulam Ishaq Khan Institute of Engineering Sciences & Technology — Topi, 23640, Pakistan

Aqueous alkali silicates, also known as waterglass or soluble silicates, are industrially rele-
vant systems with applications in fireproof products, paints and cardboards etc. Their foam-
ing/intumescent behavior has been of particular interest whereby fire-resistance is exhibited due
to insulating property and barrier role of a rigid foam. The foaming behavior of waterglass
systems is due to the release of proton-related species (network silanols, solvating water and
free water molecules) from the silicate network. Upon thermal treatment, xerogels result at
temperatures approaching 150 °C due to removal of all the free water in the system. Further
increase in temperature to 250 °C and beyond causes the release of solvating water molecules
and silanols resulting in macroscopic volumetric expansion of the silicate network that acts as
a rigid thermal foam. Sodium silicate solutions exhibit extensive volumetric expansion, lithium
silicates do not expand due to crystallization and phase separation while potassium silicates
show a behavior in-between sodium and lithium silicates. The thermal behavior of these silicate
systems has been comprehensively elaborated on a fundamental scale using a combination of
tools including liquid and solid-state NMR spectroscopy, Raman spectroscopy, TGA/DSC &
XRD. This analysis helps in understanding the underlying microscopic structural changes re-
sponsible for the observed macroscopic foaming phenomenon exhibited by alkali silicate systems
upon thermal treatment. Furthermore, thick, homogeneous and high-quality coatings have also
been elaborated from these waterglass systems with potential in various applications such as
thermal management, optically tunable systems, illuminating road markings, composite coat-
ings for electronic applications, porous filters, corrosion resistant and hydrophobic coatings. The
thermal behavior of these coatings conforms to that observed for solutions and xerogels, how-
ever, the properties are thickness-dependent and have been evaluated with the help of Raman
spectroscopy, SEM and XRD. Lastly, laser processing of these thick silicate coatings has allowed
to control the foaming behavior by producing varying degree of porosities throughout the vol-
ume that may find use in several applications. Keywords: Silicates, Foam, Structure, Coating,

Crystallization
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Strategies for mitigating the diffusion of
deleterious species within Low E stacks to
ensure the preservation of the electrical
conductivity of Ag
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To reduce the carbon footprint, low emissivity glazing developed by glass makers contributes
to tackle the thermal losses through the windows of the buildings. In these products, the
radiative part of the heat loss — particularly in the far-infrared range - is minimized by applying
a thin layer of silver at the surface of one glass panel. This Ag layer is embedded between
other nanometric layers such as nitrides (SiNx), oxides (ZnO, SiOx...) and sub-nanometric
metallic layers (Ti, NiCr), all deposited using magnetron sputtering. These layers are designed
to optimize the transmission in the visible range while primarily enhancing and maintaining
the conductivity of the Ag. Indeed, according to the Hagen-Rubens law, the reflection of the
infrared is directly correlated to the layer’s electrical conductivity. It is therefore essential to
maximize the silver layer’s conductivity by limiting the migration of any species that could
degrade it during the deposition step, the post treatment such as tempering and throughout
the whole glazing’s service life. The present work first examines the different species — such as
oxygen-based ones, alkalis- identified as degrading the conductivity of the silver, providing some
insights into the underlying mechanisms. It then outlines the different strategies implemented
to control the flux of deleterious species, ranging from adding a sub-nanometric layer at the
silver interfaces, to the optimizing the thicker barrier layers (SiO2, SiNx). Finally, the impact
of these solutions during the deposition step and during thermal post-treatment is discussed.

Keywords: diffusion, coating, silver, annealing, conductivity
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Design of chemical etch processes for
multicomponent commercial glasses

Stone-Weiss Nicholas *T 1, Joy Banerjee !, Robert Hancock ', Nicholas
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The design of wet chemical processes to etch, thin, polish, or texture glass for producing
parts with the desired surface characteristics is integral to manufacturing many glasses for tech-
nological applications. In this pursuit, fluoride- and non-fluoride based aqueous solutions (such
as HF, HCI, NaOH, etc.) are both typically used to produce the surface properties, strength,
and cosmetics required for the product, where the resulting characteristics require direct in-
sights into the fundamental mechanisms controlling reactions between the glass surface and the
aqueous solution. This investigation will specifically focus on the impact of aqueous species
like HF, H30+, and OH- on the dissolution kinetics and surface evolution of multicomponent
glasses relevant to chemical processing. Surface features like morphology, cosmetics, chemistry,
and contact damage will be examined in detail as a function of the extent of dissolution and
identity of the chemical etchant and process utilized.

Keywords: etching, dissolution, surfaces, aqueous chemistry
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Water-Based Organosilane Coatings for
Low-Friction and Scratch-Resistant
Pharmaceutical (Glass Vials: From Dipping
to Automated Spray Deposition
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Glass is still the preferred material for pharmaceutical packaging due to its excellent chem-

ical resistance and inertness. However, it is prone to surface damage, scratch sensitivity, and
limited handling strength. Conventional hot-end and cold-end coatings rely on multi-step pro-
cesses and environmentally problematic precursors, motivating the development of greener and
more scalable alternatives. This work investigates water-based organosilane coatings designed
to improve sustainability and maintain mechanical performance of the external surface of glass
vials, with the goal of making them scalable for industrial processing.
Different coating strategies based on water-borne organosilanes combined with lubricant were
explored, involving formulations with distinct functional groups to enhance surface adhesion,
scratch and frictional performance. The study investigates formulation and process develop-
ment, progressing from dipping to manual airbrush spraying and ultimately to automated spray
deposition suitable for high-throughput manufacturing.

In the dip and airbrush study, soda-lime-silicate glass substrates were subjected to surface
activation to increase hydroxyl density and improve silanization efficiency. Automated spray
deposition performed on heated substrates (80-120 oC) enabled rapid solvent evaporation and
silane condensation without pre-activation, confirming the compatibility of water-based coatings
with industrial constraints.

Experimental characterization included contact angle (CA) measurements to assess surface wet-
tability, atomic force microscopy (AFM) to study coating morphology, and X-ray photoelectron
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spectroscopy (XPS) to confirm the presence of the coating through nitrogen and carbon signals
and to study molecular orientation under different deposition parameters.

Mechanical performance was evaluated through scratch and friction measurements. Coated sam-
ples consistently showed higher critical loads (Lc), indicating delayed transitions from Hertzian
cracking to fracture and confirming the protective effect of the new surface coating formulations.
Tribological analysis revealed a significant reduction in the coefficient of friction (COF), demon-
strating greater lubrication compared to uncoated surfaces.

The combination of eco-friendly chemistry, surface protection and scalable processing highlights
the potential of these coatings to replace traditional treatments and support the transition to-
ward greener manufacturing practices in the pharmaceutical glass industry.

Keywords: Water, based coatings, Organosilanes, coated glass, Low, friction surfaces, Scratch
resistant, coatings, Glass vials, Spray deposition, Sustainable manufacturing.
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Surface Chemistry, Tribology, and Crack
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It is well-known that water can lead to stress corrosion in glasses, but certain glass composi-
tions can show an improvement in crack initiation resistance upon hydrothermal treatment, e.g.,
upon treatment of various multicomponent silicate glasses with water vapor at elevated temper-
ature. Here, we study the effect of such hydrothermal treatment on the surface chemistry of two
series of alkali-boroaluminosilicate and alkali-aluminosilicate glasses. Through indentation, fric-
tion/wear, NMR, XPS and infrared to ultraviolet spectroscopic ellipsometry measurements, we
determine the changes in mechanical properties, surface structure and surface chemistry. These
insights contribute to a deeper understanding of the mechanism behind the water vapor induced
strengthening in complex glass systems. By elucidating the interplay between surface chem-
istry and mechanical performance, our study lays the groundwork for tailoring hydrothermal
treatments to enhance glass mechanics.

Keywords: Hydrothermal treatment, Tribology, Friction, Wear, Ellipsometry, Crack resistance

*Speaker
fCorresponding author: mos@bio.aau.dk

282


mailto:mos@bio.aau.dk

Development of low-carbon glass frits for
glass enameling applications
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4 Saint-Gobain Recherche Aubervilliers — SAINT-GOBAIN — France

Les émaux sont des revétements minéraux principalement composés de fritte de verre,
obtenue par fusion d’oxydes tels que le bismuth, le bore, le zinc et le silicium, ainsi que de
pigments inorganiques dispersés dans un milieu organique. Appliqué sur du verre plat par
sérigraphie ou impression numérique, 1’émail est séché puis cuit, ce qui permet a la fritte
de fondre partiellement et d’adhérer au support, formant une couche vitreuse partiellement
céramis ée qui encapsule les pigments. Dans le vitrage automobile, les émaux sont utilisés sur
les bords des éléments vitrés (pare-brise, toit, lunette arriere) pour remplir des fonctions es-
sentielles : masquer les zones de collage et les composants électroniques, garantir I'opacité, la
brillance et la couleur (généralement noire), et protéger les adhésifs des rayons UV. La fritte,
qui représente environ 80 % de la masse de I’émail, est essentielle & la compatibilité de mise
en ceuvre et aux performances finales. Sa fusibilité, liée a sa température de transition vit-
reuse (Tg) et a sa viscosité, doit étre compatible avec les cycles de vitrification (450-550 °C),
et son coefficient de dilatation thermique (CTE =~ 90 x 10~7 K~!) doit correspondre & celui
du substrat. Les frittes actuelles, principalement & base de silice, nécessitent des températures
de fusion supérieures a 1400 °C. Mes recherches visent a développer des frittes hautes perfor-
mances a faible empreinte carbone, en tenant compte du cout, de la disponibilité des matieres
premieres et des aspects sanitaires. Nous étudions des formulations alternatives prometteuses,
offrant des températures de fusion plus basses et des profils environnementaux améliorés, tout en
présentant des propriétés intéressantes pour nos applications. Pour ce faire, je combine synthese
expérimentale et modélisation thermodynamique. Les verres sont préparés par trempe a 1’état
fondu et caractérisés a I'aide de DTA-TGA, TMA, HSM, SEM, XRD et FTIR, etc. En par-
allele, la modélisation basée sur CALPHAD permet la construction de diagrammes de phase
quasi-ternaires et de projections de liquidus, orientant les compositions vers des températures
de traitement plus basses et améliorant la compréhension du comportement de 1’émail pendant
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Diffusion coefficients of H and Na in
aluminosilicate and soda-lime silicate glasses

Tomomi Sekine *T ', Hiroyuki Okawa !
L' AGC Inc. — Japan

The behavior of Na and H at the glass surface often differs from that in the bulk, posing a
major challenge in the commercial use of glass. In particular, the movement of Na+ and H+
at the surface affects glass properties, optical characteristics, and electrical properties, making
it necessary to understand and control these movements. In this report, we investigated the H
diffusion coefficients in soda-lime silicate and aluminosilicate glasses. There are many reports on
the Na diffusion coefficient in aluminosilicate glasses, which is higher than that in soda-lime glass
with a similar Na content. This is attributed to the fact that Na+ coordinated with (AlO4)- is
more mobile than Na+ coordinated with SiO-, which also explains why chemical strengthening
of aluminosilicate glass by ion exchange (Na+ < K+ ion exchange) progresses more easily.
On the other hand, there are few studies discussing the H diffusion coefficient. In this study,
the H diffusion coefficients of aluminosilicate and soda-lime glasses were calculated from the H
dehydration profiles obtained by D-SIMS from each glass after thermal dehydration. Previous
reports have shown that the tens-of-micrometer H dehydration profiles observed when thermally
dehydrating near Tg are not due to H20 or H30+, but represent H+ deficiency profiles caused
by H+ < Na+ exchange. The H diffusion coefficient calculated for aluminosilicate glass this
time is one order of magnitude smaller than that of soda-lime glass analyzed using the same
method. This indicates that Na < H exchange diffusion is less likely to occur in aluminosilicate
glass, suggesting that in the glassy state, H+ does not easily coordinate with (AlO4)-Na+,
making Na+ < H+ ion exchange difficult to progress. In the presentation, we will provide a
detailed discussion on why H+ < Na+ exchange in aluminosilicate is reluctant to occur and
introduce phenomena caused by the rate-limiting nature of the H+ < Na+ exchange reaction
by (AlO4)-Na+, which exhibits a trend opposite to chemical strengthening.

Keywords: Hydrogen diffusion, Ion exchange, Aluminosilicate glass, Surface durability, Soda, lime
glass
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Glass surface and etching considerations for
use in advanced semiconductor packaging

Nicholas Smith * !

! Corning Research & Development Corporation — Corning, NY, USA, United States

Glass is an increasingly critical material in the semiconductor industry, offering unique ad-
vantages across a wide range of applications such as glass carrier wafers, substrates for advanced
packaging, or optical glass components for augmented reality or co-packaged optical systems.
The exceptional properties achievable in glassy systems-such as chemical stability, mechanical
stiffness, optical clarity, and tunable thermal/dielectric properties-offer significant value to semi-
conductor manufacturing and packaging processes. However, challenges remain for understand-
ing the compatibility of various glasses within device fabrication processes. In this presentation,
I will highlight a selection of aspects and observations related to glass surfaces that can manifest
when leveraging glass in advanced semiconductor applications, such as considerations for sur-
face cleanliness and contamination, factors impacting film adhesion, and nuances of glass etching
useful for creating through-glass vias. These surface-related factors can significantly influence
device reliability, making their understanding essential for continued successful integration of
glass in emerging technologies.

Keywords: glass, surface, etch, corrosion, semiconductor, packaging, thin films
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Plasma-Activation of Silica-(GGlass Surfaces
Evidenced by XPS analysis: A Promising
Route for Low Temperature Molecular
Bonding

Anne Talneau * 12, David Alamarguy *

L CNRS Centre de Nanosciences et de Nanotehcnologies — Centre National de la Recherche Scientifique
- CNRS, Centre national de la recherche scientifique - CNRS (France) — France
2 CNRS Centre de Nanosciences et de Nanotehcnologies — Centre National de la Recherche Scientifique
- CNRS, Centre national de la recherche scientifique - CNRS (France) — 10 Bd Thomas Gobert 91120
Palaiseau, France
3 Centrale Supelec — Université Paris-Saclay, ENS Paris-Saclay, CNRS, Centrale Supélec — Univ Paris
Saclay F-91192 Gif sur Yvette, France

Efficient optical glass assembly requires high optical quality interfaces without any addi-
tional intermediate layer. Molecular bonding relies on covalent bonds formation between the
two surfaces put in contact.

Surfaces’ plasma-activation has been proposed as a relevant approach for enhancing covalent
bonds generation and the resulting bonding energy. It is widely reported for semi-conductor
materials (1-2-3), but not common for glass (4-5).

We report on high resolution X-ray Photoelectron Spectroscopy measurements of silica glass
surfaces activated by plasma. Plasma chemistries such as 02, O24-SF6, N2, Ozone have been
measured, for several plasma operating conditions including RIE-CCP or RIE-ICP.

Dangling bonds generated in each plasma condition are identified and their atomic percent-
ages measured. The main relevant dangling bonds are: O bond in SiO2, O bond in OH, F bond
in SiOF, N bond in SiON, and O bond in H20. Silanol -OH bonds formation is enhanced by
CCP 02 plasma and Ozone, as already identified on Silicon (2). N2 plasma generates specific
-SiON bonds with Si100.7N0.9. stoichiometry. Adding a very small percentage of SF6 to an 02
plasma generates -SiOF bonds. Dangling bonds exist at the surface and within the sub-surface
_“4nm-thick scanned by the XPS beam.

We propose to analyze mechanisms involved in dangling bonds generation and covalent bonds
reconstruction during bonding considering an ab-initio molecular dynamics simulation approach
(6-7). The fracture model developed in (7) has evidenced that siloxane bonds’ stereo- configu-
ration plays a key role in explaining the evolution of siloxane bonds fracture or their formation
under dihydroxylation mechanism. Considering that plasma activation could induce strain at
glass surface, this bond stereo-configuration is proposed for explaining both XPS-measured
dangling bonds generation and siloxane bonds formation during assembly of plasma-activated
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Impact of complex irradiation scenarios on

the structure and the properties of the
SONG68 glass
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The long-term safety of nuclear waste glasses in geological disposal requires understanding
their behavior under self-irradiation. This study investigated the effects of external irradia-
tion on SONG68 nuclear glass to evaluate the validity of simplified glass compositions as surro-
gates and assess the representativeness of mono-beam irradiations compared to self-irradiation.
SONG68 glass samples were subjected to 2.5 MeV electron irradiation (simulating /7 effects),
7 MeV Au ion irradiation (simulating a-recoil nuclei), and sequential electron-Au irradiation
(simulating the sequential radiation scenario). Structural modifications were characterized us-
ing Raman spectroscopy, solid-state NMR, and XANES, while macroscopic properties were
evaluated through density, hardness, and calorimetric measurements. Results demonstrate the
dominance of nuclear damage over electronic damage, with Au irradiation inducing significant
structural changes (network depolymerization, increased BO3 units) and substantial property
variations (swelling: 42.2 to 2.4%, hardness: -36 to -41%), while electron irradiation caused lim-
ited structural modifications despite notable hardness reduction (-12%). No synergistic effects
were observed between sequential irradiations, confirming nuclear interaction dominance. Com-
parison with self-irradiated glasses showed that mono-beam irradiations provide conservative
estimates suitable for safety assessment but overestimate certain properties (swelling by factor 4
to 5) due to « particle-induced recovery effects absent in single-beam approaches. These findings
validate nuclear collision simulations as conservative upper-bound scenarios while highlighting
the importance of understanding « particle-induced recovery processes for accurate long-term
predictions.
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Chemical replacement zones in ion exchange
- from concentration depth profiles to
hardness
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Chemical replacement zones in solid state materials have relevance in many fields of material

science. The most powerful approach for generating such replacement zones is the electric field
assisted ion exchange (EFAIE) which induces uni-directional transport in solids and allows to
manipulate the physical properties of solid electrolytes, especially near the sample surface (1).
Native alkali cations such as Na+ can, e.g., be exchanged by foreign cations introduced with,
e.g., sputtered/molten electrodes (1, 2). The ion exchange can lead to, among other things,
chemical hardening, improvement of antimicrobial properties or the formation of waveguides
structures.
In this contribution we demonstrate the formation of pronounced replacement zones, and the
quantification of the replacement zones by three different techniques. The alkali deuteron sub-
stitution (ADS) is a special form of the EFAIE, where Deuterium is converted to D+ ions at
a thin platinum electrode. An electric field applied drives the D+ ions into the sample and
induce replacement of the native (and mobile) alkali ions. This technique is an adaptation of
the alkali proton substitution technique firstly introduced by Omata (3). We have implemented
a modified version of this in our group recently (4).

In this contribution, we present the results of an ADS experiment on an ion conducting D263T
borosilicate glass, for which the native properties have been established before in a CAIT ex-
periment (5). As a result of the ADS experiment, the native Na+ and K+ are replaced by D+
ions up to a depth of 2 micrometer from the surface. The replacement zones are quantified
by means of ToF-SIMS, nanoindentation and Nuclear Reaction Analysis (NRA). Ultimately, all
three techniques arrive at the same properties of the replacement zone, however, with comple-
mentary information content.

(1) N. Takamure, et al., J. Appl. Phys. 125, 175104 (2019).

(2) M. E. Nordberg, et al., J. Am. Ceram. Soc. 47, 215 (1964).
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Effect of environment temperature on
mechanochemical wear of soda lime silicate
glass surface

Li Xiaosong * !, He Hongtu' !, Hu Zixian ', Yu Jiaxin !

1 Southwest University of Science and Technology — China

Abstract: Previous investigations indicated that the mechanochemical wear of soda lime
silicate (SLS) glass in humid air at room temperature, but the wear of SLS glass at high tempera-
ture conditions remains elusive. In this study, the wear behaviors of SLS glass were investigated
upon a Pyrex glass ball at a temperature range from 20 to 300 °C. The results show that
the mechanochemical wear of SLS glass surface decreases as the temperature increases. Even
though the Vickers hardness of SLS glass decreases within the same temperature range, the wear
of SLS glass is a mechanochemical wear driven process, not just a purely mechanic wear driven
process. Sub-Tg annealing treatment shows that the subsurface densification underneath the
mechanochemical wear track of SLS glass increases with the environment temperature, align-
ing with the increased interfacial friction force at sliding interfaces. Further analyses reveal
that the suppressed hydrous species at glass surface as well as the sodium ion concentration in
the glass surface plays important roles in mechanochemical wear of SLS glass in high environ-
ment temperature conditions. The findings of this study can complement the insights into the
mechanochemical damage mechanism of silicate glass in high temperature conditions.

Keywords: Soda lime silicate (SLS) glass, Temperature, Mechanochemical wear
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Sol-gel derived anti-reflective coating on
photovoltaic glass synergistical
photocatalysis and photoelectric conversion
enhancement

Mengya Zhang * ', Ping Liu !, Jihong Zhang' 12, Jun Xie* 12

! State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology — 122
Luoshi Road, Hongshan, Wuhan, Hubei 430070, P. R. China, China
2 Hepu Research Center for Silicate Materials Industry Technology, 27 Huanzhu Avenue, Hepu county,
Beihai, 536100, P. R. China — China

The transmittance and surface condition of photovoltaic cover glass determine the energy
conversion efficiency of specific solar cells modulus. In this study, composite films of TiO2-Si02
and Ga-doped ZnO were fabricated on PV glass using sol-gel method and the transmittance,
self-cleaning, and environmental tolerance performances were investigated. The TiO2-SiO2 mor-
phologies and elements distribution of thin film proves the formation of SiO2/TiO2 core-shell
like structure in thin film. The transmittance of coated photovoltaic glass in visible range is
improved from 91.60% to 93.94%, with optimized TiO2/SiO2 ratio. Accordingly, the monocrys-
talline silicon solar cell conversion efficiency increases from 16.35% to 16.68%. In addition, the
thin film shows excellent photocatalyst behaviour from 95.40% methylene blue dye degradation
rate under Xeon lamp irradiation, and super hydrophilic property from 0o contact angle, which
confirms the excellent self-cleaning performance. To further enhance the surface transmittance
of photovoltaic glass, optimizing the doping content of Ga in ZnO thin film, the transmittance
of coated photovoltaic glass in the visible range increase from 91.60% to 94.11%, and accord-
ingly, the photoelectric conversion efficiency of monocrystalline silicon solar cells increases from
15.58% to 15.98%. After 75 minutes of xenon lamp irradiation, the methylene blue degradation
rate reached as high as 99.67%. In addition, the film transmittance and photoelectric conver-
sion efficiency remain stable with increasing time and also has a certain degree of resistance to
low-temperature freezing and high-temperature heat resistance. However, the temperature rise
during operation of photovoltaic devices leads to a decline in power generation efficiency. By
embedding SiOs nanoparticles into PDMS, a novel film was developed that exhibits high trans-
mittance in the visible light spectrum while also providing passive radiative cooling, thereby
achieving simultaneous improvements in both photovoltaic conversion efficiency and operational
lifespan.

Keywords: Sol, gel, photovoltaic glass, photocatalysis, photoelectric conversion efficiency, radiative
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Effect of electrolyte cations
mechanochemical wear of soda lime silicate
glass in aqueous solution

Hu Zixian *T ', He Hongtu! !, Zhu Xiao !, Li Xiaosong ', Yu Jiaxin !

1 Southwest University of Science and Technology — China

It is well-known that the surface flaws and defects of glass are known to be sensitive to
the environment to which the glass surface is exposed. Previous investigations indicated that
the mechanochemical wear of soda lime silicate (SLS) glass in humid air is associated with the
presence of sodium ion leaching and interactions with adsorbed water, but the wear of SLS glass
in aqueous solutions remains elusive. In this study, the wear of SLS glass was investigated in
aqueous solutions with the presence of various electrolyte cation sizes and valences. The results
show that the mechanochemical wear of SLS glass decreases as the concentration of sodium ions
in the aqueous solution increases. However, the mechanochemical wear of the SLS glass surface
increases with the ion size for solutions with monovalent cations, but significantly decreases with
the di- and trivalent cations in aqueous solutions. Further analyzes indicate that the sodium
ion migration to the glass surface plays important roles in mechanochemical wear of SLS glass
in aqueous solutions, in addition to the ion-exchange and hydrolysis of Si—-O—Si network. The
findings of this study provide further insights into the mechanochemical damage mechanism of
silicate glass in aqueous environments.

Keywords: Mechanochemical wear, Electrolyte cations, Ion exchange, Network hydrolysis
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Improved B,0O3; bearing nepheline
glass-ceramics for dental applications:
Synthesis and Characterisation

Alzahrani Ali S. * !, Dominique De Ligny 2
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P.O. Box 11099, Taif, 21944, Saudi Arabia. — Saudi Arabia
2 Department of Materials Science and Engineering, Friedrich-Alexander-Universitéit
Erlangen-Niirnberg (FAU), Erlangen 91058, Germany. — Germany

Glass-ceramics based on crystallisations of nepheline have been the subject of several stud-
ies due to their attractive properties for dental applications. However, the high melting and
processing temperatures remain a challenge in the aluminosilicate glass system. The aim of the
study is to investigate the effect of introducing B2O3s to the starting nepheline glass composi-
tions on melting, crystallisation and sintering temperatures. A series of five glass compositions
were synthesised via the melt quench method, with one composition lacking B2Os, and the
remaining compositions varying in the quantity of BoOgs added, from 1% to 4%. The starting
glasses and glass-ceramics prepared from these compositions underwent analysis using a range
of techniques, including DSC, XRD, Raman, Density and Dilatometry measurements. Results
indicate a consistent decrease in the melting and crystallisation temperatures of the investigated
glass system which will be further discussed in this presentation. Keywords: Nepheline, Dental

Glass, Ceramics, B5Oj3
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An effective shape factor of glass particles
from the heterogeneous crystallization
kinetics characterized by DSC

Eduardo Bellini Ferreira *' !, Roger Gomes Fernandes 2
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2 Brazilian Synchrotron Light Laboratory, Brazilian Center for Research in Energy and Materials — R.
Giuseppe Maximum Scolfaro 10000 — Polo IT de Alta Tecnologia de Campinas, 13083-100, Campinas,
SP, Brazil

Powder technology emerges as a promising alternative for unconventional glass compositions,
enabling the production of glass or glass-ceramics from poor glass-forming compositions or those
with high melting points or high viscosities in the molten state. In these cases, modern man-
ufacturing techniques such as 3D printing and tape casting enable the production of intricate
geometries at room temperature. Furthermore, few compositions, stoichiometric or not, exhibit
homogeneous nucleation, and finding nucleating agents is a challenging task. On the other hand,
heterogeneous nucleation always occurs on the surface of glass. Diopside (CaO.Mg0O.2Si02) is
an example of a glass composition with potential practical applications, lacking known efficient
nucleating agents, whose crystalline phase is of interest due to its relatively high hardness, low
dielectric constant, and lack of alkalis, making it suitable for use in substrates for electrical cir-
cuits. The Clusters model effectively describes the sintering process of glasses with concurrent
crystallization. However, to date, a shape factor has been considered approximately constant
for a given manufacturing process and treated as a correction factor obtained by adjusting the
Clusters model to experimental data. To refine the Cluster model, verify its validity, and pro-
pose improvements, it is essential to define a shape factor that is experimentally measurable
in the context of glass sintering and crystallization, independently of the model. In this work,
we defined a particle shape factor that is independent of the Clusters model and developed
a technique for estimating it from the crystallization kinetics of glass particles characterized
by differential scanning calorimetry (DSC). We demonstrate that the shape of the particles
significantly influences the crystallization kinetics of glass powder and must be considered in
sinter-crystallization models of glass particles and in the analysis of experimental crystallization
kinetics data. We demonstrate that diopside’s DSC crystallization peaks, calculated using the
improved Reis-Zanotto model, are in close agreement with DSC experimental results, allowing
for the verification of the effects of particle shape, particle size distribution, and concentration
of surface nucleation sites on its crystallization kinetics.

Keywords: diopside, glass, crystallization kinetics, sintering, particle, shape factor, DSC
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Sodium ion conducting glass ceramics

Akash Bhatnagar *' !, Jorg Schuhmacher !, Sebastian Leukel ', Nina
Hoinkis ', Meike Schneider !, Bernd Riidinger , Nikolaus Schultz !

1 SCHOTT AG — HattenbergstraBe 10, 55122 Mainz, Germany

Glass ceramics provide an innovative platform to combine key advantages of distinct ma-
terial forms, i.e. glass and ceramics. While the glassy part lends homogeneity and impressive
robustness, the polycrystalline part generally is responsible for the integrated functionality. The
processing parameters are of utmost importance as they are not only decisive for the desired
properties of the glass ceramic but also for overall manufacturability and upscaling. In addition
to long-term expertise in development of glass-ceramics for home applications, ongoing R&D
have broadened the scope of glass ceramics and extended its advantages to areas such as energy
storage and power electronics. The diversity of these applications is a testimony to the versatil-
ity of glass ceramics while being commercially viable. This talk will focus on recent activities at
Schott R&D towards the development of oxide electrolytes for sodium ion batteries. Sodium ion
battery technologies are seen as potential alternative/supplement to current lithium ion tech-
nologies owing to inherent benefits such as low raw material costs, fast charging/discharging
and low temperature performance. The solid electrolyte material is a key component in both
liquid and solid-state Na-ion batteries demanding high ionic conductivities while being mechan-
ically and chemically stable. Our glass ceramic approach allows us to achieve these objectives
and promises low-cost and scalable production to address future demands. The resultant glass
ceramic shows an attractive room temperature ionic conductivity of more than 2 mS/cm, compa-
rable to the state of the art, and is stable against Na-metal anodes. Low electronic conductivity
ensures the overall performance and activation of energies of around 0.3 eV ensures decent con-
ductivity also at low temperatures down to —40 °C. Keywords: sodium ion, conductivity, glass

ceramic, solid state electrolyte
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Influence of crystallization on stress
corrosion cracking properties: Part I
micro-structured lithium disilicate
glass-ceramics
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Recherche Scientifique — NIMBE, CEA, CNRS, Université Paris-Saclay, CEA Saclay 91190 Gif sur
Yvette, France

Controlled crystallization has been used for decades to form glass-ceramics, which consist of
crystals embedded in a residual glass. This type of material takes advantage of the beneficial
properties of glass and crystal. Lithium disilicate is one of the most studied glass-ceramics (1).
It is widely used for dental applications due to its elevated mechanical properties, translucency
and similar hardness as natural teeth. For example, depending on the crystalized volume frac-
tion and the crystal size, its fracture toughness is up to 5 times higher than its parent glass (2,
3, 4). The precipitation of lath shaped crystals producing an increasingly complex structure is
considered to be at the origin of the improved property. On the other hand, stress corrosion
cracking (SCC), which is one of the major causes of failure, has been scarcely studied. SCC
is defined as crack propagation assisted by environmental conditions (temperature and relative
humidity) and is known to depend on the presence of secondary phases (5). This study aims
to investigate the link between SCC properties and the crystallization induced microstructure
in lithium disilicate glass-ceramics. To this end, lithium disilicate glass-ceramics and its parent
glass were tested in a dedicated setup for SCC measurement in controlled environmental con-
ditions (Temperature = 23 oC, Relative humidity = 40 %). The effect of crystals on the crack
path was examined by Atomic Force Microscopy (AFM). Also, structural and mineralogical
analysis (XRD, NMR) were carried out to characterize the glass-ceramics microstructures. All
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these data are integrated in a holistic viewpoint to unravel the role played by the crystals on
the SCC properties.
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All-Solid-State Sodium-Ion Secondary
Batteries Fabricated Glass-Ceramics
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In this study, we developed an all-solid-state sodium-ion battery (Na-ASSB) that employs
glass-ceramics for both the electrode active material and the solid electrolyte. This Na-ASSB is
characterized by its high safety and wide operating temperature range.

Conventional lithium-ion batteries use organic liquid electrolytes, which pose risks of ignition and
raise concerns about future resource shortages due to limited lithium supply. In contrast, Na-
ASSBs fabricated nonflammable oxide-based solid electrolytes and sodium—an abundant natural
resource—offer a safe and sustainable alternative without resource constraints. These batteries
eliminate the risk of fire and the generation of toxic substances during operation, making them
highly suitable for practical applications. The battery operates through the migration of carrier
ions (Na™) across the interface between the solid electrolyte and the active material. However,
oxide-based solid electrolytes exhibit poor formability, making it difficult to integrate them with
active materials and create favorable interfaces. This limitation decreases transport and makes
battery operation challenging.

To address this problem, we developed an all-solid-state battery that employs glass-ceramics
for both the electrode active material and the solid electrolyte. This approach takes advantage
of the softening and flow properties of glass-ceramics within the glass transition region. By
heating the glass-ceramic precursor, it softens and integrates the electrode active material with
the oxide-based solid electrolyte, forming a well-connected interface and an effective ionic con-
duction pathway. Furthermore, heat treatment induces crystallization of phases that function
as electrode active materials and ionic conductors, resulting in excellent battery performance.

As a result, the Na-ASSB demonstrated stable operation not only at room temperature but
also across a wide temperature range from —20 °C to 200 °C. Because both the electrode active
material and the solid electrolyte are composed entirely of oxide-based materials, the Na-ASSB
achieves high safety, wide operating temperature range, and outstanding battery performance.
These features make it a promising candidate for practical applications in various fields requiring
high reliability and wide temperature adaptability. Keywords: glass, ceramics, sodium, ion battery,

SIB, NIB
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Lithium Aluminosilicate Glass-Ceramics
With Near Zero Thermal Expansion
Nucleated by Rare-Earth Orthoniobates

Olga Dymshits * !, Anna Volokitina 2, Irina Alekseeva 3, Svetlana
Zapalova 3, Anastasia Bachina 2, Dmitry Dannilovich 4, Alexander

Malyarevich °, Konstantin Yumashev °, Kirill Bogdanov ¢, Aleksandr
Zhilin 7

! Toffe Institute/S.I. Vavilov State Optical Institute — 26 Politekhnicheskaya, St Petersburg 194021 /
36/1 Babushkin Str., Saint-Petersburg 192171, Russia
2 Toffe Institute — 26 Politekhnicheskaya, St Petersburg 194021, Russia
3'S.1. Vavilov State Optical Institute — 36/1 Babushkin Str., Saint-Petersburg 192171, Russia
4 St. Petersburg State Technological Institute (Technical University) — 190013 St. Petersburg, Russia
® Belarusian National Technical University — 65/17 Nezavisimosti Ave, Minsk, Belarus
6 ITMO University — Kronverkskiy pr. 49, St. Petersburg, Russia
" D.V. Efremov Institute of Electrophysical Apparatus — Metallostroy, Doroga na Metallostroy, 3 Bld.,
St. Petersburg, Russia

Multifunctional luminescent transparent and opaque glass-ceramics with near zero thermal

expansion coefficients have been prepared by conventional melt-quenching of lithium aluminosil-
icate glasses containing rare-earth (RE) (Y, Eu, Tm, Ho, Er, Yb, or Tb) oxides, and Nb205
and heat-treatments in the temperature range of 700 — 1350 oC.
The structure of glasses and its transformation upon heat-treatments were characterized by
small angle X-ray scattering, differential thermal analysis, X-ray diffraction analysis (XRD),
Raman spectroscopy, and transmission and scanning electron microscopy. Their properties were
estimated by absorption and luminescence spectroscopy. Depending on the composition, glasses
either are phase-separated and X-ray amorphous or contain traces of RENbO4 nanocrystals.
RENbO4 nanocrystals with orthorhombic structure formed by heat-treatments at 700-900 oC
promote crystallization of S-quartz solid solutions. Glass-ceramics obtained by heat-treatments
at 1000 oC and above, contain B-spodumene solid solutions and tetragonal RE orthoniobates
with traces of monoclinic phase or monoclinic RE orthoniobates.

In situ high-temperature XRD analysis clarifies the mechanism of monoclinic RENbO4 forma-
tion, which occurs not upon heating above 900 oC but at cooling the glass-ceramics after such
heat-treatments, when RENbO4 nanocrystals with the ordered tetragonal structure exhibit the
second-order transformation at _~550 oC. The spectral-luminescent properties of glass-ceramics
reflect all the structural transformations of RE orthoniobate nanocrystals. Luminescent trans-
parent glass-ceramics with near zero thermal expansion coefficients look promising for develop-
ment of up- and down-conversion phosphors.

The work was supported by the Russian Science Foundation (Grant Ne 25-23-20131).
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Morphology, structure and properties of

lithium gallium silicate glass-ceramics doped
with FeO

Olga Dymshits * !, Yulia Zhokhova !, Irina Alekseeva !, Dmitry
Danilovich 2, Aleksandr Zhilin 3, Alexander Malyarevich *, Viktor Kisel 4,
Anatoly Yasukevich 4, Konstantin Yumashev *

1 S.I. Vavilov State Optical Institute — 36/1 Babushkin Str., Saint-Petersburg 192171, Russia
2 St. Petersburg State Technological Institute — Moskovsky Ave, 26, Sankt-Peterburg, Russie, 190013,
Russia
3 D.V. Efremov Institute of Electrophysical Apparatus — Russia
4 Belarusian National Technical University — Belarus

Saturable absorbers for eye-safe mid-infrared lasers are of great interest because they allow

controlling emission parameters without the use of complex active Q-switches. ZnS and ZnS
crystals doped with Fe2+ ions in tetrahedral sites can be used as saturable absorbers of lasers
emitting at 2.7-2.95 um. However, they have disadvantages of expensive and hazardous man-
ufacturing and low hardness and laser damage threshold. Transparent glass-ceramics based on
Fe2+-doped spinel nanocrystals are promising alternatives to such materials.
We report development and study of morphology, structure and spectral properties of transpar-
ent lithium gallium silicate glass-ceramics (GCs) doped with Fe2+ ions, and the first results of
the application of GCs containing nanocrystals of v-Ga203 with spinel structure doped with
Fe2+ ions for passive Q-switching of near-IR lasers (1.54 and 1.94 pm).

Transparent and opaque GCs were prepared by glass melting and subsequent heat-treatments.
According to XRD analysis and SEM data, the parent glasses are X-ray amorphous and phase
separated. Their absorption spectra have a broad asymmetric band with a maximum at _~1070
nm, caused by absorption of Fe2+ ions in octahedral sites.

Transparent GCs based on nanocrystals with spinel structure ranging in size from _"2 to 16
nm are obtained by heat-treatments at temperatures of 650 - 800 oC. Their unit cell parameter
a gradually decreases from 8.216 to 8.195 A, indicating a change in the spinel composition from
v-Ga203 to LiGa508. The appearance and increase in the intensity of the broad absorption
band with a maximum at 2140 nm indicates that Fe24 ions from the initial glass enter the
tetrahedral sites in spinel nanocrystals. In opaque GCs obtained by heat-treatments from 850
to 1180 oC, in addition to LiGabO8, crystals of gallospodumene, LiGaSi206, are formed. GCs
obtained by heat-treatments at 1100-1180 oC, also contain crystals of the monoclinic stable
phase, 8-Ga203.The crystallization mechanisms are revealed using the combination of DSC and
XRD analysis.

Passive Q-switching was demonstrates for the first time using transparent GCs based on gallium-

*Speaker

305



containing spinels doped with Fe2+ ions as saturable absorbers of diode-pumped lasers emitting
in the near-infrared spectral range.

Keywords: glassceramic, spinel, Ga203, FeO, saturable absorber, absorption
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Influence of crystallization on stress
corrosion cracking properties: Part II -
nano-structured ZAS glass-ceramics

Priscille Fauvarque * !, Marfa Helena Ramirez Acosta >3, Cindy Lynn
Rountree !, Daniel Bonamy !, Fabrice Célarié 4, Thibault Charpentier °,
Patrick Houizot , Lorena Raphael Rodrigues ¢, Edgar Dutra Zanotto 2,

Laure Chomat !

1 Systémes Physiques Hors-équilibre, hYdrodynamique, éNergie et compleXes (SPHYNX) — Université
Paris-Saclay, CEA, CNRS, Service de Physique de ’Etat Condensé (SPEC), 91191 Gif-sur-Yvette,
France, Université Paris-Saclay, CEA, CNRS, Service de Physique de I'Etat Condensé (SPEC), 91191
Gif-sur-Yvette, France — France
2 Vitreous Materials Laboratory (LaMaV), Department of Materials Engineering, Federal University of
Sao Carlos, Sao Carlos — Brazil
3 Federal Institute for Materials Research and Testing (BAM) — Berlin, Germany
4 Institut de Physique de Rennes — Université de Rennes, Centre National de la Recherche Scientifique
— Département Mécanique et Verres, France
5 Nanosciences et Innovation pour les Matériaux (NIMBE) — Université Paris-Saclay, CEA, CNRS,
Nanosciences et Innovation pour les Matériaux (NIMBE), 91190 Gif-sur-Yvette, France — France
6 Federal Institute of Espirito Santo — Vitéria, Brazil

Glass-ceramics have been increasingly used in a wide variety of applications over the past

decades. In particular, gahnite glass-ceramics are a possible candidate for components of display
panels and photovoltaic substrates (1). These glass-ceramics are obtained by crystallization of
zinc aluminosilicate glasses.
Literature evidences numerous glass-ceramics properties (e.g. structure, Young’s modulus, frac-
ture toughness, etc.); however, the stress corrosion cracking (SCC) behavior of glass-ceramics is
rarely considered. SCC concerns the subcritical crack growth of flaws/defects when the stress
intensity factor (K) is less than the fracture toughness (2). Wiederhorn (3) evidenced three
regions, plus environmental limit, of how the crack front velocity (v) depends on K along with
environmental parameters (e.g. temperature, relative humidity, etc.). Herein, the study concen-
trates on region I where the crack front velocity is less than 1 pm/s. In this region the crack
velocity increases exponentially with the stress intensity factor as the reaction between the stress
bonds at the crack tip and water kinetically controls crack propagation.

The structure of the glass-ceramics plays on the SCC behavior. This presentation concerns
the SCC properties of nanometric cuboidal gahnite structures, which will ultimately be con-
trasted with the nano-/micro-structured lithium disilicate glass-ceramics presented in Part I.
These tests were conducted on double cleavage drilled compression (DCDC) samples in a well-
controlled environment (Temperature = 19 oC, Relative humidity = 40 %). SCC characteristic
curves were obtained for region I. Fracture surfaces studied after SCC experiments using Atomic
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Force Microscopy (AFM) evidenced that crystals modified the crack path in the case of glass-
ceramics. X-Ray Diffraction (XRD), Raman spectroscopy and Nuclear Magnetic Resonance
(NMR) spectroscopy provided compositional and structural features of the materials. This will

make it possible to link the structure changes induced by crystallization to the evolution in the
SCC behavior.

References

(1) A.R. Molla et al., Journal of the American Ceramic Society, 2016, 100, 1963-1975.

(2) C. L. Rountree., Journal of Physics D, 2024, 40, 842-857.
(3) S.M. Wiederhorn, Journal of the American Ceramic Society, 1967, 50, 407-414.

Keywords: Gahnite, ZAS, Glass ceramic, Fracture, Stress corrosion cracking, Glass
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Demixed rare earth silicate glasses as
surfactants for controlling the growth of
epsilon-Fe203 nanocrystals in silica

Marti Gich * 2, Naureen Khanam , Jordi Faraudo

! Institut de Ciencia de Materials de Barcelona (ICMAB) — Campus de la Universitat Autonoma de
Barcelona Bellaterra 08193 Spain, Spain
2 Institut de Ciencia de Materials de Barcelona-CSIC — Campus de la Universitat Autonoma de
Barcelona Bellaterra 08193 Spain, Spain

Glass ceramics can be prepared from phase-separated glasses by the crystallization of the
matrix or demixed droplets. It is less common to exploit demixing to control the surface energy
of the crystals growing in an amorphous matrix. We have developed a new methodology (1)
to control the size and shape of epsilon-Fe203 nanoparticles stabilized within silica gels. This
method relies on the metastable binodal decomposition of thermally treated silica gels containing
rare-earth elements. Acting as a surfactant, the rare earth silicate droplets selectively coated
specific surfaces of the epsilon-Fe203 crystals with a high density of oxygen atoms, and allowed
the formation of rod-shaped crystals that were significantly larger than the roughly spherical
crystals obtained when epsilon-Fe203 was formed within a pure silica glass. Because the surface
energies of the different crystal facets depend on whether or not they are coated by the rare
earth silicate glass, their growth rates by Ostwald ripening are also different, and this promotes
anisotropic crystal shapes This finding and the study of the metastable demixing of glassy
systems prepared by soft-chemistry methods can inspire new methodologies in the field of glass-
ceramics. (1) Rare-Earth Silicates as High-Temperature Surfactants for the Controlled Synthesis
of e-Fe203 Nanoparticles, N. Khanam, Z. Ma, S. Ortiz Ropero, N. Dix, A. Vila Costa, J. Oré-
Solé, J. L. Garcia-Muiioz, J. Faraudo , M. Gich, Journal of the American Chemical Society, 147
(2025) 33403-33412

Keywords: demixed glasses, Ostwald ripening, surfactants, sol, gel, glass, ceramics
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Crystal chemistry of stuffed derivatives of
quartz with low thermal expansion

Luis Alejandro Gonzalez * !
! Corning European Technology Center — Corning SAS — France

A series of glass compositions in the (Li20, MgO, Zn0O)-A1203-SiO2 system were synthesized
and crystallized to investigate how composition influences the crystal structure of metastable
stuffed derivatives of quartz. Crystallization products were characterized using X-ray diffraction
and, for the first time, Raman spectroscopy, revealing novel insights into the structural evolution
of these solid solutions. These findings advance the understanding of the crystal chemistry of
stuffed quartz derivatives and establish a method for determining crystal chemistry directly from
crystal structure. The method is particularly valuable for nanosized crystals in glass-ceramics,
which are inaccessible to conventional chemical probes and play a crucial role in the development
of low-thermal expansion materials.

Keywords: crystal, chemistry, structure, stuffed, quartz, solid solution, X, ray, diffraction, Raman,
spectroscopy, XRD, crystallography
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Optical fiber thermometers based on Yb/Er
codoped oxyfluoride glass-ceramics

Giulio Gorni !, Mercedes Sedano !, Marcin Kochanowicz 2, Dominik
Dorosz 3, Carlos Enrique Zaldo Luezas *, Maria Jests Pascual * !

! Instituto de Cerdamica y Vidrio (ICV-CSIC), 28049, Madrid — Spain
2 Faculty of Electrical Engineering, Bialystok University of Technology — Bialystok, Poland
3 Faculty of Materials Science and Ceramics, AGH University of Krakow — Krakow, Poland
4 Instituto de Ciencia de Materiales de Madrid (ICMM-CSIC) — 28049 Madrid, Spain

This study presents a dual-wavelength approach for Er®*-based optical fiber thermometry,
combining visible and infrared (IR) ratiometric photoluminescence (PL) to extend the sensing
range by over 150 K toward higher temperatures. Yb3+ /Er3* co-doped oxyfluoride glass-ceramic
(GC) optical fibers containing LaF3 or NaLuF4 nanocrystals are used. The conventional green
upconversion (UC) emission (2H11/2 vs 483/2 — 4115/2) limits reliable sensing to below 650 K due
to PL quenching. However, IR emission based on the redistribution within the 4I;3 /2 multiplet
shifts this limit above 800 K, offering much lower optical losses and PL yields up to four orders
of magnitude higher. While GCs enhance the UC intensity compared to precursor glasses,
no significant differences are observed for the IR emission or thermometric performance after
crystallization. The LaF3-GC shows a maximum absolute sensitivity (Sa) of 102 x 10~* K1
at 602 K in glass and 71 x 107* K1 at 591 K in GC. The NaLuF4-GC reaches 90 x 10~ K~!
at 698 K. The IR channel, based on intensity ratios at 1498 and 1538/1610 nm, exhibits an Sp
of ~10 x 10~* K~! from 650-800 K and achieves temperature resolutions of 1.5-3 K (UC) and
4.8-6.4 K (IR).

Acknowledgements: Project PID2024-157258NB-C21, funded by MICIU/AEI/10.13039/501100011033 /FEDEE

UE. Keywords: oxyfluoride glassceramics, LaF3, NaLuF4, luminescence, optical fiber, thermometers
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Synthesis of compositionally-complex

BaREGa307 melilites with small
rare-earths (RE = Eu-Dy) by glass
crystallization method

Lijun He *' ' Chih-Heng Lee , Maxence Vigier , Cécile Genevois ,
Emmanuel Véron , Mathieu Allix , Jean-René Duclere , Matthew Dyer! |
Michael Pitcher®

I CNRS - CEMHTI UPR3079 — CNRS — France

Glass crystallization (GC) method is being developed as route to new metastable metal
oxides. Gallate melilites with general formula (RE,AE)2Ga307 are layered oxides that have
been well studied for luminescence and anionic conduction properties, which are readily tuned
owing to the flexible ionic size combinations between A-site cation and GaO4 tetrahedra. The
tetragonal parent melilite structure (e.g. of SrLaGa307) can be distorted by size misfit between
cations, which is associated with two types of structural ordering: the stable 5D modulated struc-
tures in CaREGa307 (RE=La and Nd)1,2 and also the metastable 3 x 1 x 1 superstructures of
SrTREGa307 (RE=Dy-Lu and Y)3. These Sr melilites were successfully prepared through GC
method in our previous work, but BaREGa3O7 series is far less extensive, with only the range La
— Sm reported to form parent melilite by solid-state reactions4. Complex structural phenomena
might be observed if small RE could be incorporated into Ba melilites. Considering even Ba2+
cation, by adding multiple RE cations (2-5) at A-site to introduce additional configurational
entropy, it’s promising to stabilize BaRE1/nGa307 at smaller (average) RE radius.

In this work, BaRE1/nGa307 containing up to 5 small REs (n = 1-5; RE = La - Dy) were
prepared through GC method, systematic studies of their crystal structures and thermal sta-
bilities were carried out. The results show for single-RE members, the melilite structure can
extended as far as Gd. Furthermore, large size mismatch of Ba/RE driven BaREGa307 (RE
= Sm, Eu, Gd) to form orthorhombic structure with a 3-fold cell expansion, verified by TEM
and theoretical calculations, showing orthorhombic phases are energetically preferred among
smaller RE cations. For multiple RE compositions, the RE average size (RA), rather than
configurational entropy, plays a dominant role in stabilizing melilite structure. The results in-
dicate orthorhombic structure prone to exist among BaRE1/nGa307 (n = 2-5) members that
RA ranging from Sm to Gd. All of the as-made samples with RA < Sm were shown to be
metastable. BaRE1/nGa307 samples containing Eu3+ cation show orange luminescence under
UV-Vis lights, among them, BaEuGa3O7 shows strongest orange emission and longer decay
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Thermal expansion of Cu-stuffed
Si02-polymorphs prepared by sol-gel
spray-drying

Gundula Helsch *T 1, Beatriz Paiva Da Fonseca! !, Alessio Zandona
Joachim Deubener !

! Institute of Non-Metallic Materials, Clausthal University of Technology — Zehntnerstrafie 2a, 38678
Clausthal-Zellerfeld, Germany

To gain insight into the structure-property relationship of stuffed SiO2-polymorphs, CuAlO2-
SiO2 nano-powders with 66, 85, 90, 95 and 97 mol% SiO2 were prepared by sol-gel spray-drying.
Depending on thermal treatment, Cu-stuffed quartz or cristobalite solid solutions were crystal-
lized and thermal expansion as well as phase transition were measured by high-temperature
X-ray diffraction. For the investigated compositions both polymorphs show a positive thermal
expansion even in the high-temperature modification.

Keywords: quartz, cristobalite, solid solutions, solgel, HTXRD, thermal expansion, copper

*Speaker
fCorresponding author: gundula.helsch@tu-clausthal.de
fCorresponding author: beatriz.paiva.da.fonseca@tu-clausthal.de

314


mailto:gundula.helsch@tu-clausthal.de
mailto:beatriz.paiva.da.fonseca@tu-clausthal.de

Influence of Rare Earth Oxides on the

Structure and Properties of
Li20-A1203-SiO2-MgO glass ceramics

Xuhe Jia * 1, Jihong Zhang' 2, Jun Xie 12

1 1State key Laboratory of Advanced Glass Materials, Wuhan University of Technology, Wuhan,
430070, P. R. China — China
2 2Hepu Research Center for Silicate Materials Industry Technology, 27 Huanzhu Avenue, Hepu county,
Beihai, 536100, P. R. China — China

The properties of Li20-A1203-Si02-MgO (LASM) glass-ceramics, including the glass transi-
tion temperature, thermal expansion coefficient, and crystalline phase composition, can be tuned
over a wide range by compositional adjustments. This tunability consequently affects their ther-
mal, mechanical, and electrical properties, endowing them with broad application potential. In
this study, rare-earth ion oxides were introduced into the glass composition. The effects of Y203
content on the microstructure and thermal properties of LASM glass-ceramics were investigated
using differential scanning calorimetry (DSC), Fourier transform infrared spectroscopy (FTIR),
Raman spectroscopy, X-ray diffraction (XRD), and scanning electron microscopy (SEM). The
results indicate that when the Y203 content is below 0.5 mol%, Y3+ ions incorporate into the
network as intermediates, leading to an increased glass transition temperature and a reduced
thermal expansion coefficient. When the Y203 content exceeds 1 %, the Q3 structures de-
polymerize into less-polymerized Q2 island structures, leading to the disruption of the network
structure. Consequently, the glass transition temperature decreases, and the thermal expansion
coefficient increases. An increase in Y203 content and a rise in heat-treatment temperature sig-
nificantly promote the crystallization capability of the glass. Simultaneously, the introduction of
Y203 also alters the primary crystalline phase of the glass-ceramics, exerting a considerable in-
fluence on their mechanical properties.This research provides a valuable reference for developing
novel high-performance LASM glass-ceramic systems.

Keywords: Rare earth oxides, Li20, Al203, SiO2, MgO Glass ceramics, Sintering temperature,
Thermal expansion, Crystallization behavior

*Speaker
fCorresponding author: optinfo@whut.edu.cn

315


mailto:optinfo@whut.edu.cn

Crystallization of Li20-A1203-Si02
glass-ceramics

Emmanuel Lecomte * !
I EUROKERA — Research and Development — 7 Avenue Tivoli, F-02400 Chierry, France

Li20-A1203-Si02 glass-ceramics are used in the manufacture of consumer goods ranging
from electrical cooktops to hearths, fire rated glazings, taking advantage of their exceptional
properties such as thermal shock resistance, IR and visible transparency and mechanical re-
sistance. We report here the experimental process to design the thermal treatment that will
transform the green glass into beta-quartz glass-ceramic by controlled crystallization. Beta-
quartz is the main crystalline phase in the glass-ceramic microstructure but minor phases such
as Srilankite and beta-spodumene are also present. We describe a simple process to control the
beta-spodumene minor phase content which influences the ageing behaviour of the glass-ceramic.

Keywords: LAS, glass, ceramic, crystallization, thermal treatment
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From Glass to Glass-Ceramic:
ZnO-Modified Phosphate (Glasses and
Glass-Ceramics for Optical Applications

Ailda Da Luz Lima !, Robson Ferrari Muniz 2, Franciana Pedrochi !,
Alysson Steimacher *T 1

! Universidade Federal do Maranhao - CCIM — Residencial Dom Afonso Felippe Gregory - Avenida
Principal, 100, Imperatriz - MA, 65915-240, Brazil
2 Universidade Estadual de Maringa - DFI — Av. Colombo, 5790 - Bloco G56 - Zona 7, Marings - PR,
87020-680, Brésil, Brazil

Phosphate glasses have been extensively studied for their distinctive characteristics, includ-
ing low melting point, excellent thermal stability, and high transparency compared to silicate
and borate glasses. The addition of transition metal oxides, particularly zinc oxide (ZnO), en-
hances chemical and thermal stability, preventing structural degradation over time. Moreover,
ZnO can act as a nucleating agent, facilitating controlled crystallization while preserving the
transparency of the resulting glass-ceramics. This research investigates the effect of replacing
P205 with ZnO in phosphate glasses of the system (70-z)P205—(2)Zn0O-30SrO, where 2z = 0, 5,
10, 20, and 30 mol%. The glass samples were prepared using the conventional melt-quenching
technique. Two series of glass-ceramic samples were produced by controlled crystallization using
the composition with 30 mol% ZnO. The first series was prepared as a function of temperature
(470 °C, 500 °C, 530 °C, 560 °C, and 590 °C for 4 h), and the second as a function of time
(1, 2, 4, and 8 h at 530 °C). The structural, thermal, and optical properties of both glasses
and transparent glass-ceramics were analyzed. Differential thermal analysis (DTA) showed that
increasing ZnO content affects the glass transition temperature (T,) and crystallization tem-
perature (Tyx). X-ray diffraction (XRD) confirmed the amorphous nature of the glasses and
revealed the formation of crystalline phases after heat treatment. The degree of crystallization
and crystallite size increased with both time and temperature of the heat treatment. FTIR spec-
troscopy, combined with deconvolution analysis, showed shifts in vibrational modes associated
with phosphate groups, indicating changes in network connectivity as ZnO concentration in-
creased. UV—Vis—NIR spectroscopy revealed high transparency in both glass and glass-ceramic
samples, and transmittance measurements confirmed that this transparency was preserved fol-
lowing crystallization. Overall, the incorporation of ZnO enhances thermal stability, promotes
nucleation, and preserves optical transparency. These materials show strong potential for appli-
cations in optical components, such as lenses and other photonic devices. Keywords: Phosphate

glasses, ZnO, Controlled crystallization, Glass, ceramics, Optical properties.
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Effect of A1203 on the crystallization
behavior and thermophysical properties of
Ba0O-Al203-Si02 system glass-ceramic

Yiwen Liu * !, Feiran Liu !, Jun Xief 12, Jihong Zhang 2

1 State key Laboratory of Advanced Glass Materials, Wuhan University of Technology, Wuhan, 430070,
P. R. China — China
2 Hepu Research Center for Silicate Materials Industry Technology, 27 Huanzhu Avenue, Hepu county,
Beihai, 536100, P. R. China — China

The development of sealing materials for Solid Oxide Fuel Cell (SOFC) has emerged as
a critical challenge affecting their applications. Sealing materials are required to endure high
temperatures, complex chemical environments, and other adverse conditions. Glass-ceramics,
as one type of sealing materials for SOFC, their composition exerts a significant influence on
key parameters such as microstructure and coefficient of thermal expansion (CTE). In this
work, BaO-Al1203-Si02-based glass-ceramics with different A1203 contents were prepared, and
relevant tests were conducted on the glasses. Test results demonstrate that A1203 mainly exists
in the form of (AlO4) tetrahedra in the glass network. With the increase in A1203 content, the
glass network structure is strengthened, and the glass transition temperature (Tg) of the glass
increases from 684 to 754 oC. Owing to the variation in glass composition and modification
of the glass network structure, the peak crystallization temperature (Tp) of the samples first
decreases and then increases with increasing Al203 content. Since the CTE of Ba5(Si8021) is
higher than that of BaAl2Si208, and Al203 reinforces the glass network structure, the CTE of
the glass at 800 oC decreases from 12.48x10-6 to 9.78 x10-6 oC-1 with increasing A1203 content.

Keywords: sealing glass, ceramic, thermal properties, network structure, crystallization behavior,
CTE
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Microsized Rare-Earth Iron garnets (REIG)
Single Crystals Obtained by Glass
Crystallization: A New Route Toward
Magneto-Optical Sensing Materials

Thiago Lodi * !, Eduardo Ghezzi !, Leonardo Albino , Aminu Habib !,
Marcelo Nalin !

! Institute of Chemistry (IQCAr), Sao Paulo State University — Av. Prof. Francisco Degni, 55 - Jardim
Quitandinha, Araraquara - SP, 14800-900, Brazil

Rare-earth (RE) garnets, specifically Rare-Earth Iron Garnets (REIG, RE3Fe5012), are
highly relevant materials for magneto-optical (MO) applications due to their large Verdet con-
stant. Traditionally, high-quality garnet single crystals are synthesized using conventional melt-
growth techniques like Czochralski or Bridgman, which yield large crystals (mm to cm scale) and
involving high costs and complex processing steps. However, the development of miniaturized
photonic devices and high-sensitivity sensors creates a demand for high-quality, micrometer-
sized single crystals, which are difficult to produce using these methods. This work presents a
novel methodology for fabricating high-quality, micron-scale (10-80 pm) garnet single crystals
through the controlled crystallization of a precursor glass matrix. The resulting glass-ceramic
materials contain microsized single crystals embedded in a glassy matrix. Subsequently, selective
chemical etching with acidic solutions was employed to dissolve the glassy phase, enabling the
extraction and isolation of hundreds to thousands of REIG single crystals. Their morphology
and size distribution were characterized using Scanning Electron Microscopy (SEM). The crys-
talline structure and phase purity were confirmed by Single Crystal X-ray diffraction (SCXRD),
verifying the formation of the desired garnet structure. Furthermore, we evaluated the functional
properties of the synthesized micro-crystals. This study demonstrates an efficient glass-ceramic
method for producing garnet micro-crystals and validates their potential for integration into
sensitive devices, such as those required for the detection of weak biomagnetic fields.

This work was supported by a grant from the Sao Paulo Research Foundation (FAPESP) (grant
number: 2025/05131-3).

Keywords: Garnets, Magnetic properties, Sensors
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Effect of initial glass density on surface
crystallization behavior

Eriko Maeda * 12, Tetsuji Yano * T 3

! Institute of Science Tokyo, Department of Materials Science and Engineering — Ookayama 2-12-1,
Meguro-ku, Tokyo, Japan
2 AGC Inc. — 1-1, Suehiro-cho, Tsurumi ward, Yokohama, Kanagawa 230-0045, Japan
3 Institute of Science Tokyo, Department of Materials Science and Engineering — Ookayama 2-12-1,
Meguro-ku, Tokyo, Japan

Surface crystallization is a critical issue in large-scale glass production, as it can compro-
mise transparency and mechanical reliability. Although crystallization typically occurs at glass
surfaces rather than in the bulk, the fundamental mechanisms remain poorly understood. Con-
ventionally, evaluations often involve polished surfaces or impurity effects from outside, which
complicate the representation of the pristine state of glass. Computational studies using molec-
ular dynamics simulations have suggested that surface regions exhibit structural characteristics
closer to crystalline phases compared to the bulk, implying that surface composition and molec-
ular arrangement play an important role in nucleation. However, the experimental approach to
these phenomena has been limited.

In this study, we experimentally investigated crystallization behavior at fresh glass surfaces by
using the pulsed laser deposition (PLD) method to fabricate amorphous thin films under con-
trolled conditions. By changing the oxygen partial pressure during deposition, we produced
amorphous films with different densities to examine the relationship between initial amorphous
density and crystallization tendency by using X-ray diffraction analyses. As a result, it revealed
that crystalline phases with densities similar to the amorphous state preferentially precipitate.
Transmission electron microscopy (TEM) provided direct evidence of nucleation and crystalliza-
tion.

Initially, for research, it was investigated TiO2 , which was constructed as simple elements,
after that, it was expanded to a soda lime aluminosilicate glass. Fabricated amorphous films
confirm these elements by using XPS. We hope to discuss not only density but also the effects of
compositions compared to previous works. This study bridges computational predictions with
experimental observations, providing new insights into surface-driven crystallization.

Keywords: crystallization, nucleation, surface
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Effect of SnO; and CeO; doping on the
crystallisation kinetics of a lithium
aluminosilicate glass

Fellipe Martinez * !, Gundula Helsch !, Joachim Deubener !

! Institute of Non-Metallic Materials, Clausthal University of Technology — Zehntnerstrafie 2a, 38678
Clausthal-Zellerfeld, Germany

The use of refining agents in the industrial production of lithium aluminosilicate (LAS)
glass-ceramics is essential. As the industry increasingly switches from refining oxides hazardous
to health such as ShoO3 and AsyOg towards ecological alternatives, the effect of the eco-friendly
refining agents SnOg and CeOs in crystallisation and the associated formation of a residual glass
melt must be clarified. In this context, a multi-analysis study was conducted using ICP-OES,
DSC, viscometry, HT-XRD and HTOM to investigate the solubility, precipitation behaviour
and possible role as a nucleating agent of CeO2 and SnOs for quartz solid solutions (Qz-ss) in
a LAS model glass composition. Particular attention was paid to the crystallisation kinetics of
Qz-ss in a residual melt enriched with tin and cerium.

Keywords: Glass-ceramic, Lithium Aluminosilicates, Eco-friendly Refining Agents, Crystallisation,
Nucleation, Residual Glass Melt Viscosity
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Glass-Ceramic Synthesis of Na3V2(P04)3
for Use in Sodium-Ion Batteries

Joseph Nzabahimana * !, Jodo Vitor Campos !, Leonardo Jesus De
Campos !, Evaldo Da Cruz Hoffmann !, Ana Candida Martins Rodrigues
1

! Federal University of Sao Carlos — Brazil

Sodium superionic conductor (NASICON)-type Na3V2(P04)3 (NVP) is a promising cathode
material for high-performance sodium-ion batteries (SIBs) due to its high reversible storage ca-
pacity, low cost, good thermal stability, excellent structural stability, and robust 3D framework.
However, synthesizing the pure NASICON-type NVP requires complicated preparation methods,
expensive equipment, long processing times; and its electrochemical performance strongly de-
pends on synthesis conditions and vanadium redox control. In the present study, Na3V2(P04)3
were synthesized by the glass-ceramic route. Two glasses with the composition of 37.5Na20-
25V205-37.5P205 (mol%) with/without 10 wt% sugar were prepared by a conventional melt-
quenching method under redox conditions using a double-crucible design. The precursor powders
were thoroughly mixed and placed in a small alumina inner crucible, which was then put into a
larger outer crucible containing sacrificial carbon black surrounding to maintain a reducing at-
mosphere. During heat treatment, the sacrificial carbon consumes oxygen, establishing a locally
buffered low oxygen partial pressure environment that is expected to promote the stabilization of
vanadium in the V34 oxidation state. A two-step crystallization profile comprising a nucleation
step and a subsequent crystal growth step were performed in air also using a double-crucible
approach. This approach is expected to suppress the formation of secondary phase impurities,
promoting the formation of phase-pure NASICON-type Na3V2(P0O4)3. Impedance spectroscopy
results showed that the glass prepared with sugar exhibited an Na-ionic conductivity of -710-10
S.cm-1 (Ea0.72 eV) compared with _710-9 S.cm-1 (Ea0.59 eV) for the glass prepared without
sugar, indicating better ionic conducting properties. Moreover, the XRD patterns after crystal-
lization have shown NVP phase with some secondary phase impurities. These impurities can be
mitigated through careful optimization of the synthesis conditions, particularly those governing
the reduction of V205. In this study, we conclude that NASICON-type Na3V2(P0O4)3 can be
achieved in air without the need for costly external reducing atmospheres, such as H2-based gas,
through the combination of a carbon-buffered double-crucible configuration, careful controlled
low-temperature crystallization, and limited dwell times, which permits kinetic stabilization of
V3+ within the NASICON framework.

Keywords: Na3V2(P04)3, Glass, ceramic, Carbon, reducing atmosphere, NASICON, Sodium, ion
batteries
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Multi-functional single-crystal rare earth
garnets prepared by the supersaturated
methodology

Marcelo Nalin * !, Eduardo Ghezzi , Leonardo Albino , Thiago Lodi ,
Adamu Habib , Douglas Franco

! Institute of Chemistry — Sao Paulo State University — Araraquara, SP, 14800-060, Brazil — Brazil

In this paper we will present an innovative methodology to produce multifunctional alu-
minum and gallium micro-scale single crystal garnets. RE3Gas012 and RE3Al;O15 single crys-
tals (where RE are rare earth oxides, including Y and Sc) were obtained using rare earths
supersaturated glass compositions. The mother glass is based on the system PbO (or BaO)—
GeOy-Big0O3-Als O3 (or GagO3)-RE203. To obtain the single crystals, the content of rare earths
must ranges from 1 to 3 mol%, while lower concentrations lead to glass formation and higher
induces uncontrolled crystallization. The cooling rate also plays a very important role in the
crystallization. After melting the compositions at 1250 °C in a Pt crucible, typical 10 °C/min
cooling rates were employed until the sample reaches 900 °C. After this step, the crucible is
withdrawn from the furnace and cooled fast to room temperature. The single crystals can be
separated from the glassy phase using a lixiviation process with HCl. This methodology al-
lows the synthesis of a single or multi-rare earth elements in the same garnet. As examples
of materials containing single rare earths we highlight the crystals of Th3GasO12, ErgGasOo,
Dy3Gas012, Th3Al5012, Gd3Al5012, among others while for multi-elements, the following ex-
amples of garnets were obtained: Ths_,Eu,Gas012, Y3_;—yTm Er,GasO12, Nd;Y3_,Al5012.
The range of applications for such materials includes magneto-optics, luminescence, scintillators,
lasers, thermometry, white light generation for micro LEDs, etc. The synthesis details and the
main characterization of some systems will be presented.

Acknowledgments: The authors would like to thank Sao Paulo Research Foundation (FAPESP,
grants number 2025/04339-0) and INCT-INFO — National Institute of Photonics for financial
support. Keywords: Glasses, single crystals, rare earths, garnets
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Dependence of thermal conductivity on
crystalline features in silicate glass-ceramics

Sandie Nielsen *' 1, Hicham Johra 2, Martin (Jstergaard !

! Department of Chemistry and Bioscience [Aalborg] — Fredrik Bajers Vej 7TH, 9220 Aalborg,
Danemark, Denmark
2 SINTEF - Architectural Engineering — 0373, Oslo, Norway, Norway

As we face a future with more frequent and severe weather and temperature changes, the
need for materials with controlled thermal properties is increasing. In particular, further un-
derstanding the thermal conductivity of glass and glass-ceramics can be essential for improving
thermal insulation performances in, e.g., buildings.Recent investigations, specifically into the
thermal conductivity of glass-ceramics’ dependence on crystallinity, found an anomaly. Here, an
initial decrease in thermal conductivity with increasing relative crystallinity up to 11.5%, and an
increasing thermal conductivity from 18.5% and above, was found. Optimising and understand-
ing the crystalline features of glass-ceramics, thus, present a promising pathway for enhancing its
performance for further use, such as insulation materials. In this study, the impact of different
crystalline features, e.g. degrees of crystallinity, crystal size, and crystal phase, on the thermal
conductivity of glass-ceramics is investigated. Two glass compositions in the soda-lime-silica and
lithium-aluminosilicate series are prepared, both series doped with different amounts of TiO2
and/or ZrO2 as nucleating agents. The crystallisation of each glass is performed isothermally
based on the onset crystallisation temperature (Tc) for varying durations, to introduce different
degrees of crystallinity and to control the crystal growth in order to obtain crystals of specific
sizes. The crystallisation of the glasses will be examined both in situ and ex situ, using X-ray
diffraction to determine the crystal phases, crystallisation kinetics, crystal sizes, and overall
crystallinity. The thermal conductivity of the glass-ceramics with varying crystallinity and dif-
ferent crystalline features will be calculated from measurement of density (Archimedes’ principle
or He-pycnometry), specific heat capacity (Differential Scanning Calorimetry), and thermal dif-
fusivity (LaserFlash analysis) at 25 oC. These results provide a deeper insight into the thermal
conductivity of glass-ceramic silicates and explain which crystal features play a crucial role in
the development of thermally insulating glass-ceramics.

Keywords: Glass, ceramics, crystallisation, crystallization, thermal conductivity
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Characterizations and optical properties of

new highly transparent glass-ceramics
elaborated in the TeO2-La203-In203
ternary system

Tran Bao Khoi Pham , Raphaél Beringue , Emmanuel Véron !, Richard
Mayet 2, Francois Brisset 3, Julie Cornette , Maggy Colas 2, Patrice
Duport , Mathieu Allix !, Philippe Thomas 2, Théo Guérineau *, Younes
Messaddeq *, Gaélle Delaizir , Jean-René Duclere *f

I Conditions Extrémes et Matériaux : Haute Température et Irradiation - CNRS — France
2 Institut de Recherche sur les CERamiques — Université de Limoges — France
3 Institut de chimie moléculaire et des matériaux d’Orsay — Université Paris-Sud - Université
Paris-Saclay — France
4 Centre d’Optique Photonique et Lasers (COPL), Université Laval — Canada

Tellurite glasses and glass-ceramics offer real prospects for optical applications in the near-

and mid-infrared spectral range. Here, we focus on the 85.714 TeO2 — 14.286 La203 chemical
composition, for which the anti-glass defined compound La2Te6015 is known. The latter has
the peculiarity of presenting an oxygen deficient fluorite-type crystal structure which combines
a strong local disorder of the anionic sublattice, with a long-distance order of the cationic sub-
lattice (La34/Ted+ ions statistically occupy the same Wyckoff position).
The driving idea of this work is to crystallize the La2Te6015 anti-glass phase from the parent
glass. However, the extent of the glassy domain in the TeO2 — La203 binary system is quite
limited, rendering impossible the synthesis of a bulk parent glass of the desired composition.
Thus, by introducing indium oxide (In203) in partial substitution of La203, we show how it is
possible to significantly enlarge the glassy domain and to easily synthesize a homogeneous bulk
glass with the specific 85.714 TeO2 — 4.512 In203 — 9.774 La203 composition.

Adapted heat treatments make it then possible to elaborate highly transparent glass-ceramics
for which the crystalline anti-glass phase (La,In)2Te6015 (LITO) is observed. These glass-
ceramics are characterized by the presence of crystalline spherulites dispersed within a glass
matrix, and whose concentration and size increase with the duration of the heat treatment.
The chemical composition of the spherulites, determined by Energy Dispersive Spectroscopy, is
found perfectly identical to that of the glass matrix, and the acquired Raman spectroscopy data
confirm the inherent structural disorder of this LITO phase. Furthermore, partial substitution
of La3+ by Er3+ is demonstrated, and the conferred luminescent properties are measured for
the corresponding parent glass and glass-ceramics.

Finally, Differential Scanning Calorimetry measurements combined with variable temperature
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powder X-Ray Diffraction experiments allow evidencing a phase transition, which occurs at
higher temperatures. The latter is characterized by some cationic ordering and the transforma-
tion of the first disordered anti-glass polymorph into a second more ordered polymorph. Surpris-
ingly, the formation of such final more ordered structure is only observed for undoped samples,
suggesting that the partial substitution of Lad+ by Er3+4 somehow prevents its appearance.

Keywords: glasses, glass, ceramics, tellurites, spherulites, anti, glass
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Stuffed derivatives of cristobalite
crystallized from spray-dried glass powders:
structure, phase transition and thermal
expansion

Beatriz Paiva Da Fonseca *T !, Gundula Helsch !, Alessio Zandona ',

Joachim Deubener !

! Institute of Non-Metallic Materials, Clausthal University of Technology — Zehntnerstrafie 2a, 38678
Clausthal-Zellerfeld, Germany

Functional crystals are a basic component of glass-ceramic development. In this context,
stuffing of the cristobalite structure (Crs-ss) was explored as a route to modulate its properties.
In particular, the incorporation of different cations (Ca?*, Nat, Cu?*t, Sr?*, and K*) into Crs-ss
was analyzed in aluminosilicate spray-dried glass powders with SiOo contents of 97, 95, and 90
mol

Keywords: cristobalite, glass-ceramic, spray-drying, thermal expansion
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From Glasses to Glass-Ceramics /
Composites: Designing Photonic Materials
with Tailored Optical Properties

Laeticia Petit * !

! Photonics Laboratory, Tampere University (Finland) — Finland

Recent advancements in photonic materials have highlighted the potential of glasses with em-
bedded crystalline phases to achieve multifunctionality. Glass-ceramics are typically fabricated
through controlled crystallization of glass matrices, enabling the integration of nanocrystalline
structures that enhance spectroscopic properties while retaining optical transparency. However,
the crystallization process is inherently challenging to regulate-surface versus bulk crystalliza-
tion, unpredictable precipitation of crystals, and difficulties in achieving targeted doping con-
centrations and crystalline phases. To overcome these limitations, the direct doping method
presents a more robust alternative. This approach is based on incorporation of functional ions
directly into the glass matrix. In this contribution, we will present a comprehensive overview of
the development of glass-ceramics and composite materials, with a focus on the strategic inte-
gration of crystalline domains to enhance photonic performance. Rare-earth-doped phosphate
and tellurite glasses are examined as model systems, wherein post-synthesis thermal treatments
induce partial crystallization. Controlled nucleation and growth of nanocrystalline phases re-
sult in improved emission efficiency, lower phonon energy environments, and superior thermal
stability-traits essential for solid-state lasers, optical amplifiers, and nonlinear photonic devices.
Furthermore, we report on novel glass composites, especially those incorporating phosphor ma-
terials, which exhibit persistent luminescence. These composites demonstrate long-lasting af-
terglow and show promise in applications such as bioimaging and energy-efficient illumination.
Overall, we will show that embedding crystals in glass matrices opens promising avenues for
designing next-generation, sustainable photonic materials that merge high performance with
fabrication versatility.

Keywords: glass, glass, ceramics, composites, luminescence
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Vibrational anharmonicity as a probe of
temperature-induced structural
transformations of Pb0O.SiO2 silicate glasses,
super cooled liquids, crystals and liquids:
Raman scattering and molecular dynamic
simulations

Paulo Pizani *T !, Thiago Cunha !, Rafaella Pena !, Adalberto Picinin !,
Ariano Rodrigues !, José Rino !

! Universidade Federal de Sao Carlos [Sao Carlos] — Rodovia Washington Lufs, Km 235, s/n - Jardim
Guanabara, Sao Carlos - SP, 13565-905, Brazil

In-situ Raman spectroscopy and Molecular Dynamics Simulation were used to explore in
detail the temperature effects on PbO.SiO2 across its four phases: glass, supercooled liquid,
crystalline phases, and liquid. From the Raman data, the changes in the Qn distribution were
determined up to 1153 K, and also the changes in the wavenumber temperature coefficients.
Meanwhile, from Molecular Dynamics, the structural transformation was observed through
changes in the Qn population distribution up to 2400 K. The quantitative spectral analysis
of the high-wavenumber spectral region (‘Qn envelope’, between 790 and 1200 cm-1) was per-
formed alternatively by determining the one-parameter barycenter position and by curve fitting
multiple functions. The results showed that configurational transformations occur only in the
higher temperature range of supercooled liquid near the crystallization temperature, mainly in
the liquid state, in which the increase of Q0 and Q1 population takes place at the expense of Q3
and Q4. In the glass and crystalline phases, only vibrational anharmonicity was observed.(1)

Keywords: temperature, structural transformations, metasilicate glasses, vibrational anharmonic-
ity, Raman scattering, molecular dynamics
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Transparent keatite glass-ceramic for
chemical strengthening

Bernd Riidinger !, Meike Schneider !, Thomas Seuthe 2, Jovana
Djordjevic-Reify * !

1 Schott AG — Hattenbergstr. 10, Mainz, Germany
2 Schott AG — Otto-Schott-StraBe 13, Jena, Germany

Lithium aluminosilicate (LAS) glass-ceramics have long been used in applications requiring
low thermal expansion, high transparency, and excellent thermal stability, such as cooktops, tele-
scope mirror blanks, and high-temperature-resistant windows. Traditionally, transparent LAS
glass-ceramics feature a high-quartz solid solution as the primary crystalline phase. In contrast,
LAS glass-ceramics containing a keatite solid solution are typically translucent or opaque. How-
ever, keatite glass-ceramics are recognized for their superior mechanical properties, which can
be further enhanced through chemical strengthening. In this work, we present a novel keatite
glass-ceramic that achieves high transparency (visible light transmission,
tau_vis, exceeding 85% at 0.7 mm thickness), low haze, and a neutral color tone, while remain-
ing compatible with standard chemical strengthening processes. This high transparency was
realized by carefully optimizing both the composition and the ceramization process to minimize
the refractive index difference between the crystalline and residual amorphous phases. Conven-
tional nucleation agents for LAS glass-ceramics, such as TiOs, often impart a yellowish tint.
Removing TiOg typically requires increased amounts of alternative nucleation agents to achieve
sufficient nucleation and small crystal sizes, which can lead to devitrification and production
challenges. Our approach involved optimizing the nucleation system to promote the formation
of fine crystallites, thereby minimizing light scattering and maintaining color neutrality.

Keywords: LAS Glass, ceramic, Transparent keatite, Chemical strengthening
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Synthesis of highly non-stoichiometric
europium aluminate garnets by glass
crystallisation

Pierre-Loup Savary *T | Maxence Vigier !, Amandine Baillard , Pavel
Loiko 2, Sandra Ory 3, Emmanuel Véron 3, Mathieu Allix , Michael
Pitcher *

! Conditions Extrémes et Matériaux : Haute Température et Irradiation — Université d’Orléans,
Institut de Chimie - CNRS Chimie, Centre National de la Recherche Scientifique — Site Haute
Température, CS 90055, 1D avenue de la Recherche Scientifique, 45071 Orléans Cedex 2, France
2 CIMAP —~ CIMAP CNRS UMR6252 ENSICAEN UNICAEN CEA — France
3 CEMHTI - CEMHTI - CNRS UPR 3079 — France
4 CEMHTI - CNRS : UPR3079 — 1d avenue de la Recherche Scientifique, 45071 Orléans, France

Recent studies have emphasized that crystallisation of glass synthesised by containerless aero-
dynamic levitation (ADL) is a powerful method to stabilise new highly non-stoichiometric oxides
(ns), specifically rare-earth aluminates garnets (RE3A15012) as highly ns-YAG (Y3+4xAl5-xO12
with x < 0.4) (1), or highly ns-GAG (Gd3+xAl5-x012 with x < 0.6) (2). While rare-earth alu-
minate garnets are well established as excellent hosts for luminescent dopant species, here, the
principal interest lies in the structural modification achieved via a significant degree of substitu-
tional disorder (excess of RE3+ substitutes on AlO6 sites). Specifically, the dopant is distributed
between AO8 and BO6 sublattices, permitting a fine-tuning of the luminescence colour through
chemical composition modulation. The sharing of the same site by atoms presenting such a large
radii size mismatch (RE3+/Al3+) is unusual in crystal chemistry. The limit of this mismatch
arise an open question which is the basis of this project: how much can the garnet structure
be extended using larger rare earth (as Eu or Sm), that do not form thermodynamically stable
garnet phases?

Yet, only stoichiometric europium alumina garnets (Eu3A15012/EAG) have been obtained by
sol-gel process (3). It is described as a metastable phase requiring a high-energy consumptive
process for its synthesis.

Due to the high metastability of stoichiometric and ns-EAG (Eu3+xA15-x012), the synthesis of
glassy precursors by ADL went through a careful optimisation study. After glass crystallisation,
XRD results show the existence of the solid solution up to x = 0.6 (Figure 1), which is equivalent
to the GAG system. Due to a competition between garnet and nanostructured phase made of
perovskite and alumina, the stoichiometric EAG is difficult to obtain. Micro-luminescence and
micro-Raman analyses were performed on several samples, to improve our understanding of this
phenomenon.

Additional experiments with samarium show the non-feasibility of pure SAG (Sm3A15012).
EAG is therefore the limit of the rare-earth series, which implies that highly non-stoichiometric
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garnets should be synthesisable from Lu,Y to Eu. In light of the findings generated on EAG,
these materials are highly promising to present optical characteristics, warranting further crys-
tallographic and spectroscopic characterisation.

Keywords: Glass crystallisation, structure determination, ceramics, new oxide materials
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Bi2S3 Q-Dot silicate glass for thermal
Energy Harvesting

Geeta Sharma * !, Chun Wang 2, Sarathkumar Loganathan !, Evangelos
Daskalakis ', Animesh Jha !

1 School of Chemical and Process Engineering, University of Leeds — Woodhouse Lane, United Kingdom
2 School of Mechanical Engineering — Woodhouse Lane, United Kingdom

Borosilicate glass (BSG), composed of SiO2 and B203, is technologically important due to
its unique properties, such as a lower thermal expansion coefficient (3.4 x 10-6 oC-1), excellent
chemical resistance, high dielectric strength, and a high softening temperature (8000C). In our
study, we synthesized a Bi2S3 quantum dot glass composite using a high temperature melt
quenching method. The glass composition was carefully designed with 52% SiO2, 10% Na20,
6% MgO, 6% B203, 12% K20, 10% ZnO, and 4% TiO2. Bi2S3, in varying amounts (0.5—
1 wt%), was introduced directly into the glass as the source of Bi2S3 quantum dots for the
nanocomposite. The homogeneous mixture was melted in an alumina crucible at 12500C using
an electrical muffle furnace. The glass was then annealed at 5000C in another programmable
furnace and slowly cooled to room temperature to relieve stress. The synthesized samples
were characterized using X-ray diffraction (XRD) and UV-visible spectroscopy. The glass was
then used to fabricate QD glass/MoS2 heterostructures via pulsed laser deposition for thermal
management applications. A thick layer of QD glass, (a few micrometre) thick, was deposited
onto a silicon substrate, followed by the sequential deposition of few nanometre of graphene and
MoS2 layers. The QD glass served as a heat sink, capturing waste heat from ICT devices, while
the MoS2 layer generated charge carriers in response to thermal energy. The process converts
waste heat into useful power, offering an innovative solution for thermal management.

Keywords: structure, thermal property, amorphous
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Precipitation kinetics of nucleating agents in
LAS glass-ceramics by high temperature
Raman spectroscopy

Jessica Streichert *T 1, Stefanie Meyer !, Alessio Zandona !, Danilo Di
Genova 2, Joachim Deubener !

! Institute of Non-Metallic Materials, Clausthal University of Technology — Zehntnerstrafie 2a, 38678
Clausthal-Zellerfeld, Germany
2 Institute of Science, Technology and Sustainability for Ceramics (ISSMC) of the National Research
Council (CNR) — Via Granarolo 64, 48018, Faenza, Italy

The precipitation kinetics of nucleating agents in technical lithium aluminosilicate (LAS)
glass-ceramics is difficult to determine due to the low content of 3 wt.

Keywords: Nucleation agents, LAS glass-ceramics, Precipitation kinetics, TiOz, Raman spec-
troscopy
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Silicate glass-ceramics toward photonic
application: From precursor design to
fiber-type device

Yoshihiro Takahashi * 12, Nobuaki Terakado '3, Takumi Fujiwara '

! Department of Applied Physics, Graduate School of Engineering, Tohoku University — Japan
2 Okamoto Glass Co.,Ltd, — Japan
3 Department of Material Chemistry, Graduate School of Engineering, Kyoto University — Japan
4 Tohoku Polytechnic College — Japan

Glass has a disordered structure without transition symmetry, resulting in optical isotropy

and excellent formability. However, the structural isotropy leads the glass to forbid macroscopic
polarization. Therefore, the ordering of polar structure based on crystallization in precursor
glass, i.e., glass-ceramic (GC) technique, is regarded as an effective way to achieve permanent
optical nonlinearity. To fabricate the GC material, nano-sizing of crystalline phases has been
employed as a strategy for material’s optical transparency so far.
A unique crystal growth based on heterogeneous nucleation has been found in silicate glass sys-
tem (Fig. 1): Fresnoite-type phases, e.g., Sr2TiSi208, grow from glass surface, and eventually
their growth fronts impinge on each other (1,2). The resulting transparent GCs show the single
crystal-like domain and its highly-oriented texture, which are essential for lightwave control.
The authors’ group has been devoted to investigation of the GCs for application to photonic
devices. In this talk, a series of our studies are introduced: Material design of precursor glass
(2), optical modulation in the GCs based on Pockels effect (3), and fabrication of the GC fiber
(4-6).

(1) Y. Yamazaki et al., ”Surface crystallization of Fresnoite-type crystallized glasses with large
thickness,” J. Ceram. Soc. Jpn. 119, 757 (2011).

(2) Y. Takahashi et al., ”Parasitic amorphous on single-domain crystal: Structural observa-
tions of silicate glass-ceramics,” Sci. Rep. 3, 1147 (2013).

(3) K. Yamaoka et al., ”"Pockels effect of silicate glass-ceramics: Observation of optical modula-
tion in Mach—Zehnder system,” Sci. Rep. 5, 12176 (2015).

(4) Y. Hayashibara et al., ”Second-harmonic generation from radially-crystallized glass-ceramic
fiber,” Proceedings: Advanced Photonics 2018 (OSA; ETZ Zurich, Switzerland, 2018) JTu6A.

(5) T. Nakamura et al., ”Silicate glass-ceramic fibers with nonlinear optical crystals: Evalu-
ation of propagation loss and comparison to optical materials,” Ceram. Int. 49, 29259 (2023).
(6) T. Nakamura et al., ”Optical modulation in nonlinear-optical glass-ceramic fiber driven by
Pockels effect,” J. Ceram. Soc. Jpn. 132, 11 (2024).
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Crystallization of S-cristobalite in
Ca0-Al203-Si02 glasses

Katrin Thieme *T !, Christian Thieme ', Susanne Selle !, Lars Ortmann 2

! Fraunhofer Institute for Microstructure of Materials and Systems — Walter-Huelse-Strasse 1, 06120
Halle, Germany
2 QSIL GmbH Quarzschmelze Ilmenau — Gewerbering 8, 98693 Ilmenau, Germany

The crystallization of fused silica leads to the precipitation of cristobalite, which undergoes
a transition from the low-temperature phase (a-cristobalite) to the high-temperature phase (-
cristobalite). This phase transition is associated with a steep increase in volume, resulting in
material failure and rendering materials with high cristobalite concentrations nearly useless.
However, [-cristobalite exhibits advantageous properties, such as low thermal expansion at
high temperatures, making these materials suitable for applications as thermal shock-resistant
refractories. To exploit the properties of S-cristobalite, this phase must be stabilized down to
room temperature, preventing the occurrence of the phase transition. The stabilization of this
high-temperature phase is feasible within the Ca0-A1203-SiO2 system.
This paper investigates the mechanisms that enable the stabilization of S-cristobalite down to
room temperature through micro- and nanostructural analyses using high resolution scanning
transmission electron microscopic analyses including energy dispersive X-ray spectroscopy. The
results are compared with those obtained using X-ray diffraction and dilatometry. Experiments
investigating the effects of the Ca/Al ratio and crystallization conditions on the stabilization
mechanism of the [-cristobalite phase are showcased. Moreover, the effect of the nucleating
agents ZrO2 or TiO2 on the crystallization behaviour isstudied. The composition of the initial
glass as well as the heat treatment conditions, especially the maximum temperature applied,
significantly affect the stability of S-cristobalite. Volume crystallization can be achieved by the
crystallization of mullite.
These findings enhance the understanding of cristobalite crystallization and provide valuable
insights for the future development of thermal shock resistant refractories with elevated SiO2
concentrations.

Keywords: Glass ceramic, crystallization, cristobalite
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Crystal Growth and Melting Observed by
High-Temperature Optical Microscopy —
Evolution of Crystal Morphology and
Thermodynamic Modeling

Dr. Lucas Ueberricke *T !, Tetsuya Murata !, Dr. Shingo Nakane !, Prof.
Dr. Joachim Deubener 2

I NIPPON ELECTRIC GLASS CO., LTD. - 7-1, Seiran 2-chome, Otsu, Shiga 520-8639, Japan
2 Clausthal University of Technology, Institute of Non-Metallic Materials — Zehntnerstrafie 2a, 38678
Clausthal-Zellerfeld, Japan

Crystal growth plays an important role in the manufacturing of glass, where devitrifica-

tion must be avoided, as well as in glass-ceramics, where crystallization must be controlled.
The theoretical and experimental analysis of crystallization mechanisms and thermodynamics
is therefore essential for combating undesirable devitrification processes (1). Especially, precise
knowledge of the growth and melting kinetics near the liquidus temperature (TL) is important
for the manufacturing process. However, the experimental accessibility using standard furnaces
is limited, and thus even for the most intensively studied glass compositions the growth and
melting behavior close to TL is not well understood.
In this study, we use high-temperature optical microscopy (HTOM) as a versatile method, which
allows a precise time — temperature protocol with fast heating (max. -71800 K/min.) and cool-
ing rates (max. _"500 K/min.), to explore the region in the vicinity of TL. As a model case,
the growth and melting behavior of Na4CaSi309 crystals from their isostoichiometric melt is
presented. Although Na4CaSi309 is a potential devitrification product in the compositional
range of many commercial glasses, its temperature-dependent crystal growth rate has, to the
best of our knowledge, only been reported for deeply undercooled melt (-~ 550 K below TL) (2).
Combining conventional furnace and HTOM methods the temperature-dependency of the crys-
tal growth rate, as well as the evolution of crystal morphology, over a wide temperature range
from _~ 550 K below TL towards close vicinity of TL (2 K) will be discussed. Melting rates
have also been measured. The experimental results will finally be interpreted in the framework
of crystal growth theory using thermodynamic modeling (3).

References
(1) E. D. Zanotto, M. J. Davis, MRS Bull. 2017, /2, 195

(2) A.M. Kalinina, V. N. Filipovich, V. M. Fokin, J. Non-Cryst. Solids 1980, 38, 723.
(3) L. Ueberricke, T. Murata, H. Ikeda, S. Nakane J. Deubener, Acta Mater. 2024, 273, 119960.
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Crystal growth behavior and mechanical
properties of glass-ceramics with the

sequential crystallization of ZnAl1204 and
Zn2Si04

Guo Yunlan * !

! Wuhan University of Technology — Wuhan, China, China

Glass-ceramics (GCs) exhibit excellent mechanical properties, however, their brittleness
needs to be further reduced to meet various application requirements. In this work, multiphase
GCs containing ZnAl204 and Zn2SiO4 crystals were prepared, and the influence of ZnAl204
preferential precipitation on the growth of Zn2SiO4 was investigated. ZnAl204 preferentially
precipitated at relatively low temperatures, while Zn2Si04 formed as the heat-treatment tem-
perature increased. At higher temperatures, LiAlSiO4 also crystallized. When heat-treated at
lower temperatures, short durations led to ZnAl204 formation, whereas prolonged durations
promoted Zn2Si04 precipitation. Crystal clusters were observed in the Zn2Si04 phase, with
larger crystals composed of numerous smaller grains. However, the preferential precipitation
of ZnAl204 nanocrystals suppressed the growth of Zn2SiO4 crystals. The co-precipitation of
ZnAl1204 and Zn2Si04 simultaneously enhanced the Vickers hardness and fracture toughness
of the GCs, while significantly reducing brittleness. These findings provide valuable insights for
designing GCs with superior mechanical properties.

Keywords: Glass, ceramics, ZnAl204, Zn2Si04, Microstructure, Mechanical properties
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Assessing glass forming ability from
experimental, theoretical, MD and ML
perspectives

Edgar Zanotto * !, Rafael Rosante , Ricardo Lancelotti

1 Center for Research, Technology, and Education in Vitreous Materials, Department of Materials
Engineering, Federal University of Sao Carlos (CERTEV) — 13565 - 905 Sao Carlos-SP, Brazil

The fundamental principle that any liquid can be vitrified by sufficiently rapid cooling (ex-
ceeding the critical cooling rate, Rc) is well established. However, as George Morey noted
in his classic book, ”Dewvitrification is the chief factor which limits the composition range of
practical glasses; it is an ever-present danger in all glass manufacturing and working.” This un-
derscores the persistent challenge of identifying the controlling crystallization parameters, which
are needed to develop novel, good glass-forming compositions with tailored property combina-
tions. This talk examines the contrast between the intrinsic ability to crystallize-governed by
homogeneous crystal nucleation and growth-and the extrinsic (practical) scenario, dominated by
heterogeneous nucleation induced by solid impurities or interfaces, which ultimately determine
Rc and the glass-forming ability (GFA). We present a comparative analysis of good and reluc-
tant inorganic glass formers using experiments, theoretical calculations, and molecular dynamics
(MD) simulations, and identify the main factors that control devitrification. Finally, we employ
the Jezica parameter ((n(Tliq)/Tliq?), where n = viscosity and Tliq = liquidus temperature)
to guide machine learning (ML) training. The results identify oxide glass compositions that
combine low viscosity at the liquidus temperature with a low liquidus itself-compositions absent
from the original dataset-thus confirming the predictive power of ML for discovering novel good
glass-forming formulations.

Keywords: crystallization, nucleation and growth, glass forming ability, critical cooling rates for
glass formation
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MXene—Bioglass Nanocomposites as
Next-Generation Bioactive Platforms for
Accelerated Bone Regeneration

Prasad Aramanda * !, Syam Prasad *

2 Valluri Sowjanya *

! Malla Reddy University — Maisammaguda, Dulapally, Hyderabad, Telangana 500100, India
2 National Institute of Technology Warangal — National Institute of Technology Campus, Hanamkonda,
Telangana 506004, India

The incorporation of two-dimensional (2D) MXene nanomaterials into bioactive glass (BG)
introduces a new class of multifunctional, electroactive biomaterials for next-generation bone tis-
sue engineering. In this study, MXene-bioglass (MXene-BG) nanocomposites were synthesized
via a modified sol-gel route to synergize the osteogenic ion-release capability of BG with the
exceptional electrical conductivity and mechanical reinforcement of MXene. Structural and mor-
phological analyses using XRD, FTIR, FESEM, and BET confirmed uniform MXene dispersion
within the BG matrix, along with the retention of characteristic Si-O-Si and P—-O-Si linkages
essential for bioactivity. In vitro bioactivity testing in simulated body fluid (SBF) revealed
rapid and dense hydroxyapatite (HAp) layer formation, suggesting enhanced ionic exchange and
surface reactivity. Cytocompatibility and proliferation studies using MG-63 osteoblast-like cells
demonstrated significantly higher cell viability, spreading, and attachment compared to pris-
tine BG, indicating that the inclusion of MXene promotes improved cell-material interactions.
Mechanistically, MXene nanosheets act as localized charge mediators, facilitating electrical stim-
ulation and enhancing Ca?*/ POZ‘ ion nucleation sites for faster mineralization. The combined
chemo-electroactive response of MXene-BG provides a tunable microenvironment that can reg-
ulate cellular behavior and osteogenic differentiation. These findings highlight the potential
of MXene—bioglass nanocomposites as smart, conductive biointerfaces for electrically assisted
bone regeneration. Future studies will explore their angiogenic potential and in vivo bone heal-
ing efficacy, advancing their application toward bioelectronic implants and smart regenerative
devices.

Keywords: MXene, Bioactive glass, Nanocomposite, Electroactive biomaterials, Hydroxyapatite
formation
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Towards Infrared-transmitting
maneuverable hybrid fibers combining
chalcogenide glasses and shape-memory

polymers
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Fibers are compact and small-scale structures initially developed for information transfer
but have since greatly diversified owing to the invention of microstructured and multimaterial
fibers. They are used to fabricate various devices such as light sources and mid-infrared waveg-
uides for molecular detection. Among the emerging scientific directions, maneuverable fibers
capable of being oriented in three dimensions show great potential for applications in various
fields, such as biomedical, robotics or for sensing in general. Integrating materials with comple-
mentary properties within a single fiber enables both optical and mechanical control. This work
aims to couple shape-memory functionality with infrared transmission by combining polymers
and glasses compatible with the fiber drawing process. Fiber drawing consists in stretching a
macroscopic preform into a microscopic fiber while maintaining structural homothety. Achieving
this requires the processed materials to exhibit compatible viscosity ranges. For this reason, we
have selected chalcogenide-based glass compositions with the desired rehological characteristics.
Their optical, thermal, and mechanical properties were assessed to evaluate material processabil-
ity. Following, the glasses are integrated together with shape-memory polymers within fibered
structures. The resulting elongated objects have the ability to be spatially oriented and can be
deformed in a controlled manner. They can memorize a permanent shape, temporarily adopt a
deformed configuration, and recover their original form when exposed to an external stimulus.
Finally, the response of the glass inclusions to mechanical stress and the influence of bending on
light transmission are explored, along with preliminary mechanical assessments of the fibers.
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Mechanistic Study of Crystallization in
Alkali Aluminosilicates: The Role of Ti, Zr,
and P,0O; as Nucleating Agents

Mohamed-Amine Belaabd *' 1, Daniel R. Neuville * ¥ !, Laurent Tapie * 3
2

! Institut de Physique du Globe de Paris — Institut de Physique du Globe de Paris, IPGP, Paris, France
— 1 rue Jussieu, 75005 Paris, France
2 Unité de Recherche Biomatériaux Innovants et Interfaces - UR4462 — Uniersité de Paris, Universié
Sorbonne Paris Nord — France

Glass-ceramic materials offer a wide range of applications, from military to biomedical fields
(Fu et al., 2020). Among them, alkali aluminosilicate glass-ceramics (Li, Na, K) exhibit mechani-
cal properties very similar to those of natural teeth. Since the 1980s, they have been employed as
dental restorative materials (Zhang et al., 2023), providing more reliable alternatives to compos-
ite resins (Malament et al., 2001). The aim of this study is to assess the feasibility of developing
a multilayer material by co-fritting ternary aluminosilicate glasses (Li, Na, K) and to investigate
the physicochemical behavior at the interface after sintering at temperatures close to the glass
transition temperature (Ty). The glasses were synthesized with the following compositions: 70
mol

Keywords: Glass, ceramics, Crystallisation, Biomaterials, Dental Materials
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Sintering and cell proliferation of ink-jetted
bioactive glass scaffolds with different
crystallization tendencies.

Carsten BlaeB *T 123, Qaisar Nawaz 4, Ertugrul Varlik *°, Aldo
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! Federal University of Sao Carlos (UFSCar), Vitreous Materials Laboratory (LaMaV) — Rod.
Washington Luis, s/n - Monjolinho, Sao Carlos - SP, 13565-905, Brazil
2 Friedrich Schiller University Jena, Otto-Schott Institute for Materials Research (OSIM) —
Firstengraben 1, 07743 Jena, Germany
3 Bundesanstalt fuer Materialforschung und -pruefung (BAM), Division 5.6 Glass —
Richard-Willstatter-Strale 11, Germany
4 University of Erlangen-Nuremberg, Institute of Biomaterials, Institute of Biomaterials — Schlossplatz
4, 91054 Erlangen, Germany
% Alexander Dubéek University of Trenéin, Centre for Functional and Surface Functionalized Glass —
Studentskd 2, 911 50 Trenéin, Slovakia
6 Technical University Clausthal, Institute of Non-Metallic Materials — Zehntnerstrae 2a 38678
Clausthal-Zellerfeld, Germany

The sinterability of powder compacts and scaffolds 3D-printed via binder-jetting was stud-
ied for bioactive glasses (BG) of different crystallization tendencies. To this end, the BGs 13-93
(54.6 SiO2 - 1.7 P203 - 22.1 CaO - 6.0 Na20 - 7.9 K20 - 7.7 MgO mol%) and F3 (44.8 SiO2 -
2.5 P203 - 36.5 CaO - 6.6 Na20 - 6.6 K20 - 3.0 CaF2 mol%) were considered, and compacts
and scaffolds made from powders of different particle size fractions were studied by heating
microscopy, differential thermal analysis, X-ray powder diffraction, and microscopy. Compared
with their uniaxial pressed counterparts, 3D-printed specimens showed lower green body densi-
ties and increased sintering rate, but due to the greater shrinkage required, complete densification
is delayed. The slow crystallizing BG 13-93 densified completely prior to crystallization for all
particle size and green body density values studied. For BG F3, which crystallizes more readily,
only the particle size fraction < 32 um densified completely for both manufacture ways. The use
of coarser particle size fractions limited the densification due to surface crystallization-induced
sinter retardation. On the other hand, these powder size fractions allow to better stabilize
the complex shape and porosity of sintered scaffolds. Printed scaffolds with regular cylindrical
cavities, e.g., showed a good cell proliferation and ingrowth for both BGs, whereas the surface
crystallization of BG F3 seems to affect the initial cell attachment and further proliferation.

Keywords: Bioactive glass, Additive manufacturing, Crystallization, Cell proliferation
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CuO nano crystals on bioactive glass
surfaces
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Laboratério de Materiais Vitreos (LaMaV) — Rod. Washington Lufs, s/n - Monjolinho, Sao Carlos - SP,
13565-905, Brazil
2 Bundesanstalt fiir Materialforschung u. -priifung (BAM), Department 5 Materials Engineering,
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Germany
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As a minor component of bioactive glasses (BG), copper can stimulate the proliferation of
human endothelial cells, improve the differentiation of mesenchymal stem cells, and promote in
vivo angiogenesis. At higher concentrations, copper can cause cytotoxic effects, but still offers
antibacterial, antifungal, and antiviral properties, which are promising, e.g., for wound healing
applications.

Enhanced cell proliferation was found for the copper-doped BG F3-Cu 44.8S5i02-2.5P203-
35.5Ca0-6.6Na20-6.6K20-3.0CaF2-1.0CuO (mol%). Sintered powder compacts showed in vitro
cytocompatibility and supported the proliferation of MC3T3-E1 pre-osteoblast cells. During the
initial incubation stage, however, BG F3-Cu samples proved to be temporarily cytotoxic.

This can be explained by the formation of superficial CuO nanocrystals on heat-treated BG
surfaces. A Cu+ ion excess, frozen from the melt-temperature Cu+/Cu2+ redox equilibrium
during quenching, acts as the driving force for Cu+ migration to the glass surface and its oxida-
tion to CuO (Cu2+) surface crystals. Consequently, even a low copper content can lead to the
undesirable formation of cytotoxic CuO crystals during powder processing. As this effect occurs
well below the subsequent surface crystallization of the glass, however, it can be independently
tuned without major drawbacks on the BG after processing.

Keywords: Bioactive glass, Crystallization, Cell proliferation, Redox, Copper
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Paving the way for bioactivity

Delia Brauer * !

1 Otto Schott Institute of Materials Research, Friedrich Schiller University — Jena, Germany

Bioactive glasses have the same main components as the soda-lime silicate glasses of our
everyday lives. Many of their properties, however, are very different — and some of them indeed
need to be, most notably their reactivity with water. This talk looks into how compositional
differences between bioactive and conventional silicate systems are reflected in their respective
molecular structures, and how this, in turn, controls key bioactive glass properties such as
early-stage reactions with water, surface layer formation in physiological solutions as well as the
behaviour of cells and bacteria in vitro.

Keywords: bioactive glass, dissolution, ion release, corrosion
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Copper-Doped Fluoride-containing
Bioactive Glasses Inhibit Streptococcus
mutans Activity and Biofilm Formation for
Caries Prevention
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1 Central South University, School of Stomatology — 72 Xiangya Road, Kaifu District, Changsha,
Hunan, China, 410078, China
2 The University of Manchester, — Division of Dentistry, School of Medical Sciences, Manchester, United
Kingdom

Introduction

While fluoride has significantly reduced global caries prevalence, excessive fluoride exposure
causes adverse effects. Low-fluoride bioactive glasses (FBGs) offer controlled fluoride, calcium,
and phosphate release to form acid-resistant fluorapatite for remineralization, but they exhibit
limited inherent antibacterial activity. Copper is a well-documented antimicrobial agent effective
against bacteria and viruses. This study aimed to investigate whether incorporating copper into
low-fluoride bioactive glasses could enhance their antibacterial properties against dental caries
pathogens.

Methods

A series of copper-doped (0-5 mol%) low-fluoride (1 mol%) bioactive glasses (FCuBGs) were
synthesised via the melt-quench technique. The effects of copper on glass structure, bioactivity,
cytocompatibility, and efficacy against Streptococcus mutans (S. mutans) were systematically
evaluated. The caries-preventive potential of FCuBGs was further assessed in vivo. Critically,
the underlying antibacterial mechanism of Cu-doped FBGs against S. mutans was elucidated
for the first time.

Results

Structural analysis indicated that copper does not directly bind to fluoride or orthophosphate
but is likely present in the form of Si-O-Cu2+ linkages. Glasses with lower copper content (< 2
mol%) demonstrated good cytocompatibility. All tested glasses exhibited high bioactivity and
significant inhibition of S. mutans metabolic activity and biofilm formation. In a rat caries
model, the FCuBG-treated group developed fewer bacterial colonies and less severe carious le-
sions compared to controls. A strong positive correlation was observed between copper content
and antibacterial efficacy, confirming that copper doping is a viable strategy to augment the
antibacterial function of FBGs.

Conclusion
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Copper-doped fluoride bioactive glasses (FCuBGs) represent a highly promising material for
dental applications, such as in fissure sealants, varnishes, and preventive additives, due to their
combined remineralization and enhanced antibacterial capabilities. This work provides funda-
mental insights into the mechanism of action of FCuBGs, supporting their development for
effective caries management.

Keywords: Bioactive glass, copper, fluoride, caries prevention, antibacterial
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Li;O-doped borophosphate glasses as
promising biomaterials: Tailoring
degradation for bone tissue engineering
without compromising bioactivity
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Dutra !, Alysson Steimacher ', Franciana Pedrochi * !

! Universidade Federal do Maranhdo - CCIm — Imperatriz - Maranhdo, Brazil

Borophosphate glasses are recognized as promising bioactive materials, mainly due to their
controllable dissolution and ion release profiles. The bioactive properties of these glasses are
influenced by the B203/P205 ratio and the incorporation of alkali and alkaline-earth modifiers
into the network. This study aimed to investigate the physical properties, in vitro bioactiv-
ity, antibacterial activity, and biocompatibility of borophosphate glasses with Li20 addition for
use as biomaterials. Five samples of the system 50B203-20P205-15CaF2-(15-x)Na20-xLi20
(x =0, 2.5, 5, 7.5 and 10 mol%) were prepared by melt-quenching method. The glasses were
characterized by density, molar volume, X-ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FTIR), Vickers microhardness, in vitro bioactivity in simulated body fluid (SBF)
for 28 days, pH measurements, mass loss in SBF, antibacterial activity using the disk diffusion
method, and cell viability assays in RAW 264.7 (murine macrophages) and GM07492A (human
fibroblast) cells at different concentrations (500, 750, and 1000 pug/mL). The XRD patterns con-
firmed the amorphous structure of the samples. The density and molar volume values showed
nonlinearity as a function of Li20 addition, suggesting the occurrence of the mixed alkali effect
(MAE) in these glasses. FTIR spectra indicated vibrational modes attributed to borate and
phosphate groups in the glass structure. After SBF immersion, the bioactivity of the samples
was confirmed by XRD and FTIR analyses, which revealed calcium phosphate brushite (DCPD)
and hydroxyapatite (HA). All glasses showed inhibitory action on bacterial growth, confirming
the antimicrobial properties of these materials. Cell viability in both cell lines exceeded 70%,
indicating the absence of cytotoxic effects, in accordance with ISO 10993-5:2009, for all the
samples. The addition of up to 10 mol% Li20 to the glass samples can control degradation,
as demonstrated by pH and mass loss results, without compromising the bioactivity behavior.
These findings suggest that the studied glasses are promising for applications in tissue regener-
ation, as well as for combating post-surgical infections caused by bacteria commonly found on
the human skin.

Keywords: Li, containing glasses, MAE, bioactivity, bioactive glasses, antibacterial activity, cell
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Bioglass and hybrids for Ionic Medicine

Julian Jones * !

I Department of Materials, Imperial college London — Prince Consort Rd, South Kensington, London
SW7, United Kingdom

This talk will focus on how controlled release of ions from bioactive glasses can have different
therapeutic benefits. It will then explain how these properties can be introduced into sol-gel
hybrid materials. Bioactive glasses bond to bone via a hydroxycarbonate apatite layer and
stimulate bone growth. The ability of the dissolution ions to activate osteoblasts has been
termed ”osteostimulation”, approved by the FDA. These findings led to investigations into the
effect of ions on promoting blood vessel growth, which can be enhanced by copper and cobalt
ions.

Now, bioactive glasses are used in trauma surgery for non-union fractures and are found to have
antimicrobial properties, with treatment of osteomyelitis in patients that were not responding
to antibiotics. Cotton-like borate-based bioactive glasses have been found to heal diabetic ulcers
that were not healing during conventional treatment, which could be due to borate release during
their dissolution in the wound bed. Mesoporous nanoparticles can deliver ions into cells and we
have found that zinc delivery can kill cancer cells without harming other cells.

While bioactive glasses can regenerate bone, they are brittle. Inorganic/organic hybrids can
give mechanical property control and can be 3D printed into scaffolds. Scaffolds with a pore size
of .~ 250 mm guided bone marrow stem cells down a chondrogenic route, producing articular
cartilage-like matrix. Sheep studies showed scaffolds with 250 mm pores promoted excellent
cartilage regeneration, while defects remained for scaffolds with 500 mm pores were used. For
bone regeneration, the challenge is introducing osteostimulation by incorporating calcium into
the silicate network using calcium alkoxide precursors.

Keywords: Bioglass, bioactive glass, ionic medicine, sol, gel, inorganic/organic hybrids
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Weight Reduction for Pharmaceutical Vials
in the Context of Decarbonation

Marine Kiren * !, Yvan Garnier !

1 SGD Pharma — R&D Department — France

This study presents a lightweighting approach applied to molded glass primary packaging

intended for the pharmaceutical industry, in the context of decarbonation, in particular the
reduction of customers’ Scope 3 emissions.
Product safety, compliance with regulatory requirements and Pharmacopeia standards, product
quality and performance are critical for our customers. Without compromising these aspects, the
weight reduction strategy was implemented on specific vial formats and routes of administration.
Overall, the analysis indicates that SGD Pharma vials are already relatively optimized in terms
of weight-to-volume ratio, due to their design. Two case studies will be presented: one presenting
Finite Element Analysis (FEA) in comparison with experimental technical data, and the other
one to highlight the environmental benefits and customer’s challenges.

Keywords: Weight Reduction for Pharmaceutical Vials, Molded Glass Primary Packaging, De-
carbonation, Weight to Volume Ratio, Digital Simulations: Finite Element Analysis, Pharmaceutical
Industry Constraints
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SGD Pharma Siliconized Vials: Protecting
the Integrity of Sensitive Drugs

Valeriia Karaseva * !, Erwann Luais !
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Cedex, France

SGD Pharma’s siliconized vials offer a premium packaging solution specifically engineered
for the most sensitive pharmaceutical formulations. At the core of their performance lies a
unique internal siliconization process that creates a thin, uniform, and highly adherent silicone
layer on the inner surface of the glass.
The silicone layer acts as a protective shield for the glass against chemical reactions with the
drug solution, preventing the leaching of metal ions, such as aluminum. This is essential for
maintaining the chemical integrity of sensitive molecules, especially biologics, which are prone
to degradation through oxidation, aggregation, or fragmentation when exposed to leachables.

The hydrophobic nature of the silicone barrier minimizes physical interactions between the drug
product and the glass surface. This is particularly beneficial for high-viscosity formulations, as
it prevents adhesion to the vial walls, ensuring smooth product flow, complete restitution, and
accurate dosing down to the last drop. Results are improved usability and reduced product
waste.

In lyophilization processes, siliconized vials deliver superior performance by significantly re-
ducing the risk of cake cracking and minimizing product adherence to the inner surface. The
hydrophobic silicone layer helps maintain a smooth separation between the freeze-dried product
and the glass, resulting in a more uniform and compact cake structure. This homogeneity is
essential for ensuring consistent product quality, facilitating efficient reconstitution, and pre-
serving the visual appearance of the final dosage form-key attributes for both patient safety and
regulatory compliance.

In summary, SGD Pharma’s siliconized vials combine the mechanical strength of molded glass
with the hydrophobic efficiency of silicone coating-delivering superior protection, optimized drug
recovery, and enhanced stability for today’s most advanced therapies.

Keywords: molded glass vials, silicone, hydrophobic coating, barrier properties, lyophilization
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Targeted incorporation of phosphorus into
mesoporous bioactive glasses preparation by
Evaporation Induced Self Assembly method

Hana Kaiikovd * !
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Studentsk4 2 91150 Trenéin, Slovakia

The optimization of phosphorus incorporation into highly mesoporous bioactive glasses

(MBG) (80Si02-15Ca0-5P205) using nonionic block copolymers as structure guiding via an
Evaporation-Induced Self-Assembly (EISA) method was investigated. This synthesis strategy
produces MBGN with uniform and controllable pore size and with relatively high in vitro bioac-
tivity in bone formation. The aim of this work is to achieve the desired P205 content of the
MBG produced by EISA method. TEOS and Ca(NO3)2*4H20 were used as precursors for
Si02 and CaO respectively. The incorporation of the desired phosphorus content is achieved by
modifying the process conditions to promote the hydrolysis of the original phosphorus precursor
triethylphosphate (TEP). In more detail, the amount of the originally prescribed TEP, type or
quantity of solvents were changed. The process of adding TEP was also partially modified in
order to enhance the hydrolysis of TEP.
In addition, the phosphorus precursor TEP was successfully replaced with a new phosphorus
precursor. Using the new phosphorus precursor results in a higher phosphorus incorporation
extent and therefore the targeted phosphorus content in the prepared MBGN can be achieved
more efficiently.

The work also involves preparing co-doped MBG according to an optimized process. The pre-
pared MBGs were characterized by TEM, FTIR, XRD and BET. Their chemical composition
of prepared MBGs were verified after decomposition by ICP-OES to confirm the gained compo-
sition achieving.

Acknowledgement: This item was funded by the EU NextGenerationEU through the Re-
covery and Resilience Plan for Slovakia under the project No. 09101-03-V04-00040 and APVV
22-0062 project.
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Mesoporous bioactive glass (MBG) is a versatile material widely explored for regenerative

medicine thanks to its intrinsic bioactivity and highly ordered porosity, which together provide
a suitable platform for loading and controlled release of therapeutic molecules. In this study,
we introduce a light-responsive bioactive nanoplatform integrating zinc phthalocyanine (ZnPc),
a highly effective photosensitizer, into MBG nanoparticles for photodynamic therapy (PDT).
The resulting ZnPc@QMBG particles, with diameters between 100 and 160 nm, are uniformly
dispersed as evidenced by SEM and TEM analyses. Complementary structural characterization
(XRD, FTIR, XPS) confirms the formation of a heterogeneous nanocomposite while indicating
a reduction in specific surface area upon ZnPc loading.
Despite this decrease, the nanoparticles preserve their characteristic bioactivity, demonstrated
by the formation of hydroxyapatite-like layers after incubation in simulated body fluid. In vitro
experiments confirm excellent cytocompatibility under dark conditions, whereas activation with
red light (660 nm) triggers a clear dose- and time-dependent decline in cell viability, validating
the PDT functionality. In vivo evaluation using Galleria mellonella larvae further demonstrates
biocompatibility at concentrations up to 50 pg/mL. Upon irradiation, ZnPc@MBG exhibits
strong antimicrobial activity against Staphylococcus aureus, achieving both minimum inhibitory
and minimum bactericidal concentrations at 50 ug/mL.

Overall, this study presents a multifunctional nanoplatform that effectively merges photody-
namic performance, intrinsic bioactivity, and antibacterial efficacy. Such a combination high-
lights its promise for future clinical applications, particularly in the fields of infection man-
agement and tissue regeneration where targeted, stimuli-responsive therapeutic strategies are
increasingly needed.
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Multifunctional Bioactive Nanoglasses for
Hemostasis and Soft Tissue Regeneration
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Bioactive nanoglass materials represent a novel class of inorganic amorphous medical ma-
terials, characterized by unique biocompatibility, biodegradability, and bioactivity. They have
shown significant potential in various applications such as tissue repair, bioimaging, tumor treat-
ment, and drug delivery. This work report a multilayer-structured bioactive glass nanopowder
(BGN@PTE) by coating the poly-tannic acid and e-polylysine onto the BGN via facile layer-
by-layer assembly as an integrative and multilevel dressing for the sequential management of
wounds. In comparison to BGN and poly-tannic acid coated BGN, BGNQPTE exhibited the bet-
ter hemostatic performance because of its multiple dependent approaches to induce the platelet
adhesion/activation, red blood cells (RBCs) aggregation and fibrin network formation. Simul-
taneously, the bioactive ions from BGN facilitate the regulation of the inflammatory response
while the poly-tannic acid and antibacterial e-polylysine prevent the wound infection, promot-
ing the wound healing during the inflammatory stage. In addition, BGN@QPTE can serve as a
reactive oxygen species scavenger, alleviate the oxidation stress in wound injury, induce the cell
migration and angiogenesis, and promote the proliferation stage of wound repair. Therefore,
BGN@PTE demonstrated the significantly higher wound repair capacity than the commercial
bioglass dressing Dermlin™. This multifunctional BGNQPTE is a potentially valuable dress-
ing for full-thickness wound management and may be expected to extend to the other wounds
therapy.

Keywords: Nanoscale bioactive glass, Surface Engineering, Soft tissue regeneration
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Mesoporous bioactive glasses (MBGs) have gained increasing attention as multifunctional
materials for tissue regeneration and drug delivery, owing to their high surface area, ordered
porosity, and tunable composition.(1) Cerium-doped MBGs (MBGs-Ce) are of particular inter-
est due to the coexistence of Ce?t/Cet redox states, which impart catalase- and superoxide
dismutase-like antioxidant activity, supporting the management of oxidative stress typically as-
sociated with implantation and inflammatory processes.(2) Building on these properties, we
investigated the enhancement of MBGs-Ce through dual doping with therapeutic inorganic ions
(TIIs) such as Cu, Ag, Zn, and Mg, and explored further functionalization with biomolecules in-
cluding polyphenols or common drugs. MBGs with single and dual dopants were synthesized via
the sol-gel EISA method, maintaining the characteristic ordered mesoporous structure. Their
physicochemical properties were examined through XRPD, SEM, and SSA analyses, confirming
the preservation of the amorphous structure and high porosity after doping. The materials were
tested for bioactivity (hydroxyapatite formation) in simulated body fluid, antioxidant behavior
via catalase- and SOD-like assays, antibacterial effects against Gram-positive and Gram-negative
bacteria, and loading efficiency through elemental analysis.(3-5) The results reveal that dual
doping with Cu, Ag or Mg does not compromise bioactivity, leading to hydroxyapatite forma-
tion within 7-14 days, while Zn-containing compositions inhibit apatite precipitation, suggest-
ing alternative applications. Cu- and Ag-doped glasses exhibit significant antibacterial activity,
with Cu displaying the strongest microbial inhibition. All Ce-containing compositions show
marked antioxidant behavior, while dual-ion systems further enhance SOD-like activity. Func-
tionalization with biomolecules is readily achieved thanks to the mesoporous architecture, and
polyphenols additionally improve antioxidant performance.  Overall, MBGs-Ce/Cu, MBGs-
Ce/Ag and MBGs-Ce/Mg emerge as promising candidates for multifunctional drug delivery
systems for hard tissue regeneration, combining bioactivity with antibacterial and antioxidant
properties. Conversely, MBGs-Ce/Zn may be advantageous in applications where delayed bioac-
tivity is preferred, such as early soft tissue healing. These findings highlight the potential of
dual-ion and biomolecule-loaded MBGs as versatile platforms for next-generation therapeutic
strategies. References (1) Zhu H. et al. 2021, 10.1016/j.actbio.2021.05.006 (2) Zambon
A. et al., 2021, 10.1021/acsbiomaterials.1c00414  (3) Lusvardi G. et al., 2022, 10.1021/acsbio-
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Diabetic wounds are often difficult to heal due to susceptibility to infection, excessive inflam-
matory responses, and impaired angiogenesis, which severely affect skin function and threaten
patients’ health and lives. Achieving rapid repair of such wounds remains a major clinical chal-
lenge. Owing to the multifunctional properties of bioglass, the development of bioglass nanopar-
ticle (nBG) composite materials with antibacterial, anti-inflammatory, and pro-angiogenic ef-
fects offers a promising strategy for addressing the problem of impaired diabetic wound healing.
Based on this concept, our group designed and prepared several types of nBG composite ma-
terials and characterized their physicochemical properties. In vitro studies were conducted to
investigate the effects of these composites on key cell types involved in wound healing, their
ability to promote angiogenesis, and their regulatory effects and mechanisms on macrophage
polarization. Furthermore, animal experiments were performed to explore how these materials
regulate cellular behavior and enhance diabetic wound repair. The results demonstrated that
the prepared materials possessed excellent physicochemical properties suitable for wound repair.
In vitro experiments revealed that the dressing could activate the Hif-1a/VEGF signaling path-
way to promote endothelial cell angiogenesis. Meanwhile, it could also activate related signaling
pathways to induce macrophage polarization toward the M2 phenotype, which further enhanced
endothelial angiogenesis via paracrine mechanisms. Animal experiments showed that the ma-
terial effectively modulated macrophage polarization at the wound site to suppress excessive
inflammation, upregulated VEGF expression, restored vascular networks, accelerated granula-
tion tissue formation and collagen deposition, and ultimately promoted diabetic wound healing.
In conclusion, the developed nBG composite dressing exhibits excellent physicochemical prop-
erties, effectively regulates multiple cellular behaviors within diabetic wounds, and significantly
promotes wound repair. It holds great potential for applications in diabetic wound healing and
broader skin tissue regeneration.

Keywords: Bioactive Glass, Angiogenesis, Macrophages, Diabetic wound healing

*Speaker

362



From Egg to bone: biological relevance of
the ”shell/membrane”, bioactive glasses and
PHA trio for the additive manufacturing of
scaffolds in facial cleft regenerative medicine
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Cleft lip and/or palate is a congenital malformation with an incidence of 1 in 700-1,000 births
in France. Secondary alveolar bone grafting (SABG) restores the continuity of the alveolar bone
in orofacial clefts, enabling the establishment of functional dental occlusion. A long-term inves-
tigation of dental and periodontal outcomes in patients with cleft defects treated by SABG using
45S5 bioactive glass demonstrated a high success rate of 71.4%1. However, this type of galenic
formulation has led to failures due to granule leakage and low mechanical properties of the graft.
Therefore, alternative technologies need to be explored. Digital data flows collected from 3D
imaging combined with additive manufacturing now make it possible to shape scaffolds before
they are surgically inserted. This study aims to evaluate the design of scaffolds by additive
manufacturing using innovative materials, with a focus on their physicochemical and biological
properties to support bone regeneration. Polyhydroxyalkanoate (PHA) is a biosynthesized, bio-
compatible, and bioassimilable polymer that can be used as a matrix for scaffolds incorporating
bioactive glass. Eggshell membrane (ESM) possesses antibacterial properties and contains type
I, V, and X collagen, with a composition similar to that of the extracellular bone matrix; but
ESM alone shows limited mineralization capacity2. It is hypothesized that the combination of
the bioinduced phosphocalcic mineral load of bioactive glass will enhance the nucleation po-
tential of ESM, thereby improving its mechanical and biological performance. PHA, bioactive
glasses and ESM showed significant results for cell proliferation of osteoblasts, endothelial and
stem cells at 1 and 3 days. Bioactive glasses are synthesized via melt-quenching (4555)3 or
sol—gel (9256 P123)4 processes. The scaffolds are fabricated using additive manufacturing tech-
nology through selective laser sintering (SLS) or robocasting, which enables precise shaping of
the cleft defect and control of scaffold porosity.
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Synthesis and characterization of
membranes composed of Carboxymethyl
Cellulose and Biosilicate
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This work focusses on the synthesis and characterization of membranes based on carboxymethyl
cellulose (CMC). An environmentally friendly process was employed to minimize the presence of
hazardous solvents during the preparation of the biomaterials. Moreover, CMC-based hybrids
were prepared by blending with polyethylene glycol (CMC-PEG). Biosilicate (BioS), cobalt-
doped BioS (Co-BioS), and lithium-doped BioS (Li-BioS) were synthesized and their particles
were incorporated into the CMC-PEG membranes. Citric acid (CA) was also used with the aim
of crosslinking the membranes in order to enhance their intermolecular interactions. Incorpo-
rating PEG, BioS, Co-BioS, and Li-BioS led to an improvement in the morphology of the CMC
membranes. Fourier Transform Infrared (FTIR) analysis and Differential Scanning Calorimetry
(DSC) indicated that PEG and CMC polymer chains exhibited miscibility at the molecular level,
stabilizing the polymeric network. The membranes exhibited swelling and later dissolution in
water, likely due to weak or incomplete crosslinking among the polymeric components. The
incorporation of the glass-ceramics into the polymeric network maintained the morphological
and structural stability of the membranes and released bioactive ions such as calcium, cobalt,
silicon, lithium, and phosphate that can stimulate angiogenesis and enhance wound healing.
These ions play a key role in tissue regeneration by promoting cell adhesion, proliferation, and
differentiation, as well as exhibiting hemostatic and antibacterial properties. Thus, these CMC-
PEG membranes, incorporated with BioS to enhance their biological properties, could be used
for wound healing.

Keywords: Membrane, Biosilicate, PEG, CMC, wound healing.
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In-vitro study of biophotonic fibers with red
upconversion for biophotonic application

Nirajan Ojha *T ', Arjun Ramchandran !, Virginia Gobbo 2, Catherine
Boussard-Plédel 3, Laeticia Petit !

! Photonics Laboratory, Tampere University — 33720, Tampere, Finland
2 Faculty of medicine and health technology, Tampere University — 33720 Tampere, Finland
3 Institut des Sciences Chimiques de Rennes, Université de Rennes — Université de Rennes, Centre
National de la Recherche Scientifique — Campus de Beaulieu - Bat. 10 Avenue du Général Leclerc 35042
Rennes Cedex, France

Borate bioactive glass with the 26.935102-26.93B203-22.66NayO-1.72P205-21.77Ca0 (in

mol
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Mg- and Bi-Based Silicate Bioactive (Glasses
for Advanced Biomedical Applications
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Bioactive glasses with specific compositions tailored for targeted regenerative medical ap-
plications have emerged as promising biomaterials. In this study, we investigate the bioactive
properties of a novel quaternary glass composition, Si02-Ca0O-Li20-MgO-Bi203, synthesized
through microemulsion-assisted sol-gel methodology using base-catalysis. The incorporation of
Lithium improves ionic mobility and accelerates apatite nucleation kinetics, while Magnesium
acts as a bioactive network modifier, promoting osteogenic signalling and improving mechanical
compatibility with bone tissue. Bismuth is incorporated to provide radiopacity for bioimaging
applications. It serves as a radiosensitizing agent, improving scope for therapeutic potential
in advanced biomedical applications. The microemulsion sol-gel synthesis ensures precise con-
trol over cation distribution, and base catalysis regulates particle size, facilitating enhanced ion
release profiles. The in vitro bioactivity assessment was conducted via immersion studies in
simulated body fluid (SBF) at 370C, with evaluation of ion release kinetics (Sid+, Ca2+, Li+,
Mg2+), pH evolution, and hydroxyapatite formation on the glass surface. Results demonstrate
synergistic effects between the constituent oxides, with lithium and magnesium ions promoting
accelerated bioactive response and superior ion exchange characteristics compared to conven-
tional bioactive glass systems. The bismuth component contributes additional functionality
for imaging-guided therapeutic applications. This multifunctional composition exhibits signifi-
cant potential for bone regeneration, drug delivery, and emerging cancer therapy applications.
The chosen approach provides a scalable, controlled synthesis platform for fabricating advanced
biomaterials with enhanced bioactivity and therapeutic versatility.

Keywords: Bioactive glass, Microemulsion sol, gel synthesis, Magnesium and Bismuth incorpora-
tion, Ion release kinetics, Hydroxyapatite formation, Bioimaging applications
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The Role of Coloring Agents on Amber
Borosilicate Glass for Pharmaceutical
Application
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Ultra-violet radiation can trigger chemical reactions in many pharmaceutical products and
thus damage drug stability. To avoid these risks, light-sensitive drug products need to be stored
in special containers that can block specific ranges of wavelength, thus allowing safe storage in
prolonged periods of time.

Besides the use of special coatings, amber-colored glass is the ideal solution to block undesirable
radiation.

The amber color of borosilicate glasses is obtained by the combined presence of Iron (Fe) and
Titanium (Ti) ions and is very sensitive to thermal treatments.

For this reason, the basic transmission of amber tubular glass containers will change, dark-
ening after glass tubing converting and annealing.

Light-Transmittance properties testing is defined in the Pharmacopoeias and represents a key
step during the development phase to ensure long-term shelf life of the drug products.

The current investigation offers a comprehensive understanding of the impact of colorants on
borosilicate glasses and the influence of thermal processes on the behavior of iron compounds in
the glass matrix.

Keywords: Amber color, Borosilicate Glass, Light Transmittance, Pharma Packaging
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glass-based material for advanced wound
dressings
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Epithelial wounds are classified as acute when they close within days to weeks, and as

chronic when healing is delayed, shows no measurable progress, or recurs after apparent closure
(1). Among the various indicators of the wound environment, pH serves as a key biomarker of
healing status: acidic pH values are typically associated with acute, healing wounds, whereas
alkaline conditions are characteristic of chronic or infected wounds (2). Since infections and
biofilms affect approximately 60-100% of chronic wounds, continuous pH monitoring together
with effective antimicrobial activity is essential for optimal wound management and healing (3).
To address this need, this work proposes the development of a multifunctional bioactive glass-
based composite material for advanced wound dressings, providing pH-sensing, and antibacterial
functionalities in addition to promoting healing. The composite consists of a biocompatible
electrospun polyvinyl alcohol (PVA) matrix embedded with Si02-CaO-P205 bioactive glass
(BG) particles synthesized via a Sol-Gel route, and the natural pH-responsive dye curcumin.
The PVA fibrous matrix provides mechanical integrity and flexibility to the wound dressing; the
silicate-based BG particles enhance healing through the release of therapeutic ions (Si, Ca, and
P); and curcumin enables real-time colorimetric pH monitoring along with antibacterial activity,
as demonstrated in previous studies (4).
Preliminary semi-quantitative characterization indicates favorable mechanical performance of
the polymer fibers, evidenced by the apparent flexibility of the obtained dressings; bioactivity
of the BG particles, confirmed by the formation of a hydroxycarbonate apatite (HCA) phase
after 12 hours of immersion in a simulated body fluid (SBF); and pH-sensitivity, demonstrated
by a distinct color change of the dressing from bright yellow to dark orange and then dark red
upon contact with buffers solutions ranging from a pH from 4 to 10. Verification of the in vitro
antibacterial effect of the dressings is part of the ongoing characterization.

Keywords: wound dressings, composite, polymeric fibers, bioactive glass, curcumin, pH sensitive,
antibacterial
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Glass ionomer cement (GIC) is used as a filling material in dental restoration to fill cavities
and restore teeth. Biomineralization and mechanical properties are important for achieving a
successful outcome. Unreactive E-glass fibers are commonly used as a reinforcing material to
improve the mechanical properties of GICs. However, a more reactive material contributing to
biomineralization would be of interest to use instead of E-glass.

New glass compositions were produced with bioactive glass S53P4 as a reference. Glasses with in-
creasing aluminum and strontium contents, and fixed fluoride content, were tested to potentially
improve the mechanical properties and enhance the biomineralization of GICs. Thin glass fibers
were of interest for the final application. However, as the glass fibers were hand-drawn in-house
from the glass melt, the thickness varied, and it was not possible to produce thin, uniform fibers.

Glass particles (0 300-500 pm) and glass fibers of the new compositions and reference S53P4
were tested in vitro in simulated body fluid for two weeks. Changes in solution pH and ion con-
centrations, as well as changes to the material surface, were studied over time. The hydrolytic
resistance of glass particles was investigated in accordance with ISO 719. The compressive load
and strength were tested on glass ionomer cement samples with 25% of the glass ionomer powder
replaced with the produced glass powders (0 < 45 pum).

The results showed that the glasses with aluminum, strontium, and fluoride dissolved more
slowly, while still showing some surface changes, compared to the highly reactive bioactive glass
S53P4. Similarly, when investigating hydrolytic resistance, the new glasses showed a better
chemical durability, class 2, compared to class > 5 for S53P4. Compared to S53P4, the com-
pressive load and strength of GIC samples improved with the addition of powders from the new
glasses, being close to that of commercial GIC.

The results indicate that with a more controlled fiber-drawing temperature range and overall
process, thinner fibers with uniform diameters can be produced from the alumina- and strontia-
containing melts. However, more research is needed to optimize the glass composition to achieve
the desired biomineralization and mechanical properties of GICs.
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Impact of phosphorous on dissolution
kinetics of bioactive glasses
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The bioactivity of silicate-based glasses is known to increase with phosphorus content. How-
ever, the overall effect of phosphorus on bioactive properties remains poorly understood. This
study explored the impact of phosphorus content on the in vitro bioactivity of melt-quenched
bioactive glasses. The glass compositions were derived from bioactive glass S53P4 (Bonalive(®))
so that the P205 content was decreased from 4 to 2 (glass S54P2) and 0 wt% (glass S55P0) by
maintaining their molar ratio of Na20/CaO constant. Simultaneously, the network connectivity
decreased from 2.54 in S53P4 to 2.40 in S55P0. Glass particles (500-800 pm) were immersed
in simulated body fluid under static conditions for 168 h and in dynamic conditions at flow
rates of 0.04 and 0.2 mL/min for 96 h. The concentrations of the ions released into the solution
were measured using ICP-OES, while the changes in the surface layer morphology of the glass
particles were studied using SEM-EDXA. Despite its higher silica content and lower network
connectivity, significantly less silicon was released from S55P0 than from the other two glasses
under all conditions. Calcium and phosphate ions partly precipitated within the silica-rich gel
at Sb3P4 and S54P2. Further, thicker pure calcium phosphate layers were measured for these
compositions than for the phosphate-free glass. The higher silicon release from the phosphate-
containing glasses suggests that neither the calcium phosphate within the silica-rich gel nor on
the glass surface significantly retard the overall glass dissolution compared to phosphate-free
glasses. As phosphorus is considered to be released as the orthophosphate group from bioactive
silicate glasses, it was assumed that the calcium phosphate within the gel forms a surface struc-
ture that favours the dissolution of the underlying bulk glass. The presentation will discuss in
more detail the impact of phosphorus on the dissolution kinetics of bioactive silicate glasses.

Keywords: Bioactive glass, dissolution kinetics, network connectivity, in vitro bioactivity
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Selenium (Se), a biologically active metalloid, has attracted significant attention for its broad
therapeutic potential across various biomedical domains, including antioxidant defense, immune
modulation, and tissue regeneration. As an essential component of selenoproteins, selenium
plays a crucial role in maintaining cellular redox balance, supporting thyroid function, and pro-
moting wound healing. Recent research has focused on incorporating selenium into biomaterials,
particularly bioactive glasses (BGs) and bioceramics, to enhance their regenerative and antimi-
crobial performance. Selenium-doped bioactive glasses (Se-BGs) represent a new generation
of multifunctional biomaterials with superior biocompatibility, bioactivity, and controlled ion
release behavior. The integration of selenium ions into the BG matrix not only preserves the in-
herent osteoconductivity of the glass but also introduces additional therapeutic properties such
as antioxidant protection and anti-inflammatory activity. Moderate Se incorporation has been
shown to promote osteoblast proliferation, stimulate angiogenesis, and accelerate hydroxyapatite
formation, all of which are essential for effective bone tissue regeneration. Furthermore, Se-BGs
exhibit potent antibacterial efficacy against drug-resistant microorganisms, reducing the risk of
post-implant infections and improving overall tissue integration. These unique characteristics
make Se-BGs highly suitable for applications in bone grafts, chronic wound management, and
orthopedic implants. Beyond regenerative medicine, selenium’s intrinsic redox activity offers
promising avenues in cancer therapy, targeted drug delivery, and immunomodulation. This pre-
sentation provides an overview of recent advances in selenium-doped bioactive glasses, including
synthesis strategies, structural and physicochemical characteristics, biological performance, and
future directions. The growing body of evidence underscores the potential of Se-BGs as versa-
tile biomaterials capable of combining structural support with therapeutic functionality, paving
the way toward next-generation bioactive systems for clinical applications in regenerative and
personalized medicine.
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Platforms for Bone Regeneration
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Bioactive materials, particularly mesoporous bioactive glasses (MBGs), have emerged as
a new generation of biomaterials capable of promoting tissue regeneration, bone repair, and
controlled drug delivery. Their highly ordered mesoporous architecture offers a large surface
area, tunable pore size, and versatile surface chemistry, enabling enhanced bioactivity and func-
tionalization. For clinical translation, these materials must simultaneously exhibit bioactivity,
biocompatibility, and antibacterial performance to ensure strong bone bonding, non-toxicity,
and effective infection control. This presentation highlights the synthesis and multifunctional
evaluation of SiOy—CaO-P205-LisO-GayO3 MBGs and their rare-earth ion—-doped counterparts
(Th3+, Sm3*, and Eu?t; 0.5-2 mol

Keywords: Mesoporous bioactive glasses (MBG), Rare earth Ions, Biocompatability, Bone tissue
engineering, Theranostic applications
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Innovative compositions of bioactive glasses
and glass-ceramics with regenerative and
therapeutic purposes

Enrica Verne * 1, Marta Miola 2

L Applied Science and Technology Department, Politecnico di Torino — Corso Duca degli Abruzzi, 24 -
10129 Torino, ITALY, Italy

2 Applied Science and Technology Deaprtment, Politecnico di Torino — Corso Duca degli Abruzzi, 24 -
10129 Torino, ITALY, Italy

Bioactive glasses have been extensively studied for their potential in bone tissue regener-

ation due to their ability to form a chemical bond with living bone. This occurs through a
well-established mechanism involving rapid ion exchange between the glass surface and sur-
rounding biological fluids, ultimately leading to the formation of biologically active hydroxyap-
atite (HAp). Research has recently shown that the controlled release of specific ions from these
glasses can activate various biological processes that support the regeneration of both hard and
soft tissues. These include promoting bone growth, stimulating human endothelial cell prolif-
eration, and enhancing angiogenesis. Additionally, certain elements exhibit antimicrobial and
anti-inflammatory effects.
In recent years, significant efforts have focused on enhancing the biological performance of bioac-
tive glasses by incorporating targeted amounts of active elements such as Sr, Cu, Ag, Zn, and
Mn into their formulations. In this context, the lecture will present the work carried out by
the DISAT GLANCE Research Group, which has been dedicated to designing new bioactive
glass compositions, doping them with therapeutic ions and studying how their release influences
regenerative pathways and therapeutic outcomes.

Keywords: bioactive glasses, ion release, tissue regeneration, therapeutic compositions
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From Bone Bonding to Ionic Medicine: The
Evolution and Clinical Impact of Bioactive
Glass

Fabian Westhauser *f !
! Klinik fiir Orthopédie, Universitit Regensburg — Kaiser Karl-V. Allee 3, 93077 Bad Abbach, Germany

Bioactive glass, first developed by Professor Larry Hench in the late 1960s, represents a mile-
stone in the field of biomaterials. Hench’s pioneering work led to the development of the 4555
bioactive glass composition, which demonstrated for the first time that a synthetic material could
form a stable bond with living bone. Since this initial discovery, bioactive glass has been the
subject of intensive research and continuous development, resulting in a deeper understanding
of its structure—property relationships and its broad potential for medical applications. The bio-
logical activity of 4555 bioactive glass is primarily based on its interaction with the physiological
environment. Upon implantation, the glass surface undergoes a series of reactions that culminate
in the formation of a hydroxylapatite layer, enabling a direct bond to bone tissue. Beyond this
well-established surface bonding mechanism, the controlled release of glass constituents in ionic
form plays a crucial role. These ions, such as calcium, phosphate, sodium, and silica species,
actively influence cellular behavior, including osteogenic differentiation, angiogenesis, and im-
mune modulation. This recognition has led to the concept of ”ionic medicine,” in which the
therapeutic effects of bioactive glasses are attributed not only to their structural properties but
also to the biological signaling functions of their ionic dissolution products. By modifying the
glass composition and by the introduction of various ions with therapeutic activity, it becomes
possible to tailor these ionic effects and thereby influence specific biological responses. In clini-
cal practice, 4555 bioactive glass has become an established biomaterial in orthopedic surgery.
Its applications include the treatment of bone infections, where its antibacterial properties and
bone-regenerative capacity are particularly advantageous, as well as the reconstruction of bone
defects following resection of benign tumors. Furthermore, bioactive glass is increasingly used in
revision arthroplasty to manage bone loss and support stable reimplantation. Future research
aimed at achieving a more precise understanding of the biological mechanisms underlying bioac-
tive glass interactions with tissues is expected to further expand its indications. Such advances
may open new therapeutic avenues, including potential applications in the treatment of bone
tumors and other complex skeletal pathologies.

Keywords: bioactive glass, bone regeneration, ionic medicine
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Control of phase transition in buried
BaTiO3 microcrystals via
ion-exchange-induced stress in glass:
Experimental and finite element analysis

Kaito Adachi !, Nobuaki Terakado *' 12, Takumi Fujiwara ™*

! Tohoku University — Japan
2 Kyoto University — Japan
3 Present: Tohoku Polytechnic College — Japan

Ion exchange (IE) treatment of alkali silicate glasses induces an in-plane compressive stress of
up to 1 GPa within the glass surface. The IE-induced stress generation is unique to these glasses;
however, IE treatment has primarily been used to increase the shock resistance of glass covers
and cases for mobile gadgets such as smartphones. Herein, we propose applying IE treatment to
control the physical properties of crystal particles buried within glass via an induced stress field.
Barium titanate was selected as the test crystal because increasing its ferroelectric-paraelectric
transition temperature of 1200C would be useful for many industrial applications. Barium
titanate crystal particles were buried within a soda-lime glass plate, after which the plate was
subjected to IE treatment to induce a stress field. The experimental observations were compared
with the mesoscale stress analysis results obtained using the finite element method. Findings
indicated that the induced stress field increased the transition temperature of the crystal particles
from the ferroelectric tetragonal system to the paraelectric cubic system by 300C on average.
Based on a comparison with previous studies reporting pressure-induced changes in the transition
temperature, we concluded that the increase in the transition temperature can be primarily
attributed to the induced tensile stress. Such an anomalous and mesoscale stress field is difficult
to produce in microparticles by typical loading methods. The proposed approach is expected to
help realize stress-engineered functional materials without requiring mechanical loading.
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Understanding Oxygen-Driven Plasticity in
Amorphous Alloys via Multiscale
Simulations and Ab Initio Trained Machine
Learning Force Fields

Rene Alberto Alvarez Donado * !, Philippe Djemia , Oguz-Umut Salman

I Université Sorbonne Paris Nord — LSPM, Univ Paris 13 — 99, avenue Jean-Baptiste Clément, 93430
Villetaneuse, France

Predicting the mechanical response of metallic glasses (MGs) remains challenging, as con-
ventional atomistic models often rely on empirical force fields that fail to capture complex
deformation mechanisms or multicomponent chemical interactions accurately. Here, we develop
a multiscale modeling framework to investigate the brittle-to-ductile transition in ZrCu- and
PdSi-based metallic glasses, with particular emphasis on the role of oxygen concentration and
structural state. A machine-learning force field (MLFF) is trained on ab initio density functional
theory data and subsequently employed in large-scale molecular dynamics simulations to access
system sizes and deformation regimes beyond the reach of first-principles methods. The MLFF
is systematically validated by comparing ground-state properties and elastic constants with cor-
responding DFT results. Mechanical behavior is analyzed under compressive loading through
stress—strain responses and vibrational indicators, including the participation ratio and phonon
order parameter. The simulations capture the transition from localized shear-band-dominated
plasticity to more homogeneous deformation as a function of oxygen content and structural state.
These results demonstrate that ML-based interatomic potentials provide a reliable framework
for linking atomistic deformation mechanisms to macroscopic mechanical behavior in metallic
glasses.

Keywords: Glasses, Machine Learning potentials, Brittle, to, Ductile crossover
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Atomistic simulations of glasses made FAIR

Achraf Atila * !, Leopold Talirz 2, Marcel Sadowski 2, Jan Janssen 3, Tilmann
Hickel !

'BAM Bundesanstalt fiir Materialforschung u. -priifung — Unter den Eichen 87, 12205 Berlin, Germany
2SCHOTT AG - Hattenbergstrafie 10, 55122 Mainz, Germany

3Max Planck Institute for Sustainable Materials — D-40237 Diisseldorf, Germany

Atomistic simulations are integral to the knowledge and design of glasses, but are nonetheless
challenging due to slow structural dynamics, complex workflows, and issues of data
management. With advances in high-throughput modeling and machine-learned interatomic
potentials, it is worth increasing the Findability, Accessibility, Interoperability, and Reusability
(FAIR) of these simulations. Here we present a Python package for the automated setup,
execution, and analysis of atomistic simulations of glasses. The software package has
semi-to-fully automated modules for the setup of molecular dynamics simulations, preparation
of glassy systems, calculation of properties (elastic moduli, viscosity), and structural analysis
of the resulting atomic configurations across short- and medium-range order. The
computational and workflow management capability is based on the pyiron framework.
Showcases of the automated glass preparation, property calculation, and analysis will be
presented. The package includes a dedicated web application programming interface for use by
large language models. We therefore provide an extensible platform for standardized, FAIR,
Al-assisted atomistic simulation of glasses.

Keywords: Atomistic Simulations, FAIR, Glasses
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Nanostructuration of sillicate glasses using
water: a multiscale simulation investigation

Khalis Attou * !, Maxime Vassaux !, Jean-Pierre Guin !, Denis Morineau
1

! Institut de Physique de Rennes — Centre National de la Recherche Scientifique - CNRS — France

Understanding how water interacts with glass remains a central question in glass science,
as the glass industry moves toward decarbonized processes using innovative processes such as
hydrogen-fired furnaces, where water becomes an inherent by-product. Water is expected to
lower key characteristic temperatures of glass, such as the glass transition, softening, or crys-
tallization temperatures, but its broader impact remains uncertain: how will hydration affect
structural, mechanical and optical properties. Nanoconfined water is known to exhibit slow
dynamics, high viscosity, and can even adopt a glassy state(1). Exploiting these distinctive fea-
tures, we examine how confined water modifies the mechanical behaviour of silica glass across
nano to macroscopic scales. Specifically, we vary the hydration level and perform a thorough
comparison of different interatomic potentials, including ReaxFF(2) and DCRP(3), to capture
the diversity and evolution of water—silica interactions. We further investigate the influence of
water content, pore sizes, and spatial distributions on the structural and mechanical responses
of the glass network. This work offers new insight into the interplay between hydration,
nanoconfinement, dynamics of water, and mechanical properties in silicate glasses, and opens
perspectives for understanding water-rich environments relevant to materials engineering, geo-
sciences, and industrial processes. (1) Leoni, Fabio, Carles Calero, and Giancarlo Franzese.
‘Nanoconfined Fluids: Uniqueness of Water Compared to Other Liquids’. ACS Nano 15, no. 12
(2021): 19864-76. https://doi.org/10.1021/acsnano.1c07381.  (2) Fogarty, Joseph C., Hasan
Metin Aktulga, Ananth Y. Grama, Adri C. T. Van Duin, and Sagar A. Pandit. ‘A Reactive
Molecular Dynamics Simulation of the Silica-Water Interface’. The Journal of Chemical Physics
132, no. 17 (2010): 174704. https://doi.org/10.1063/1.3407433. (3) Mahadevan, T. S., and S.
H. Garofalini. ‘Dissociative Water Potential for Molecular Dynamics Simulations’. The Journal
of Physical Chemistry B 111, no. 30 (2007): 8919-27. https://doi.org/10.1021/jp0725300. Key-

words: LAMMPS, Molecular Dynamics, Water—glass interactions, Nanoconfined water, Silicate glasses,
Hydrous Glasses, Mechanical properties, Interatomic potentials, Pores, Nanoconfinement, Nanoporosity
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Better Together? Multitask versus
Singletask Learning for Modeling Glass

Properties and Tackling Glass Forming
Ability Prediction

Gustavo Barros ', Diogo Carvalho !, Ana Loponi 2, Daniel Cassar *T !

! Tlum School of Science (CNPEM) — Brazil
2 Brazilian Biorenewables National Laboratory (CNPEM) — Brazil

This talk explores the intersection of glass science and machine learning, focusing on two
recent advances from our group. First, we investigate whether multitask learning improves
glass property modeling compared to singletask approaches. Second, we tackle the challenging
problem of predicting Glass Forming Ability (GFA) in oxide liquids. For the multitask learn-
ing study, we compared GlassNet (a multitask model) against singletask models using random
forests and XGBoost, both excellent algorithms for medium-sized datasets (less than 100,000
examples). Through extensive hyperparameter tuning, we found that no single paradigm con-
sistently outperforms the other. Our results suggest that combining singletask and multitask
strategies provides the best approach for modeling diverse glass properties. In our GFA pre-
diction study, we analyzed a labeled dataset of over 50,000 examples, framing the problem as
binary classification: will a given composition form a glass or not? This remains one of glass
science’s most difficult modeling challenges. We achieved 82% accuracy and an 88% F1-score.
While not exceptional, this model is practical and provides a foundation for future research.
The methodologies presented here also offer valuable insights for researchers pursuing inverse
design of glass materials.

Keywords: property prediction, machine learning, glass forming ability
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Machine Learning potentials for Amorphous
Solid Electrolytes in Sodium All-Solid-State
Batteries: investigating the Mixed Glass
Former Effect

Matilde Benassi *T !, Marco Bertani !, Alfonso Pedone !

! Department of Chemical and Geological Sciences, Universita degli Studi di Modena e Reggio Emilia —
via Giuseppe Campi, 103 , 41125 - Modena (Italy), Italy

All-solid-state sodium batteries (ASSSBs) are promising candidates for large-scale energy

storage. Compared to conventional lithium-based liquid electrolytes, sodium solid-state elec-
trolytes (SSEs) exhibit high energy density, resistance to dendrite formation, and rely on the
more abundant and inexpensive sodium. Among them, sodium thiophosphate (NaPS) glasses
stand out for their remarkable ionic conductivity. Experimental studies have shown that doping
with silicon (NaPSiS) and with oxygen (NaPSO) can further enhance electrochemical stability.
However, the relationship between the composition, structure, and properties of sodium glassy
solid electrolytes remains poorly understood. Molecular Dynamics (MD) simulations are power-
ful tools to investigate these systems, yet they are hindered by the lack of classical interatomic
potentials, while the high computational cost of ab initio methods limits their feasibility to
small systems. Machine Learning techniques, such as the MACE framework, offer an accurate
alternative for developing interatomic potentials.
In this work, we developed Machine Learning Interatomic Potentials (MLIPs) for NaPSiS com-
positions to investigate the Mixed Glass Former Effect. The studied systems follow the formula
y NaoS + (1-y)(x SiS2 + (1-x) PS5/2) with x = 0.5 or 0.67 and y ranging from 0.1 to 0.9,
for which experimental data are available. We compared structural features, sodium diffusion,
mechanical properties, and NMR spectra obtained using both foundation models (MPO and
MATPES) and fine-tuned models. This analysis also highlights which structural motifs promote
or hinder sodium ion mobility, providing insight into the composition—structure—conductivity
relationship in sodium-based solid electrolytes.

Keywords: machine learning, MACE, glassy solid electrolytes
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Machine-learning-driven advances in
modelling amorphous materials

Volker Deringer *1 !
L University of Oxford — United Kingdom

Machine-learning-based interatomic potentials (MLIPs) are now becoming mainstream sim-
ulation tools in chemistry and materials science. In this presentation, I will highlight some
recent advances in the MLIP-driven modelling and understanding of amorphous solids. These
studies range from fundamental research questions — such as the atomic structure of amorphous
elements — to device-scale simulations of phase-change memory materials which encode digital
”ones” and ”zeroes” in data-storage devices. I will then discuss future perspectives for MLIP
methodology, including automation (1), and the role that these approaches might play in the
computational "design” of amorphous materials with target properties (2).

(1) Y. Liu, J. D. Morrow, C. Ertural, N. L. Fragapane, J. L. A. Gardner, A. A. Naik, Y. Zhou,
J. George, V. L. Deringer, Nat. Commun. 2025, 16, 7666.

(2) Y. Liu, A. Madanchi, A. S. Anker, L. Simine, V. L. Deringer, Nat. Rev. Mater. 2025, 10,
228.

Keywords: machine learning, ML interatomic potential models, molecular dynamics
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Atomistic Modeling of Alteration
Phenomena at the Surface of Silicate Glasses

T 1

Marouane El Omari , Nargisse Khiara 2, Simona Ispas !

I Laboratoire Charles Coulomb — Centre National de la Recherche Scientifique, Université de
Montpellier — 1 place Eugene Bataillon Université Montpellier 34095 Montpellier Cedex 5, France
2 Saint-Gobain Recherche — SAINT-GOBAIN - 39, quai Lucien Lefranc, B. P. 135 93303 Aubervilliers
Cedex, France

This work presents an atomic-scale study of the aqueous alteration of sodosilicate glasses
performed using reactive molecular dynamics simulations. We tested several approaches to set
up a realistic modeling of the glass/water interface. The analyses carried out revealed the first
hydration mechanisms resulting in the formation of silanol (Si-O-H) groups. We were able to
identify certain factors that appear to influence the kinetics of the alteration mechanisms. These
results pave the way for rational optimization of the durability of functional glasses.
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A Methodological Review of Techniques for
Constructing Multi-Phase (Glass Models
using Molecular Dynamics.

Marouane El Omari *' !, Cindy Rountree! 2, Paul Fossati’ !
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Comportement des Matériaux dans leur Environnement, 91191, Gif-sur-Yvette, France, France
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CNRS UMR 3680, 91191 Gif-sur-Yvette, France, France

Multi-phase glasses are well known in industry and concern glass-ceramics (applications in-
clude cookware, dental implants, etc.), porous glasses (applications include ion exchange, mem-
brane technology, etc.), optical glasses (applications include lenses and fibers) (1). These wide
uses stem from their high thermal shock resistance and excellent chemical durability. One class
of oxide glasses where crystalline and/or amorphous precipitates can form is sodium-borosilicate
based glasses. These secondary phases play a crucial role in altering the physical, mechanical
and fracture properties in comparison to the parent (as formed) glasses. Nonetheless, the specific
mechanisms by which the two phases influence mechanical properties at the atomic scale remain
poorly understood. Moreover, the interface structures, crystalline-amorphous or amorphous-
amorphous, do play an important role on the mechanical properties (2). Experimentally it is
hard to investigate how small scale phase separation scales up to influence the overall mechanical
properties. Molecular Dynamics (MD) simulations have the potential to provide a wealth of in-
formation concerning this issue. Conversely, the formation of the precipitates is not compatible
with temporal constraints; thus, they must be inserted by hand. Literature exemplifies several
techniques to form phase separated MD simulation boxes, including atom swapping techniques
(2), "dig-insert” (3), and ”cut-combine” (3). The poster presentation herein will summarize the
current literature on how to invoke phase separation in MD simulation boxes. (1) Feng et al.
Corros. Mater. Degrad. 2021, 2(3), 412-446; https://doi.org/10.3390/cmd2030022 (2) Feng,
W. Stress Corrosion Cracking of Sodium Borosilicate Amorphous Phase Separated Glasses. PhD
thesis, Université Paris-Saclay, 2022. (3) Jan, A. Impact des effets balistiques sur les propriétés
de la couche de gel des verres nucléaires simplifiés: une approche de simulation Monte Carlo.
PhD thesis, Université de Montpellier, 2020. (4) Deng, B. & Harris, J. T. A novel approach
to generate glass-ceramics samples for molecular dynamics simulations. Comput. Mater. Sci.,
186:110008, 2021
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A combined experimental and
computational investigation to understand
the effect of MgO on the structure-property
relationships in soda lime silica glass

Erhan Ekmen * ', Ann Mary Jose 2, Libor Kobera ?, Bahar Kuzu !,
Taygun Akar 1_,_ Pelin Akkaya !, Caner Aslan !, Pinar Mercan !, Nahide
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1 SISECAM — Turkey
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The influence of MgO on the structural, mechanical, and thermal properties of soda—lime—silica
(SLS) glass was investigated through a combined molecular dynamics (MD) and experimental
approach. Ten glass compositions were designed to isolate the effect of MgO substitution across
three series: NM-x (NagO replaced by MgO), CM-x (CaO replaced by MgO), and Mg-x (si-
multaneous substitution of SiOg, AlaO3, NasO, and CaO by MgO), along with a baseline glass
without MgO. Two classical interatomic potentials were assessed to evaluate the sensitivity of
Mg coordination in different potentials. Structural analysis using MD, supported by 2?Si, 27Al,
and 23Na MAS NMR and Raman spectroscopy, revealed that Mg exhibits mixed four- to sixfold
coordination, with an average coordination number near five. The coexistence of Nat and Ca?*
was found to critically influence charge compensation. Substituting NaoO with MgO (NM-x)
increases network connectivity and oxygen packing due to Mg’s higher field strength and partial
network-forming character, resulting in higher elastic moduli, increased glass transition tem-
perature (T,), and reduced thermal expansion. Replacing CaO with MgO (CM-x) produces
similar but less pronounced effects, whereas simultaneous multi-oxide substitution (Mg-x) de-
creases connectivity and leads to denser but less polymerized structures, and shows increase
in elastic properties. Quantitative structure-property relationships (QSPR) derived from MD
descriptors accurately capture these trends, linking changes in coordination environments, @n
species, and ring statistics to macroscopic properties. Overall, the results demonstrate that Mg
plays a composition-dependent role in SLS glasses, governed by its dual structural character
and by the interplay of Nat-Ca?t charge compensation, and that validated MD simulations
can reliably predict structure—property relationships in complex multicomponent glasses.

Keywords: molecular dynamics, simulation, structure, nmr, raman
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Modelling and Simulation to Address
Unique Industrial Challenges and
Unconventional Applications of Glass

David Eustice !, Owen Mcgann * !
1 Glass Technology Services — 9 Churchill Way Sheffield S35 2PY, United Kingdom

You may have heard the saying, ” All models are wrong, but some models are useful.” In our
experience, even simplified or unconventional models can guide meaningful decisions—especially
when grounded in deep material expertise. This talk presents a perspective shaped not by ac-
cess to the latest simulation platforms, but by a strong understanding of glass and a focus on
the heart of the problem. At Glass Technology Services, we apply finite element analysis to
address complex commercial challenges involving glass. A fundamental understanding of the
material allows us to focus on targeted modelling that helps customers and collaborators un-
derstand specific behaviours. Past examples include stress accumulation during laser welding of
glass to dissimilar substrates, the behaviour of glass-metal seals under high pressure, and the
performance of highly tempered glass in demanding environments. These studies have informed
design decisions, supported product development, and helped mitigate risks in real-world appli-
cations. We'll also explore more recent work modelling structures formed by breakage forces
and surface texture to create functional cutting edges in glass. These geometries, shaped by
the material’s intrinsic fracture behaviour, suggest new possibilities for design driven by the
properties of glass itself—rather than imposed constraints. In specific applications, working
with the natural behaviour of glass can offer practical advantages, such as reducing the need for
post-processing and helping to preserve the material’s inherent strength. Thermomechanical
modelling has also been applied creatively. In the Innovate UK-funded Ultraweld project, we
simulated changes in fictive temperature to investigate stress development during ultra-fast laser
welding. In other cases, manually constructed thermal gradients were used to estimate reactive
stresses, which then served as boundary conditions in simplified models to explore the effects
of thermal toughening. This presentation will highlight how a deep understanding of glass
enables focused, effective modelling—even when the problem is unconventional. This session
will demonstrate how focusing on the unique behaviours of glass can lead to more suitable and
informative models—helping us address complex challenges by working with the material rather
than against it.

Keywords: Finite element analysis, Fracture behaviour, Thermomechanical simulation, Material
led design, Stress analysis, Laser welding

*Speaker
TCorresponding author: o.mcgann@glass-ts.com

388


mailto:o.mcgann@glass-ts.com
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France, France
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Na-V-P-0O glasses and glass-ceramics are promising sodium-ion battery cathode materials,
where charge storage and transport depend on structural disorder, variable V oxidation states
and the mobility of Na ions. Yet the combined influence of V local environments, access to
multiple oxidation states and the balance of bridging versus non-bridging oxygens on Na-ion
transport has remained elusive.

We leverage structural, bonding and dynamical analysis using first-principles molecular
dynamics and refined databases used for machine-learning—accelerated simulations to evaluate
how mixed V valence, coordination disorder and network connectivity govern Na mobility and
underlying conduction mechanisms (1-3). Our results show that V centres span several
oxidation states, each linked to broad coordination motifs within the phosphate—vanadate
network. These motifs shape the formation, connectivity and stability of regions that support
or

limit Na migration.

Large-scale simulations reveal spatially heterogeneous transport, with Na pathways emerging
from distinct network arrangements influenced by local V valence and coordination. By
connecting chemical-bonding features, structural motifs and transport behaviour, this work
establishes a quantitative framework for tailoring Na-V-P-O glasses for improved cathode
performance.

(1) Wendji et al. Quantitative assessment of the structure and bonding properties of 50VxOy-
50P205
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glass by classical and Born—Oppenheimer molecular dynamics, J. Non-Cryst. Solids 634, 122967
(2024).

(2) Wendji et al. Enhanced structural description of sodium vanadium phosphate glasses: A
combined

experimental and molecular dynamics study, J. Non-Cryst. Solids 655, 123420 (2025).

(3) Wendji et al. et al. Structure, bonding and ionic mobility in Na-V-P-O glasses for energy

storage
applications, Chem. Commun. 61, 10993 (2025).
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Insights into the chemical bonding,
electronic structure and local environments
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by first-principles and machine learning
simulations
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Modena / 42121 Reggio Emilia, Italy
4 Centre d’élaboration de matériaux et d’études structurales — Institut National des Sciences Appliquées
- Toulouse, Centre National de la Recherche Scientifique, Université de Toulouse, Institut de Chimie de
Toulouse — 29 Rue Jeanne Marvig - BP 94347 31055 TOULOUSE CEDEX 4, France
5 Institut de Recherche sur les CERamiques — Institut de Chimie - CNRS Chimie, Centre National de la
Recherche Scientifique, Institut Matériaux Procédés Environnement Ouvrages — Centre Européen de la
Céramique, 12 Rue Atlantis, 87068 LIMOGES CEDEX, France

\\ Understanding charge storage in Na-V-P-O glasses requires a clear picture of V oxida-
tion states, bonding patterns and the electronic structure that defines their chemical-physical
properties. We combine first-principles molecular dynamics, machine-learning accelerated sim-
ulations and detailed electronic-structure analysis to examine how local environments in the
glass differ from those in crystalline NaVPO phases. \\ \\ Wannier-function based bonding
analysis reveals distinct signatures of V-0 interactions, including the presence and strength of
single, double/vanadyl-type bonds across the distribution of V polyhedra. These bonding motifs
track closely with the oxidation state of V, which we assess through local magnetic moments
and and charge partitioning trends. Comparison with crystalline NaVPO references highlights
how disorder broadens the range of accessible valence states and stabilises broadened bonding
fingerprints. \\ \\ The combined structural and electronic descriptors show how mixed valence,
variable coordination and the spread of V-O bond orders shape the glass network and influence
the availability of redox-active sites. This framework clarifies the link between bonding chem-
istry and electrochemical function in Na—V-P-O glass cathodes and demonstrates the value of
integrating Wannier analysis, local magnetism and machine-learning tools to characterise disor-
dered transition-metal glassy networks. \\ \\ (1) Wendji et al. Quantitative assessment of the
structure and bonding properties of 50VxOy-50P205 glass by classical and Born—Oppenheimer
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molecular dynamics, J. Non-Cryst. Solids 634, 122967 (2024). \\ \\ (2) Wendji et al. Enhanced
structural description of sodium vanadium phosphate glasses: A combined experimental and
molecular dynamics study, J. Non-Cryst. Solids 655, 123420 (2025). \\ \\ (3) Wendji et al. et
al. Structure, bonding and ionic mobility in Na-V-P-O glasses for energy storage applications,
Chem. Commun. 61, 10993 (2025). \\ Keywords: Glasses, Na, ions, Molecular Dynamics, Machine
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Bimodal or Continuous? Unifying the
Magnesium Coordination Model in Diopside
Glass Using Ab Initio Molecular Dynamics

Anuraag Gaddam *T !, Philip Salmon 2, Hellmut Eckert *, Marcos De
Oliveira Junior

L CICECO - Aveiro Institute of Materials — Campus Universitario de Santiago 3810-193 Aveiro,
Portugal
2 Department of Physics, University of Bath — Bath, BA2 TAY, United Kingdom
3 Instituto de Fisica de Sdo Carlos — Avenida Trabalhador Sdo-carlense, n® 400, CEP 13566-590 - Séo
Carlos — Sao Paulo — Brasil, Brazil

The coordination environment of magnesium (Mg) in silicate glasses remains debated due to
inconsistencies in interpreting NMR, diffraction, and simulation results. This study revisits the
25Mg NMR spectra of diopside (CaMgSi206) glass, comparing data collected at 14.1 T (1) with
published results at 35.2 T (2) to assess how magnetic field strength influences the interpretation
of 256Mg NMR data in terms of the Mg local environments. Moderate-field spectra suffer from
severe quadrupolar broadening, while ultrahigh-field data have been interpreted as evidence for
a bimodal distribution corresponding to four- and six-coordinated Mg. However, the possibility
of a continuous distribution, including five-coordinated species, cannot be excluded.

We use simulations parameterized by A = o / (d1cs - 62cs) to determine the limits under which
bimodal distributions can be identified at different fields. Here, o denotes the width of the
distribution of quadrupolar coupling constants (experimentally accessible via NMR lineshape
analyses) and d1cs - §2cs is the chemical shift difference between distinct Mg sites, hypothesized
to reflect four- and six-coordinate Mg species. The results show that ultrahigh-field NMR greatly
improves the ability of detecting a bimodal Mg coordination number distribution, by reducing
the effect quadrupolar broadening on the spectra. Yet, the absence of definitive reference data
for 256Mg chemical shifts in 4-, 5-, and 6-coordination makes unambiguous spectral assignments
difficult.

To address this issue, ab initio molecular dynamics (AIMD) simulations were performed for
33 distinct local Mg environments in diopside glass, followed by CASTEP 25Mg chemical shift
calculations. The results support a continuous distribution of Mg—O bond lengths between 2.0
and 2.5 A. The AIMD output reveals Mg in four- (43%), five-(45%), and six-coordination (12%).
producing an average Mg coordination number of 4.740.1. This result compares to previous pair
distribution function (PDF) analyses yielding = 4.4 (3). Based on the AIMD study, a 25Mg
chemical shift scale as a function of mean Mg—O distance is established, though no clear correla-
tion with coordination number is found. These findings confirm the necessity of ultrahigh-field
NMR for the structural interpretation of 25Mg spectra and highlight the remaining challenges
in quantifying Mg speciations in silicate glasses.
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Elastic Properties of Sodium Silicate
Glasses: Insights from Brillouin Light

Scattering, Classical MD, and XGBoost
Prediction

Jabraoui Hicham * !, Thibault Charpentier , Jean-Marc Delaye , Yann
Vaills

! Masdar City, Abu Dhabi — United Arab Emirates

Predicting the nonlinear elastic response of sodium silicate glasses remains a significant
challenge due to the interplay between composition, temperature, and atomic structure (1,2).
To address this, we present a unified simulation—machine learning framework. \\ We integrate
classical molecular dynamics (MD) using the SHIK potential with Brillouin light scattering
(BLS) spectroscopy. Comparative analysis shows the SHIK potential (1) captures the nonlinear
trend in the longitudinal elastic constant C1; with Na20 content, notably an initial decrease
followed by an increase above ~ 15 mol

Keywords: Sodium silicate glasses, Elastic properties, Brillouin light scattering, Molecular dynam-
ics, Machine, learning potentials, XGBoost, Nonlinear elasticity, Structure—property relationships, NayO
composition, Amorphous materials
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Next Generation Glass with Glass Futures:
Building a Digital Furnace

x« 11

Rob Ireson ', Daniel Backhouse *T !, Jim Scotson . Palma Gonzalez

Garcial ', Aston Fuller! !

! Glass Futures — St Helens, Liverpool, United Kingdom

Glass Futures is a not-for-profit research organisation, built by its members from across the
global glass industry with the overarching goal of decarbonisation of the glass-making process
and its upstream and downstream activities. Based out of the Glass Futures Centre of Excellence
in St Helens, UK: the remit of the organisation is to enable its members from across the glass
supply chain and beyond to collaborate in areas which affect all parties. A key shift in focus
of the business has been towards digitization of its assets to enable members to run digital
experiments that yield real results.

At the heart of the Glass Futures Centre of Excellence is a 30 tonnes/day pilot-scale glass furnace,
capable of producing either flat or formed-glass. The facility has been designed to enable the
glass industry to develop and trial new technologies at an industrially relevant scale, without
risk to their commercial manufacturing assets. The facility is controlled through a single, central
control system that allows complete oversight and control of the facility from one location.

In this paper, the challenges and triumphs of building a digital furnace and full-plant digital
twin will be discussed. The journey of classifying, deploying and developing various artificial
intelligence and machine learning technologies to allow for greater insights into a fully connected
glass plant will be explained. Finally, the steps taken to develop and validate bespoke furnace
models that have allowed the physical furnace to be brought into the digital age — allowing
experimentation without emissions — will be highlighted.

Keywords: Al, Machine Learning, Digital twin
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Surface Alteration of Silicate Glasses via
Atomistic Modeling

Simona Ispas * !, Marouane El Omari 2, Nargisse Khiara, 3

! Laboratoire Charles Coulomb — Univ. Montpellier, CNRS — Montpellier, France
2 DES, ISAS, DRMP, Service de recherche en Corrosion et Comportement des Matériaux — Université
Paris-Saclay, CEA — France
3 Saint-Gobain Recherche — SAINT-GOBAIN - 39, quai Lucien Lefranc, B. P. 135 93303 Aubervilliers
Cedex, France

Understanding the mechanisms of glass alteration and corrosion at an atomic level remains
a fundamental scientific and industrial challenge. Molecular dynamics (MD) simulations are
essential for studying the underlying processes at the atomic scale during initial water-glass
interactions. Using realistic dry surface models, we conducted classical MD simulations in order
to study the formation and the characteristics of the glass-water interface for various silicate
compositions. Our findings demonstrate that both the nature of the modifier (alkali and alkaline
earth) and the overall network connectivity dictate the kinetics of ion-exchange and the final
structural properties of the hydrated interface layer.

Keywords: silicate, atomistic modelling, alteration, glass, water interface
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EXAFS-constrained Reverse Monte Carlo
modeling of amorphous structures: the case
of GeO, glass under compression

Cezary Janusz * ', Andrea Di Cicco !, Fabio Iesari 2, Nodoka Hara !,
Marco Minicucci !, Giuliana Aquilanti 3, Angela Trapananti !

1 School of Science and Technology - Physics Division, University of Camerino, Camerino (Italy) — Italy
2 Aichi Synchrotron Research Center — 250-3, Minami Yamaguchi-cho, Seto, Aichi 489-0965, Japan
3 XAFS beamline, Sincrotrone Trieste S.C.p.A. — s.s.14 Km. 163.5 34149 Basovizza - Trieste, Italy

Among experimental structure characterization techniques, X-ray absorption is particularly
useful for highly disordered materials (e.g. glasses, liquids) because of its sensitivity to local
ordering around the photoabsorber atoms. It is a complementary technique to X-ray or neu-
tron scattering experiments, which, for such materials, primarily provide information on the
distribution of interatomic distances in both the short- and medium-range. For experiments un-
der extreme pressure and temperature conditions, it has the additional advantage of selectively
probing the sample, with minimal contribution from the sample environment, apart from atten-
uation. \\ Through Reverse Monte Carlo it is possible to combine both XAFS and scattering
experimental signals to obtain realistic atomic models, which represent short- and medium-range
order equally well and provide a wide range of structural descriptors (e.g. pair and bond angle
distribution, atom ring analysis, coordination etc.). \\ \\ Here we report recent developments
of the RMC-GnXAS code for X-ray Absorption Spectroscopy (EXAFS) analysis (1). A key
enhancement is the direct use of the total neutron and X-ray scattering structure factor S(Q)
as a constraint. This eliminates the need for partial pair distribution functions for multi-atomic
systems, which cannot be easily derived experimentally, especially for studies under extreme
conditions such as at high pressure. Additionally, coordination number constraints were incor-
porated to improve model accuracy when dealing with glasses. These features were validated by
analyzing the structure of GeOs glass at ambient conditions and subsequently used for analysing
data of GeOy subject to high pressure. \\ \\ The RMC refinement was constrained by exper-
imental EXAFS data, neutron scattering structure factor S(Q) data from literature (2,3), and
atomic coordination numbers. The resulting model is compared with available studies (4,5,6).
\\ \\ (1) Iesari, F., et al., Springer Proc. Phys. 204, 29-48 (2018). \\ (2) Salmon, P. S., et
al., J. Phys.: Condens. Matter 19, 41 (2007). \\ (3) Salmon, P. S., et al., J. Phys.: Condens.
Matter 24, 41 (2012). \\ (4) Peralta, J., et al., J. Phys.: Condens. Matter 20, 14 (2008). \\ (5)
Anh, N. M., et al., Computational Materials Science 177, 10 (2020). \\ (6) Matsutani, K., et
al., J. Chem. Phys. 161, 20 (2024).

Keywords: Reverse Monte Carlo, X, ray absorption, EXAFS, oxide glasses, disordered materials
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Tuning the electronic properties of
chalcogenide glasses with non-equilibrium
doping: a pathway to carrier-type reversal

Konstantinos Konstantinou * !, Stephen Elliott 2

! University of Turku — Department of Mechanical and Materials Engineering, Turku, FI-20500, Finland
2 University of Oxford — Physical and Theoretical Chemistry Laboratory, Oxford, OX1 3QZ, United
Kingdom

The class of chalcogenide glasses is of significant technological relevance due to their uti-
lization in various solid-state devices, such as phase-change memory, thin-film transistors, light-
emitting diodes, neuromorphic information processing, and analog in-memory computing chips.
Intrinsically, chalcogenide glasses exhibit a p-type semiconducting behaviour, and the effort to
obtain n-type conductivity corresponds to an arduous task. Carrier-type reversal to enable the
formation of semiconductor p-n junctions is a necessary condition for the development of future
diverse electronic and optical applications. In this study, the target is to achieve an understand-
ing, at the atomistic level, of the non-equilibrium doping mechanisms in glassy chalcogenide
materials in order to rationalize the modifications in the local atomic structure and electronic
properties of the glassy host. Non-equilibrium doping of Bi in an amorphous GeTe4 structure
was modelled by carrying out ab initio molecular-dynamics simulations, in which the kinetic
energy from a highly energetic Bi atom is suddenly transferred to a group of atoms that happen
to suffer a collision within the amorphous network. A stochastic-boundary-conditions approach,
with the application of a Langevin thermostat, was implemented to model accurately the non-
equilibrium dynamics of the events. The final atomic geometry of the doped glass model was
optimized, and the electronic structure was calculated by using a hybrid density-functional the-
ory calculation. We illustrate that the non-equilibrium doping events result in new electronic
states lying at the bottom of the conduction band, which can serve as charge-hopping ”sta-
tions”, allowing the charges to move more freely through the material. The results highlight a
decrease in the degree of localization of every electronic state near the tails of both band edges,
indicating an enhanced carrier mobility. An increase of the defective octahedral environments
of Ge atoms is associated with the new defect electronic states appearing in the band gap. Sim-
ilarly, Bi atoms have adopted local atomic environments with higher coordination. Overall, we
demonstrate that Bi non-equilibrium doping in amorphous chalcogenides can potentially lead
to carrier-type reversal, and we unravel the type of defects responsible for the impurity states
in the band gap of the doped chalcogenide glass model.

Keywords: glassy chalcogenides, nonequilibrium doping, bismuth, molecular dynamics simulations,
defects, hybrid functionals
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Bridging Scales and Disciplines: Machine
Learning for Understanding and Designing
Glassy Materials

N. M. Anoop Krishnan * !

! Indian Institute of Technology Delhi — India

The field of glass science is undergoing a transformation driven by artificial intelligence and
machine learning. This talk will present a comprehensive journey in developing Al-driven ap-
proaches for understanding, predicting, and designing glassy materials, spanning from domain-
specific language models to physics-informed simulations and autonomous discovery systems.
The presentation will begin by introducing a suite of computational tools that form the foun-
dation of Al-enabled glass research: MatSciBERT, a materials-aware language model; LLaMat,
a large language model for materials science; PyGGi, a computational framework for glass
property prediction; and MatSKRAFT, one of the largest databases of glasses. Following this,
we will discuss how the integration of molecular dynamics simulations with machine learning
can be used to bridge the gap between atomistic mechanisms and macroscopic properties in
glasses. Applications ranging from property prediction in multicomponent oxide glasses to un-
derstanding irradiation effects in nuclear waste glasses, and from automated literature mining to
structure-property relationships will be showcased to demonstrate how data-driven approaches
complement traditional computational methods. Building on these foundations, the talk will
present a vision for the future of computational glass science, where large language models work
in concert with agentic Al systems to enable truly autonomous materials discovery. The presen-
tation will conclude by highlighting both the transformative opportunities and the fundamental
challenges that must be addressed to realize the full potential of Al in accelerating the discovery
and design of next-generation glassy materials.
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Multiscale computational simulation of
quantum dots doped glasses

Wenke Li * 1

! Wuhan University of Science and Technology — 122 Luoshi Road, Hongshan, Wuhan 430070, P.R.
China, China

Quantum dot (QD)-in-glasses have attracted enormous attention for their potential applica-
tion in lighting, lasers and solar cells. Performance of this material is still below the expectations
since the poor emissive properties seriously hinder their commercial applications. We developed
a multiscale computational methodology by combining classical molecular dynamics (MD), ab
initio MD, time-dependent density functional theory (TDDFT) and nonadiabatic MD (NAMD)
to investigate the impact of QD/glass interface on the charge carrier dynamics of quantum dots
doped glasses. The atomic and electronic structure of CdSe, PbS and perovskite QDs doped
glasses have been investigated. Results of this study draw a complete picture of the charge re-
combination dynamics of QDs in glasses and promote mutual understanding that would benefit
the development of functional glasses containing QDs.

Keywords: molecular dynamics, density functional theory, quantum dot, glasses
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From Structure to Conductivity: Probing
Na Diffusion in Amorphous Solid
Electrolytes with ML Potentials

Bertani Marco * !, Alfonso Pedone !

! Department of Chemical and Geological Sciences, University of Modena and Reggio Emilia — via
Giuseppe Campi, 103 , 41125 - Modena (Italy), Italy

All-solid-state sodium batteries are emerging as a promising technology for grid-scale energy
storage due to their safety, low-cost processability, electrochemical stability, and the abundance
of raw materials. To become commercially viable, a solid Na electrolyte must be developed that
combines high ionic conductivity, electrochemical stability, resistance to dendrite growth, and
cost-effective production. Among the candidate materials, amorphous Na thiophosphate glasses
are particularly promising because their ionic conductivity approaches that of liquid electrolytes.
However, these materials suffer from atmospheric reactivity. To overcome this limitation, partial
substitution of sulfur with oxygen has been proposed to preserve the conductivity of sulfur-based
glasses while gaining the stability typical of oxides.

These systems have been extensively studied experimentally using conductivity measurements,
NMR, IR, and Raman spectroscopy, but they still lack a theoretical framework capable of cor-
relating atomic structure with ionic conductivity. To address this, molecular dynamics (MD)
offers a powerful approach. We employed ab-initio MD and developed a Machine Learning In-
teratomic Potential (MLIP) using the MACE framework, exploiting a fine-tuning approach to
refine a pretrained model for accurate simulations of the studied systems.

Ab-initio MD was used to validate the MLIP and analyze the short-range order of these glasses,
correlating the Na environment with NMR data. ML-MD enabled simulations of larger struc-
tures and longer timescales, allowing the investigation of medium-range order and its effect on
Na diffusion, identifying structural motifs that hinder or promote ionic conduction. This ap-
proach provides a pathway to a deeper understanding of the structural mechanisms governing
ionic conduction in solid electrolytes and may guide the design of new compositions with tailored
properties.

Keywords: Na amorphous electrolytes, Molecular Dynamics, Machine Learning Interatomic Poten-
tials, All, solid, state batteries
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Atomic scale inspired model for shear
banding in silicate glasses

Gergely Molnar * !, Etienne Barthel

! Laboratoire de Mécanique des Contacts et des Structures [Villeurbanne] — Institut National des
Sciences Appliquées de Lyon, Université de Lyon, Institut National des Sciences Appliquées, Centre
National de la Recherche Scientifique : UMR5259, Institut National des Sciences Appliquées de Lyon,
Centre National de la Recherche Scientifique — France

This study investigates the atomic-scale origin and continuum description of shear band
formation in silicate glasses. While ductile behavior in small systems can be captured by lo-
cal constitutive models, larger-scale simulations reveal pronounced strain localization consistent
with experimental observations. Using molecular dynamics on a large sample containing 400k
atoms, we applied athermal shear deformation. The stress—strain response exhibited initial
quasi-elastic behavior, followed by peak softening and eventual plateauing. Reloading confirmed
irreversible structural changes and memory effects. Energy partitioning into elastic and plastic
contributions revealed that localized plasticity dominates once shear bands emerge. Coarse-
grained analyses showed a well-defined shear band with enhanced densification, stiffening, and
reduced local strength, consistent with experiments and prior simulations. Importantly, soft-
ening was linked not to material damage but to structural reorganization within the band.
To capture this collective behavior, we extended the plastic energy density formulation with
a gradient term analogous to phase-field fracture models, identifying a characteristic length
scale. However, unlike classical gradient plasticity predictions, shear band widening remained
limited, suggesting the need for refined incremental non-local models. These findings highlight
the multiscale interplay between atomic rearrangements and continuum descriptions in shear
localization.

Keywords: silicate, shear band, molecular dynamics, gradient plasticity
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Developing Linear Machine Learning
Potentials for Multicomponent Glass
Systems

Takayuki Nishiyama *T ', Atsuki Saito !, Takashi Murata !

! Nippon Electric Glass — Japan

\\ Understanding the atomistic mechanisms behind the complex behaviors of industrial
glasses is crucial for designing advanced glass products. These mechanisms are thought to orig-
inate from atomistic structures, yet modeling glass structures remains a significant challenge
even for simple glass systems. Industrial glasses are typically multicomponent, composed of var-
ious oxides, making structural analysis almost impossible using experimental approaches alone.
Therefore, combining experimental data with atomistic simulations is regarded as essential for
modeling multicomponent glass structures. \\ \\ A major challenge in this context is the devel-
opment of accurate and efficient interatomic potentials. Among machine learning frameworks
for interatomic potential modeling, we focused on linear models for their interpretability and
computational efficiency. Using the PolyMLP framework, we systematically explored combina-
tions of descriptor and functional forms for the atomic energy models. PolyMLP unifies concepts
from established linear approaches such as EAM and SNAP and aligns with ACE. To represent
local atomic environments, we employed O(3) invariants, mathematical quantities preserving
rotational and reflectional symmetry, ensuring descriptors represent essential atomic geometry
consistently regardless of coordinate system. Linear ridge regression was applied for parameter
fitting, and hyperparameters were optimized through grid search. Training datasets were gen-
erated by random perturbations to elemental through quaternary crystal prototypes from ICSD
and AFLOW. \\ \\ We found that achieving both high computational speed and high predictive
accuracy within a linear model remains challenging. No single best model emerged; instead, a
clear trade-off between speed and accuracy was evident across hyperparameter choices. Fur-
thermore, while crystal-based training has been considered sufficient for metallic systems up to
ternary alloys, it appears sparse for ternary oxide glasses, limiting predictive performance for
silicate glasses. This observation underscores the need for more sophisticated data generation
strategies tailored to multicomponent oxide glasses. \\ \\ We aim to examine how strategies for
generating training data influence the trade-off. Predictive power will be assessed by comparing
calculated properties with experimental measurements. These efforts may offer insights into
designing reliable simulation strategies for multicomponent glass systems.

Keywords: Atomistic simulation, Machine learning potential, Interatomic potential
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Improving predictive modeling in Glass
Science through intelligent subsampling

Damien Perret *T I, Caroline Chabal 2, Francois Bergeret 2, Carole Soual
3

! Commissariat & I'Energie Atomique et aux Energies Alternatives — Ministére de I’Enseignement
Supérieur et de la Recherche Scientifique — France
2 Commissariat & ’'Energie Atomique et aux Energies Alternatives — Ministére de I’Enseignement
Supérieur et de la Recherche Scientifique — France
3 Ippon Innovation — Ippon Innovation — Toulouse, France

In recent years, the rapid rise of machine learning has profoundly transformed glass science,
where these techniques have long been used to build empirical property—composition models.
Such models have proven successful in predicting various physical and chemical properties, and
their applicability has even extended beyond glass materials. However, even in an era dominated
by advanced algorithms, analyzing large datasets continues to present methodological challenges.
”Brute-force” approaches-processing entire datasets without discrimination-often lead to inef-
ficiencies and limited interpretability. In contrast, intelligent subsampling, which consists in
selecting a representative subset of data, offers a more efficient and insightful alternative.

At CEA, this topic has been a central focus of research for nearly a decade, particularly for
predicting glass melt viscosity. This property remains especially challenging to model because
of its huge variability-spanning up to six or seven orders of magnitude-over temperature and
composition scales. Although modern machine learning methods have demonstrated increasing
predictive power by leveraging extensive glass databases, viscosity predictions can still be un-
certain when only sparse data are available near the composition of interest.

By combining statistical design of experiments, multilinear regression, and modern machine
learning algorithms, this work conducted in collaboration with EDF and Orano illustrates how
integrating intelligent subsampling with both classical and contemporary modeling approaches
leads to robust and efficient predictive models.

Keywords: Glass Melt Viscosity, Machine Learning, Prediction, Database
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Advanced Modelling for Regenerator Design
Optimization: Driving Energy Efficiency in
Glassmaking

Frédéric Pomar *' !, Mohamed Lazrak *

I Tomas Krobot 2, Miroslav Trochta 2

1 SEFPRO — SEPR Le Pontet — France
2 Glass Service — Czech Republic

Reducing the carbon footprint of the inherently energy-intensive glassmaking process is a
major challenge. Achieving this goal will require a gradual technological transition, starting
with incremental improvements to existing solutions and progressing toward groundbreaking
innovations in the long term. \\ When it comes to mature technologies, regenerative furnaces
have already delivered substantial energy savings in the glass industry over the last decades.
Despite this progress, ongoing efforts by SEFPRO and Glass Service indicate that further opti-
mization of regenerators is still possible. An optimal regenerator design should strike the best
balance between energy efficiency (and thus CO9 reduction), maintenance requirements, lifetime,
and, of course, CAPEX. \\ \\ Recent enhancements to Darcy porous wall models for standard
checker bricks and Cruciforms® geometries now enable more accurate numerical simulations to
address regenerator optimization. This advanced modeling approach can simultaneously define
the most efficient and durable packing configuration and determine the most appropriate re-
generator chamber size, while respecting typical space and CAPEX constraints. It also allows
seamless integration of regenerators with the furnace in a comprehensive and reliable simula-
tion. \\ The first part of the presentation will cover the methodology used to build an extended
library of Darcy porous wall models. Then, we will present a concrete regenerator optimization
case study for a cross-fired furnace. Specifically, we will show how chamber dimensions can be
reduced without compromising regenerator efficiency, thanks to careful engineering of packing
configurations tailored to the specific requirements and conditions at each furnace port.

Keywords: regenerator, fuel consumption, CO2 emissions, CAPEX, Cruciforms
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Decoding Medium-Range Order in Sodium
Oxysulfide Glasses: Dataset Sensitivity of
Machine Learning Interatomic Potentials

Alfonso Pedone * !

! Chemical and Geological Sciences Department, University of Modena and Reggio Emilia — Italy

Understanding and accurately reproducing the medium-range order (MRO) of multicompo-
nent glasses remains one of the key challenges in computational glass science. In this contribu-
tion, we investigate the ability of machine learning interatomic potentials (MLIPs) to describe
the structural complexity of sodium oxysulfide glasses, a promising class of solid electrolytes for
sodium-based batteries. Using MACE-, DeePMD-, and GRACE-type MLIPs, we assess how
the choice and composition of the training dataset influence the prediction of structural motifs
such as edge- and corner-sharing tetrahedra, the distribution of bridging versus non-bridging
oxygen and sulfur atoms, and the evolution of density and coordination networks across the
Na—P-S-O compositional space.(1) We show that even when MLIPs achieve low training errors
and stable molecular dynamics, subtle biases in the dataset-such as missing undercoordinated
configurations or overrepresented crystalline motifs-can lead to pronounced artifacts in the sim-
ulated MRO. Fine-tuning strategies on composition-specific datasets mitigate these issues, but
the accurate reproduction of disproportionation reactions and network rearrangements remains
elusive. This work highlights the fundamental role of dataset curation and representation in
developing transferable MLIPs for disordered materials and discusses possible routes to sys-
tematically improve the description of MRO through active learning and structurally informed
sampling.

References

e Bertani, M.; Pedone, A. Submitted to Solid State Sciences
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Amorphous-Amorphous Transitions in
Compressed Glasses

Julien Perradin !, Simona Ispas !, Anwar Hasmy 2, Bernard Hehlen * 3

! Laboratoire Charles Coulomb — University Montpellier & CNRS UMRS5221, Montpellier, France —
France
2 University Simon Bolivar — Caracas, Venezuela
3 Laboratoire Charles Coulomb (L2C) — University Montpellier & CNRS UMR5221, Montpellier,
France — France

Pressure-induced transformations from low- to high-density silica glass are investigated us-
ing percolation theory (1). Molecular dynamics simulations of SiOs glass models with up to
1,000,000 atoms under pressure reveal the emergence of percolating clusters with increasing SiO,
coordination number z. The criticality of the transitions is demonstrated, enabling the extrac-
tion of the critical exponents, including the fractal dimension of the percolating clusters at the
critical pressures (2). Exponents for the tetrahedral percolating cluster (Si04—SiOy4) align with
standard percolation expectations, whereas those for transitions involving higher-coordination
polyhedra suggest a new universality class, more consistent with correlated percolation. The
critical pressures are related to density and bulk-modulus anomalies, demonstrating the physical
relevance of the approach. Percolation theory thus provides a long-range structural indicator for
analysing amorphous systems and offers a theoretical framework for studying polyamorphism
and amorphous—amorphous phase transformations.

(1) A. Hasmy, S. Ispas, and B. Hehlen, Percolation transitions in compressed SiOs glass,
Nature, 599, p 62 (2021).

(2) J. Perradin, S. Ispas, R. Paredes, A. Hasmy, and B. Hehlen, Criticality of Amorphous-
Amorphous Transitions in Compressed Glasses (to be published). Keywords: Silica glass, Molec-

ular dynamics, Percolation, Polyamorphism
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Insights into the Structure-Property
Relationships and Conduction Mechanisms
in Glassy Sulfide Electrolytes

Louis-Martin Poitras * ', Matthieu Micoulaut! *

I Laboratoire de Physique Théorique de la Matiere Condensée — Sorbonne Université, Centre National
de la Recherche Scientifique : UMRT7600, Tour 24, Boite 121, 4, Place Jussieu, 75252 Paris Cedex 05,
France

Understanding the relationship between atomic structure and ion transport is essential for
advancing glassy sulfide electrolytes as next-generation solid-state battery materials. Building
upon a recently developed Born—Mayer classical force field tailored for crystalline and glassy
chalcogenides, this work investigates how local structural motifs, network connectivity, and
modifier concentration govern mechanical stability and ionic conductivity in sulfide glasses.

Classical molecular dynamics simulations are employed to probe the influence of composition
and temperature on the microscopic conduction mechanisms, including ion migration pathways
and their correlation with network depolymerization and Q"-species distributions. Preliminary
analyses reveal trends linking structural disorder to enhanced mobility and mechanical response,
offering an atomistic perspective consistent with experimental observations.

This study provides a unified framework for exploring the interplay between structure, dy-
namics, and transport in sulfide glass electrolytes, paving the way for rational design of solid-
state battery materials with optimized performance and stability. Keywords: glass, electrolyte,

conduction, classical, molecular, dynamic
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Establishment of Generalized Empirical
Force Fields for Sulfide Glasses and Crystals
Used as Superionic Electrolytes in
All-Solid-State Batteries

Louis-Martin Poitras * ', Matthieu Micoulaut! *

! Laboratoire de Physique Théorique de la Matie¢re Condensée (LPTMC) — Sorbonne Université, CNRS
UMR7600, Tour 24, Boite 121, 4 Place Jussieu, 75252 Paris Cedex 05, France

A generalized Born—Mayer empirical force field has been developed for both crystalline and
glassy chalcogenide systems, encompassing sulfide materials containing network formers (e.g.,
SiSy, GeSg) and alkali or alkaline-earth modifiers (e.g., LisS, MgS, CaS). The model integrates
fractional charges, short-range Born—Mayer repulsion, long-range dispersion, and harmonic two-
and three-body interactions to accurately describe the local structure and connectivity of bridg-
ing sulfur atoms between Group III-V polyhedra. Parameterization is achieved through a least-
squares minimization against crystallographic data from crystalline phases, further refined by
optimizing simulated scattering functions to match experimental X-ray and neutron data for
glasses. The resulting force field reproduces key structural features of sulfide glasses, including
network depolymerization, Q"-species distributions, and ring disintegration. Moreover, simu-
lations reveal consistent trends across unreported alkaline-earth thiosilicate and thiogermanate
glasses, highlighting similar structural roles of Mg, Ca, and Ba to their alkali counterparts.
This transferable and experimentally validated potential opens new perspectives for classical
molecular dynamics studies of structural, mechanical, dynamic, and electrochemical properties
of disordered sulfide electrolytes and their interfaces, directly relevant to the design of next-
generation all-solid-state batteries. Keywords: Molecular, dynamic, electrolytes, classical, force,

field
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Experimental and Theoretical
Characterization of the Prototypical
NasS—SiS, Electrolyte Glass: Conductivity
Enhancement Is Driven by Network
Depolymerization

Louis-Martin Poitras * !, Matthieu Micoulaut’ 2, Andrea A. Piarristeguy
3. Beatrice Ruta #, Virginie Viallet 5

1.2 Laboratoire de Physique Théorique de la Matie¢re Condensée (LPTMC) — Sorbonne Université,
CNRS UMRY7600, Tour 24, Boite 121, 4 Place Jussieu, 75252 Paris Cedex 05, France
3 Institut Charles Gerhardt Montpellier (ICGM) — Université de Montpellier, CNRS, ENSCM, 34095
Montpellier, France
4 Institut Lumiere Matiere (ILM) — CNRS UMR5306, Université Claude Bernard Lyon 1, Université de
Lyon, 69622 Villeurbanne Cedex, France
® Laboratoire de Réactivité et Chimie des Solides (LRCS) — CNRS UMR7314, Université de Picardie
Jules Verne, 33 Rue Saint-Leu, 80039 Amiens Cedex 1, France

6 Réseau sur le Stockage Electrochimique de I’Energie (RS2E) — CNRS FR3459, 33 Rue Saint-Leu,
80039 Amiens Cedex 1, France

The structural, dynamic, and electrical properties of the NasS—SiSo glass system are investi-
gated using first-principles molecular dynamics, X-ray scattering, and impedance spectroscopy.
This sulfide electrolyte is a model candidate for all-solid-state batteries. Two compositions,
NaoS—SiS, and 2NagS—SiSs, were studied to examine the effect of alkali addition. The simulated
structures, validated by excellent agreement with experimental data, reveal progressive network
depolymerization described by the Q™ formalism. At high Na content, the glass consists mainly
of isolated SiSi_ tetrahedra, with homopolar S-S and Si—Si defects also present. S—S bonds
are associated with enhanced ionic mobility, while Si-Si linkages form (SizSg)®~ units. Conduc-
tivity follows Arrhenius behavior, with the 2NayS-SiSy glass exhibiting 2.9 x 107> S-cm™! at
room temperature, comparable to thiogermanate analogs. These results highlight key structure—
property relationships governing ion transport in sulfide glasses and support their potential for
solid-state battery applications. Keywords: structure, property, solid, state, battery, electrical,

properties, ab initio, molecular, dynamic
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Refractory corrosion — a problem that could
be predicted?

Miroslav Polak * ', Michel Gaubil ?, Maxime Simon 2

I Glass Service, a.s. — Czech Republic
2 SEFPRO - SEFPRO - France

The corrosion of refractory materials is a critical aspect for the lifetime of a furnace operation.
Whilst some parts of the furnace are almost untouched after stopping production, others are
almost completely dissolved. It is therefore of the highest importance to identify the critical
areas, use appropriate methods for protecting them, and monitor them during production.

Since AS Glass Service (GS) is now part of SEFPRO, cooperation on corrosion modelling
has become much easier. GFM (software internally developed in GS for glass melting process
simulations) provides the necessary boundary conditions for SEFPRO’s corrosion model. The
result of such cooperation is a corrosion profile in the examined area. After identifying the
critical part in the furnace, different methods can be used to enhance the lifetime of the critical
structure.

An example of such an approach will be demonstrated. The target of this cooperation
is to prolong the lifetime of the glass furnace and thus help decrease the costs and increase
the sustainability of production. Keywords: GFM, mathematical modeling, refractory corrosion,

sustainability
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Vitrification and structural analysis of
vanadate glasses in MD simulations using
ReaxFF potential

Adam Puchalski *T 1, Krzysztof Gadomski !, Jerzy Garbarczyk !, Pawel
Keblinski 2, Sylwester Rzoska 2, Tomasz Pietrzak !

! Faculty of Physics, Warsaw University of Technology — 00-662 Warsaw, Poland
2 Materials Science and Engineering Department, Rensselaer Polytechnic Institute — Troy, NY, 12180,
United States
3 Institute of High Pressure Physics, Polish Academy of Sciences — 01-142 Warsaw, Poland

Vanadium oxides are a very interesting group of materials due to the wide variety of their
physical and chemical properties originating from the multiple existing valence states of vana-
dium. This in particular enables them to conduct electricity by polaron hopping, which can
be greatly increased by thermal nanocrystallization of vanadate glasses. The phenomenon of
increased conductivity in nanocrystalline vanadium oxide so far has not been explained quanti-
tatively, though a critical role of glass-crystal boundaries is suspected. Accurate simulations of
vanadate glasses using MD will be a step in that direction.

In this work, we used MD simulations to obtain vanadium oxide glass structures by simulating
melt-quenching with ReaxFF reactive potential. This potential has previously been successfully
used to simulate the catalytic properties of vanadium oxides, though to our knowledge, it has
not yet been applied to vanadate glasses. We investigated the structure of glass and verified
it against experimental data obtained by EXAFS and XRD by comparing radial distribution
functions as well as bond lengths and angles in different coordination polyhedra. The RDFs
show a very good agreement with experiments, and we successfully reproduced the bond length
distribution seen in crystalline compounds containing vanadium. We studied the influence of the
maximum temperature before quenching on the structure and showed that ReaxFF reproduces
the phenomenon of temperature-induced reduction of vanadium.

These results pave the way for further MD study of vanadate glass-ceramics, which brings us
closer to the goal of understanding the grain boundary region’s role in polaronic conductivity.
Referances

(1) T.K. Pietrzak et al., J. Power Sources 194 (2009) 73-80.

(2) T.K. Pietrzak, M. Wasiucionek, J.E. Garbarczyk, Nanomaterials 11 (2021) 1321.
Acknowledgments: This research was supported by the National Science Centre (NCN) through
grant OPUS-23 no. 2022/45/B/ST5/04005. Keywords: vanadate glasses, reactive potentials,

molecular dynamics, glass structure
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How AI Transforms Visual Inspection in
Glass Bottle Manufacturing

Majd Rahmani * !

L TRIS Inspection Machines — IRIS Inspection Machines — 14 rue du 35eéme Régiment d’Aviation, 69500
BRON, France

Automated visual inspection has long been a key component of quality control in glass bottle
production.

Traditionally based on deterministic rules and handcrafted image processing, these systems
excelled at detecting well-defined defects but struggled with the natural variability inherent to
glass materials.

Today, artificial intelligence is redefining this field. By learning directly from examples rather
than relying on predefined rules, AI models demonstrate remarkable robustness to challenges
such as reflections, color variations, bubbles, dust, and surface irregularities.

This presentation traces the evolution from classical machine vision to modern Al-driven
inspection, highlighting how deep learning enables more reliable detection and classification of
complex defects.

We will also explore the unique challenges posed by glass—its transparency, reflections,
varying thickness, and engraved markings—and how tailored Al approaches can overcome these
obstacles to achieve higher accuracy, consistency, and efficiency in quality inspection. Keywords:

Artificial Intelligence, Digitalisation, Deep Learning, Glass defect detection
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Modeling the Structural and Vibrational
Properties of MgSiO3; by MD Simulations

Jose Pedro Rino * !, Adalberto Picinin , Rafaella Bartz , Paulo Pizani ,
Edgar Zanotto

! Universidade Federal de Sao Carlos - UFSCar (BRAZIL) (UFSCar) — Via Washington Luiz km 235,
Sao Carlos, SP, Brazil

Density functional theory and classical molecular dynamics simulations are key tools for un-
veiling physical phenomena in materials science and for rapidly generating a plethora of data for
machine learning approaches. In this work, we developed an effective two-body interaction po-
tential to describe the orthoenstatite mineral (MgSiOs). This specific silicate mineral was chosen
because it is a important component of the Earth’s mantle and lower crust, and understanding
its properties is fundamental. The developed potential considers steric repulsion, Coulomb in-
teractions resulting from charge transfer between ions, charge-induced dipole attractions due to
the electronic polarizability of the ions and van der Waals attraction. The proposed potential
was subsequently used to study structural and dynamical properties of MgSiO3 as a function of
temperature. Molecular Dynamics results for the neutron and X-ray scattering static structure
factors of amorphous MgSiO3 were obtained at the experimental density and compared with
available experimental data, showing very good agreement. The phonon vibrational density of
states was computed for both crystalline orthoenstatite and its amorphous state, and compared
with Raman scattering measurements, which also confirmed the accuracy of the model.

Keywords: Enstatite, MgSiO3, molecular dynamics simulation
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Molecular Dynamics Simulations of Sodium
Borosilicate Glasses to Open Access
Datasets

Cindy Rountree * !, Paul Fossati >

I Service de physique de I’état condensé — CEA, DRF, IRAMIS — Université Paris-Saclay, CEA, CNRS,
SPEC 91191 Gif-sur-Yvette France, France
2 LM2T - DES, ISAS, DRMP, S2CM — Université Paris-Saclay, CEA, Service de la Corrosion et du
Comportement des Matériaux dans leur Environnement, 91191, Gif-sur-Yvette, France, France

Sodium borosilicate glasses have a number of applications in the world today (telescope
mirrors, lighting, lab ware, kitchenware, electronics, etc.). Optimizing a wide range of physical,
thermodynamic and mechanical properties is necessary to ensure their best performance in each
use. However, literature focuses on a select number of compositions; making optimization of the
glass as a whole unreachable. This is in part due to sample lost between different tests, multiple
batches, expense of sample fabrication, etc. Molecular Dynamic simulations invoking complex
interatomic empirical potentials aid in overcoming this drawback. These simulations provide a
means to gather different structural, physical, thermodynamic and mechanical properties on the
same glass sample. Additionally, multiple simulations can be setup to sample homogeneously
large sections of the phase diagram.

MD simulations were carried out to model glasses of different chemical compositions xSiOo—
yB203—(1-x-y)NayO where x and y vary from 0 mol% to 100 mol% in 5 mol% increments and
X +y > 50 %. These simulations revealed a wealth of data, including densities, elementary
structural units present in the glass, enthalpies of mixing, elastic moduli, and Poisson’s ratio,
and were carried out using two different empirical potentials (1, 2) to understand the potential-
dependent character of data. This presentation will focus on select physical, thermodynamic
and mechanical properties presented in (3-5). Lastly, it will highlight the open access dataset
produced during this work (4, 5), which could be used for the development of new potentials.

*Speaker

417



Bibliography

[1] S. Sundararaman, L. Huang, S. Ispas, and W. Kob. Journal of Chemical Physics, 152 (10):
104501, 2020. doi: 10.1063/1.5142605.

[2] M. Wang, N. M. A. Krishnan, B. Wang, M. M. Smedskjaer, J. C. Mauro,
and M. Bauchy. Journal of Non-Crystalline Solids, 498: 294-304, 2018. doi:
10.1016/j. jnoncrysol.2018.04.063.

[3] M. B. Mama Toulou, P. C.M. Fossati, and C. L. Rountree. Journal of Non-Crystalline Solids,
603: 122099, 2023. ISSN 0022-3093. doi: 10.1016/j. jnoncrysol.2022.122099.

[4] M. Mama Toulou, P. C. M. Fossati, and C. L. Rountree. doi: 10.1016/j.dib.2024.111218.

[5] M. B. Mama Toulou, P. Fossati, and C. L. Rountree. Mendeley Data, V1, 2024. doi: DOI:
10.17632/jm38nkwp9x. 1.

Keywords: Molecular Dynamics Simulations, Sodium Borosilicate Glasses, Open Access Datasets

418



Atomic and Electronic Signatures of Alkali
Modification in Silicate (Glasses: Insights
from Ab Initio Simulations

Tiannan Shen * !, Zhen Zhang * fl

I College of Physics, Chengdu University of Technology — Sichuan, Chengdu, Chenghua, China

Using ab initio molecular dynamics within the framework of density functional theory, we
investigate the influence of alkali modifiers (Li, Na, and K) on the structure and electronic
properties of binary silicate glasses. It is revealed that increasing cation size leads to pro-
gressive network depolymerization, characterized by a higher fraction of non-bridging oxygens,
broader Si—O-Si angle distributions, and more open medium-range structures. The creation
of non-bridging oxygens introduces localized O 2p states that shift the valence band upward,
effectively narrowing the band gap and enhancing the polarizable, partially ionic character of
the network. Vibrational spectra display systematic softening of low-frequency modes and shifts
in Si—O stretching bands, consistent with reduced network rigidity and altered local bonding
environments. These findings elucidate the atomic-scale mechanisms by which alkali modifiers
govern the structural and electronic responses of silicate glasses.

Keywords: Silicate glasses, Alkali modifiers, Ab initio molecular dynamics, structure, electronic
properties
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Topology-Based Structural Analysis of
Medium-Range Order, Domain Formation,
and Crystal-like Local Ordering Leading to

Rapid Nanocrystallization in Oxyfluoride
Glasses

Kenji Shinozaki * !, Emi Minamitani , Masahiro Shimizu , Ondfej
Draganov

! National Institute of Advanced Industrial Science and Technology (AIST) — 1-8-31 Midorigaoka,
Ikeda, Osaka 563-8577, Japan

Understanding the mechanism of hierarchical structural ordering during glass formation is
essential for elucidating the spontaneous nanocrystallization observed in oxyfluoride glasses. In
this study, we investigated the structural evolution of BaFo-7Zn0O-B20O3 oxyfluoride glass dur-
ing cooling by combining classical molecular dynamics (MD) and machine-learning molecular
dynamics (ML-MD) simulations. To capture the domain formation behavior unique to multi-
anion systems, chromatic topological data analysis (chromatic TDA) was introduced, allowing
the evolution of medium-range order to be quantified from a chemical-topological perspective.
As the cooling rate decreased, long-lived topological rings in the Ba—F subnetwork became in-
creasingly dominant, indicating enhanced topological ordering. Real-space analysis of the local
composition variance,

Keywords: molecular dynamics simulation, nanodomain, topology, nucleation, chromatic DTA
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Crystallization Pathways of
Neutron-Irradiated Amorphous Quartz by
Molecular Dynamics Simulation

Ohkubo Takahiro * !, Taisei Miyagawa 2

! Chiba University — Japan
2 Chiba University — Japan

Neutron irradiation of alpha-quartz causes amorphization with a reduction in density. Ex-
periments show that this densification saturates at elevated temperatures, a behavior known
as the thermal healing effect, which implies recrystallization. However, the atomic mechanisms
responsible for restoring long-range order remain unclear. Here, we simulate neutron-irradiated
alpha-quartz and capture its crystallization transition at the atomic scale. Amorphous struc-
tures with 40-80% crystallinity are generated by irradiation simulations, and their recovery is
examined using annealing and well-tempered metadynamics (WTMetaD). While annealing par-
tially repairs local SiO4 defects, only WTMetaD reproduces nearly complete recrystallization.
The analysis reveals that Si atoms migrate through void channels along the threefold helical
axis, enabling occupation of crystalline sites and driving the thermal healing effect.

Keywords: Neutron irradiation, Molecular dynamics, Phase transition, Defect
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First principles study of crystalline phases
of glass network-forming elements

Koichiro Umemoto *T !, Shingo Nakane

! Nippon Electric Glass Co., Ltd., Fundamental Technology Division — Japan

Machine-learning potentials have been developed and applied very rapidly in all fields of ma-
terials science, including the glass community. Key gradients to develop good machine-learning
potentials are high-quality training data by first principles calculations based on the density-
functional theory. Choosing a good form of the exchange-correlation functional is crucial for
generation of high-quality data. However, it has been very difficult especially for boron, one
of the major network-forming elements. Previously, for crystalline phases of boron oxides, we
tested three forms of exchange-correlation functions, CA-LDA, PBESOL-GGA, and PBE-GGA,
which have been widely used for many materials; although PBESOL and PBE were demon-
strated to be rather good to describe structural and energetic properties, respectively, none of
them could reproduce structural and energetic properties simultaneously (1). In this study, we
investigate the performance of r2SCAN (2), one of the meta-GGA functionals, in addition to
LDA and GGA, for crystalline polymorphs of SiOs, AlsSiO5, and BoO3. We demonstrate that
r2SCAN can successfully describe both structural and energetic properties simultaneously for
these polymorphs. Therefore r2SCAN is very promising to generate high-quality training data
for machine-learning potentials for glasses.
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AI-Driven Optimization of Glass
Production: Overcoming Industry
Challenges with Celfos

Oscar Verheijen ', Johan Van Der Dennen* 2, Christian Rabiger ™ 3

1 CelSian — Achtseweg Zuid 241-A, Building TZ, 5651 GW, Eidnhoven, Netherlands
2 CelSian — Achtseweg Zuid 241-A, Building TZ, 5651 GW, Eindhoven, Netherlands
3 CelSian — Achtseweg Zuid 241-A, Gebouw TZ, 5651 GW, Eindhoven, Netherlands

The glass industry operates in an increasingly complex environment, with rising demands
for quality, energy efficiency, and cost optimization. Furnace operators play a critical role in
navigating these challenges, yet they face an overwhelming volume of process variables and data
points to analyze in real-time. This raises the following question: How can we provide operators
with actionable insights, reducing guesswork and improving confidence?

Traditionally, furnace control systems have focused on stabilizing temperatures, yet temper-
ature stability alone does not guarantee optimal glass quality. Aligning operational performance,
reliability, and glass quality requires a deep understanding of the dynamic, time-transient be-
havior of glass furnaces. The challenge lies in the broad residence time distribution, influenced
by multiple variables, and the difficulty of identifying key process parameters that impact glass
quality. Moreover, conventional systems struggle to adapt to sensor deterioration or replacement,
leading to data inconsistencies and reduced reliability.

This presentation introduces Celfos, an Al-powered system that enhances operational decision-
making by linking process settings to glass quality. By combining advanced neural network mod-
els with time-transient CFD analysis (GTM-X), Celfos provides insights into complex furnace
dynamics and delivers precise quality predictions.

Celfos combines historical furnace data and real-time process parameters with qualitative
GTM-X models. It works for all common glass and furnace types and is control system inde-
pendent. The neural network is trained to correlate these inputs with glass quality metrics,
enabling predictive quality control and adaptive decision-making, even when sensors degrade or
are replaced.

Celfos is a dynamic, adaptive system that brings the glass industry closer to a future of
precision and efficiency, designed to support operator expertise. Keywords: Artificial Intelligence,
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Atomistic Mechanisms of Irreversible
Transformations in Silica: From

Shock-Induced Densification to
Defect-Driven Amorphization

Mirco Wahab * !, Sindy Fuhrmann !

! Technische Universitit Bergakademie Freiberg; Institute of Glass Science and Technology; — Leipziger
Strale 28 09599 Freiberg, Germany

The structural diversity of silica (SiOg2), from its crystalline polymorphs to its amorphous
state, dictates its complex and often divergent behavior under extreme pressure. While this
topic has been extensively studied in the past, atomistic mechanisms governing irreversible
transformations remain debated. This work combines molecular dynamics (MD) simulations
with experimental data to investigate these mechanisms in amorphous silica.

We model shock-compression of silica glass to ~ 36 GPa, replicating conditions of dynamic
shock-recovery experiments. The simulations qualitatively reproduce the experimentally ob-
served permanent densification. By analyzing simulated structures, we demonstrate that this
densification arises from collapse of the medium-range order, primarily through a reduction in
Si—O-Si bond angles and a shift to smaller ring sizes, while the network transforms into a hetero-
geneous mixture of four-fold coordinated domains and regions containing a significant fraction of
five- and six-fold coordinated silicon. Analysis reveals that this densification is not uniform and
leads to the emergence of a nanoscale polyamorphic structure, characterized by domains of a
highly compacted network embedded within a matrix of less-densified material. This structural
heterogeneity provides a more nuanced basis for interpreting the corresponding X-ray Diffraction
and Raman Scattering data.

In a complementary study, we investigate transformations of a-quartz under quasi-static
compression up to 100 GPa, through the coesite, stishovite and post-stishovite regimes. Our sim-
ulations suggest that the commonly observed “pressure-induced amorphization” does not look
like an intrinsic failure of the crystal, but a kinetically driven process rooted in the frustrated
phase transitions transitions. Transformation introduce almost unavoidable stacking faults and
defects, as for example coesite structure is geometrically incommensurate with the parent quartz
lattice. While an infinitesimally slow compression allows these defects to vanish during the sub-
sequent transformations, a slow, quasi-static compression rate preserves these faults. Resulting
structures consist of competing, misaligned domains separated by defect boundaries, which ap-
pear as disordered, amorphous-like state in simulated XRD patterns.

These simulations distinguish two distinct pathways of irreversible change: continuous net-
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work collapse in the glass involving polymorphic appearing structural arrangements, and defect-
mediated amorphization in the crystal, highlighting the critical role of structural inheritance
and kinetic trapping in determining silica’s high-pressure behavior. Keywords: MD simulation,

Glass structure, FSDP, radial distribution function, bond, angle distribution

427



Thermodynamic database development for
novel agentic workflows designed for glass
synthesis and application modelling

Alexander Walnsch *T ', Tatjana Jantzen ', Florian Tang !, Detlef Kopsel
2. Leopold Talirz 2, Ulrich Fotheringham 2, Moritz To Baben !

! GTT-Technologies — Kaiserstrafie 103, 52134 Herzogenrath, Germany
2 SCHOTT AG — Hattenbergstrae 10, 55122 Mainz, Germany

Thermochemical data form the fundamental basis for microstructure simulations and, con-
sequently, for the prediction of glass properties. To enable the continuous and sustainable
advancement of process technology in glass manufacturing, a stronger integration of computer
simulations into process monitoring and control is essential. Since manufacturing conditions
and glass specifications can vary widely across different application domains, a comprehensive
and physically consistent description of the underlying thermodynamic database is of central
importance.

However, the “materials genome” of glass materials remains largely unexplored. The increas-
ing use of recycled raw materials further complicates this picture, as the imperfect separation
of material streams leads to the incorporation of minor components and impurities that can
strongly affect glass properties. Their quantitative impact must therefore be reflected in reliable
thermochemical and process models.

In this work, we present the development of a novel thermodynamic database tailored for
oxide glass systems, covering essential components such as BsOj3, SiOgy, LisO, NasO, CaO,
Al5O3 and related multi-component systems. The database is established within the CALPHAD
framework, combining experimental data with atomistic simulation results to ensure consistency
and predictive capability across broad compositional ranges. Derived thermodynamic quantities
provide access to critical material characteristics, including the melting point, viscosity, phase
separation behavior, and crystallization tendencies.

The integration of this thermochemical database into agentic workflows enables dynamic
material screening, process parameter optimization, and the assessment of impurity tolerance in
recycling scenarios. By embedding physically consistent thermodynamic models within adaptive
Al-based agents, reliable extrapolations into previously uncharted composition spaces become
feasible. This approach represents a significant step toward the realization of flexible and sus-
tainable simulation environments for process engineering in glass technology and beyond. Key-
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Designing High Young’s Modulus
Soda-Lime-Silica Glass with Reinforcement
Learning and Genetic Algorithm

Zihao Wang * ', Wenke Li" ', Chao Liu* !
! Wuhan University of Technology — Wuhan, China, China

The current global energy transition is driving the rapid development of the photovoltaic
(PV) industry, leading to a surge in demand for PV glass. Meanwhile, the performance require-
ments of ”thinness and lightness” for optical functional glass necessitate high Young’s modulus,
which further exacerbates the challenges in traditional glass research and development.This
study targets the design of high-modulus soda-lime-silica glass and proposes an inverse design
method integrating "reinforcement learning (RL) and genetic algorithm (GA)”. A reward func-
tion conforming to the physical properties of glass is constructed via RL to guide the GA in
efficiently searching the composition space within the soda-lime-silica system. This addresses
the issues of slow convergence and deviation of optimal solutions from practical application
requirements in traditional inverse design. Currently, we have verified the feasibility of the
RL-GA approach and demonstrated the importance of introducing density as a physical feature
through feature importance analysis. In subsequent work, we will further validate the positive
impact of RL on practical glass preparation through experiments.In our vision, this method can
significantly accelerate the research and development process of high-modulus soda-lime-silica
PV glass. Additionally, it enables accurate composition-property mapping in the inverse de-
sign framework, effectively integrating data-driven approaches with physical knowledge. This
research not only provides a new paradigm for the high-modulus design of optical functional
glass but also offers technical support for the efficient innovation of key materials in the energy
sector through the application of RL in PV glass research and development.

Keywords: Machine Learning, Reinforcement Learning, Glass

*Speaker
fCorresponding author: like611@whut.edu.cn
fCorresponding author: hite@whut.edu.cn

430


mailto:like611@whut.edu.cn
mailto:hite@whut.edu.cn

The Capriccio method as a versatile tool for

quantifying the fracture properties of glassy

materials under complex loading conditions
with chemical specificity

Felix Weber !, Maxime Vassaux * 2, Lukas Laubert ', Sebastian Pfaller

! Friedrich-Alexander-Universitit Erlangen-Niirnberg, Chair of Applied Mechanics — Egerlandstrasse 5
91058 Erlangen, Germany
2 Institut de Physique de Rennes — Université de Rennes, Centre National de la Recherche Scientifique
— 263 avenue Général Leclerc 35042 Rennes CEDEX, France, France

Molecular dynamics (MD) simulations are widely used to provide insights into fracture
mechanisms while maintaining chemical specificity. However, particle-based techniques such as
MD are limited in terms of accessible length scales and applicable boundary conditions, which
restricts the investigation of fracture phenomena in typical engineering settings. In an attempt
to overcome these limitations, we apply the partitioned-domain Capriccio method to couple
atomistic MD samples representing silica glass with the finite element (FE) method. With this
approach, we perform mode I (rectangular panel under tension, three-, and four-point bending),
mode IT as well as mode I1I (rectangular panel under in-plane or out-of-plane shear) simulations.
Thereby, we investigate multiple criteria to identify the onset of crack propagation based on the
virial stress, the number of pair interactions, the kinetic energy/temperature, the crack velocity,
and the crack opening displacement. The approach presented provides quantitatively plausible
results for the critical stress intensity factors Klc, Kllc, and KlIlc. This contribution shows
that the Capriccio method is a flexible means of performing fracture simulations that take into
account boundary conditions typical of experimental test setups with atomistic specificity near
the crack tip. While also pointing out the current limitations of the Capriccio method, we
demonstrate its potential to integrate atomistic insights into FE models with significantly larger
overall dimensions.

Keywords: Fracture mechanics, Multiscale modeling, Molecular dynamics, Finite element method,
Glassy materials
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Predicting heterogeneous dynamics in
supercooled liquids using angular-dependent
structural indicators

Jun Wu * !, Zhen Zhang * 1!

I College of Physics, Chengdu University of Technology — Sichuan, Chengdu, Chenghua, China

Establishing a robust and interpretable connection between static structure and hetero-
geneous dynamics remains one of the central challenges in glass physics. Here, we propose
a modified form of the conventional two-body structural entropy S2 that incorporates both
long-range and angular dependencies. Using this extended structural descriptor, we predict
particle-level dynamics in two-dimensional model glass formers with distinct liquid fragilities.
For a "fragile” Lennard-Jones mixture, the correlation coefficient between structure and dy-
namics reaches up to 85% near the time scale at which dynamical heterogeneity is maximal. In
contrast, in a ”"strong” silica-like system, the correlation is only moderate. We attribute this
contrast to the fact that the dynamics of fragile systems are governed by large-scale cooperative
rearrangements that generate pronounced heterogeneity, whereas strong glass formers are domi-
nated by localized, short-range motions. These findings deepen the microscopic understanding of
structure—dynamics correlations in liquids and provide a foundation for extending such analyses
to three-dimensional systems.

Keywords: Dynamic heterogeneity, Structural descriptor, Structure dynamics correlation, Fragility
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Symmetry Transitions Beyond the
Nanoscale in Pressurized Silica Glass

Zhen Zhang * , Walter Kob !
I University of Montpellier — CNRS, F-34095 Montpellier, France — France

Silica is the paradigmatic network glass-former and understanding its response to pressure is
essential for comprehending the mechanical properties of silica-based materials and the behav-
ior of silicate melts in the Earth’s interior. While pressure-induced changes in the short-range
structure—particularly the breakdown of tetrahedral symmetry—have been well documented,
structural transformations on larger length scales remain poorly understood. Here, we numeri-
cally investigate the three-dimensional structure of silica glass as a function of compression up
to P =~ 100 GPa. Using a novel many-body correlation function, we reveal a complex medium-
range order: While for P < 10 GPa, one finds tetrahedral, octahedral, and cubic symmetries,
the structure at higher Ps exhibits alternating cubic and octahedral particle arrangements. The
P-dependence of the corresponding structural correlation length displays two distinct maxima,
with the first one corresponding to the anomalous compressibility of silica. We rationalize
the identified complex structural organization on intermediate range scales by a pressure- and
scale-dependent interplay between directional bonding, packing efficiency, and network stiffness.
Keywords: glass, silica, pressure, structure, atomistic simulations
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The origin of over-coordinated defects in
chalcogenide glasses

Stephen Elliott *T !
! Dept of Chemistry — Lensfield Rd Cambridge CB21EW, United Kingdom

The nature of point defects in chalcogenide glasses has been the subject of study ever since
Kastner, Adler and Fritzsche, and Mott, Davis and Street, first proposed, fifty years ago, a
model of over- and under-coordinated defects (valence-alternation pairs, VAPs) to explain the
diamagnetic nature of such defective glasses in the absence of light.

For instance, chalcogen-based VAPs are C!~ and C3* defects, where the numeral is the
coordination number, and 4 /— the electronic charge, of a chalcogen atom, C. Over-coordination
at C3* centres can be understood in terms of the formation of dative bonds between filled p-like
lone pairs (LPs) on one atom and empty p-like bonding orbitals on adjacent atoms.

In the case of pnictogen-containing chalcogenide glasses, VAPs can also occur: namely, P2~
and P4t where P is a pnictogen. In this case, over-coordination at P4t centres arises, instead,
from sp> hybridization to form four sp3-hybrid bonds at a P atom.

However, exceptions from these conventional over-coordination cases have been found from
DFT-based simulations of chalcogenide glasses: in the case of AsySs, an As*™ centre; and, in
the case of Se, a neutral Se*?-Se® pair.

It will be shown that these unusual over-coordinated defect configurations can only be un-
derstood in terms of “hyperbonding”, rather than normal dative bonding or sp? hybridization.
In this hyperbonding scenario, a bonding interaction between a filled p-like LP and an empty
antibonding orbital leads to a weaker coordinate bond and overcoordination at the atom hosting
the antibonding orbital. Keywords: chalcogenide glasses, coordination defects, valence, alternation

pairs, dative bonding, hyperbonding
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Agro-waste deriven crack resistant glass for
smart display devices

Sowmya . ', Nancy Mahendru 2, Shivani Singla * !

! Chandigarh University — Mohali, Punjab, India
2 Sikh National College — India

Globally, a substantial amount of agricultural waste is generated every year, with India be-
ing a major contributor to it. Specifically, the trend in rice husk production is on the rise and
is projected to continue increasing. The prime challenge with this waste is its natural degra-
dation due to the presence of high content of silica and lignin. This underlines the significance
of harnessing the potential of rice husk-derived silica, which is key to addressing various chal-
lenges and opportunities. One particularly promising application of rice husk-derived silica is
the development of advanced and crack-resistant smart glasses that may substantially reduce
maintenance costs and enhance durability when used for various applications. Over the past
few years, various fabrication techniques, such as aerodynamic levitation and post-processing
methods like ion exchange strengthening, relaxational toughening, and intrinsic toughening,
have been proposed to achieve the desired crack-resistant properties. However, these techniques
have limitations for industrial use, including restrictions on sample size and the introduction
of unwanted modifications to the glass composition. Consequently, there is a pressing need for
a breakthrough in the development of glass that combines ultra-hardness, self-healing capabili-
ties, and crack resistance in a cost-effective manner for commercial applications. Present work
proposes a novel pathway that replaces expensive aerodynamic levitation techniques with the
conventional melt-quench technique. This change promises to revolutionize large-scale produc-
tion for industrial applications, making it more economically viable. Key to our approach is the
use of silica derived from agro-waste, such as rice husk, as the primary component of the glass.
This not only reduces the liquidus temperature but also enhances the overall strength of the
glass structure, thus facilitating production through the melt-quench technique.

Keywords: Smart glass, crack, resistant, ultra, hard, industrial applications, production from waste,
environment, friendly, display applications.
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Structure—Property Relationships in Iron
Phosphate Oxide Glasses as Cathode
Materials for Lithium-Ion Batteries

Julia Agullo *T | Taos Guyot 12, Maxime De Araujo ', Damien Perret |
Loic Simonin , Sébastien Martinet

L CEA, DES, ISEC, DPME, Univ Montpellier, Marcoule, France — CEA, DES, ISEC, DPME, Univ
Montpellier, Marcoule, France — France
2 Université Grenoble Alpes, CEA-Liten, Grenoble, France — Université Grenoble Alpes, CEA-Liten,
Grenoble, France — France

Developing sustainable and high-performance materials remains a major challenge for next-
generation lithium-ion batteries (LIBs). Conventional crystalline cathodes are often limited by
their structural rigidity, whereas glassy materials can deliver high specific capacities depending
on their composition (1). Among them, phosphate-based glasses offer a versatile and scalable
alternative, owing to their amorphous framework that provides a large free volume and enhanced
structural flexibility for lithium insertion and extraction (2).

In this work, we investigate iron phosphate oxide glasses as cathode materials for LIBs.
The influence of synthesis conditions and iron content on the amorphous structure, transport
properties, and electrochemical performance is systematically examined. Electrical conductivity
was characterized by electrochemical impedance spectroscopy (EIS), while galvanostatic cycling
demonstrated promising specific capacities and good reversibility. To elucidate the underlying
redox mechanisms, Md&ssbauer spectroscopy was performed on pristine and cycled electrodes at
various states of charge.

Our results show that fine-tuning the glass composition allows for precise control of both
structural disorder and electrochemical behavior, paving the way for sustainable glass-based
cathodes in advanced lithium-ion batteries.
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Luminescent Rare-Earth Garnet

Microcrystals Synthesized from Electronic
Waste by Controlled Cooling of Melted
Glass

Leonardo Albino * !, Estevam Campiotti 2, Thiago Lodi 2, Féabio Caixeta
2 Danilo Manzani !, Marcelo Nalin 2, Elias Ferreira-Neto 2, Sidney
Ribeiro 2, Douglas Franco 2

1 Sao Carlos Institute of Chemistry (IQSC), University of Sao Paulo (USP), Sao Carlos, SP, 13566-590,
Brazil — S&o Carlos Institute of Chemistry (IQSC), University of Sdo Paulo (USP), Sao Carlos, SP,
13566-590, Brazil, Brazil
2 Institute of Chemistry (IQCAr), Sdo Paulo State University, 14800-900 Araraquara, Brazil — Institute
of Chemistry (IQCAr), Sdo Paulo State University, 14800-900 Araraquara, Brazil, Brazil

The growing global demand for rare earth, essential in the manufacture of electronic devices,
permanent magnets, lasers, catalysts, optical amplifiers, telecommunication fibers, and lumines-
cent materials, has placed these elements at the center of a complex geopolitical and economic
network. Recovery of REEs from electronic waste, known as urban mining, has emerged as a
promising strategy to mitigate environmental impacts and reduce dependence on primary min-
eral sources. Although fluorescent lamps are gradually being replaced by LED lighting, they
remain widely used worldwide. Due to the presence of mercury, improper disposal of fluores-
cent lamps poses serious health risks and causes soil and groundwater contamination. Mercury
vapor is essential for lamp operation: when excited by an electric current, it emits radiation at
254 nm, which in turn excites phosphors composed of orthophosphates, aluminates, or borates
doped with Y3t, Tb3t, Eu?t, La®t, and Ce?t ions, emitting visible light. The spent lamps
were processed using an AirCycle Corporation Bulb Eater® vacuum system equipped with
filters that separate mercury vapor from the phosphor powder coating the lamp walls. Quanti-
tative analysis by ICP-MS confirmed significant concentrations of Y, Ce, Eu, Tbh, and La in the
recovered material. In this context, the present study proposes the use of fluorescent lamp waste
as a precursor for synthesizing rare-earth garnet (RE2GasO12, RE = rare earth) microcrystals
through an innovative glass crystallization method based on the controlled cooling of a heavy-
metal oxide melt. Precursor oxides were weighed to obtain a PbO-GeOs—BisO3-GasO3 glass
composition, to which 3, 5, and 7 wt% of fluorescent lamp waste were added. The mixture was
melted in a Pt crucible at 1250 °C/1 h, then subjected to a controlled cooling ramp, leading to
the formation of thousands of micrometer-sized single crystals. After synthesis, the glass matrix
was dissolved in concentrated HCI, leaving luminescent rare-earth garnet microcrystals that emit
under UV excitation due to Eu3t and Th3* transitions. The materials were characterized by
SEM-FEG, EDS, optical microscopy, X-ray diffraction, and photoluminescence studies, includ-
ing lifetime and quantum yield analyses, demonstrating a sustainable approach to converting
hazardous waste into high-value luminescent micro white-light emitters. Keywords: glasses, e,
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Initial alteration rate of glasses irradiated
with various particles beams

Rémy Amato !, Mélanie Taron 2, Hélene Aréna * !, Morgane Richet !,
Faijan Faijan 3, Stéphane Gin 3

! Laboratoire des Matériaux et Procédés Actifs — CEA, DES, ISEC, DPME, Univ Montpellier,
Marcoule, France — CEA Marcoule, France
2 Institut de Chimie Séparative de Marcoule — ICSM, Univ Montpellier, CNRS, ENSCM, CEA,
Marcoule, France — 30207 BAGNOLS SUR CEZE CEDEX, France
3 Laboratoire d’Etude des Matériaux en environnement Complexe — CEA, DES, ISEC, DPME, Univ
Montpellier, Marcoule, France — France

High-level long-lived radioactive wastes are vitrified and intended for deep geological disposal.
The alteration of glass by groundwater is the main source of radionuclide release, and the very
long-term behavior of glass packages must be studied. The radionuclides contained in the glass
cause it to self-irradiate and modify its structure, properties, and alteration kinetics (1).

Due to the difficulty of working with radioactive materials, the effects of self-irradiation are
usually simulated by external irradiation with ions or electrons (2). Depending on the particles
used, the interactions with the glass are different and representative of alpha decay, beta decay,
or gamma transitions. The pre-irradiated glass is then altered under different conditions to
study the impact of irradiation on its behavior. Several studies indicate increased alteration for
pre-irradiated glass (3, 4).

In this study, a recent SRCA (Stirred Reactor Coupon Analysis) protocol allowing several
samples to be altered simultaneously under initial rate conditions was used (5). This protocol
is particularly useful in the case of pre-irradiated glass because it requires only a small sample
area, unlike the static protocol (3), and facilitates comparisons. The initial alteration rate was
thus measured for several glasses, varying their compositions, pre-irradiation conditions, and/or
alteration conditions (pH and temperature).
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New Raw Materials Opportunities:
Overview and Anorthosite Case Study

Daniel Backhouse * !, Rob Ireson * T !, Bridget Stewart *

! Tan Richards 2, Arnstein Bjorke *

I Glass Futures Ltd — James Roby Way, St Helens, Merseyside, WA9 5DT, United Kingdom
2 Intellimar Consulting — Linnesbakken 26 3426 GULLAUG, Norway, Norway
3 Norwegian Anorthosite A.S. — Kanalveien 51, 5068, Bergen, Norway, Norway

Glass Futures is a not-for-profit, membership-based, research organisation, with its Global
Centre of Excellence in St Helens, UK. The remit of the organisation is to enable its members
from across the glass supply chain and beyond to collaborate in areas affecting all parties, with a
particular focus on decarbonisation of the glass-making and upstream and downstream activities.
One key area of interest is in the development of raw materials which are cost-effective, efficient
and low-carbon.

Glass Futures’ facility houses a 30 tonnes/day pilot-scale glass furnace, designed to enable
industry to develop and trial new technologies (e.g. alternative fuels, CCUS) at an industrially-
relevant scale, without risk to commercial manufacturing assets, providing increased confidence
for investment. It has a state-of-the-art batch house with eleven silos, providing outstanding
flexibility for developing new opportunities.

Gudvangen Stein, a Norwegian family-owned company established in 1956, operates one of
the world’s largest active anorthosite deposits, ca. 400-500 million tons. Mining is fully under-
ground, with crushing operations powered by hydroelectric energy, producing COs emissions as
low as 3 kg/ton of material.

The company is developing anorthosite as a potentially low-carbon raw material for the
glass industry, characterised by a balanced SiO9—AloO3—CaO composition. Current engineering
activities are focusing on reduction of iron and sodium-sulphate levels, and precise particle sizing
to align with specifications for container, float, and fibre-glass applications.

Following the completion of its fuels programme in Q1 2026, Glass Futures and its members
will begin a new programme on batch and raw materials developments—an overview of this
programme will be presented.
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Additionally, the paper will explore an opportunity to develop anorthosite, currently in use in
the wool and fibre sectors, as an AlsOg-bearing raw material for the container and float sectors,
utilising Glass Futures’ 30 tonne/day pilot line. Currently, container and float manufacturers
in Europe have limited choice of AlsOgs-bearing materials—development of anorthosite would
therefore improve choice/pricing. As a CaO-rich material, anorthosite also allows for a reduction
in limestone usage, and therefore in process CO2 emissions, and previous data from existing
customers suggest that anorthosite may enable more efficient furnace operation. Keywords:

Raw Materials, Resource Efficiency, Low, carbon
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The reuse of the cover glass to enhance solar
energy sustainability in the Brazilian
context
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The rapid expansion of solar energy in Brazil has been pivotal in sustaining a high share
of renewable electricity generation. By 2025, the country reached 60 GW of installed photo-
voltaic capacity, with approximately 42 GW derived from small-scale distributed systems and
over 3.1 million grid connections. Projections indicate that these figures will double within the
next decade, underscoring the urgent need for a comprehensive end-of-life management strategy
for solar panels. Cover glass accounts for roughly 70% of a panel’s weight, and the increasing
adoption of bifacial modules is further increasing glass use in these devices. However, Brazil’s
glass recycling rate remains low-just above 25%-primarily due to high transportation costs and
the limited market value of cullet. Moreover, approximately 95% of cover glass in new panels
contains antimony, a scarce and toxic element that necessitates specialized recycling processes.
This study explores alternative pathways for reusing glass from photovoltaics in the development
of new glasses and ceramics, aiming to promote a more circular economy and mitigate environ-
mental risks associated with the leaching of toxic substances and landfill disposal of these glasses.
We recently demonstrated the production of oxyfluorides with high transparency and a lower
melting temperature. Here, we explore potential applications for this material, including op-
tics and photonics, thanks to its high transparency and stability, as well as the development
of glass-ceramics exhibiting new features such as antimicrobial activity. Finally, we discuss the
potential to develop other glass-ceramics utilizing glass from solar panels as the primary raw
material, with a particular focus on the search for environmentally friendly matrices and their
applications.

Keywords: Recycling, cover glass, toxicity, oxyfluorides, bioactivity
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Mild alkali activation of glass for sustainable
and recyclable ’unfired’ construction
materials

Francesco Carollo !, Giulia Tameni 2, Paolo Sgarbossa !, Enrico Bernardo
* 3

! University of Padova, Dept. of Industrial Engineering — Italy
2 Sheffiel Hallam University — United Kingdom
3 University of Padova, Dept. of Industrial Engineering (UNIPD) — Italy

Several types of glass cullet pose difficulties in recycling, due to contaminations from other
materials and risks of noxious gas emissions in remelting. Fine fractions, since they concentrate
impurities, are the most critical. These forms of 'waste glass’ have been increasingly considered
in the formulations of new cementitious materials, known as geopolymers. These materials
rely on extensive dissolution of silicate and alumino-silicate feedstock in concentrated alkaline
solutions, in a first step. Stable gels with zeolite-like architecture (with SiO4 units bridged
to AlO4 and BO4 units, the latter stabized by alkali ions) form upon drying of suspensions,
embedding unreacted material. The present contribution aims at presenting the possibility
to achieve stable glass-based ’skeletons’ by attacking fine glass powders with diluted alkaline
solutions (

Keywords: Waste glass, alkali activation, gelation, foams
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Phosphosilicate-Based Glass Fertilizers with
Controlled Nutrient Release: A Sustainable
Alternative to Conventional Fertilizers

2
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Manzani *T 3

1 S0 Carlos Institute of Chemistry (IQSC) — University of Sao Paulo (USP), Sao Carlos, SP, Brazil
2 Sao Carlos Institute of Chemistry (IQSC) — University of Sao Paulo (USP), Sao Carlos, SP, Brazil
3 Empresa Brasileira de Pesquisa Agropecudria — Brazil
4 Sdo Carlos Engineering School (EESC) — University of Sao Paulo (USP), Sao Carlos, SP, Brazil
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Glass fertilizers (GF's) have attracted growing interest as sustainable alternatives to conven-
tional fertilizers due to their ability to incorporate multiple nutrients within a single solid matrix
and to enable controlled nutrient release through compositional design. In this study, GF's within
the P205-Si02-Ca0O-K20 system were synthesized via the traditional melt-quenching method
to achieve tunable dissolution behavior. The materials were characterized by Raman and FTIR
spectroscopies, DSC, SEM-EDS, and solid-state 31P NMR. Structural analyses revealed that
increasing SiO2 content leads to depolymerization of the phosphate network, modifying the con-
nectivity of Qn structural units. In vitro dissolution tests were performed in deionized water
and in a citric acid/sodium citrate buffer, and elemental release profiles were quantified by ICP-
OES. The results demonstrated a gradual and composition-dependent release of nutrients, with
post-dissolution analyses indicating the preferential leaching of (PO4) and (SiO4) units from
the glass network. Furthermore, preliminary in situ tests using forage plants showed enhanced
dry mass production compared to the control group. These findings highlight the potential of
phosphosilicate-based glass fertilizers to combine compositional tunability with controlled nutri-
ent delivery, offering an environmentally friendly pathway for improving fertilizer efficiency in
agriculture.

Keywords: Glass fertilizers, Controlled nutrient release, Phosphosilicate glasses, Sustainable agri-
culture, Dissolution kinetics
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A comparative study on immobilization of
ERV2 chloride salt simulant in ceramics,
glass and glass-ceramic waste forms

Anirban Chakrabarti * !, Min Zhang !, Michael Ojovan !, Kai Xu !
! Wuhan University of Technology — Wuhan, China, China

This work evaluates and compares the effectiveness of different solidification matrices of
ceramics, glass, and glass-ceramics for stabilizing a simulated chloride-bearing radioactive salt
residues generated from electrochemical reprocessing (ER) of spent nuclear fuel. Chloride salts
present particular challenges due to their corrosive nature and limited solubility (< 1wt% Cl) in
conventional borosilicate glass systems, making material selection critical for long-term contain-
ment. Ceramics often offer high chemical durability and tailored crystal phases, while glasses
provide compositional flexibility and homogeneous waste incorporation. On the other hand,
glass-ceramics can combine advantages of controlled crystallization forming the target crys-
talline phases within a glassy matrix to enhance stability. By comparing the physical, chemical,
and structural properties, this study aims to support the identification of robust waste forms for
safe nuclear waste management. In this study, the chloride containing simulated salt was mixed
in fixed ratios with calcium phosphate powders and calcined at various temperatures from 400
to 700C to prepare the ceramic waste forms. Aluminoborophosphate glass frits of composition
Na20-A1203-P205-B203 (wt.%) were prepared by melting at temperatures from 1200-1300C.
The simulated salt and the calcium phosphate ceramic waste forms were mixed with the glass
frits and cold-pressed sintered at 7000C for 4 h in order to develop the glass-ceramics. The
synthesized waste forms were subsequently characterized for thermal, structural and leaching
properties. The confining matrices were analyzed to find out their chloride retention capacities
with respect to the elements of interest. The matrices were characterized and leached for contact
times up to 14 and 28 days at room temperature and at 400C. Leaching results were evaluated
and compared in terms of normalized releases with similar results reported in literature.

Keywords: Nuclear waste immobilization, Glass, Glassceramics
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Chlorine Incorporation in Iron Phosphate
and Borate Glasses for Nuclear Waste
Immobilization
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Chlorine is a volatile element commonly found in various types of waste, including legacy
radioactive waste and waste generated by molten salt reactors. The presence of chlorine in
these wastes represents a significant challenge for long-term immobilization, as its vitrification
in conventional borosilicate glasses is hindered by the low solubility of chlorine, leading to
volatilization losses and potential degradation of the glass matrix.

In this context, iron phosphate glasses have emerged as a promising alternative for nuclear waste
immobilization due to their ability to accommodate a wide range of elements and their favorable
chemical durability. This study focuses on the mechanisms of chlorine incorporation in P205 -
Al203 - Fe203 - X (X = CaO, Na20, SrO) and B203 - Al203 - Fe203 - X glass systems.
The effects of the nature of alkali and alkaline-earth elements, synthesis routes, and chlorine
precursors were systematically investigated in order to enhance chlorine solubility in the glass
matrices. The objective is to identify the key parameters governing chlorine incorporation
and retention, thereby contributing to the development of durable glass formulations for the
immobilization of chlorine-bearing nuclear wastes.

Keywords: Chlorine, Nuclear Waste Immobilization, Iron Phosphate Glass, Borate Glass, Physic-
ochemical Properties
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Rare earth-doped borogermanate glasses
from electronic waste for advanced
magneto-optical applications
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! Institute of Chemistry (IQCAr), Sao Paulo State University — 14800-900 Araraquara, Brazil

In recent years, the global demand for rare earth elements (REEs) has increased significantly,
becoming critical due to environmental overexploitation (1). Although rare earth elements are
relatively abundant in the Earth’s crust, their distribution is limited. Additionally, the REE
market is dominated by a few countries, creating further challenges worldwide. Currently, a wide
range of electronic devices with advanced technologies are being manufactured, improved, and
rapidly replaced, which means that new chemical compositions must be developed, increasing
the demand for several elements, including REE. The utilization of urban mining to recover
REEs such as Nd, Eu, and Tb for the synthesis of new vitreous materials presents a promising
strategy (2). Magneto-optical (MO) glasses are of growing interest for their potential in devel-
oping MO sensors. Borogermanate glasses enable the solubilization of high concentrations of
rare earth (RE) ions. This work presents the synthesis and characterization of borogermanate
(BGeB) glasses incorporating e-waste (wst) from fluorescent lamps containing rare earth (RE)
ions with high paramagnetic moments, such as Tb and Eu. Borogermanate glasses with x = 0,
10, 20, 30, and 50 %wst were prepared using the melt-quenching method at 1400 °C. Character-
ization techniques included Differential Scanning Calorimetry (DSC), X-ray Diffraction (XRD),
Photoluminescence (PL), UV-Vis-NIR absorption spectroscopy, and MO characterization. XRD
patterns confirmed the amorphous nature of all samples, and DSC curves identified glass tran-
sition temperatures () of around 516 °C. The transmission spectra of BGeBx%wst glasses re-
vealed a broad optical transmission window (0.55-1.6 pm), with notable Tb and Eu transitions
observed in emission spectra. The maximum Verdet constant achieved was —40.8 rad T~! m~!
for the BGeB50%wst glass. This study emphasizes the importance of recycling e-waste contain-
ing RE ions and demonstrates the potential of oxide glasses doped with Th and Eu for advanced
magneto-optical applications.
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Investigation by EPR spectrosccopy of glass
from smartphone touchscreen and screen
protector for radiationdose assessment in

case of radiological accident
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2 Laboratoire des Solides Irradiés - Irradiated Solids Laboratory — Institut Rayonnement Matiere de
Saclay (DRF), Commissariat & I’énergie atomique et aux énergies alternatives, Ecole Polytechnique,
Centre National de la Recherche Scientifique — Route de Saclay, F-91128 Palaiseau Cedex, France
3 University of Balikesir — Turkey

Glass has been used for decades to estimate received radiation dose of individuals in case
of radiological exposure, with Ag doped phosphate mostly or with soda-lime glass as found in
watch. Radio-induced point defects in glass are formed in proportion of absorbed radiation dose.
Electron Paramagnetic Resonance (EPR) spectroscopy is a method of choice for this application,
allowing identification and quantification of the different point defects induced by irradiation
and therefore allowing dose assessment. We will present the results concerning the point defects
identification in irradiated alkali-alumino-silicate glass used in commercial smartphone touch
screen and screen protector. We will also disucss the impact of the glass composition on the
formation of those point defects and also the UV irradiation impact. The presentation will also
provide a description of the performance of the proposed method for dose assessment in the
context of radiological accident. This method is up to now the only method conidered for triage
purposes in case of large scale radiological accident, as no other restrospective dosimetry method
provides sufficient measurement capacity.

Keywords: alkali aluminosilicate glass, irradiation, point defects, EPR spectroscopy, dosimetry,
smartphone
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A multi parameter approach for predicting
initial dissolution rate of silicate glasses

Stéphane Gin * !, Faijan Faijan !, Jean-Marc Delaye !

L CEA MARCOULE, Université de Montpellier, DPME/SEME/LEMC — Commissariat & 1’énergie
atomique et aux énergies alternatives — 30200 Bagnols sur Ceze, France

The prediction of a glass’s initial dissolution rate is crucial for various applications in indus-
try, nuclear waste management, and healthcare. The primary limitations of existing approaches
are the lack of dissolution behavior classification and the choice of appropriate and robust criteria
to relate the glass composition to its dissolution rate. This work introduces congruence-focused,
multi-variable, and MD-agnostic methodology to estimate dissolution rate of silicate glasses.
The employed criteria reliably discriminate between congruent and incongruent dissolution be-
haviours and the corresponding descriptors demonstrate reasonable (R? > 0.9) and proportional
correlation with Inrg for all studied glasses. Therefore, holistic structural models that consoli-
date the fundamental chemistry and topology of the glass network offer a systematic means to
capture complex property relationships and evaluating durability through ry. Keywords: glass,

dissolution, initial dissolution rate, model

*Speaker

453



Recycling of LAS Glass-Ceramic Cooktop
Waste using Laser Directed Energy
Deposition (LDED)

Marco Gonzalez-Longueira *T !, Hamza Sajjad !, Jests Del Val !, Giulio
Gorni 2, Maria Jests Pascual ?, Rafael Comesafia ', Juan Pou !

! LaserON Research Group, CINTECX, University of Vigo — School of Engineering, University of Vigo,
Vigo, Spain, Spain
2 Instituto de Cerdmica y Vidrio — C/Kelsen 5, Campus de Cantoblanco, 28049 Madrid, Spain

Lithium-Aluminium-Silicate (LAS) glass-ceramics, widely used for cooktops, present signif-
icant recycling challenges due to their unique composition and high thermal stability, making
them incompatible with conventional glass recycling. This study investigates the feasibility of
Laser Directed Energy Deposition (LDED) as a closed-loop manufacturing route to transform
100% waste cooktop panels into functional components, focusing on the retention of the mate-
rial’s semi-crystalline properties.

Waste LAS cooktop panels were ground and sieved into precursor powders. An in-house de-
signed and constructed LDED system equipped with a continuous-wave CO4 laser (A = 10.6 um)
was employed. To mitigate thermal shock, the alumina substrate was pre-heated and all laser
processing was carried out inside a controlled chamber. The study analysed the effects of laser
intensity, powder mass flow, scanning strategy, and particle size on geometry, microstructure
(XRD, SEM), and mechanical properties.

This study successfully demonstrates that LDED is a viable technique for the additive man-
ufacturing of LAS glass-ceramic waste. The process, supported by in-situ substrate pre-heating,
fabricates new parts that uniquely retain the functional S-quartz crystalline phase of the original
material. This opens a promising recycling path for cooktop waste, enabling its transformation
into high-value components while conserving its specific properties.
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Recycling Technologies and Applications of
Borosilicate Glasses

Giulio Gorni * !, Rafael Comesaiia >3, Juan Pou ?*, Marfa Pascual °
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4 4Applied Physics Department, E.E.I., University of Vigo — Lagoas-Marcosende, 36310, Vigo, Spain
5 Ceramics and Glass Institute, CSIC — C/Kelsen 5, 28049 Madrid, Spain

Borosilicate glasses, known for their thermal resistance, chemical inertness, and mechanical
strength, play a crucial role in technical applications as well as in the pharmaceutical industry.
Despite their widespread use and versatility, most borosilicate glass wastes (BSGW) end up
in landfills or are incinerated, rendering this valuable resource useless. This review provides
an overview of recycling strategies for borosilicate glasses, with emphasis on technological ap-
proaches and potential applications spanning building and construction, insulation and filtering,
functional materials, and materials for radiation shielding or nuclear waste immobilization, as
well as opportunities for material recovery within the ceramics and glass industry or a source
of boron or other critical raw materials. A brief description of the review policies, such as the
Furopean Union’s goal of fully recyclable packaging by 2030, and limitations and challenges for
glass recycling, will also be given. New perspectives based on laser processing of borosilicate
GW are also shown and aimed to open pathways toward full recyclability of these materials.
This approach contributes not only to improved environmental sustainability but also promotes
the use of BSGW in advanced technological applications.

Keywords: glass recycling, borosilicates, laser processing
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Everglass Database: Development of a
Python-Based Tool for Visualization of
Glass Properties and Modelling
Applications

Giulio Gorni !, Almut Eisentriger 2, Joerg Kuhnert 2, Rafael Comesana
3 Juan Pou 3, Marfa Jesus Pascual * !

! Instituto de Cerdmica y Vidrio (ICV-CSIC), 28049, Madrid — Spain
2 Fraunhofer ITWM - 67663 Kaiserslautern, Germany
3 LaserON, CINTECX, University of Vigo — Lagoas-Marcosende, 36310, Vigo, Spain

This paper presents the development of a simple, friendly and easy to use Python-based
software tool, named EVERGLASS DATABASE, designed to facilitate the visualization and
management of experimental data in the field of glass science. The program features an intu-
itive graphical user interface (GUI) built with Tkinter that allows users to import CSV files
containing chemical composition, viscosity data, physical properties, and general thermal data
of different glasses. The tool integrates plotting routines based on Matplotlib to generate inter-
active viscosity curves using the Vogel-Fulcher—Tammann (VFT) equation and data tables with
export capabilities. Developed within the framework of the EU-funded EVERGLASS project,
this database offers an open-source resource designed to enhance accessibility and usability for re-
searchers and students in glass science. In particular, it provides detailed information on several
commercial glasses, with potential applications in laser-morphing for glass recycling. Further-
more, the database integrates valuable glass data useful for simulations using the MESHFREE-
based thermal-fluid GFDM-CFD model applied to laser processing of glass. Acknowledgements:
This work was supported by the European Union Pathfinder project EVERGLASS under grant
agreement No 101129967.

Keywords: Everglass database, glass properties, python, based software, laser morphing, glass
recycling, modelling
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Introducing high-temperature stability to
glass foams

Juliane Hartmann * !, Martin Ostergaard !

! Department of Chemistry and Bioscience, Aalborg University — Fredrik Bajers Vej 7H, 9220 Aalborg,
Denmark

Glass foams consist of a glass skeleton with gas-filled pores. Industrially, glass foams are
produced from sintering of mainly waste glass, making glass foam production a sustainable
method for glass recycling, by eliminating the energy-consuming melting step. The glass foams
have high mechanical strength, and low density, resulting in low thermal conductivity, and
does thereby exhibit great potential in thermal insulation of buildings. In order to prevent
or slow down spread of fire in a building, superior high-temperature stability of the insulation
material is of uttermost importance. A recent method utilizing hot-stage microscopy has been
developed to quantify the high temperature stability of mineral wool insulation. Comparing
the high-temperature stability of mineral wool to that of commercial glass foams have shown
poor stability of the glass foams, leading to structural collapse. In this study, the aim is to
develop high-temperature stable glass foams. Crystallization of the glass phase during or after
foaming has been found to prevent foam collapse until the temperature reaches the melting
point, by providing a more rigid network. Therefore, controlled nucleation and crystallization of
the glass foams resulting in ceramic foams upon high temperature treatment will be examined
as a potential opportunity to optimize the high-temperature stability. To obtain controlled
nucleation new glass foam compositions will be produced by combining different waste glass
sources and additives, including nucleation agents, in different ratios. The high-temperature
stability of these glass foams will be measured and compared to commercial glass foams and
mineral wool samples. Differential scanning calorimetry and X-ray diffraction will be utilized
to evaluate the potential crystallization of the glass foams during the foaming process and the
subsequent reheating of the foams. Furthermore, the glass foams with the most promising high-
temperature stabilities will be further evaluated based on porosity and thermal conductivity
with intend to ensure applicable thermal insulation properties.

Keywords: Glass foam, high temperature stability, thermal conductivity
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Secondary Raw Material Use in Glass
Manufacturing

Chris Holcroft * !
1 Glass Technology Services — 9 Churchill Way, Chapeltown, South Yorkshire, United Kingdom

Glass manufacturing has a long history of using ”"waste” materials as raw materials in fur-
naces, from the use of wood ashes in preindustrial manufacture, through to extensive use of cullet
and blast furnace slag in the modern era. This presentation will give an overview of recent work
carried out by Glass Technology Services and partners to identify and characterize new sources
of materials that would otherwise be sent to landfill or low value end uses. Using examples from
our research we will outline methods for the beneficiation of these materials whilst maintain a
environmental advantage from their use. Highlighting the opportunity for glass manufacturers
to achieve hight levels of recycled content despite scarcity of good quality cullet. Adoption
of these new materials will lead to a more sustainable glass industry by reducing reliance of
virgin raw materials, reducing energy and carbon emissions. Additionally, it encourages indus-
trial symbiosis and promotes resource efficiency across other industries by reducing landfill and
promoting a circular economy.

Keywords: Raw materials, circular economy, sustainability, waste
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Hydrothermal treatment and foaming of
waste glass: the mechanism and
optimization for low-density foamed glass

Uro$ Hribar *T ', Matjaz Spreitzer ', Jakob Konig *

1 Advanced Materials Department, Jozef Stefan Institute, Jamova cesta 39, 1000, Ljubljana, Slovenia. —
Slovenia

The global accumulation of waste glass presents environmental challenges and offers op-
portunities for sustainable materials production. Foamed glass, a lightweight and thermally
insulating material, is already commercially produced using waste glass. However, the energy-
intensive process of glass foaming could be improved in terms of sustainability and performance.
This study focuses on explaining the mechanism of foaming of hydrothermally treated glass and
practical utilization of various waste glasses.

Previous studies have shown that hydration of glass powders affects their sintering behavior—
enabling the foaming. However, the explanation of the foaming mechanism is still lacking. The
central question addressed in this study is how foaming of hydrothermally treated glass pro-
ceeds and whether it can maintain desirable foam properties. Furthermore, the process was
tested using glycerol in an air atmosphere.

Cathode-ray tube panel, flint, and mixed-color container glass powders were treated in a sat-
urated steam atmosphere, inducing structural changes, including the incorporation of bound wa-
ter and carbonate species, which were characterized using X-ray diffraction (XRD) and Fourier-
transform infrared (FTIR) spectroscopy. The foaming behavior was analyzed using heating stage
microscopy and thermogravimetric analysis coupled with mass spectrometry (TG/MS), while
foamed samples were evaluated for density, porosity, and thermal conductivity. Furthermore, the
composition of the gas inside the pores of the foam was determined with gas chromatography.

Results show that hydrothermal treatment reduces the onset foaming temperature, enhances
expansion, and enables preparation of low-density foams in air when combined with glycerol.
Carbonates formed after the hydrothermal treatment are the main driving force for foaming,
while particle size and hydration level critically influence foam morphology. Foams achieved
highly porous structures with low apparent densities, demonstrating the potential of this ap-
proach.

Hydrothermal treatment could offer a viable route for producing sustainable foamed glass
from waste in an energy-efficient manner. Controlling crystallization and optimizing additive
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systems may further improve thermal and mechanical properties, paving the way for practical
applications in insulation and circular economy strategies. Keywords: Foamed glass, Waste glass,

Hydrothermal treatment
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Surface-Enhanced Raman Scattering

Performance and Applications of
Ag/Ag3P04 composite SERS fiber probe

Tingting Hu * !, Yuyan Cai , Haimei Zeng !, Jihong Zhang' 2, Jun Xie
1,2

1 State key Laboratory of Advanced Glass Materials, Wuhan University of Technology, Wuhan, 430070,
P. R. China — China
2 Hepu Research Center for Silicate Materials Industry Technology, 27 Huanzhu Avenue, Hepu county,
Beihai, 536100, P. R. China — China

With the increasing discharge of pollutants into air, water, and soil, the rapid and sensitive
detection and treatment of chemical pollutants, including toxic organic dyes and heavy metal
ions, have become critical for minimizing potential threats to the ecological cycle and human
health. In the current research, an in-situ degradation approach for toxic substances is proposed,
combined with surface-enhanced Raman scattering (SERS). Two types of fiber probes based
on a silver nanoparticles/silver phosphate (Ag/Ag3PO4) microcube and tetrapod composite
were fabricated using a sequence of ion exchange, chemical reduction, and subsequent coating
processes. Notably, both probes demonstrated detection limits as low as 1074 M using crystal
violet (CV) analyte. Additionally, the tetrapod composite probe was modified with 4-mercapto-
pyridine (4-MPY) to enhance Hg?* detection capability, achieving a detection limit of 10712 M
for Hg?*.

Under light exposure, the microcube fiber probes degraded 95.0% of CV and 94.8% of PATP
within 60 min, while the tetrapod fiber probes degraded 93.2% of CV and 98.0% of PATP within
60 min, and 82.3% of Hg?* within 30 min, as monitored in situ. Finite element method analysis
suggested that the high electromagnetic field intensity generated by Ag/AgsPOy resulted from
the close packing of Ag nanoparticles. Furthermore, the SERS fiber probes exhibited outstanding
stability, selectivity, and reusability. This research suggests that the recyclable Ag/AgsPOy
microcube and tetrapod composite fiber probes hold significant potential for the detection and
in situ monitoring of the degradation of trace environmental contaminants. Keywords: SERS,

Silver phosphate, Silver nanoparticles, In situ monitoring, Photocatalytic degradation
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Synchrotron computed tomography for bi-
and tri-dimensional structural
characterization of glass devitrification at

the MARS beamline.

Myrtille Hunault *T ', Pierre Piault !, Serge Cohen 2, William Breton !,
Denis Menut !

1 Synchrotron SOLEIL — Synchrotron SOLEIL, Gif sur Yvette, France — L’Orme des Merisiers -
Départementale 128 - 91190 Saint-Aubin, France
2 Institut photonique d’analyse non-destructive européen des matériaux anciens — Museum National
d’Histoire Naturelle, Université de Versailles Saint-Quentin-en-Yvelines, Centre National de la
Recherche Scientifique, Ministere de la culture — Saint-Aubin - 91192 Gif-sur-Yvette Cedex, France

The global transition to low-carbon energy sources will require a significant contribution of
nuclear energy to achieve emission goals. One of the concomitant challenges of nuclear energy
production is the disposal of radioactive wastes. Vitrification is today the best solution for
radioactive waste disposal. Glass waste forms have long been considered as some of the safest
and most chemically durable waste form classes, thus allowing for very long-term immobilization
(thousands to millions of years) of radionuclides and preventing their entry into the biosphere.

Research on nuclear glasses focuses primarily on processing and long-term durability, with
two key challenges: (i) increasing the loading of radioactive elements and (ii) controlling crystal-
lization. When crystallization occurs, the material becomes a glass-ceramic, which may stabilize
certain elements but can also degrade performance. For minor actinides, research often relies on
non-radioactive surrogates such as cerium due to radioprotection constraints, but these analogies
are imperfect and do not fully capture actinide redox behavior.

While X-ray absorption spectroscopy is considered as the key technique for speciation deter-
mination in glasses, the determination of the presence of crystalline phases is quite uneven and
not systematically investigated with XRD. These limitations call for the development of local
structural probes as their hierarchical arrangement of structures across length scales results in
improved properties.

A promising emerging approach is synchrotron Diffraction Scattering Computed Tomogra-
phy (DSCT), which merges X-ray diffraction and fluorescence with computed tomography by
scanning a pencil beam through the sample. Combined with full-field absorption-contrast to-
mography, DSCT enables the selection of specific 2D slices from a prior 3D dataset and allows
the identification and spatial distribution of polymorphs. Crucially, it can extract scattering pat-
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terns from amorphous and crystalline phases with similar densities or compositions and enhances
detection of weak signals from minor phases, significantly improving structural sensitivity.

In this study, full-field tomography and DSCT were applied to uranium-doped glass-ceramics
that underwent devitrification. The resulting microscale chemical composition and crystalline
phase distribution are analyzed and discussed. Keywords: tomography, DSCT, crystallization,

glass ceramics, devitrification, x ray, uranium, actinides, synchrotron, nuclear waste
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Low Carbon Fuels for the Glass Industry:
Pilot trials and future opportunities

Rob Ireson * ', Bridget Stewart' !, Daniel Backhouse! !, Dave Fordham® !

! Glass Futures — St Helens, Liverpool, United Kingdom

Glass Futures is a not-for-profit, membership-based, research organisation, based at its
Global Centre of Excellence in St Helens, UK. The remit of the organisation is to enable its
members from across the glass supply chain and beyond to collaborate in areas which affect all
parties, with a particular focus on decarbonisation of the glass-making process and its upstream
and downstream activities.

At the heart of the new Glass Futures’ facility is a 30 tonnes/day pilot-scale glass furnace,
which has been designed to enable the industry to develop and trial new technologies at an
industrially relevant scale, without risk to their commercial manufacturing assets, thus providing
increased confidence for manufacturers looking to invest in low-carbon technologies such as
alternative fuels, CCUS technologies and new raw materials.

The first phase of trials to be undertaken on this new pilot line will investigate a range of
alternative, low-carbon fuel scenarios for glass furnaces, including hydrogen, biofuels and electric
melting.

In this paper, an overview of the facility is provided along with an overview of findings from
these initial trials into low carbon fuel scenarios. Future opportunities to make switching to
low-carbon fuel scenarios more commercially attractive for the glass industry, such as dynamic
fuel switching and pyrolysis technologies, will also be explored. Keywords: Electric melting,

Hydrogen, Biofuels, Low, carbon fuels, Carbon capture, Pyrolysis
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Decarbonization by reducing energy
consumption using Forglass Mixing
Electrodes®) technology in standard and
hybrid furnaces.

Piotr Knast * 1

! Forglass Technology Sp. z 0.0. — Wadowicka 8a 30-415 Krakow, Poland

Forglass Mixing Electrode@®) (FME) is a tool that turns a glass furnace into a chemical
reactor, in which the operator can influence the course of reactions and phenomena that make
up the melting process and thus significantly accelerate it. FME systems enable the adaptation
of increased shares of electrical power in fossil operated furnaces up to 50% without changing the
rules of their operation, but with a significant improvement in their efficiency. The wide range of
available operating parameters of FME systems (distribution of power and gas flow rates) provide
previously unknown possibilities of quick and precise impact on the melting process. This is
primarily expected during pull change, composition of glass or batch change, or troubleshooting.

The synergistic interaction of vertically directed convection currents forced by FME systems
with natural currents generated by density gradients significantly accelerates the processes of
batch-to-glass conversion, sand dissolution and gas bubble removal, resulting in a product with
higher chemical and thermal homogeneity at each of these stages. FME is not simply the
sum of the functionality and advantages and disadvantages of standard electrodes and bubblers
operating separately.

The delivery of hot glass activated by FME systems accelerates the slowest reactions con-
trolled by diffusion. The convective energy dissipation from vicinity of electrodes prevents
refractory materials from overheating and directs the energy to the regions where it is needed,
which is important in hybrid furnace. Placing gas release points at a height of 500-700 mm above
the bottom also definitively removes the risk of erosive impact on the bottom often observed in
the case of bubblers mounted in the bottom. Keywords: mixing electrode, melting process, glass

furnace
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Characterization of prepared 3D objects in
borosilicate glass using a laser-based
additive manufacturing process.

3

)
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With the rapid expansion of technology-driven sectors that rely heavily on advanced glass
materials, the need for effective recycling solutions for specialized glass waste has become in-
creasingly urgent. The current recycling framework, which addresses only a narrow range of
glass types, must evolve into a more comprehensive and universal recovery strategy capable of
processing and reusing diverse glass compositions on a truly circular basis.

In this work, emphasis is placed on borosilicate glass systems, which remain among the
most difficult to recycle due to their high softening and melting temperatures, as well as their
demanding chemical durability and compositional requirements. For systematic evaluation, the
glass samples were fabricated using a laser-based processing method to examine how variations
in the applied manufacturing conditions influence the properties of borosilicate glass. A com-
prehensive multi-technique characterization methodology was employed to assess the structural,
microstructural, chemical, and optical responses of the processed materials. Cross-sectional
imaging through scanning electron microscopy (SEM), complemented by energy-dispersive X-
ray spectroscopy (EDS) and elemental mapping, enabled detailed examination of microstruc-
tural features and compositional homogeneity. Additional structural information was obtained
through X-ray diffraction (XRD), while bulk chemical composition was verified using X-ray
fluorescence (XRF). Confocal optical microscopy was used to quantify surface topography and
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roughness, and UV-Vis—NIR spectrophotometry provided insight into the optical transmittance
of the processed glass specimens. The combined results allow for a holistic correlation between
the applied laser-processing parameters and the resulting morphology, elemental distribution,
and optical performance, offering a deeper understanding of the process—structure—property re-
lationships in laser-processed borosilicate glass. This innovative approach aims to establish a
sustainable pathway for the efficient recycling and repurposing of advanced borosilicate glass
systems.
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Modification of glass composition as a route
to improve foamed glass properties

Jakob Konig * !, Uros Hribar 2, Matjaz Spreitzer 3

1 Advanced Materials Department, Jozef Stefan Institute — Jamova cesta 39, 1000 Ljubljana Slovenia,
Slovenia
2 Advanced Materials Department, Jozef Stefan Institute, Jamova cesta 39, 1000, Ljubljana, Slovenia. —
Slovenia
3 Advanced Materials Department, Jozef Stefan Institute — Slovenia

Foamed (cellular) glass is a durable, humidity-tolerant insulation material, yet crystalliza-
tion that occurs during foaming raises the conductivity of the solid framework and diminishes
closed-cell porosity, undermining thermal performance. This work evaluates whether tuning the
chemistry of soda-lime—silica waste float glass—specifically the MgO, CaO, and Al,O3 contents—
can control surface tension, viscosity, and crystallization behavior to improve the resulting foam.
Nine distinct base-glass formulations were foamed and characterized by X-ray powder diffrac-
tion, gas pycnometry, and thermal conductivity testing. Compositions tailored in the Mg—Ca—Al
system yielded markedly lower bulk densities (down to 88 kg m~3) accompanied by higher frac-
tions of closed pores relative to the unmodified glass. Optimized Mg—Ca—Al, Mg—Al, Ca—Al,
and Mg—Ca variants delivered the best insulation metrics, achieving thermal conductivities of
38-38.8 mW m~! K~!. These findings demonstrate that adjusting the glass composition pro-
vides an effective means to suppress detrimental crystallization, stabilize foaming, and improve
the thermal efficiency of foamed glass made from waste float glass. Keywords: foam glass, glass

recycling, thermal conductivity, glass composition

*Speaker

469



Valorization of Mineral Wool Waste:
properties of a new alkali-activated
geomaterial to facilitate recycling
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Mineral wool waste represents a growing environmental challenge due to its non-biodegradability
and limited recycling pathways. With an expected 2.82 million tons generated annually in Eu-
rope by 2030 (Yap et al., 2021) and EU targets requiring 70% reuse or recycling, new valorization
routes are essential.

This work investigates the incorporation of mineral wool waste into alkali-activated materials
(AAMs) as a sustainable valorization pathway. AAMs containing up to 90 wt% mineral wool
waste were developed following an original formulation (patent No EP25190061.9). Ground
granulated blast-furnace slag was used as a source of Si, Ca, and Al, while alkali and alkaline-
earth activators (Ca—K-CO3-OH system) provided activation. Several formulations were tested
by varying the waste-to-binder ratio and activator composition. Samples were cured at room
temperature under ambient conditions for durations ranging from 6 h to 1 month. Finally, the
aim of this work is to understand the reactions involved during each step of curing time through
mineralogical and crystallochemistry investigations.

Briefly, chemical analyses were performed by XRF. Neoformed phases were analyzed by
XRD, FTIR, and solid-state MAS-NMR. (27Al, 29Si). Petrophysical features were examined
using SEM-EDS and X-ray p-tomography. Finally, compressive strength tests were performed
to assess mechanical performance.

Time-resolved analyses revealed the formation of C-A-S-H, Ca—Al AFm, and calcite at the
expense of portlandite. Reaction kinetics differed between formulations but did not significantly
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impact mechanical properties (up to 30 MPa with 70 wt% mineral wool waste). However, phase
abundance and distribution strongly influenced mechanical behavior.

These findings confirm the feasibility of low-energy AAMSs with high mineral wool waste
content, offering an effective recycling route for this industrial by-product. The materials exhibit
good mechanical performance and controlled phase development under mild conditions. Pilot-
scale production of the optimized mix is underway, highlighting strong industrial and circular
economy potential.
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Dismantling operations of end-of-life nuclear facilities produces, or will produce, volumes
of ILW-LL—Ilong lived intermediate level activity waste, that need to be managed. Compared
to the waste typically vitrified, the material studied here is extremely diverse in both chemical
composition and physical form (solid deposits, sludge, or liquid solution), reflecting its origin and
the recovery or storage methods applied during decommissioning operations. Sludges represent
a significant part of the produced waste, and their conditioning remains a major challenge. One
possible way to manage this waste is the encapsulation process, which principle lies on using
a glass melt to immobilize sludge components, resulting in an inert mineral matrix composed
of thermally treated sludge components dispersed in the glassy matrix. Encapsulation has the
advantage of stabilizing the waste into an inert mineral matrix, and of reducing the waste volume
to be stored, thanks to the high waste incorporation rate of this process and the evaporation of
water initially contained in the sludge.

The In-Can vitrification/encapsulation tool DEM&MELT, developed by the consortium
CEA (The Alternative Energies and Atomic Energy Commission), Orano and ECM Technologies
proved to be flexible enough to accommodate a varied waste stream and particularly adapted
to sludges/slurries from dismantling operations.

A study on sulphate-rich-sludge encapsulation was conducted from laboratory to pilot scale.
Because of the waste composition and to prevent potential volatilization, the operating tem-
perature had to be lower than that typically used for conventional vitrification, requiring low-
viscosity glass melt. A specific glass frit was then developed with an optimized composition
and a form compatible with the feeding system configurations. Waste loading ratio, tempera-
ture, and duration of the thermal treatment were investigated, and the microstructural of the
final waste package was analyzed. A first assessment of the mechanical strength and material
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durability has been carried out, showing promising results. This work was carried out as part
of the PROVIDENCE project, this project has been funded by the French government in the
framework of “France 2030”. DEM&MELT is a partnership between Orano, CEA, ECM Tech-
nologies and Andra. It has been supported by the French government program “Programme
d’Investissements d’Avenir’. Keywords: Encapsulation, In, Can Melter, Sulphate, rich sludge, low,

viscosity glass frit
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Halides in glasses and melts — connecting
immobilization, nuclear fuels, and optics
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Halide ions-fluoride, chloride, bromide, and iodide-are chemically versatile species that shape
bonding, volatility, and redox behavior across natural and engineered systems. Their range in
size and polarizability allows them to stabilize diverse compounds, influencing reactivity, struc-
ture, and optical properties in minerals, melts, and technological materials. In industrial and
energy contexts, halides act as electrolytes, fluxes, and solvents, critical in metallurgy, catalysis,
semiconductor processing, and molten-salt reactors (MSRs). This talk examines halide behavior
in halide and oxide—halide glasses and melts, integrating insights from mineral structures and
crystallization. Understanding anion coordination and bonding provides predictive control of
melt stability and glass formation.

In optical materials, halides reduce phonon energy and extend infrared transmission (to -~10
pum), enabling efficient rare-earth doping in systems such as ZBLAN for fiber amplifiers and mid-
IR lasers. In molten-salt systems, fluoride salts underpin thermal MSRs, while chloride salts
support fast-spectrum designs. In nuclear waste vitrification, halides affect sulfate retention
and molten-salt layer formation in Hanford low-activity waste (LAW) glasses, with retention
decreasing as anion size increases.

Halide outgassing from industrial processes, vitrification, and volcanism releases reactive halo-
gens that alter atmospheric chemistry, ozone balance, and climate. Persistent fluorinated com-
pounds (PFAS) further highlight the need for sustainable management of halogen species across
gaseous and condensed phases. Together, these studies link environmental stewardship, nuclear
and optical technologies, and materials sustainability through a unified understanding of halide
chemistry.

Keywords: halide, fluoride, chloride, iodide, molten salt, optical glass, vitrification, Hanford
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Energy-Efficient Melting of Borosilicate
Glass using Cullet

Enzo Henrique Miguel * !, Ralf Miiller !, Joachim Deubener !

! Institute of Non-Metallic Materials, Clausthal University of Technology — Zehntnerstrafie 2a, 38678
Clausthal-Zellerfeld, Germany

Integration of recycled cullet into borosilicate glass production offers significant potential
for energy reduction, yet batch-cullet melting behavior remains insufficiently understood. This
study systematically investigates melting characteristics across 0 - 100% cullet content, empha-
sizing the industrially critical > 50 % range where maximum energy savings occur. Cullet of
commercial borosilicate glass and formulated batch compositions based on established techno-
logical standards is used. Time-to-melt is quantified as a function of cullet content, enabling
direct correlation with energy consumption, and providing a quantitative framework for process
optimization.

Keywords: Borosilicate glass, cullet melting, batch-cullet ratio, energy efficiency, melting, recycling
optimization
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The role of bismuth on the incorporation of
iodine in aluminoborosilicate glasses
synthesized under high-pressure: An XPS
and XAS study.
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Bismuth-aluminoborosilicate glasses have gained interest as a possible matrix for nuclear

waste immobilisation, as Bi-based sorbents have enhanced affinity for volatile radioisotopes
removal. Conjointly, it has been recently demonstrated that using high-pressure conditions is an
interesting tool to improve volatile elements retention during glass synthesis. This study tries to
combine these two fields showing significant improvement in 129-iodine incorporation into the
structure of Bi-bearing glasses synthesised under high-pressure conditions (1 GPa and 12500C).
Two series of aluminoborosilicate glasses have been investigated, either with high (713 mol.%
Al203) or low (_"bmol.% Al203) Al203 and Bi203 content ranging from 0.5 to 16 mol.%.
We used 1271 as a source for iodine during the experiments. We show that I incorporation
increases with increasing Bi203 and can reach up to 2.8 mol.%, which is much higher than Bi-
free comparable glasses synthesised under the same conditions. O 1s XPS spectra demonstrates
a clear change towards a general depolymerisation of the glass structure with increasing Bi203
content. It confirms the network-modifier role of Bi3+ cations in such a glass system and explains
the increase in I content.
Investigation of the Bi local environments using Bi L3 edge XANES suggest that several redox
states for Bi are present: Bi0, Bi3+ and Bi5+. Although the Bi3+ is the main species, the
proportion of Bi0 seems to increase with increasing Bi203. The Bi EXAFS revealed that Bi3+
is only surrounded by oxygen and that there is no detectable replacement of oxygen atoms by
iodine atoms. It implies that the incorporation of iodine is only related to the non-bridging
oxygen proportion formed by Bi3+ cations and that there is an optimum quantity of Bi203 to
add above which the presence of Bi0 could be detrimental.
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Decarbonization Pathway of the Glass
Industry, Challenges, Opportunities for
Different Segments and Possible Solutions
Regarding Different Energy Inputs
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The European Union has established stringent targets for COo emissions over the next
30 years. By 2030, emissions must be reduced by 55% compared to 1990 levels, with the
ultimate goal of achieving climate neutrality by 2050. It is evident that these ambitious targets
cannot be achieved using current furnace designs.

The International Commission on Glass (ICG) has a pivotal role in fostering collaboration
and knowledge exchange across regions by organizing conferences focused on sustainability.

To achieve meaningful reductions in carbon emissions, innovative furnace designs and new
technologies must be developed. Such advancements require the use of validated Computational
Fluid Dynamics (CFD) tools like the GS Glass Furnace Model (GS GFM). No glass producer
would risk building a new furnace concept capable of melting over 100 tons per day without
rigorous analysis, calculations, and CFD modeling. Recent trends show increasing interest in
reducing carbon emissions through greater reliance on electric melting or hydrogen, similar to
the widespread adoption of CFD modeling during the rise of oxy-fuel technologies. Now, with
the next generation of large hybrid furnaces (with over 50% electric boosting) or fully electric
melters.

These complex furnaces, with multiple heat inputs, also require advanced control systems,
such as Model-Based Predictive Control, to optimize the balance between electricity and natural
gas usage. This approach considers fluctuating costs and aims to maximize carbon reduction.

This presentation will address the following key topics:

e Introduction: The role of the ICG and the significance of glass in modern applications
— the Glass Age.

¢ Renewable Resources: The importance of clean electricity for reducing carbon emissions
and updates on global developments in renewable energy.
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e History of Electric Melting: A brief overview of the evolution of electric glass melting
technologies.

e Segment-Specific Technologies: Exploration of the most viable decarbonization tech-
nologies for various segments, such as crystal and tableware, container glass, borosilicate,
fiberglass, and flat glass.

e Case Studies: Examples of large-scale all-electric and hybrid melters currently in oper-
ation, with a focus on the performance of a large hybrid melter.

e Forehearth Electrification: Insights into the potential for 70-90% energy and carbon
emission reductions through electrifying forehearths.

Keywords: ICG, hybrid furnace, electric boosting, all, electric melting, COs reduction, furnace design,
forehearth design, energy audit, modeling, renewable energy
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Recycling of LCD panels:
thermo-rheological and structural behaviour
of recovered glass
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3 Department of Earth and Environmental Sciences, Ludwig-Maximilians-Universitat Miinchen,
Munich, Germany — Germany

Liquid crystal display (LCD) panels represent a significant portion of global electronic waste,
with screens accounting for nearly 10% of the 62 million tons produced in 2022, yet less than
one-quarter of this material is properly recycled. LCD panels consist of multilayered structures
containing aluminoborosilicate glass, cellulose-based components, and indium-tin—oxide (ITO)
coatings, with glass comprising roughly 85% of the total mass. In this work, we outline the main
components of LCD panels, briefly describe the procedures used to recover the ITO layer and
remove organic contaminants, and present the chemical composition and representative SEM
features of the resulting purified glass. We also report differential scanning calorimetry data
alongside high- and low-temperature viscosity measurements. Furthermore, we investigate the
structure of this glass using spectroscopic methods. By establishing the composition—structure—
property relationships of recycled LCD glass, this study provides the necessary framework for
reprocessing this glass and integrating it into technologically relevant manufacturing pathways,
examples of which are presented in this work.

Keywords: aluminoborosilicate, viscosity, metaluminous glass, recycling, energy transition
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TANGRAM initiative : Toward an
integrative Approach of Nuclear (Glass
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2 CEA, DES, IRESNE, DTN, Aix-Marseille Université, Saint Paul les Durance, France — Commissariat
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3 CEA, DES, ISAS, DM2S, Université Paris Saclay, Gif sur Yvette, France — Commissariat & I’Energie
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In France, high level wastes generated by spent nuclear fuel reprocessing are immobilized in
a glassy matrix by a vitrification process. The glass waste packages are intended to be disposed
in a deep geological repository (DGR), providing a passive and safe management solution to
isolate the radionuclides (RN) from the biosphere. Glassy matrix is the first barrier designed
to confine the RN by establishing chemical bonds between RN and the glass network formers.
Understanding the ageing of the glassy matrix toward the various thermal, mechanical, chemical
and radiological stresses encountered under geological disposal is therefore crucial to be able to
build long term behavior model that support safety assessment of DGR.

In recent years, a new approach was designed to develop the future reference long term be-
havior model for nuclear glass with respect to French’s DGR concept. This coordinated research
program called TANGRAM — Toward an integrative Approach of Nuclear Glass alteration in a
Reactive environment from MultiscAle Modelling, is being carried out by several CEA labora-
tories in collaboration with key players in the French nuclear industry (Orano, EDF) and waste
management organization (Andra).

It follows the classical methodology of long-term behavior science based on the combination
of experimental and modelling studies that has been designed after addressing the main lack
of knowledge identified in an internal recent review work. Moreover, a multiscale modeling
approach (Molecular Dynamic, Monte-Carlo, Phase field) has been developed to test and validate
the atomistic and mesoscopic understanding of nuclear glass ageing. The objective is to use the
atomistic and mesoscopic models to improve the reference macroscopic model (GRAAL2), based

*Speaker
TCorresponding author: sylvain.peuget@cea.fr

481


mailto:sylvain.peuget@cea.fr

on geochemical modeling, that will be applied at the scale of the DGR. The predictive model
will be progressively validated using experiments of increasing complexity.

The current presentation will expose the TANGRAM program and progress status. Key-

words: Nuclear glass, modeling, long term behavior, multi, scale modeling, disposal
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Slags are a by-product of metal production. Asthe demand at least for some metals increases,
the amount of slag produced per year does increase as well. But to date, our industry lacks a
usage of these slags, while they can be used as abrasives (1) or building material (e.g. (2)), a
significant amount of slag continues to be disposed of, leading to environmental and economic
challenges. Those slags containing metals of hazardous nature, disposal is an increasing problem:
Rain can leach out hazardous (heavy) metals and generally, disposal also equates to a high, but
lost potential of valuable elements included in the slag. One example of this latter group is lead
slag.

Within this study, carbothermic reduction was performed on lead slag with varying param-
eters and occurring liquid-liquid phase separation eventually leading to a metallic phase and a
(glassy) secondary lead slag phase (which is mainly CaO-FeO-SiO2). Depending on the chosen
melting conditions, some metal oxides are selectively reduced and accumulate in the metal phase
which may find application as a resource in the steel industry, while Zn and Pb can be collected
as fumes from the gas phase in oxidic form. Depending on the degree of reduction, the slag
phase is thus increasingly enriched in typical glass components like SiOg, AlyO3 and alkaline
earth elements as these are not reduced due to high affinity towards oxygen. Thereby, the qual-
ity of the resulting glassy material can be adjusted to approach known glass fiber compositions.
Finally, the glasses were characterized and the production of glass fibers was studied.

The presentation covers the whole process from reductive smelting, resulting secondary slag
glass quality and success of the fiber production process, thus opening a path to a zero-waste ap-
proach using hazardous lead slags as resource materials. Gained materials will also be compared
to commercially available products.

(1) Hansink J. (2000), AN INTRODUCTION TO ABRASIVES FOR PROTECTIVE COAT-
ING REMOVAL OPERATIONS, Journal of Protective Coatings & Linings, 17 (4): 66-73

(2) Ali O, Astuti P. (2025) Reimagining steel slag in sustainable concrete: A bibliometric
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and experimental review. Res. Eng. Struct. Mater. 11(5): 2637-2666

(3) Sierhieiev, S et al. (2020). Economic statistics in solving environmental problems of the
enterprise. Economic Herald of SHEI USUCT. 10.32434/2415-3974-2020-12-2-80-86
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Partially crystallized glass melts: impact of
crystallization on rheology
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Cedex, France
3 Centre de Recherches Pétrographiques et Géochimiques — Institut National des Sciences de 1’Univers,
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Vandoeuvre-les-Nancy, France

In France, high-level and long-lived nuclear wastes are immobilized in alumino-borosilicate
glass. The formulation of these glasses for radioactive waste conditioning balances two key objec-
tives: maximizing waste incorporation into the glass matrix while ensuring both its technological
feasibility and long-term stability. Currently, most alumino-borosilicate glasses formulated by
the CEA and produced at ORANO’s facility in La Hague are homogeneous materials, meaning
they consist of a single amorphous phase. However, some chemical elements present in specific
radioactive wastes are likely to form crystalline phases under the conditions of the vitrification
process.

This study aims to determine the rheological behaviour of glass melts when undergoing crystal-
lization. The systems of interest are simulated simplified nuclear glasses. T'wo initial composi-
tions were selected to promote the apparition of either 1) Apatite (Ca2Nd8(Si04)602) crystals,
which generally have an acicular shape or 2) Cerianite crystals (CeO2), which generally show a
cubic morphology.

The glasses were first elaborated between 12000C and 14500C (depending on the composition)
and quenched to room temperature in order to obtain homogeneous glasses. For each glass
composition, thermal treatments were performed under both quiescent and sheared conditions
on separate portions of the material. Thermal treatments in quiescent conditions, combined
with XRD and SEM post-mortem analysis, allowed the characterization of crystallization: its
thermal domain, the nature, morphology, and certain amount of crystals. For thermal treat-
ments in sheared conditions, the glass was put in a platinum-rhodium cylindrical crucible and
inserted in a stress-controlled high temperature rheometer that can reach 14500C. A large gap
Taylor-Couette geometry was used to perform steady state and step rate experiments at dif-
ferent temperatures. The rheological results are then interpreted based on the crystallization
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characteristics obtained under quiescent conditions. These results show that below a critical
crystal fraction, the flow of the melt is described by a Newtonian behaviour. However, above
this critical crystal fraction, viscosity increases and the material exhibits a shear-thinning be-
haviour with a yield stress that can be well described by a Herschel-Buckley model. Finally, the
influence of shear rate on the crystallization dynamics is also investigated.

Keywords: Rheology, Crystallization, glass melt, modelling, settling
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7 Saint-Gobain Recherche — SAINT-GOBAIN — 39, quai Lucien Lefranc, B. P. 135 93303 Aubervilliers
Cedex, France

The GRISBI project, starting in 2026, tackles a major barrier to recycling photovoltaic (PV)
glass: the presence of antimony (Sb). PV glass, mostly manufactured by the roller process in
China and containing ~0.1 wt% SbyOj5, cannot currently be recycled in the European float
glass industry because of poorly understood redox interactions between Sb and Sn under the
reducing conditions of the float process. Consequently, this high-quality glass is downcycled,
limiting resource efficiency and the sector’s potential for COy reduction.

GRISBI aims to provide the fundamental physico-chemical knowledge required to overcome
this limitation. Its scientific ambition is twofold: (1) to elucidate the redox equilibria and
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reaction kinetics involving multivalent species (Sb, Sn, Fe) in soda-lime glass melts; and (2) to
understand the coupled diffusion and redox phenomena occurring at the liquid Sn/glass interface
during the float process. These insights will define the thermodynamic and kinetic conditions
allowing safe incorporation of PV cullet into float glass production, while also opening new
perspectives for Sb recovery — a critical metal for European industry.

The project combines complementary experimental and modeling approaches within a con-
sortium of five academic and one industrial partner. Three work packages address successive
scales and mechanisms:

e WP1 investigates Sb speciation, solubility, and redox equilibria in glass melts as functions
of temperature, pO2, and composition.

e WP2 quantifies gas-melt redox exchange kinetics using controlled bubbling experiments
and mass-transfer modeling.

e WP3 explores interfacial reactions and diffusion at the molten Sn/glass boundary, inte-
grating thermodynamic (Calphad) and microanalytical characterization.

By linking atomic-scale mechanisms to process-scale behavior, GRISBI will establish the
scientific basis for recycling Sb-containing PV glass in float glass furnaces, promoting both
circularity in the glass industry and the recovery of a strategically critical element for Europe.
This poster will present the project approach and initial results concerning Sb incorporation in
PV glass. Keywords: photovoltaic glass, Sb203, antimony solubility, oxido, reduction state, diffusion,

thermodynamics, kinetics
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Boro-silicate glass matrices such as the standard ISG glass are widely used glass composi-
tions for the nuclear waste immobilization of minor-actinides. Improving processes and long-term
durability of these glasses is performed by tackling the key challenges of i) increasing concen-
tration of radioactive elements and ii) keeping crystallization under control. Indeed, when glass
undergoes crystallization, it can help stabilizing some elements or not. Here, controlling the
redox equilibria in the glass is crucial as it determines the element solubility in the glass.

In order to determine the role of the different components of these complex host matrices,
we investigated the relation between the borate network and the actinides (uranium) through
simplified binary alkali-borate glass compositions. The speciation of U(VI) in alkali borate
glasses has been previously investigated revealing the presence as divalent uranyl species of
various equatorial coordination depending on the glass composition.

The present work focuses on the determination of the chemical state of uranium in alkali
borate glasses synthesized under various oxygen fugacities ( fo,) using x-ray absorption spectro-
scopies (HERFD-XANES and EXAFS) and x-ray diffraction. The influence of the nature of the
alkali and its concentration has been investigated.

Our results tend to show that samples with a low alkaline content (10%) show an abrupt
change upon the decrease of the oxygen fugacity in the valence state of uranium from U(VI) to
U(IV), correlated with crystallization of UOy. This behavior is not observed for glasses with
a high alkaline content (30%), where no crystallization was observed and uranium solubility in
the glass was maintained. U(V) presence could be assessed for the 30 mol% potassium borate
glass composition. These results highlight the crucial role played by the BO3 to BO, conversion
and the mechanism of charge compensation within the glass structure. Keywords: uranium,

synchrotron, borate, tomography, crystallization, XANES, XRD, redox
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Development of low-carbon glass frits for
glass enameling applications

Loic Robert * 12 Johann Troles !, Francois Chevirk® !, Damien Mey?
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I Université de Rennes — Université de Rennes I, Univ Rennes, CNRS, ISCR — UMR 6226, F-35000
Rennes — France
2 Saint-Gobain Research Compiegne — SAINT-GOBAIN — France
3 Saint-Gobain Recherche Aubervilliers - SAINT-GOBAIN — France

Enamels are mineral coatings mainly composed of glass frit, obtained by melting oxides
such as bismuth, boron, zinc, and silicon, along with inorganic pigments dispersed in an or-
ganic medium. Applied to flat glass via screen or digital printing, the enamel is dried and
fired, allowing the frit to partially melt and adhere to the substrate, forming a vitreous, par-
tially ceramized layer that encapsulates the pigments. In automotive glazing, enamels are used
around the edges of glass components (windshields, roofs, rear windows) to fulfill key functions:
masking bonding areas and electronics, ensuring opacity, gloss, and color (typically black), and
protecting adhesives from UV radiation. The frit, representing ~80% of the enamel’s mass, is
central to processing compatibility and final performance. Its fusibility, linked to glass transition
temperature (Ty) and viscosity, must align with glass forming cycles (450-550 °C), and thermal
expansion (CTE ~ 90 x 1077 K1) must match the substrate. Current frits, mostly silica-based,
require melting temperatures above 1400 °C.

My research aims to develop high-performance frits with reduced carbon impact, consider-
ing cost, raw material availability, and health aspects. We are studying promising formulation
alternatives, which offer lower melting temperatures and improved environmental profiles, while
possessing properties of interest for our applications. To address this, I combine experimental
synthesis and thermodynamic modeling. Glasses are prepared by melt-quenching and charac-
terized using DTA-TGA, TMA, HSM, SEM, XRD and FTIR, etc.

In parallel, CALPHAD-based modeling enables the construction of quasi-ternary phase dia-
grams and liquidus projections, guiding compositions toward lower processing temperatures and
enhancing understanding of enamel behavior during firing. Keywords: enamel, low melting glass,

glass coating, frit, thermodynamic modeling
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Why sustainable glass chemistry and
sustainable melting concepts cannot be
uncoupled

Christian Roos * !
I RWTH Aachen University — Germany

Sustainable glass production means for the industry to fight at two borders. One is the
challenge to make glass melting processes more energy efficient and less CO2 emitting. The
other is to also change the glass chemistry in such way that less CO2 is emitted (directly) by
the raw materials. By discussing both, sustainable glass chemistry approaches and approaches
for a sustainable glass melting, it will be explained why it is normally not possible to tackle
one problem without considering the other. Based on soda-reduced and soda-free glass concepts
for the container- and float industry it will be explained how certain glass parameters, such as
electrical conductivity, crystallisation tendency, viscosity and other parameters inevitably effect
the melting approach that can be taken to a more sustainable glass production. For instance,
the chemical composition directly determines the electrical conductivity at given temperatures.
If, for sustainability reasons, soda is strongly reduced and with that the sodium content in the
glass, it directly leads to consequences in the electrical heating of such a glass, especially in
sections with colder temperatures, as e.g. the forehearth.

Keywords: soda free glass, hydrogen combustion, melting conceps, sustainability
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Sustainable Glass for Art and Craft
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5 César Laia — LAQV-REQUIMTE, Department of Chemistry, NOVA School of Science and
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NOVA, 2829-516 Caparica, Portugal, Portugal

Glass is an attractive, multifaceted material with unique characteristics, including trans-
parency, translucency, brightness, and versatility. The glass sector is recognised for its high-
quality products and continuous technological innovation. Its inherent advantages-high dura-
bility, excellent recyclability, and production from abundant, low-cost raw materials such as
silicates and oxides-make glass a promising pathway toward a more sustainable future. How-
ever, conventional glass production still presents significant environmental challenges, including
high energy consumption and reliance on costly or critical pigments required to produce coloured
or luminescent glasses.

The research presented here directly addresses these challenges by creating sustainable glass for-
mulations and reducing the environmental footprint of production, all while supporting artistic
innovation and exploration. Different strategies are being explored: (i) developing materials
that introduce new surface glass coatings; (ii) substituting elements on the EU Critical Raw
Materials list traditionally used to produce coloured and luminescent glasses; and (iii) sourcing
glass colourants and key constituents from waste materials -such as alumina- and calcium-rich
sludge generated by EPAL Water Treatment Plants, which contains oxides essential for glass
formation-as well as from naturally abundant alternatives like basalt from the Azores islands.
This research in sustainable glass not only advances the technical field but also promotes mean-
ingful collaboration between artists, designers, scientists, and industry. Together, these ex-
changes are driving the development of innovative glass materials with unique properties.
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In-situ Vitrification of Contaminated Soils
Using Geomelt®) ISV™ Process:
Characterization of vitrified materials

Loryelle Sessegolo *T 1, Cyrille Véronneau 2, Dominique Nozais 3,
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(BRGM) — 3 avenue Claude Guillemin, Orléans, France
5 Assystem France — Assystem France — 30, Allée Léopold Sédar Senghor, Lyon, France

The Solveris project aims to radiologically and chemically stabilize soils and waste present
in wells or pits, until ultimate storage, by developing an industrial in situ vitrification pro-
cess called GeoMelt® ISV™. The project involves five key partners: ASSYSTEM, BRGM,
CEA, E.C.I. MECA, and VEOLIA. The main scientific challenge is to adapt and validate the
GeoMelt® ISV™ technology, originally developed in the United States, to comply with French
regulatory requirements for managing radioactive waste and contamination in subsoil.

The GeoMelt® ISV™ process works by inserting graphite electrodes into contaminated
ground and heating the soil through the Joule effect to temperatures between 1200-1600°C,
causing the soil to melt. Upon cooling, a glass-like monolith forms.

During this project, soil vitrification tests were conducted at various scales. At a small scale,
in the laboratory, multiple vitrification tests allowed for the testing of different key parameters
such as the soil melting temperature and the cooling rate of the vitrified material. At a medium
scale, a GeoMelt® ISV™ pilot test was carried out on 250kg of soil from the CEA Cadarache
training site, selected for demonstrating the feasibility of the process at full scale. At this scale,
the process was first implemented at Richland (USA). The French in-situ trial is expected to
take place in Cadarache in November 2025.

For all these different scales, final vitrified materials were analyzed. Electronic microscopy
was used for the observation of the homogeneity and composition of the vitrified materials. Ra-
man spectroscopy and X-ray diffraction analyses validated the amorphous nature of the vitrified
materials and identified any potentially crystalline phases in presence.

This poster aims to present the vitrified materials obtained according to the elaboration con-
ditions, from laboratory scale to in-situ scale. Keywords: Soil, Vitrified material, characterization,
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Behavior of a fractured glass block in an
unsaturated water environment
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In France, high-level radioactive waste resulting from the reprocessing of spent nuclear fuel
is vitrified. It is then planned to be stored in galleries excavated within a clay-rich geological
layer at a depth of 500 meters. After several thousand years, liquid water from the geological
site is expected to gradually penetrate the various engineered and natural barriers (clay, steel)
and reach the glass package. Prior to this, however, the package will also be exposed to high
relative humidity within the confined atmosphere of the disposal cell.

During their fabrication at the La Hague facility (France), the glass packages undergo fracturing
due to thermal gradients that develop during cooling. This fracturing consequently increases
the reactive surface area of the glass block. It is therefore essential to characterize the crack
network and to study the behavior of fractured glass under alteration conditions in order to
address several key questions: Does water condense within the crack network? If so, for which
crack sizes and at what relative humidity? How does the glass behave in such a potentially
biphasic environment? Finally, what will be the behavior of pre-altered fractured glass blocks
upon re-immersion in liquid water?

To investigate these questions, centimeter-sized glass were prepared in the laboratory and frac-
tured by thermal quenching. To study water condensation within the crack network, we devel-
oped an original in situ observation protocol based on X-ray tomography. Experiments were
conducted to validate the feasibility of this approach. The first tests involved immersing frac-
tured samples in water and then observing them by X-ray tomography. A comparative analysis
of the grayscale levels between images obtained in the wet state and those acquired on the same
samples in the dry state revealed the presence of water within the cracks. This method thus
demonstrates that it is possible to detect water penetration or condensation in the crack network
as a function of crack size and imposed relative humidity. These observations pave the way for
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a quantitative characterization of the hygroscopic behavior of fractured glass, enabling a more
precise assessment of the conditions under which water condensation occurs and how it evolves

over time.

Keywords: Tomography, cracks, fracturated glass, unsaturated water phase, water condensation,

relative humidity
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Energy Deposition (LDED)
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! LaserON Research Group, CINTECX, University of Vigo — School of Engineering, University of Vigo,
Vigo, Spain, Spain
2 Instituto de Cerdmica y Vidrio — C/Kelsen 5, Campus de Cantoblanco, 28049 Madrid, Spain
3 FunGlass — Alexander Dubcek University of Trenéin, 911 50 Trenéin, Slovakia

Borosilicate glass (BSG) from labware waste is rarely recycled due to its high melting point
and composition, which is incompatible with standard soda-lime glass recycling infrastructure.
This study investigates the viability of Laser Directed Energy Deposition (LDED), a powder-
based additive manufacturing (AM) technique, as a novel, closed-loop recycling pathway for
100% waste labware glass.

Waste borosilicate labware (DURAN, POBEL) was collected, cleaned, and processed using
a jaw crusher and sieving to obtain a feedstock powder. An in-house designed and constructed
LDED system, equipped with a CO9 laser (A = 10.6 um) was used. Powder was delivered
laterally via a helicoidal powder feeder. To mitigate thermal shock, parts were fabricated on
a pre-heated substrate, inside a furnace chamber. The influence of key processing variables
(laser intensity, powder mass flow, scanning strategy) on geometry was studied. Final parts
were characterized by XRF/ICP-OES, XRD, SEM-EDS, UV-Vis Transmittance, and Vickers

microhardness.

This work successfully demonstrates that LDED is a viable AM technique for the closed-
loop recycling of waste borosilicate labware. By implementing in-situ substrate pre-heating,
it is possible to produce dense, crack-free, and fully amorphous glass parts that retain their
original chemical composition and mechanical hardness. This process offers a promising route
to manufacture complex, value-added components from a problematic glass waste stream.
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The Glass Crisis: Are Glass Containers
Obsolete Before Net-Zero?

Malte Sander * 1

1 Glass Service — Germany

Glass has many faces and it has allowed human mankind to explore the universe and under-
stand nature, it connects people around the world and brings brightness and warmth to homes.
The glass industry played a crucial role in the fight against Covid as it provided vials to safely
store billions of vaccine doses, but the industry is facing a crisis due to economic, environmental
and technological pressures.

In the race towards net-zero the lack of renewable energy, unfair regulations, and misleading ad-
vertisements, the pressure from alternative materials rises. Glass as beverage packaging material
must compete with alternative materials like aluminum, PET, and different material compos-
ites. Each material claiming to be more environmentally friendly as less greenhouse gas emissions
are related to the production process, or the transportation is environmentally friendly due to
lightweight packaging, while hiding the end-of-life emissions.

Amongst other reasons the increased competition with alternative materials lead to a decrease
of the global container glass manufacturing capacity by 5%. This paper aims to raise awareness
of the ongoing market transition and to shed light on the environmental impact of materials.

Keywords: sustainablity, roadmap, net, zero, 2050
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Valorization of Waste Materials for the
Production of Glass Products

Stephan Sander * ', Md. Saif Hossain !, Sindy Fuhrmann !

I TU Bergakademie Freiberg, Institute of Glass Science and Technology — Leipziger Strafie 28, Germany

Millions of tons of waste residues, tailings and slags are produced annually and mostly de-
posited in dumps. The material and especially its valuable constituents are lost, although such
waste materials do often contain a lot of valuable metal oxides. As a part of rECOmine con-
sortium within German BMBF funded WIR! program the project ” VeharstGlas” (BMBF grant
number 03WIR1921A) is evaluating the potential for valorization of such materials as glass
products, i.e. glass fibers for reinforced plastics and liquid water glass.

Therefore, a data base of inorganic waste materials, like ashes, slags and sands, was set up in-
cluding key properties like chemical and structural composition. Although all of them do contain
typical glass constituents such as Si02, A1203 and/or alkaline earth oxides, such materials can
also contain components decreasing the glass forming ability. In consequence, selection criteria
for the materials were derived in respect to the targeted glass product. Regarding fiber glasses,
a combination of different waste streams was used and recipes were derived using traditional
least square method to approach properties of commercial glass fibers e.g. used in reinforcing
applications. In a second path, water glass was produced from such waste materials either by
direct dissolution in lye or via melting to glass before a dissolution in water.

We will present the results of the selection process of candidate waste materials, the develop-
ment of the recipes, meltability tests and the final glass products, which will be compared to
commercially available counterparts. The potential of waste materials as raw materials for glass
products is finally evaluated.

Keywords: waste materials, recycling, glass fibers, water glass
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Applying the concept of glass ceramics:
Influencing Factors for Target Element
Enrichment during Crystallization in Waste
Stream Admixtures
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Engineered Artificial Minerals (EnAMs) may play a key role in slag valorization processes
for the recovery of critical elements from e.g. waste materials applying metallurgical processes.
However, such critical elements must be accumulated within those EnAMs during liquid-liquid
phase separation and/or crystallization.

The study demonstrates, that the accumulation of critical elements within artificial minerals
is possible applying homogeneous melting to waste stream admixtures and successive targeted
crystallization of the resulting glass, i.e. a glass ceramic approach: By melting and additional
(two-step) thermal treatment. The elemental enrichment is achieved via designated, chemistry
depended phase formation processes meaning that the composition of the admixtures is system-
atically varied.

The presentation will focus on glass ceramics synthesized from two or more waste streams se-
lected from a wide variety of rest and waste materials (e.g. slags, ashes, residues, tailings, etc.).
Analysis will focus on spatially resolved chemical analysis (Laser ablation-ICP-TOF-MS, micro-
probe analysis), structure and texture analysis ((electron) microscopy, X-ray diffraction, Raman
spectroscopy) and the separation path of target elements during phase separation processes.

Keywords: waste materials, recycling, critical raw materials, glass ceramics
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The Center for Glass Research (CGR) has been revitalized as a university consortium unit-
ing Penn State, Missouri S&T, and Alfred University to advance glass science through industry-
guided research. Building on the legacy of the original NSF-supported CGR, the modern center
integrates more than 50 faculty members and a network of industrial partners to address chal-
lenges in energy, sustainability, and composition—structure—property relationships across a broad
range of applications, including packaging, optics, biomedical devices, advanced manufacturing,
corrosion resistance, mechanical and optical property control, low-loss glass design for 5G/6G
systems, laser—glass microfabrication, and glass-ceramic solutions. A structured Industrial Advi-
sory Board selects and evaluates projects on a biannual cycle, ensuring alignment with industry
needs while enabling shared intellectual property and coordinated multi-institutional research.
CGR also leads a national workforce development pipeline through hands-on laboratory expe-
riences, internships, and cross-university training programs. Keywords: glass science, industry,

guided research, sustainability, property control, workforce development
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Glass foam, conventionally used for thermal and acoustic insulation, is now being studied
for catalytic applications owing to its tunable porosity, stability, and durability, thus offering
an alternative to ceramic and metallic foams. In this study, open-cell foams were synthesized
by optimizing working conditions (e.g., temperature, dwell time, foaming agent) in addition
to monitoring weight percentages of glass powder and additives. This study demonstrates the
synthesis and composition modification of open-cell glass foams to enhance their functionality
for environmental applications.

Glass foam functionalization was investigated through two distinct pathways. The first
involved solid-state ion exchange, replacing Na by Ag using a NaNO3/AgNO3 mixture at 420 °C
for 4-6h [?]. Another route employed the use of an aqueous ion exchange process. 0.4M
and 0.2 M silver solutions were used to favor the silver-sodium ion exchange. The resulting
Ag-functionalized foams exhibited potential for iodine adsorption.

Glass foams were fabricated using a powder sintering technique. Float glass with an average
particle size of 40-60 pm was mixed with 3 wt.% of foaming agents (TiN, Mn2O3, AIN, CaCOs, or
SiC). Controlled heat treatments were carried out between 750-950 °C with a dwell time ranging
from 30 to 90 minutes. Additional acidic and basic treatments were performed to induce extra
porosity. The synthesized foams were evaluated using XRD, TGA, He pycnometer, and SEM
techniques. Only TiN, MnsO3, and AIN were selected for further experimentation because they
prompted open porosities ranging between 60-75%.

[?] A. Nahal, Journal of Materials Science, 2020 Keywords: Glass Foam, Environmental

Applications, Filtration
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campaigns of industrial scale H2 combustion
trials in the oxy-fuel glass melting furnaces

of Steklarna Hrastnik and Owens Corning
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Within the framework of the Horizon Europe H2GLASS Project, in preparation for the
long-duration Hs combustion trials with green Hy produced in situ exploiting the project’s
electrolyzer that will take place starting Q1 of 2026, several short-duration (e.g., one week long)
experimental campaigns of grey Hy (delivered on site by trucks) combustion trials took place in
the industrial demonstrator sites of Steklarna Hrastnik and Owens Corning.

The tests were carried out respectively in an oxy-fuel fired furnace producing high quality
flint glass for the manufacture of premium beverage containers, and in an oxy-fuel fired furnace
producing continuous filament boron-free E-glass fibres for composites reinforcement applica-
tions, in both cases retrofitting the existing burners and skids, without changes or tailored
optimizations to the furnace design.

These preliminary testing campaigns were aimed at assessing the impact of the combustion
of various Hg/Natural Gas blends on the gaseous emissions, on glass quality, and on the energy
transfer by flames to the melt and raw materials.

The trials involved feeding different numbers of burners at a time with fuel mixtures rang-
ing from 0% to 100% Hs, thus experimenting combustion configurations where Hs accounted
respectively for up to 60% (in Steklarna Hrastnik) and 100% in volume (in Owens Corning) of
the total fuel input, thus contributing respectively up to 33% and 100% of the total combustion
power required for glass melting, which translates into an approximately equivalent reduction
in direct combustion CO9 emissions.

During the trials, SSV carried out simultaneous multi-parametric measurements in several
points of the furnace systems, deploying its MCM — Multipoint Continuous Monitoring approach
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for glass furnace behavior characterization, also including endoscopic thermal imaging of furnaces
and flames with a dedicated portable IR borescope.

This presentation will highlight the main results and evidences gathered from these on-site
measurements, providing a first assessment of the impact of increasing Hs concentrations in
fuel on combustion, emissions, and production of the studied furnaces. Keywords: Hydrogen,

H2GLASS, Combustion, NOx, Furnace, Decarbonization, CO2
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UCCS - Unité de Catalyse et Chimie du Solide, F-59000 Lille, France — France

A current main challenge in High Temperature Electrolyze and Solid Oxide Fuel Cells

(HTE/SOFC) technologies is the glass / metal sealing to prevent any leakage. In the litera-
ture, various types of seals are studied including compressed, brazed and glass seals. Glass seals
appear to be the most promising technologies, provided if the glass remains stable over time.
Two different types of glass seal can be differentiated, compliant and rigid seal. Compliant
seals have a softening point lower than the working temperature, while rigid seals have a higher
softening temperature. This fact gives to the seal different properties. A compliant seal has
the advantage of easy to seal the capacity to self-repairing cracking but with a lower thermal
and chemical stabilities, than rigid seals which require a higher sealing temperature, which can
induce cell degradation.
In this present study, we propose a new way for obtaining a glass seal that combine characteris-
tics of both compliant and rigid seal. Throughout this presentation, the amount of the compliant
seal and its influence on various properties (such as densification and sealing temperatures) were
studied. Crystallization at working temperature and diffusion were characterized by SEM-EDX]|
XRD and NMR. These results indicate that a diffusion occurs between the two glasses, inducing
the crystallization of new phases. However, this type of seal shows a promising thermal and
chemical stabilities for 960h at working temperature and an autonomous self-healing capacity
at 8000C.

Keywords: Glass seal, SOEC/SOFC seal, self healing materials
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In-situ Vitrification of Contaminated Soils
Using Geomelt@®) ISV™ Process: Latest
Results of the SOLVERIS Project

Cyrille Véronneau *T !, Loryelle Sessegolo? , Stéphane Belbeze 2,
Dominique Nozais , Mihaela Racape 3

! VEOLIA NUCLEAR SOLUTIONS - VEOLIA NUCLEAR SOLUTIONS FRANCE - 556, Chemin de
I'Islon, 38670 Chasse sur Rhone, France
2 Bureau de Recherches Géologiques et Minieres — Bureau de Recherches Géologiques et Minieres
(BRGM) — 3 avenue Claude Guillemin, Orléans, France
3 Assystem France — Assystem France — 30, Allée Léopold Sédar Senghor, Lyon, France

This presentation describes the latest results of the Solveris project, which aims to radiolog-
ically and chemically stabilize soils and waste present in wells or pits, until ultimate storage, by
developing an industrial in situ vitrification process called GeoMelt® ISV™.

The project involves five key partners: ASSYSTEM, BRGM, CEA, E.C.I. MECA, and
VEOLIA. The main scientific challenge is to adapt and validate the GeoMelt® ISV™ technology,
originally developed in the United States, to comply with French regulatory requirements for
managing radioactive waste and contamination in subsoil.

The GeoMelt® ISV™ process works by inserting graphite electrodes into contaminated
ground and heating the soil through the Joule effect to temperatures between 1200-1600°C,
causing the soil to melt. Off-gases produced during this process are collected and treated. Upon
cooling, a glass-like monolith forms, with radionuclides integrated into a stable and durable
vitreous matrix.

A contaminated site (in CEA Cadarache) was selected for pilot tests, using a multi-criteria
analysis based on physicochemical properties, geological characteristics, and site accessibility.

With the soil of the selected site, extensive laboratory and small-scale pilot pre-tests were
carried out, including a 200 kg pilot test at the Veolia GeoMelt® pilot facility in Limay, France.
The structure and properties of the vitreous material were studied.

A pilot unit was then designed and built, and full-scale pilot testing was realized from
October 2025 to March 2026. These tests examined various process configurations, the use of
radionuclide spikes to study glass homogeneity and durability, and the off-gases composition.
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The project’s ultimate goals include demonstrating that vitrified blocks can be safely stored
immediately after production, preserving ANDRA storage capacities, and developing a compre-
hensive industrialization strategy, including life cycle analysis and multi-criteria sector evaluation
covering environmental performance, socio-economic benefits, and social acceptability.

The French government and ANDRA, as part of the ”France 2030” investment plan, support
the Solveris project. Keywords: Soil, waste, in situ, vitrification, Geomelt, radioactive waste
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Research and development of nuclear waste
vitrification in China

Kai Xu * !

! Wuhan University of Technology — China

The total installed nuclear power capacity in China has reached 125 GW in 2025, where 53
units is under construction and will generate _~0.6 GW electric power by 2030. With such rapid
growth of nuclear power, huge amount of nuclear waste will be soon produced from nuclear power
plants and reprocessing plant. The high-level waste in China is going to be immobilized in the
borosilicate glass before the long-term geological disposal, while, vitrification of intermediate-
and low-level wastes is an option. This talk will give an overview of recent research and de-
velopment of nuclear waste vitrification in China. The main efforts are concentrating on (ii)
development of the nuclear waste vitrification technology, including thermal plasma treatment
furnace, cold crucible induction melter and Joule heating ceramic melter; (ii) development of
glass formulation for kinds of wastes, including the high-level waste and the incineration ashes
from dry active wastes; (iii) development of waste glass property study, including investigations
of crystallization behavior and melt properties. Finally, opportunities and challenges for nuclear
waste vitrification will be discussed.

Keywords: Nuclear waste, vitrification, waste glass.
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Microwave-Plasma Furnace Melting of
Recycled Green Container Glass: Effect of
Melting Time and Atmosphere

Yuan Yuan * !

L TUBAF - Germany

The global glass industry is facing growing pressure to adopt sustainable energy sources amid
rising fossil fuel prices, stricter environmental regulations, and the urgent need to mitigate carbon
emissions. As glass melting is one of the most energy-intensive processes in manufacturing,
innovative approaches are essential to achieve decarbonization goals. This study focuses on the
melting behavior of recycled green container glass using microwave-plasma furnace technology,
emphasizing the effects of melting time and atmospheric conditions on process performance.
Microwave plasma provides an efficient means of delivering high thermal energy with enhanced
control of the melting environment. The research investigates how this technology affect key
parameters such as melting efficiency, glass homogeneity, and color quality. Experimental results
are presented to evaluate the feasibility, benefits, and challenges of integrating hydrogen and
microwave plasma into industrial-scale glass furnaces. The findings contribute to advancing
sustainable melting technologies and support the glass industry’s transition toward carbon-
neutral production.
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Introduction of hydrogen during glass
melting affect’s structure and properties

Yuan Yuan * !

L TUBAF - Germany

The use of hydrogen as a substitute for fossil fuels is a prominent focus in sustainable
energy research, attracting significant attention from both academic groups and
industrial entities. However, the impact of hydrogen-based fuel systems on the
structure of green container glass remains largely unexplored. In this study, we
investigate these effects through Raman and FTIR spectroscopy. Our analysis
provides insights into structural modifications induced by hydrogen, contributing to a
deeper understanding of its implications for green glass materials and their
performance in practical applications
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Trace heavy metal ions detection from
p-Cyclodextrin Modified Gold-Core
Silver-Shell Nanoparticles on glass substrate

Haimei Zeng * !, Yuyan Cai 2, Jihong Zhang' 3, Jun Xie 13

1 State key Laboratory of Advanced Glass Materials, Wuhan University of Technology, Wuhan, 430070,
P. R. China — China
2 State key Laboratory of Advanced Glass Materials, Wuhan University of Technology, Wuhan, 430070,
P. R. China — China
3 Hepu Research Center for Silicate Materials Industry Technology, 27 Huanzhu Avenue, Hepu county,
Beihai, 536100, P. R. China — China

With heavy metal ions pollution becoming increasingly serious, trace detection methods
have become particularly crucial. Lead ranks among the most toxic heavy metals to humans.
In the current research, a surface-enhanced Raman scattering (SERS)-based detection method
for lead ions is proposed. A [-cyclodextrin-modified gold-core-silver-shell nanoparticle (8-CD-
Au@Ag NPs) material was synthesized via hydrothermal and ion-reduction methods, and coated
on a glass substrate. Microscopic structure, elemental distribution, and morphological analyses
confirmed the uniform spherical morphology with an average diameter of approximately 17 nm.

The Au@Ag NPs exhibited a minimum detection limit of 10713 M for crystal violet (CV)
dye analyte, with a 1.77 x 108 enhancement factor. Upon Pb?t addition, 3-CD on the Au@Ag
NPs surface reduces Pb?* to metallic Pb, which coats the signal molecule surface. This simulta-
neously diminishes the Au@Ag NPs LSPR effect and blocks direct contact between the analyte
and Au@Ag NPs, causing a reduction in CV Raman signals. This achieves indirect Raman
detection of Pb2*.

The lowest detection limit for lead ions using Au@Ag NPs on a glass substrate was deter-
mined to be 10710 M, significantly below the World Health Organization (WHO) maximum
permissible level of 5 x 107° M for Pb?* in drinking water. Furthermore, Au@Ag NPs-based
fiber probes were applied for Pb?T ion detection in drinking water. The detection also exhibited
favorable repeatability and stability.

This research offers a potentially effective approach for the trace detection of lead ions in
the environment. Keywords: Surface, enhanced Raman scattering, Noble metal nanoparticles, Optical

fiber, LSPR
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Optimization of full cavity NiCr coating by
cold spray on cast iron glass molds for glass
industry

Oumaima Aroubi *T ', Fazati Bourahima !, Aya Rostom !, Celine Guasch
, Christophe Lafarge !

! CHPOLANSKY, IRLM - Etablissements Chpolansky — France

Nickel-Chromium based coatings are well known for their excellent corrosion resistance,
which makes them particularly suitable for demanding applications in the glass industry. This is
particularly important when dealing with abrasive glass, as it is essential to protect the substrate
from abrasion wear. In this context, manufacturers require a uniform coating that completely
covers the glass mold cavities, presenting a well-controlled thickness without defects. Achieving
such specifications relies on a high metallurgical quality, characterized by strong interfacial adhe-
sion between the coating and the substrate, minimal porosity, and absence of cracks. Cold spray
is an emerging additive manufacturing process used to deposit metallic particles on a substrate
without melting. In this study, a nickel-based alloy was successfully deposited onto a cast iron
substrate. The main challenge of this study was to obtain the required coating thickness without
negatively affecting adhesion, considering the mold geometry complexity and the intrinsic limits
of the cold spray technology. The effects of various process factors on the metallurgical prop-
erties of coatings, such as powder composition (NiCr 80/20, NiCr 50/50), spraying trajectory,
and surface preparation (including surface roughness, blasting powders, laser surface texturing,
and in-situ micro-forging), were investigated. Coating analyses were performed, including coat-
ing thickness measurements, microstructural characterization, adhesion testing, and glass/metal
contact test. Microstructural examinations were carried out using optical microscopy, scanning
electron microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDX). Adhesion strength
was evaluated through a bonded pin test. The results showed a significant influence of surface
preparation and powder type on coating adhesion (reaching up to 80 MPa) and achievable thick-
ness (up to 2 mm without loss of adhesion). Controlling adhesion and coating thickness is crucial
to ensuring efficient heat transfer between mold and glass, thus improving the final glass quality.

Keywords: cold spray, additive manufacturing, NiCr coating, cast iron, microstructure, adhesion
tests, micro, forging
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Effect of Process Parameters on the
Production of Water Glass from Recycled

Silica for CO, Laser-Assisted Additive
Manufacturing

Farouq Abbas * !, Tarik Habub !, Edda Radlein Rédlein !

I Technische Universitit Ilmenau — Ilmenau Ehrenbergstr. 29 98693 Ilmenau, Germany

Additive manufacturing of glass has emerged as an innovative alternative to conventional
glass-production methods, enabling the fabrication of complex and high-precision components.
Among the various approaches, CO2 laser-based additive manufacturing using water glass (sodium
silicate) as a precursor has shown strong potential for producing silica-rich structures with spe-
cific geometries. This study focuses on the sustainable synthesis of water glass from recycled
fused silica waste to support environmentally responsible glass printing processes.

The process is based on the hydrothermal dissolution of amorphous silicon dioxide (SiO3) in
alkaline media, specifically sodium hydroxide solutions with pH values above 11. The objective
was to investigate the influence of particle size, temperature, reaction time, SiO2—NasO molar
ratio, and solid content on the dissolution rate of silica and the rheological behavior of the
resulting sodium silicate solutions. The results revealed that smaller particle sizes and higher
temperatures significantly improved dissolution rate, while the SiO3—NaoO ratio and solid con-
tent strongly affected the viscosity and concentration of the produced solutions.

The results confirmed that fused silica waste can be efficiently dissolved and transformed into a
chemically stable water glass with viscosity values within the suited range for precise deposition
and layer formation in additive manufacturing processes.

Keywords: Waterglass, additive manufacturing, Viscosity, dissolution rate
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Stabilization of Color and Batch Layer
during Amber (lass Melting within
All-Electric Furnaces (AEF)

Khaled Al Hamdan * !, Mirco Wahab *
I Sven Wiltzsch *

2 Sindy Fuhrmann *

! Technische Universitit Bergakademie Freiberg; Institute of Glass Science and Technology; — Leipziger
Strafle 28 09599 Freiberg, Germany
2 Technische Hochschule Niirnberg Georg Simon Ohm, Fakultit Werkstofftechnik — Wassertorstr. 10
90489 Niirnberg, Germany

Conventionally, the commercial production of amber glass (e. g. brown glass for beer bottles)
is performed in regeneratively fired melting furnaces. However, the industrial implementation
of amber glass production in all-electric melting furnaces (AEF) has not yet been realized due
to process instabilities, particularly related to the batch coverage and final glass coloration.
Within a research project, supported within the framework of Industrial Collective Research
(IGF) by AiF — Federation of Industrial Research Associations e.V. provided by the Federal
Ministry for Economic Affairs and Energy, under the funding code (01IF22664N), the neces-
sary technological conditions for producing amber (brown) container glass in an AEF were
successfully demonstrated on a laboratory scale. This was achieved without adapting specific
furnace design parameters, thereby enabling the consistent melting of amber glass in a lab-scale
all-electric furnace. The experimental results confirmed that a stable and continuous melting
process for amber glass can be realized in a lab-scale cold-top all-electric furnace. The key to this
success was the combination of an optimized amber batch composition and the precise process
control provided by the heating system.

Keywords: amber glass, 11, electric melting furnaces, Batch Layer, amber batch composition, Sta-
bilization
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Full-Electric Glass Melting Furnaces: From
the Memory of the Borel Furnace to Recent
Advancements Achieved at ARC Group

Ilyes Ben Kacem *T !

L R&D - Chemistry & Glass Elaboration — Arc France — 104 Av. du Général de Gaulle, 62510 Arques,
France

Electric melting has undergone significant evolution over the past century. The first part of
the talk aims to present a historical exploration of the Borel electric furnace (Romont, Switzer-
land). The Borel furnace has a distinctive full-electric design associated with the Fourcault
vertical drawing process. Its specific configuration makes it a valuable case study for under-
standing the constraints of early electric melting, including electrode arrangement, glass ribbon
conditioning, and the delicate thermal balance required to stabilize the vertical drawing opera-
tion. Drawing on technical archives and industrial testimonies, this first part aims to preserve
and transmit the history of this unique technological heritage in flat glass production. The
second part provides an overview of the fundamental principles of electric melting in cold-top
furnaces for opal glass, and presents the recent advancements achieved at ARC for the produc-
tion of soda-lime silicate glass in full-electric furnaces capable of meeting today’s environmental
and industrial performance requirements.

Keywords: Electric melting, Fourcault process, Cold top furnace, Tableware, ARC Group
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Lubricant free glass mold material

Lucile Cornu * 1

L Cerfav — - — France

In this work, we studied the use of new mold materials for pressed glass process. These
materials were shaped to be adapted on an automatic and monitored press to allow real
condition press tests. As speed and part of mold position can be calibrated, reproductive press
cycles can be performed. Custom programs can be choosen and adapted to different kind of
mold geometry or glass viscosity properties.

Data, as the in situ mold temperature, have been monitored and collected, and can be
correlated with mold material evolution. In fact, the mold surface in contact with the glass
was analyzed and compared with traditionnal metallic mold reference at different step of wear.
Althrough, the glass pieces obtained with the mold at different steps of the mold life are also
analyzed to determine the impact of the material degradation on the glass surface.

Comparative tests to determine the impact of using lubricant, to avoid glass adherence on hot
mold, on the new mold material were also performed. The new material solution shown that
the use of lubricant is not mandatory, helping to reduce the health impact of press process.

Keywords: Press, Material, Mold, Lubricant
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The Pixel

Nefeli Chatzimina * 1

1 architectScripta — Greece

Keywords: glass facade ceramic print pixel curtain wall leed gold
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The batch-to-melt conversion - batch
chemistry, energetics and melting rate

Reinhard Conradt * !

! uniglassAC GmbH — Germany

The present contribution focuses on the role of batch chemistry as well as on the energetics
and overall reaction rate of the batch-to-melt conversion. During industrial batch melting, a het-
erogeneous particulate raw materials mixture at normal conditions (25 oC, 1 bar) is converted to
a homogeneous melt made available for further manufacturing at some upper reference temper-
ature T-ex (typically the temperature of the melt at furnace exit). The following aspects will be
highlighted: (1) Energetics: Knowing the intrinsic heat demand of the batch-to-melt conversion
is indispensable for any quantitative approach. A well-established approach via thermochemic
calculations is briefly presented, (2) Reaction path calculation and melting kinetics: A general
approach to the conversion kinetics is still missing. It is true, there are many experimental
methods ranging from the mg to kg scale, like DTA-TG, DSC, hot stage microscopy, high-T
XRD, batch-free time tests, tests in transparent reaction tubes etc. But these methods do not
allow a systematic approach to the kinetics; they rather give empirical insights on a case-by-
case basis only. A more systematic approach is proposed here: In fact, a batch mixture at
normal conditions is stable for kinetic reasons only. The equilibrium state is the polycrystalline
state corresponding to the glass composition, as read from the phase diagram, plus the batch
gases. Upon heating, the system passes through a sequence of solid-liquid equilibria, eventually
reaching a homogeneous melt above its liquidus temperature. This sequence marks — at any
given temperature — the target towards which a given batch reacts. The temperatures of onset
and maximum turnover are identified with the solidus and liquidus temperature of the system,
respectively, and the termination of turnover with the viscosity level of 10 Pa-s of the rersulting
melt. From these results, a dimensionless reaction variable a(T), 0 < a(T) < 1, is derived
which, in turn, yields a complete reaction path for any given batch composition. The transition
from the reaction path variable a(T) to the reaction rate a(t) is achieved via a heat radiation
model.
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Highly porous 3D-printed 70S30C bioglass
scaffolds from engineered silicone-based
emulsions

Valeria Diamanti * !, Linda Furlan !, Enrico Bernardo !, Hamada Elsayed
1

I Department of Industrial Engineering, University of Padova, Padova, Italy. — Italy

70S30C (70 mol% Si02, 30 mol% CaO) bioglass is recognized as one of the most promising
bioceramics for bone tissue engineering. It is often considered as a reference composition for
sol-gel derived bioglasses, due to its simplicity; however, the controlled fabrication of amor-
phous structures, free from undesirable crystalline phases in oxidizing atmosphere, remains a
critical challenge. In this work, a ‘third way’ between conventional glass melting and sol-gel
processing is explored, enabling the coupling of synthesis and shaping, also through additive
manufacturing. Specifically, commercial silicone resins mixed with photocurable acrylates form
the basis for pastes processed by direct ink writing to obtain reticulated scaffolds, later stabi-
lized by UV curing. Upon firing in air at 8000C, the silicone component provides amorphous
silica, while Ca ions are introduced from calcium nitrate tetrahydrate. A key aspect is the
quasi-molecular distribution of the CaO precursor, enabled by dissolving the salt in water and
dispersing the solution as an emulsion within the silicone/acrylate blend. The resulting scaffolds
are fully amorphous, nearly crack-free, and exhibit a unique hierarchical architecture: macro-
pores from printing are combined with pores in the struts, arising from salt decomposition,
water release, and the polymer-to-ceramic transformation of the silicone. In addition, the strat-
egy proves highly versatile allowing the fine tuning of composition, porosity, and architecture,
paving the way for scalable and customizable scaffold manufacturing for bone regeneration and
other biomedical applications.

Keywords: bioglass, silicone, emulsion, polymer, derived ceramics, additive manufacturing
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Process development for lamination of
functional inlays into curved glass panes

Harald Erler * !, Martin Grof 2, Thomas Voland 2, Dieter Pfaltz 3, Leonie
Tipp !, Sindy Fuhrmann !

! Institute of Glass Science and Technology — Technische Universitit Bergakademie Freiberg, Germany
2 ReViSalt GmbH — Ferdinand-Reich Str 1, 09599 Freiberg, Germany
3 Glasbiegerei Pfaltz e.K. — Friedrich-Ludwig-Jahn-Allee 6, 01471 Radeburg, Germany

Laminated glass, consisting of glass panes and polymer interlayers, has long been used as
safety glass which offers several key advantages over ordinary glass, such as safety and injury
prevention, security and impact resistance, structural integrity, optical clarity as well as design
flexibility in respect to smart glass technologies. With reference to the last, the layered structure
opens up the possibility of embedding functional elements such as solar cells, lighting elements,
radiation-modifying films or displays while simultaneously protecting them from environmental
influences. However, the integration of such inlays is challenging due to the relatively high
processing temperatures and pressures involved in the lamination process, as sensitive elements
can lose their functionality.

The production of curved laminated glass is particularly complex, as it also requires ensuring
a homogeneous distribution of the interlayer and avoiding mechanical stress. New approaches
for the targeted control of temperature and adhesion during the lamination process could pave
the way for innovative, three-dimensionally shaped laminated glass that combines functional
properties with the advantages of safety glass.

The poster illustrates the path to successfully laminated, bent glass panels with functional inlays,
like solar cells or electrochrome films, via an optimized bending and lamination process. It will
be discussed how to avoid common problems like pressure marks, air pockets, and delamination.

Keywords: Laminated glass, Polymer interlayer, Functional inlays, Glass lamination process, De-
lamination
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Simultaneous measurement of gaseous
NaOH and SO2 in industrial glass furnaces
by means of an optical sensor

Aj Faber * 1, Rob Ireson !, Michal Miekina !, Bridget Stewart !, Tomas
Leffler 3, Hakan Kassman 2

I Glass Futures Ltd — James Roby Way, St Helens, Merseyside, WA9 5DT, United Kingdom
2 ChlorOut AB — SE-169 92 Stockholm, Sweden
3 Chalmers University of Technology — Goteburg, Sweden

The effects of fuel switching from natural gas to low carbon heating technologies (hydrogen,
biofuels and hybrid heating) have been investigated in a confidential GFL (Glass Futures Ltd)
membership project. The investigation was carried out on the Glass Futures’ pilot furnace and
had a focus on the reactive evaporation of (chemically aggressive) NaOH from the melt and on
the release of SO, fining gas.

An optical sensor system further developed for simultaneously measuring gaseous NaOH
and SO- in-situ in hot flue gases was applied. This sensor was installed and tested on the Glass
Futures pilot furnace for a range of furnace scenarios. The advantages of this optical sensor over
other, specifically extractive, measuring techniques include:

e In situ measurement, providing an average concentration of SOs and NaOH gases over an
optical path, e.g., over the cross section of a flue gas channel or the width of a furnace
chamber

e Continuous measurement

e Non-intrusive optical measurement without disturbance of the process

In this presentation, other important applications of the results obtained from the sensor
are highlighted, including the use for (1) control of NaySOy4 particulate dust formation in the
flue gases and (2) continuous monitoring of glass melt redox changes and the sulphur balance of
a glass furnace.

The sensor enables the optimisation of the burner settings to minimise the (volatilisation of
the gaseous precursors of the) dust.

By continuously measuring the SO fining gas concentration in the hot flue gases, changes
in the glass redox state can be predicted at an early stage. Furthermore, the sensor will enable
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continuous monitoring of the progressing sulphur balance of the furnace. Keywords: In situ

optical sensor, Industrial melting furnace, hot flue gases, gaseous NaOH, SO2 fining gas, decarbonisation,
redox
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Challenges and Early Successes of running a
30 tonnes per day pilot line

Dave Fordham * !
! Glass Futures Ltd — James Roby Way, St Helens, Merseyside, WA9 5DT, United Kingdom

Glass Futures is a not-for-profit, membership-based, research organisation, based at its
Global Centre of Excellence in St Helens, UK. The remit of the organisation is to enable its
members from across the glass supply chain and beyond to collaborate in areas which affect all
parties, with a particular focus on decarbonisation of the glass-making process and its upstream
and downstream activities.

At the heart of the new Glass Futures’ facility is a 30 tonnes/day pilot-scale glass furnace, due
to start up in Summer 2025. The facility has been designed to enable the industry to develop
and trial new technologies at an industrially relevant scale, without risk to their commercial
manufacturing assets, thus providing increased confidence for manufacturers looking to invest
in low-carbon technologies such as alternative fuels, CCUS technologies and new raw materials.

The operation of such a globally unique research asset is a journey into the unknown, with
procedures and techniques which are common in the glass manufacturing sector having to be
adapted to manage experimental programmes rather than manufacture for sale. In this paper,
an overview of the facility is provided, the initial challenges and successes of operating such an
asset are discussed and key learning points are highlighted. Keywords: R&D, sustainability, net

zero, carbon neutral, collaboration
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Heraeus’ Innovative DPH Alloys:
Revolutionizing Glass Production wit
Enhanced Performance and Sustainability

Sophie Franchitto * !
L HERAEUS — Heraeus France — France

Glass plays a crucial role in various sectors, from construction to electronics and lifestyle
applications.

Technical glasses require significant amounts of precious metals, primarily platinum and
rhodium.

To address these challenges and improve efficiency, Heraeus has developed Oxide Dispersion
Strengthened (ODS) precious metal alloys—advanced materials that combine a metal matrix
with fine, insoluble oxide particles to deliver exceptional mechanical strength, particularly at
high temperatures.

Heraeus’s ODS alloys—marketed as DPH—offer significant advantages: enhanced heat resis-
tance, extended tool lifespan, and improved process efficiency. Notably, modern Pt-DPH alloys
can fully replace rhodium, which is both costly and incompatible with certain glass composi-
tions. Additionally, the reduced precious metal content contributes to lower CO9 emissions, as
mining these materials is energy intensive.

Recent innovations include DPH Strong, which delivers unmatched creep resistance, and
DPH Flex, which combines high creep resistance with superior ductility. These advancements
position Heraeus at the forefront of sustainable and high-performance glass manufacturing. Key-

words: Platinum, Rhodium, Precious Metals, ODS, DPH, alloys, Heraeus, sustainabilty, special glass,
technical glass
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How Numerical Simulation Can Reveal the
Underestimated Criticality of Refractory
Block Thermo-Mechanical Behavior on
Glass Furnace Lifetime

Michel Gaubil* , Gautier Herbouze ™ | Maxime Simon !
1 Saint Gobain Research [Northborough, MA] — United States

The thermo-mechanical behavior of refractory materials has often been underestimated re-
garding corrosion evolution and glass tank expected duration.

The lifetime of soldier blocks is partially driven by their mechanical behavior during the
heating-up phase—a critical period for the formation of stresses and cracks at early stages
of furnace operation—and by the evolution of these stress patterns during block wear. Indeed,
crack formation can significantly accelerate localized corrosion processes, such as upward-drilling
corrosion.

SEFPRO has developed an original approach, thanks to FEM modeling, to assess strain and
stress fields inside refractory blocks during these different periods using numerical simulation.

We developed a 3D model that integrates SEFPRO in-depth knowledge of refractory materi-
als’ thermal and mechanical properties as a function of temperature. This allows us to take into
account the complex thermal expansion behavior linked to the zirconia crystallographic phase
transformation in fused-cast AZS, as well as stress relaxation by visco-plastic behavior.

The impact of different parameters, such as heating-up conditions and block cooling methods
used to limit corrosion, will be discussed in the presentation. Based on these results, SEFPRO
can support glassmakers in their refractory lining design, cooling processes, and heating-up
strategies to optimize glass furnace lifetime.

This new numerical tool opens very interesting perspectives for understanding and improving
refractory material corrosion resistance in glass furnaces. Keywords: Fused cast AZS, corrosion,

lifetime, thermo mechanics, strain, stresses, cracks, glass furnace, FEM model, simulation

*Corresponding author: michel.gaubil@saint-gobain.com
fSpeaker
fCorresponding author: gautier.herbouze@saint-gobain.com

527


mailto:michel.gaubil@saint-gobain.com
mailto:gautier.herbouze@saint-gobain.com

Towards Climate-Neutral (Glass Production:
Integrated High-Temperature Sensing,
Renewable-Fuel Combustion, and Digital
Twin Development at GlasLAB Torgau,
Germany

Bastian Gaizik !, Stephan Sander 2, Reham Schaarschmidt 2, Yuan
Yuan 2, Anna Hasche !, Gabriel Gonzales-Ortiz !, Sven Eckart 123,
Michael Hock ', Hartmut Krause 2, Andreas Richter 2, Sindy
Fuhrmann * 12

! Technische Universitit Bergakademie Freiberg — Akademiestrae 6, 09599 Freiberg, Germany
2 Center for Efficient High Temperature Processes and Materials Conversion — Winklerstrae 5, 09599
Freiberg, Germany
3 Centre of Excellence for Safety Research (CESAR), VSB Technical University of Ostrava — 17.
listopadu 2172/15, 708 00 Ostrava 8, Czech Republic

The GlasLAB — Ad vitam project (100704719, funded by the European Union within JTF
and co-financed by tax revenue on the basis of the budget approved by the Saxon state par-
liament) aims to enable climate-neutral and energy-efficient glass production by preparing a
state-of-the-art research melting furnace with advanced analytics, flexible renewable-fuel burner
systems, and high-fidelity digital twins. The initiative is closely aligned with the emerging
GlasLLAB Torgau innovation hub and supports regional industrial transformation in North Sax-
ony in Germany. Its work focuses on seamlessly integrating experimental research, process
monitoring, and simulation-based optimization to accelerate technology readiness for sustain-
able glass melting.

One of the key objectives is the development of an integrated high-temperature data acquisi-
tion and monitoring framework. To support high-resolution online process observation, multiple
optical sensor systems are being evaluated for in situ operation in glass furnace environments
at the example of the considered small-scale research melting tank.

Process modeling advances complement experimental work. Computational fluid dynamics
(CFD) models of initial furnace geometries showed inadequate temperature levels at the ports;
redesign efforts moved burner and exhaust openings to lateral positions, yielding more homoge-
neous heating and improved target temperature distribution. Simulations were performed using
RANS (Reynolds-Averaged Navier-Stokes) turbulence closures and non-premixed combustion,
with future work targeting hydrogen combustion and large-eddy simulation (LES) for enhanced
resolution of flame dynamics and radiation coupling. To support rapid scenario exploration
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and real-time process prediction, digital-twin workflows employing machine learning have been
initiated. The project will also generate a research and technology roadmap, supported by close
engagement with industrial furnace manufacturers and academic partners.

Overall, results to date demonstrate strong feasibility of integrated sensing, hydrogen-capable
combustion, and Al-assisted modeling approaches for sustainable glass melting. The project
establishes a knowledge and infrastructure foundation for high-impact decarbonization research,
preparing the glass industry for a flexible, data-driven, and renewable energy future. Keywords:

sensing, hydrogen combustion, furnace simulation
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Optimizing High Boosting Furnaces: A
Modeling Approach towards Innovative
Solutions

Isabell Gross *T 1, Adrien Reynaud !, Damien Boloré! !, Emile Lopez !,
Olivier Citti !, Juraj Raic 2

I Saint-Gobain Research Provence — Saint-Gobain Research Provence — 550 rue Alphonse Jauffret,
84300 CAVAILLON, France
2 FIC (UK) Ltd — Merlin Works/Long Rock Ind Est, Penzance TR20 8HX, United Kingdom

In the context of the glass industry’s transition to decarbonized glass production, the adap-
tation of melting technologies is critical. This study emphasizes the role of advanced modeling
techniques in understanding and optimizing electric melting processes in highly boosted furnaces.

We begin by modeling the effects of high electrical power on fused cast refractories, identi-
fying key challenges that glass producers face in this transition. Our modeling closely replicates
a series of test campaigns, allowing for a detailed analysis of critical parameters of glass as well
as refractory materials. Operating parameters, such as the amount of electrical power and the
impact of the electrode heights, are also investigated.

Through our expertise in numerical simulation and experimental testing, we aim to provide
valuable insights that will guide our customers in selecting the most suitable solutions for their
high boosting furnaces. This research not only addresses immediate operational challenges, but
also anticipates future demands and complexities associated with sustainable glass manufactur-
ing. Keywords: Electric, Boosting, Modeling, Refractory
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Microstructural analysis of ultra-short pulse
laser welded glass-metal joints

Lukas Giinther *T 2, Jens Thomas !, Anne Friedrich 3, Andreas
Koglbauer !, Dominique De Ligny 2

1 SCHOTT AG — HattenbergstraBe 10, 55122 Mainz, Germany
2 Friedrich-Alexander Universitit Erlangen-Niirnberg — Schlossplatz 4, 91054 Erlangen, Germany,
Germany
3 Friedrich-Schiller-Universitit Jena — Germany

Ultra-short pulse (USP) laser technology has revolutionized glass manufacturing by enabling
processes often referred to as ”cold” machining. Operating on timescales far shorter than those
dictated by classical thermodynamics, USP laser—glass interactions minimize heat diffusion and
significantly reduce thermal effects within the bulk material. This capability allows precise
material modification without compromising structural integrity and opens a broad range of
applications, from micrometer-scale structuring and functionalization to waveguide writing and
glass-to-glass or glass-to-metal welding. The highly localized energy deposition ensures that only
a minimal surrounding volume is affected, which, in welding processes, promotes stable bonding
while preserving the intrinsic properties of the glass. The present study focuses on the analysis
of the glass in and around the glass-metal weld seam to gain a deeper understanding of the fun-
damental mechanisms governing the USP laser welding process. A comprehensive investigation
is conducted into various glass-metal and crystal-metal combinations, encompassing borosilicate
glass, sapphire, and fused silica, along with aluminum, copper, and stainless steel. An analysis
of the morphology is performed using electron microscopy techniques. Furthermore, the residual
stresses are mapped, providing a detailed insight into the structural integrity and deformation
mechanisms of the materials. The results obtained demonstrate the influence of laser param-
eters on stress distribution, and consequently, the mechanical performance of the weld. With
this understanding, it becomes possible to achieve mechanically stable joints exhibiting shear
resistance exceeding 50 MPa. These findings provide a robust foundation for the development
of miniaturized devices for advanced applications in optics, medicine and electronics.

Keywords: Ultrashort pulse laser, welding, glass, metal

*Speaker
fCorresponding author: lukasl.guenther@schott.com

531


mailto:lukas1.guenther@schott.com

CO2 savings in furnace heating and effects
on downstream equipment

Matthias Hagen !, Johannes Mueller *T !
! Diirr CTS GmbH — Germany

One of the most discussed issues when selecting a new furnace is the way of heating.Recuperative,
regenerative or Oxy fuel and all this with maximum electric boosting? Any decision will influ-
ence the choice and the possibilities for downstream equipment.

So the view should be widened as it influences more parts than expected in the beginning. So
a decision for energy saving in the furnace could lead to energy spoiling in other areas. Mostly
this appears at a later stage and astonishes decision makers.

The paper will show the effects of the decision for the type of heating for the downstream equip-
ment. Starting from energy recovery till flue gas treatment. Different solutions will be compared
and key questions will be outlined on the basis of realized plants.

Keywords: CO2 saving, Oxyfuel, regenerative furnace, flue gas treatment, energy recovery, ORC
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Laser irradiation to alkali ion conducting
glass for all-solid-state battery

Tsuyoshi Honma * !, Fumitaka Sato
! Nagaoka University of Technology — Kamitomioka-cho 1603-1, Nagaoka Niigata, 940-2188, Japan

In oxide-based all-solid-state batteries, grain boundaries impede ion conduction, necessitat-
ing materials and processes that facilitate interface formation for developing high-performance
batteries. We have proposed an oxide solid battery composing the glass-ceramics and the solid
electrolyte ceramics. The cathode precursor glass exhibits softening flow during heating at the
interface with solid-electrolyte and then crystallizes to form a close interface between them. And
it is well recognized that the spatially selective heating of oxide glasses by laser irradiation is
an innovative technique to form melts, micro-crystal architecture due to hyper thermal field.
In this study, we have applied tin-iron-sodium-silicate glass as the anode electrode to a solid
electrolyte consisting of Na3Zr2Si2PO12 (NZSP) by screen printing and irradiated with a laser
beam at a wavelength of 1064 nm and indicated melting of the anode layer and formation of a
hetero interface with the solid electrolyte.

The target compositions of the glasses were 555n10-15Na20-yFe203-(30-y)SiO2 (y = 0, 2.25,
4.5, 6.75, 9 mol%) (yFe-SNS) prepared by melt-quenching method followed by mechanochemical
method. The anode electrode ink was prepared by mixing 6.75Fe-SNS glass powders, including
polyimide binders (a weight ratio of 85:15), with N-methyl-2-pyrrolidone (NMP). The anode
electrode ink obtained was then painted to NASICON-type solid electrolytes using a screen-
printing method. The fiber laser oscillating a pulsed laser with a wavelength of 1=1064 nm was
used as a light source. The laser spot diameter was about 60 pum, the laser power was fixed at
P=3 W, and the scanning speed was changed to S=100 mm/s and higher. The anode coated-
solid electrolytes were placed, and laser irradiations were performed on an area of 20 mm ’ 20
mm and a laser hatch of 40 pym.

In correlation with the energy density of the laser beam, the melt-solidified layer of the anode
active material formed a droplet-like or good wetted interface with NZSP as shown in Figure
1. An all-solid-state sodium-ion battery was operated with the hetero-interface formed by laser
irradiation at a laser power of 3 W and a scanning speed of 100 mm/s.

Keywords: Laser, induced melting, additive manufacturing, all, solid, state batteries
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Continuous glass melting method under the
controlled atmosphere

Masayuki Itadani *T ', Hiroki Shinka , Kazuto Nakatsuka , Hiroshi
Nishihashi , Nobutoshi Ito

! Nippon Electric Glass Co., Ltd — 2-7-1 Seiran, Otsu, Shiga 520-8639, Japan

The chalcogenide glass with infrared-transparent is applied for the optical element of IR
optical system. The telluride glass is watched with interest due to its prominent transmission
characteristics. This glass must not be molten and formed in the air to obtain high transparency.
It is because oxygen atoms in the glass structure make the absorption of far infrared rays. Such
air-sensitive molten glass is generally produced in a sealed ampule tube or a glove box. This
method has less productivity. Therefore, the industrial process with high productivity is required
to spread the glass throughout the market. In this study, we propose a continuous melting
method to produce the glass with high infrared-transparency under the controlled atmosphere.
This method can achieve the large amount industrial production of the infrared-transparent
glass with high optical homogeneity.

Keywords: Continuous process, Chalcogenide
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Impact of melting conditions on viscous
behavior and crystallization tendencies in
iron-bearing aluminum silicate glasses

Peter Grouleff Jensen *' !, Anne Katrine Norup !, Helena H. Bacci !,
Maria M. Korshgj !, Nikolai H. Jensen !, Sarah G. Lynge !, Louise
Belmonte 2, Yuanzheng Yue !

! Department of Chemistry and Bioscience [Aalborg] — Fredrik Bajers Vej TH, 9220 Aalborg,
Danemark, Denmark
2 ROCKWOOL A/S — Denmark

Lab-scale melting experiments can provide deeper insights into the properties and dynamic
behaviors of glass. Within the mineral wool industry, lab-scale melt experiments have previously
been used to study the effects of chemical composition, particle size distribution, and heating
rates on the viscous shrinkage and crystallisation behavior of iron-bearing aluminum silicate
glasses (1). In this work, we investigate the impact of glass melt preparation conditions, specif-
ically melting temperature and duration, on the shrinkage and crystallisation behavior of the
produced glass. We find that these variables lead to a significant change in the shrinkage behav-
ior of particle pellets produced from the crushed glasses. We attribute this change in shrinkage
behavior to the incomplete homogenization of the amorphous glass melt, resulting in a compo-
sitionally inhomogeneous glass that, in turn, alters its shrinkage and crystallisation behaviors.
More attention to the melting conditions at the lab scale could lead to a better understanding of
the industrial melting process and the properties of glass products, thereby increasing the value
of lab-scale experiments.

Keywords: Shrinkage, viscous deformation, crystallization, homogeneity

*Speaker
TCorresponding author: petergj@bio.aau.dk

535


mailto:petergj@bio.aau.dk

Al optimization for forming equipment’s -
Productivity, failure and safety aspects

Denis Klock * 1

I Denis KLOCK —~ VERALLIA - RUE ANDRE CHENIER 71100 CHALON SUR SAONE FRANCE,
France

After having automated and digitalized our lines, the Artificial intelligence is the next step
for the container industry to master the performances of the forming machines. The first target
is to make more rapid and precise analysis on complex and extensive datasets. This can be
done online for the standard parameters of the process. The second target is to have access to
new parameters such as events (glass jams, fire...). The AI processing of these videos allows the
detection and the classification all the events that occur in our facilities. The events are detected
and classified automatically by Al tools and the root cause analyses are being conducted by the
operators. The Al tools can interact with the equipment, particularly for the events related to
safety. Less defects, less events, less risk and less downtimes, higher safety but and a new type
of management for the forming machine.

Keywords: Al optimization, glass forming, productivity
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Room-Temperature Bonding of Ultrathin
Freestanding Glass Films for Optical and
Biomedical Applications

Tetsuo Kishi * !, Kana Tomita !, Nobuhiro Matsushita !, Tetsuji Yano !

! Institute of Science Tokyo — Ookayama 2-12-1, Meguro-ku, Tokyo, Japan

The conventional formation of thin glass films often requires high-temperature processing,
leading to critical defects such as cracking, warping, and peeling due to a mismatch in coefficients
of thermal expansion or damage to thermally sensitive substrates. To overcome these issues,
we have developed a Room-Temperature Bonding (RTB) technique using ultrathin freestanding
glass films (UTFG), typically less than a few micrometers thick, fabricated via glass blowing.
This adhesive- and heat-free method is essential for constructing multilayer structures required
in 3D integrated optical circuits and composite biomaterials.

For optical applications, tellurite glass, known for its wide optical transmission and high refrac-
tive index, was successfully bonded onto diverse optical materials, including silicate glass, Si,
sapphire, and LiNbOj3, at room temperature. The achieved bonding strengths, measured by the
Obreimoff-Metsik method, reached up to approximately 400 mJ/m? on the same tellurite glass
substrate. This robust adhesion relies on the formation of strong interfacial chemical bonds,
which are favored by reducing the surface hydroxyl group density.

For biomedical applications, we focused on integrating bioactive and antibacterial functionali-
ties. Bioactive silicate glass (4555) UTFG (1-2 pm thick) bonded strongly to polished titanium
(Ti) substrates under wet conditions, with strength increasing to 900 m.J/m? after 9 hours. This
strength increase is driven by the corrosion-reconstruction Bonding mechanism, initiated by the
dissolution of a Na-rich surface layer on the UTFG, which increases local pH and promotes
the dissolution and subsequent repolymerization of Si, Ca, and Ti components at the interface.
The RTB method was extended to phosphate glasses to realize antibacterial /bioactive multilayer
coatings. Unlike silicate UTFGs, phosphate UTFGs do not exhibit a surface Na-rich layer. They
achieve strong, rapid bonding, even to Ti, due to their high solubility and uniform dissolution
pattern. Furthermore, strong multilayer structures (e.g., Ag phosphate/45S5) can be designed
by controlling the interaction between the acidic dissolution behavior of phosphate glass and
the alkaline dissolution behavior of silicate glass. This universality demonstrates the potential
of RTB for fabricating multi-functional composite materials.

Keywords: ultrathin glass, bonding, tellurite, bioactive glass, phosphate, silicate
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Experimental and Mathematical Methods
for Analysis of Dynamic Corrosion of
Refractory Materials

Jaroslav Klouzek * 1

L University of Chemistry and Technology (UCT Prague) — Technicka 5, Prague 16628, Czech Republic,
Czech Republic

This work focuses on the development of new experimental and mathematical methods for
analyzing the dynamic corrosion of refractory materials. These methods enable detailed in-
vestigation of subsurface and interfacial corrosion rates under conditions representative of real
glass-melting furnace operation, while simultaneously providing data required for mathematical
modeling of refractory corrosion in glass melts. The experimental setup for dynamic corrosion
testing enables controlled laminar flow of molten glass around a flat refractory sample, thereby
simulating actual furnace flow conditions and producing samples with a well-defined corrosion
profile for subsequent analysis. After corrosion testing, refractory samples are examined us-
ing optical microscopy and SEM-EDS techniques, allowing determination of corrosion rates,
assessment of component concentrations at the glass—refractory interface for the development
and validation of mathematical corrosion models, and analysis of the phase composition and
microstructure of corroded layers. The analysis of corroded layers also provides an opportu-
nity to study thermomechanical damage in refractory materials, known as spalling-mechanical
delamination caused by internal stresses arising from differences in thermal expansion between
the original and corroded material. In parallel, models describing the formation of mechanical
stresses and their relationship to crack density, as determined by experimental measurements,
will be developed. The results of the corrosion experiments will be used to develop and validate
mathematical models of both subsurface and interfacial corrosion. These models are based on
diffusion-controlled dissolution of refractory components into the glass melt and account for flow
dynamics, including the effect of Marangoni convection in the meniscus at the glass—refractory
interface.

Keywords: refractory, corrosion, surface tension
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Why has your float- or PV-glass tank
trouble in fining low iron glass?

Wolf Kuhn * !
I Fives Glass — Fives Group — 108-112 Av. de la Liberté, Maisons Alfort, France

Low iron glass is recognized as being heated in depth by the combustion radiation. This
should avoid low temperature flow shortcuts in the fining zone and ensure low bubble and seed
levels. In fact, the fining quality of low iron melts often degrades and forces for a reduction of the
pull rate. A complex link between high melt transparency, melt recirculation and temperatures
leads to a significant reduction of the fining times. Moreover, bottom temperatures increase,
leading to a risk of glass infiltration. Finally, the increased recirculation intensity and higher
temperatures accelerate the refractory corrosion with low iron glass.

The conventional countermeasures like increasing bottom losses or strengthening the return flow
of cooler melt from the float working end or PV forehearth have serious drawbacks and do not
solve the fining quality problem.

A modified float tank design allows us to overcome these low iron glass problems. Fining
times stay conserved when switching from mid-iron to low iron melt. The bottom temperatures
remain moderate with the low iron melts, allowing for a good level of insulation and low specific
consumption. Tank pull rates remain conserved with low-iron production. The carbon footprint
for low-iron PV-glass is reduced.

Keywords: Melting tank, Low iron, Fining, Design, Heat transfer, consumption, carbon footprint,
float glass, PV glass
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Oxidation resistance and thermal
performance of copper-based coatings on
cast iron for glass manufacturing moulds

Timothée Lauridant *T ', Aya Rostom !, Abdel Rahman Allam !, Fazati
Bourahima !

! Chpolansky — Welding Dpt — France

For manufacturing of glass containers, viscous glass gobs (700-12000C) are pressed or blown
into metallic moulds. More than giving the final shape, the moulds role is to absorb calories from
the hot glass to make it rigid. With good thermal conductivity and oxidation resistance, copper-
nickel bronzes are efficient materials for making moulds parts. However, cost is not negligeable
for this type of alloy. Cast iron is, so, largely used because it combines economic advantages
and satisfying thermal properties. To improve cast iron moulds performance and glass prod-
ucts’ quality, cold spray coatings of a copper-nickel and copper-based alloys onto cast iron are
investigated. Cold spray is an additive manufacturing technique avoiding fusion of the feeding
material, thus, reducing cracks defects when covering large surfaces. Cold Spray parameters
(temperature, pressure and gun’s travel speed) were optimised in this study, and coatings mi-
crostructure were analysed with Optical Microscope and Scanning Electron Microscope, before
and after oxidation experiments. All the different combinations of CuNiAl/CuCrZr coatings led
to dense (< 3% porosity) and thick layers (up to 5 mm), providing high protection of the cast
iron in hot environment. Also, temperature measurement in transient state experiment showed
better heat exchange of coated samples in comparison with cast iron demonstrating the gain of
performance that the glass container moulds can achieve.

Keywords: cold spray, additive manufacturing, Cu, based coating, cast iron, oxidation, thermal
properties, moulds
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The secret face of hidden displays

Isabelle Melscoet * 1
! Faurecia Clarion Electronics — FORVIA — 40 Avenue des Terroirs de France 75012 Paris, France

Hidden display technology is reshaping how information and aesthetics coexist within the
vehicle interior. Unlike classic, fully transparent display systems, hidden displays employ deco-
rated or partially transmissive cover glass that conceals underlying electronic components until
activated. When dormant, the surface appears purely decorative—patterned and/or textured—
blending seamlessly into the design language of the cockpit. Upon activation, light transmits
through the decorated glass, revealing icons, symbols, ambient lighting and/or dynamic infor-
mation. This subtle interplay between visibility and concealment represents a new paradigm in
automotive human-machine interface design.

The development of such displays relies on the precise control of optical properties, such as
transmission and reflection (for optimized ambient contrast ratio), combined with innovations in
backlighting (local dimming) and sensor integration. Material engineering and advanced decora-
tion techniques—such as multi-layer screen-printing, digital printing, coating, spraying and even
decorated film lamination—enable designs that meet the dual requirements of aesthetic refine-
ment and functional legibility. These advances allow displays to be fully integrated into complex
3D glass geometries used in center consoles, dashboards and door panels without compromising
visual harmony or manufacturability.

Hidden displays support a minimalist and intuitive interior design, aligning with the in-
dustry’s shift toward clean surfaces and ambient interaction. They fulfill the current trend of
”Technology detox”. They also contribute to safety by reducing visual clutter and focusing driver
attention only when necessary. Moreover, their design flexibility supports brand differentiation
through bespoke colors, finishes, textures and lighting behaviors.

This presentation will showcase current R&D and industrial applications that bridge decora-
tive glass processing and display engineering. It will discuss material and decoration technology
selection, optical performance and challenges in balancing aesthetic rendering with optical ef-
ficiency. Ultimately, hidden displays redefine the role of glass in mobility: no longer a passive
surface or transparent medium, but an intelligent, expressive material that conceals technology
until the precise moment it is needed. Keywords: Hidden displays, hidden, until, lit, decorated

cover glasses, automotive interior, optical performance, seamless design, intelligent surfaces
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How to optimize your flue-gas
energy-recovery cascade in hybrid tanks?

Syntia Metchueng Kamdem *T 1, Wolf Kuhn ', Hubert De Divonne

I Division Verre — Fives Stein — France

In hybrid glass furnaces, electrical input improves flexibility and reduces CO4 emissions, but
the combustion section remains the main source of recoverable high-temperature energy. Opti-
mizing flue-gas heat recovery is therefore essential to improve overall efficiency and operational
flexibility.

This study examines the integration of a Heat Recovery Area (HRA) with recuperative combus-
tion, in comparison with oxy-fired operation. The HRA is part of the furnace superstructure,
where residual flue-gas energy is recovered by radiative and convective heat transfer to the glass
and batch. A combined CFD and energy-balance approach was used to evaluate how these
configurations affect heat-transfer distribution and overall furnace performance across different
electrical boosting levels. The comparison between oxy and air-recuperative firing shows that
an optimized HRA-recuperator cascade can sustain high combustion efficiency and stable oper-
ating temperatures over a wide hybridization range.

The first industrial hybrid furnaces equipped with HRAs are now under construction and will
provide full-scale validation of these design principles. The expected trends offer clear guid-
ance for flue-gas cascade optimization and hybrid furnace design. These results confirm that
combining the HRA with an efficient recuperative system is a key step toward flexible and
energy-efficient next-generation hybrid melting technologies.

Keywords: hybrid glass furnace, heat recovery area (HRA), recuperative, oxy, fuel, energy recovery
and efficiency
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Improving wetting behaviour of copper on
glass for multi material 3D printing

Magdalena Milek * !, Gharehpapagh Bahar 2, Sebastian Miiller 3,
Jarostaw Domaradzki 4, Diego Pozo Ayuso °, Henning Zeidler 2, Sindy
Fuhrmann !

! Institute of Glass Science and Technology, Technische Universitit Bergakademie Freiberg — Freiberg,
Germany
2 Institute for Machine Elements, Engineering Design and Manufacturing, Technische Universitéit
Bergakademie Freiberg — Freiberg, Germany
3 Fraunhofer Institute for Machine Tools and Forming Technology — Chemnitz, Germany
4 Faculty of Electronics, Photonics and Microsystems, Wroclaw University of Science and Technology —
Wroclaw, Poland
5 MicruX Fluidic, S.L. — Gijén, Spain

3D printing techniques have become increasingly popular in industry and research in recent
years. Additive manufacturing (AM) at industrial scale is already possible for numerous mate-
rials. As a result, additive manufacturing of multi-material compositions is getting more and
more attention.

Although there are still challenges to be overcome in the additive manufacturing of glass,
there is increasing interest in multi-material 3D printing (e.g. [1]). Within our research project
Coco, funded by tax revenues on the basis of the budget decided by the Saxon state parliament
under the project number 100688406 within M-ERA.NET, we are targeting a combined metal—
copper—and glass material extrusion (MEX-TRB) process. For this, the adhesion between the
individual materials and the temperature-dependent wetting of the substrate material by the
printed layer are of crucial importance in order to ensure uniform material application and good
stability of the final product.

The presentation will show experimental results of the wetting and adhesion behaviour be-
tween different low-melting glasses and copper. With respect to the AM process, their relevancy
and observed challenges will be discussed.
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Vitreous enamel as primer in metal-to-glass
joints

Magdalena Milek * !, Jarostaw Domaradzki ?, Damian Wojcieszak 2,
Michat Mazur 2, Sebastian Miiller 3, Sindy Fuhrmann !

! Institute of Glass Science and Technology, Technische Universitit Bergakademie Freiberg — Freiberg,
Germany
2 Faculty of Electronics, Photonics and Microsystems, Wroclaw University of Science and Technology —
Wroclaw, Poland
3 Fraunhofer Institute for Machine Tools and Forming Technology — Chemnitz, Germany

Metal-glass bonds are challenging due to the significant deviations in material properties.
Huge differences in expansion coefficients and mechanical properties often result in fragile bonds
with only low resistance to external stresses caused by mechanical loads or temperature differ-
ences. However, this material combination is highly relevant for sensors in medical technology
or environmental analysis, for instance.

It has long been known that these poor bonding properties do not apply to all glass compositions.
Vitreous enamels have been used for centuries to coat metals, whether in arts and crafts or as
corrosion protection on metal objects. Customized enamel compositions have been developed
for various metals and alloys to ensure optimal adhesion and durability of the material bond
under specific conditions.

The poster will show experimental results on the use of vitreous enamel coatings on glass as a
primer to improve the adhesion of copper drops deposited on the surface by material extrusion.
Their relevancy and process challenges for 3D copper to glass printing will be presented.

Keywords: enamel, wetting, additive manufacturing, 3D printing
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Radiative Heat Transfer in Nuclear Waste
Glasses and Melts: Measurements,
Modeling, and Key Compositional Effects

Richard Pokorny * !, Pavel Ferkl 2, José Marcial 2, Jaroslav Klouzek 3,
Pavel Hrma 4, Albert Kruger °

! University of Chemistry and Technology Prague, Czech Republic — Technicka 5, Prague 6, Czech
Republic
2 Pacific Northwest National Laboratory — Richland, WA 99352, United States
3 University of Chemistry and Technology Prague, Czech Republic — Technicka 5, Prague 6, Czech
Republic
4 AttainX — Richland, 99354, United States
5 U.S. Department of Energy, Hanford Field Office — Richland, 99354, United States

Understanding heat transfer in nuclear waste vitrification melters requires knowledge of
radiative properties of glass melts, which are semi-transparent at typical operating tempera-
tures near 1150 °C. In this study, we present a model that quantitatively predicts near-infrared
extinction and effective thermal conductivity as functions of glass composition, temperature,
redox state, and the presence of solid and gaseous inclusions. The model is validated by high-
temperature absorption spectra (0.7-3.8 um) of representative borosilicate waste glasses, mea-
sured from 300 °C to 1150 °C with a custom-built high-temperature spectrophotometer.

The model resolves individual contributions from key chromophores such as Fe?*~O-Fe3+,
V4t and hydroxyl groups, as well as scattering from crystalline or spinel particles. It accurately
reproduces measured extinction spectra for multiple nuclear waste glass compositions and cap-
tures compositional and redox-dependent trends. From the measured and modeled spectra,
Rosseland mean extinction coefficients, and radiation thermal conductivities were determined,
enabling the estimation of effective thermal conductivity across a broad range of glass types.
The results show that radiation dominates heat transfer in many nuclear waste melts and that
variations in composition, oxidation state, and inclusion content can significantly affect thermal
conductivity.

Given the difficulty of high-temperature measurements and the limited applicability of
effective-conductivity concepts at small length scales, this experimentally validated model pro-
vides a practical framework for predicting heat transfer in vitrification melters directly from
glass composition and processing parameters. The findings support advanced computational
fluid dynamics simulations and improved design and control of large-scale nuclear waste vit-
rification systems. Keywords: Radiative heat transfer, Scattering, Absorption spectra, Borosilicate
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Alternative Fuels to Improve Sustainability
in Glass Fiber Manufacturing

Etienne Roux * !, Bruno Purnode * T 2

1 OwensCorning — OwensCorning — Chambéry - (73), France
2 OwensCorning — Granville - Ohio, United States

In this paper, we cover the development of using hydrogen to decarbonize glass manufactur-
ing operations. We will present an extensive effort focused on experiments, numerical modeling,
lab testing and plant trials. As part of this initiative, flame behaviour, its impact on the burner
and heat transfer were evaluated with new measurement methods. Those sensing techniques,
along with simulations allowed us to understand the fundamentals of hydrogen combustion for
glass fiber manufacturing. Those efforts were helping us develop confidence in further imple-
menting the technology in furnaces.

We also present the results of implementing hydrogen combustion at one of our plant facilities
and as part of the H2Glass European program. Two, one-week tests were carried out in 2024.
Different sensing techniques were installed and provided measurements of the combustion char-
acteristics and emissions. This included flame characteristics, temperatures in the combustion
space, as well as NOx values. We will cover the results of those campaigns.

In late 2025, an electrolyzer was installed to provide hydrogen generation for an extended period.
This allowed us to evaluate longer term effects of the technology on the furnace operations. This
paper will describe the different efforts and challenges that helped us integrate green hydrogen
in our facilities.

Keywords: Hydrogen combustion

*Speaker
fCorresponding author: bruno.purnode@owenscorning.com

548


mailto:bruno.purnode@owenscorning.com
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Additive manufacturing refers to the process of creating 3D objects by successively adding
layers of material to obtain the desired shape [1]. Among these methods, powder bed fusion
(PBF) consists of selectively melting powder using either a laser or an electron beam. The process
relies on the presence of a binder, typically a polymer, that absorbs the laser energy; it is referred
to as an indirect process, in contrast to direct selective fusion, where the powder itself is melted.
These two process categories correspond to Selective Laser Melting (SLM), generally employed
for metals, and Selective Laser Sintering (SLS), commonly used for polymers, highlighting the
suitability of PBF for producing both metallic and polymer components [2].

In this context, our study focuses on developing a glassy binder that efficiently absorbs laser
energy, which is of particular interest for enabling additive manufacturing of complex glass-based
objects. In the present work, we report the results obtained on borosilicate glasses containing
additives such as iron oxide and other rare earths to make the glass absorbent in the laser
wavelength range (1 um). The glass must meet its ability to soften under the effect of the laser.
The properties of these glasses were determined in particular by UV-Visible-NIR, absorption
spectroscopy, heating microscopy, XRD, Selective Laser Melting Tests, etc.
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Conventional investigations into composition-structure-property relationships of glasses typ-
ically start from laboratory glass synthesis. This involves manual, time-intensive procedures,
from selecting the approbriate crucibles to raw material batching, melting, casting, sample
preparation and subsequent analysis. Thereby, even minor deviations in synthesis parameters,
thermal histories or sample handling may result in inconsistent sample quality and limited re-
producibility. Here, we demonstrate a high-throughput approach, wherein a machine-assisted
3D printing process allows us to fabricate cm”-3 glass specimens suitable for comprehensive
characterization on the scale of 50 individual glasses per run. Using commercial reference ma-
terials in a representative case studies, we quantitatively describe compositional dependencies
across a compositional range from 0 - 100% of admixture of from a silicate to a borosilicate
glass. Detailed quantitative analysis confirms process viability in reference to conventional cru-
cible melting. Raman spectroscopy is subsequently used as a high-throughput analytical tool for
semi-quantitative assessment of glass meltability, overall sample quality, and further basic prop-
erties. In this way, champion materials are identified for further in-depth analysis and regular
laboratory melting of larger samples.

Keywords: 3D, printing, Additive Manufacturing, High, throughput synthesis
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Fabrication of an alumina gradient doped
silica fiber via additive manufacturing
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Data transmission, light generation, and amplification rely on the utilization of optical fibers.
The variety of fiber cross sections, e.g., step index fiber (SIF), gradient index fiber (GRIN),
photonic crystal fiber (PCF), and antiresonant fiber (ARF), enable the optimization of optical
fibers for almost any application. High-performance optical fibers are usually based on silica
(SiO2) due to its high transparency, mechanical stability, and durability.

The production of a state-of-the-art optical fiber involves a multistep process spanning from
doping of the silica core matrix with different cations for controlling the refractive index profile
or enabling lasing and fluorescence, followed by elongation of the core preform into rods and
finally drawing of a thin fiber. Nowadays, chemical vapor deposition is used for high-purity co-
cationization of the silica core. Manual stacking procedures using canes and rods are employed
for manufacturing of advanced core arrangements and well-defined core-to-cladding ratios. These
processes consume a high amount of resources, both in terms of laboratory equipment and time,
and the geometrical design of the fiber cross section that can be realized is restricted.

Arbitrary complex structures with a high spatial resolution can be created using additive
manufacturing (AM) as a layer-by-layer approach from a digital 3D model. In recent years,
different techniques for the 3D printing of silica have been developed, e.g., powder-based tech-
niques, extrusion-based techniques, or vat-based techniques. Digital light processing (DLP) uses
light-curable slurries for shaping. It combines high resolution with a moderate printing time.
The use of additive manufacturing for the production of fiber preforms could improve current
applications and enable new fields of use for optical fibers.

In this work, we demonstrate the successful production of a 3D-printed preform drawn to
a fiber with a defined gradient index profile. We used a vat polymerization approach and
dual-material printing to create a gradient by combining two different slurries of pure SiOq
and AlsOs-doped SiOs, respectively. The preform was vitrified and drawn into a 265 pum thick
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fiber with a radial parabolic refractive index profile. Our work paves the way to overcome
limits of traditional GRIN fiber production techniques via ion exchange. Keywords: additive

manufacturing, 3, D printing, GRIN, optical fiber
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Different classes of materials are combined to produce modern machines and technical com-

ponents. For example, glasses are known for their strong chemical resistance, high hardness and
low thermal expansion. In contrast, metals are noted for their high conductivity and ductility. A
metal /glass composite could benefit from the hardness of glass while also exhibiting the ductility
of metal. However, the contact between metal and glass is challenging due to their significant
difference in thermal expansion coefficients. The resulting stresses from thermal fluctuations
could lead to cracks and ultimately result in the loss of contact between the two materials. This
issue is critical in the construction of cooling systems for high-power electronic devices.
Additive manufacturing provides greater design freedom compared to traditional production
techniques. In recent years, various 3D printing methods have been used to produce glass or
glass-ceramic structures, such as extrusion-based, powder bed-based, or vat-based approaches.
Cooling systems require fine structural details to achieve a high surface-to-volume ratio. The
use of additive manufacturing offers the potential to use novel materials for cooling systems with
enhanced performance.
In our work, we present a novel approach for creating metal/glass composites. Copper oxide
is added to the composition of traditional borosilicate glass. During a subsequent heat treat-
ment, the glass matrix extrudes copper. Various structures using this copper-extruding glass
were printed with a DLP printer. The structures underwent different heat treatments in nitro-
gen and normal atmospheres. Different measurement techniques were employed to analyze the
copper-extruding properties.

Keywords: Additive manufacturing, metal glass composite, Cooper extruding glass
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Fabrication of large-sized hybrid glasses:
progress, challenges and opportunities
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Hybrid glasses refer to materials in which the structural units consist of metal nodes coordi-
nated with organic ligands, linked together through coordination bonds or hydrogen bonds. In
these systems, hybridization arises from the chemical bonding between metal atoms (or metal
clusters) and organic molecules. Hybrid glasses encompass several categories, including metal-
organic framework glasses [1, 2], coordination polymer glasses [3], and metal organic-inorganic
complex glasses [4, 5]. Currently, rapid progress has been made in the development of hybrid
glasses, and their functionalities are being uncovered [6], pointing to diverse potential applica-
tions. However, despite these advances, significant challenges remain, particularly in scaling up
the fabrication of hybrid glasses and improving their mechanical robustness. In this talk, I will
present several promising approaches for producing large-sized hybrid glasses and discuss the
current challenges associated with upscaling. I will further analyze the underlying origins of
these challenges and highlight opportunities and strategies for overcoming them.
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The fabrication of aluminate transparent ceramics and glass microspheres are still challenging
due to high melting temperatures and poor glass forming ability. In this research, various binary
aluminate microspheres were fabricated using radio frequency plasma melting technique. The
morphologies, structure evolutions, and mechanical performances were investigated. For Al1203-
CaO microspheres, the average diameter is around 35 pum. The main crystal phases change from
the combination of CaAl407 and Ca3Al10018, to Ca3A110018 and CaAl204, then to CaAl204
and CaAl407 with decreasing A1203/CaO ratio. While glass microspheres were formed with
36A1203-64Ca0 component. The microspheres exhibit maximum 12.73 GPa microhardness and
133.16 GPa Young’s modulus, from mixed crystal phases evolutions and decreasing 9.25 GPa
microhardness and 96.64 Young’s modulus for 36 A1203-64Ca0O from amorphization. The effect
of precursor diameters on the glass formation were studied. The glass formation can benefit
from the smaller diameters, for the faster cooling speed. .Al203-ZrO2 binary microspheres
present eutectic characteristics, containing a-Al203, t-ZrO2, m-ZrO2 crystals, with maximum
23.21GPa microhardness, and 211.80GPa Young’s modulus. Moreover, other binary aluminate
microspheres, such as Al203-Y203, Al1203-Gd203, will be investigated Novel aluminate glass
formation processes and structural evolutions also will be discussed.

Keywords: Plasma melting, Aluminate glass, transparent ceramics, mechannical performance,

structure evolution
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Additive manufacturing of open porous
glass foams using vat photopolymerization
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Glass foams are typically produced using a thermochemical approach by mixing glass powder
with a foaming agent that produces gas upon heat-treatment. This is a cheap and efficient way
to recycle glass into a new product; however, the method offers limited control over the pore
geometry and connectivity. Overcoming these limitations may be possible through additive
manufacturing. In this study, we utilize vat photopolymerization to design glass foams based on
cathode ray tube (CRT) panel glass. CRT glass powder is suspended in an organic UV-curable
matrix and printed to obtain tailored pore sizes in the range 4-7 mm. The printed samples
are fired to remove the organic matrix and sinter the glass particles. The final structure of
the fired glass foams is analyzed using X-ray tomography evaluating macrostructural features
such as the actual pore size and the pore network connectivity. The application of glass foam as
thermal insulator requires understanding of the heat transfer in porous materials. Therefore, the
thermal conductivity is experimentally investigated and compared to that of computationally
simulated values using the tomographic 3D images. This allows for evaluating the impact of
pore size on thermal conductivity. Last, the open porous structure of the glass foam samples
allows for investigating a potential convective contribution to the total thermal conductivity by
fabricating a setup to control a forced convection through the porous structure providing insight
to the impact of pore size on the convective contribution to the total thermal conductivity of
porous materials.

Keywords: Glass foam, Thermal conductivity, Additive manufacturing
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We will review 20 years of the history of the development of the Montpellier Summer School
starting from conversations within various ICG sub-committees and leading in 2006 to a major
European grant (EFONGA). The philosophy behind its creation and the development of thinking
arising from the early experiences of running such schools will be outlined. Side tracks and pitfalls
uncovered during those early years will be addressed. Secondly, the pursuit of a curriculum will
be presented — what did the audience and their fee payers expect, what could realistically be
achieved in just a week? Finally, we will consider the creation of a structure that includes
lectures, tutorials, and student projects and at its heart promotes teacher-teacher, student-
teacher and student-student interactions. The outcomes have included several similar courses
on other continents and the formation of a worldwide network of around a thousand young
professionals throughout the world, treasuring their experiences in Montpellier and elsewhere,
and many maintaining contact. **) K. Bange and B. Hehlen were not available to directly
author the present abstract. Their invaluable and long-term dedication to the school will be
gratefully acknowledged in the presentation.

Keywords: education, summer school, curriculum
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The Portieux crystal factory, founded in 1703 in the Vosges, offers a privileged observatory
of the changes in the French hand-blown glass industry at the end of the 20th century. Heir to
renowned expertise, from the 1970s onwards it faced a double pressure: the weakening of the
economic model of art manufacturing and the need for industrial modernisation. The bankruptcy
in 1981 of the Compagnie Francaise du Cristal (CFC), which it had joined in 1970 and which
produced up to 40% of French artisan glass, illustrates this evolution.

In an attempt to recover, the Portieux glassworks took a gamble and created the Ateliers
d’Art de Portieux (1982-1986), making creativity the spearhead of this revival. By bringing
together contemporary glass artists—Jean-Paul Van Lith, Matéi Negreanu, Monica Damian—
and the factory’s glassmakers, Portieux sought to reconnect with the creative dimension of the
work while opening up to a more modern visual language.

This initiative, inspired by Nordic models such as Kosta Boda in Sweden, where collabo-
ration between designers and craftsmen has been institutionalised since the 1950s, nevertheless
proved to be a short-lived adventure: poorly prepared economically and lacking in research and
distribution infrastructure, it was met with indifference and incomprehension.

This communication proposes to read the case of Portieux as an illuminating example of
the serious crisis in French hand-blown glass at the end of the 20th century. Between cultural
utopia and structural failure, the Portieux experience questions the very possibility of artisan
modernity, that is, a model capable of integrating innovation, craftsmanship, and creation into
a globalised economy of luxury and design.
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The medieval stained glass in Barcelona has been thoroughly studied by art historians, who
have examined its artistic and formal qualities and traced its history, mostly in ecclesiastical
archives. In the 14th century, Barcelona was the capital of the Catalan-Aragonese Crown, whose
territory stretched across the Mediterranean Sea and to the northern side of the Pyrenees. Mag-
nificent buildings such as Barcelona Cathedral, Pedralbes Abbey and Santa Maria del Mar were
constructed in styles influenced by Italian and French international styles, with the promoters
contracting the best international craftsmen.

Recent conservation campaigns on the stained glass in these buildings provided an opportunity
to analyse samples of medieval glass dating from the early 14th to the late 15th century. Pre-
viously, only isolated analyses had been conducted, which did not allow for a general overview
of the evolution of the medieval glass composition and origin in Barcelona to be drawn. This
study reveals the presence of ancient potash glass, followed by a transition to soda-lime glass,
which was prevalent in medieval production across the Mediterranean.

This current study presents the results of medieval glass from the aforementioned three build-
ings and contrasts them with archaeological glass preserved at the City Council Archaeological
Deposit, which serves as a reliable dating reference. The results provide a clear framework
for understanding the evolution of glass compositions, and enable us to interpret the data by
comparing it with historical facts.

Keywords: mediterranean glass, Barcelona glass, medieval glass, stained glass, composition, pro-
duction

*Speaker
fCorresponding author: trinitat.pradell@upc.edu

561


mailto:trinitat.pradell@upc.edu

A study of Cu and Fe redox interaction:
thermodynamic insight into the ”"medieval
green glass” coloration type

Cécile Bretonnet * 1234 Laurence Galoisy !, Claudine Loisel **, Sylvie
Balcon-Berry 2, Adrien Donatini °

nstitut de Minéralogie, de Physique des Matériaux et de Cosmochimie (IMPMC) — Sorbonne
Université, CNRS, Muséum National d’Histoire Naturelle, IRD, France
2Centre André Chastel : Laboratoire de recherche en histoire de I’art (CAC) — Sorbonne Université,
CNRS, Ministere de la Culture, France
3Laboratoire de Recherche des Monuments Historiques (LRMH) — Centre de Recherche sur la
Conservation, 29 rue de Paris, 77420 Champs-sur-Marne, France
4Centre de Recherche sur la Conservation (CRC) — Muséum National d’Histoire Naturelle, CNRS,
Ministere de la Culture, France

SDepartment of Chemistry and Biochemistry and Centre for NanoScience Research — Concordia
University, Montréal, Canada

Color is one of the most striking properties that can be conferred to a glass matrix through
doping with transition metals. The physicochemical origin of the coloration is linked to the
speciation of the chromophores inside the glass. For instance, copper is a widely used dopant,
which can produce blue (absorption of diluted Cu?*) to red (surface plasmon resonant
absorption of Cu” nanoparticles) colors [1]. However, doping with a single TM is rare, as both
ancient and industrial glass often contain iron impurities (ranging from a percent to a few tens
of ppm of FeaOg3), brought by the raw materials. These impurities can interact with Cu
through the redox equilibrium Fe?T 4+ Cu?T = Fe3t + Cu? and therefore change the final
shade of the glass, as Fe?T and Fe3t chromophores can also be present [1].

In this study, we characterized the redox interaction between copper and iron for potash-lime
model glass matrix doped with different Cu/Fe ratios. Equilibrating temperatures of the glass
were varied from 1200 °C to 1500 °C. The redox and speciation of Cu and Fe were determined
quantitatively through XANES analyses at the Fe-K and Cu-K edges. Those measurements
were compared to Optical Absorption Spectroscopy (OAS) measurements to link
physicochemical parameters to the final color. Complementary Electron Paramagnetic
Resonance (EPR) spectroscopy allowed probing the evolution of the local environment of Cu?*
and Fe?* in the glass.

Finally, we propose a thermodynamic description of the Cu-Fe equilibrium in medieval-like
potash-lime glass matrix, and we compare it to existing models for the corresponding isolated
multivalent elements [2, 3, 4] as well as the few published results for the Cu/Fe couple in other
matrices [5, 6].
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This paper offers a review of analytical studies of glass in al-Andalus between the 9th and
13th centuries, and suggests a statistical approach to clarifying patterns of glass circulation and
primary silica sources for “new” types of plant-ash glass. Late Antique and early medieval glass-
making was separated into large-scale primary production on the Levantine coast and in Egypt,
using local sands and natron (a mineral-soda flux), and small-scale secondary workshops across
the Mediterranean and Europe. Between the 8th and 9th centuries, a gradual transition toward
plant-ash fluxes and more regionally oriented practices took place. For the Islamic territory in
the Iberian Peninsula (al-Andalus), however, the pace and local transitions of this shift remain
unclear. The archaeometric record of glass across 9th—13th-century contexts shows the pres-
ence of both natron and soda-rich plant-ash glass, while the early Islamic contexts also witness
the emergence of two types of lead glass. Newly defined soda-rich plant-ash groups are con-
sistently different from Near Eastern plant-ash glass, and appear in Cérdoba, Almeria, Murcia
and Toledo in Spain and in Silves and Mertola in Portugal. To obtain more information about
these groups, we propose a framework for (1) comparability across studies and (2) a multivari-
ate analysis to interpret the compositions using principal component analysis and model-based
clustering (GMM) on compatible datasets. This approach helps distinguish plant-ash groups
and subgroups, while biplots using silica-related proxies (Al, Ti, Zr, Th, etc., and their ratios)
clarify links between “glass families” and sand mineralogy, suggesting quartz-rich sources with
different heavy-minerals enrichment. The presence or absence of these groups can give us an
idea of the types of glass circulation in each region. By integrating archaeological evidence,
analytical datasets, and a statistical interpretation, this study turns isolated case studies into
coherent narratives of production, circulation, and regional adaptation across al-Andalus.
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matériaux et de cosmochimie — 4, place Jussieu - BC 115 - 75252 Paris Cedex 5, France
3 LabCom Luminano - Lumiere - Nano-Optique — Vitrail — Université de Technologie de Troyes,
Manufacture Vincent Petit, LabCom Luminano (Laboratoire Commun) - AnR-25-LCV1-0011 — 12 Rue
Marie Curie - CS 42060 - 10004 Troyes Cedex - France, France
4 Propriétés des amorphes, liquides et minéraux [IMPMC] — Institut de minéralogie, de physique des
matériaux et de cosmochimie — 4, place Jussieu - BC 115 - 75252 Paris Cedex 5, France
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6 Institut de Recherche sur les Archéomatériaux — Université de Technologie de Belfort-Montbeliard,
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matériaux et de cosmochimie — 4, place Jussieu - BC 115 - 75252 Paris Cedex 5, France

Saint-Etienne-du-Mont is a church in Paris showing astonishing 17th-century stained glass
windows painted in enamels with remarkable details. Unlike the restoration enamels applied in
the 19th century, their stability in terms of both adhesion and color is impressive.

Taking advantage of their restoration, in agreement with the city of Paris (COARC) and
the Ministry of Culture (DRAC Ile-de-France), a team of researchers from IMPMC, IRAMAT,
and the Vincent-Petit stained-glass workshop studied bay number 10 of this ensemble.

In this presentation, we will discuss the chemical composition of both the glass substrate
and the enamels, using data acquired by LA-ICP-MS. The physical origins of the colors of these
enamels will be characterized using optical absorption spectroscopy. Finally, we will try to bring
some explanations to account for the great mechanical and color stability of these enamels.

This project received DIM PAMIR funding for the REVA Internship.

We would like to thank the curators of the panels (Louise Delbare, Véronique Milande, and
Marie-Hélene Didier) for providing access to the stained-glass windows and for supporting this
project. Keywords: Enamels, Stained Glass, Colors, Archacometry
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Glass Recycling from Antiquity to the early
Middle Ages: The case of Tusculum (Italy)

Francesca Colangeli *T ', Nadine Schibille * ¥ | Valeria Beolchini , Laurent
Cormier , Daniel Neuville

L UCL, Institute of Archaeology — United Kingdom

This paper presents new archaeometric and typological results from the exceptional glass
assemblage from the ancient city of Tusculum near Rome, which was recovered from the context
of the 12th-century church built on top of a 10th-century church, itself built within a Roman
bath complex dating to the 2nd to 3rd century. The integration of typological studies and
chemical data reveals a clear shift in glass consumption between the Roman and medieval phases,
closely linked to the changing function of the building - from the predominance of tableware
in the Roman period to the dominance of lighting devices in the medieval occupation. The
glass from the medieval context proved to be of a base glass that had originally been produced
about half a millennium earlier and had heavily been recycled in the meantime, as evidenced by
impurities from vapor and furnace environment, as well as the accidental admixture of coloured
cullet. Particularly striking is the recurrence of this recycled natron base glass (Foy 2) even in
shapes generally associated with the Islamic world, such as so-called ”mosque lamps”. Because
Islamic glass production had changed to plant-ash recipes by the 9th century, their presence
at Tusculum could suggest regional or subregional reinterpretations of Islamic-derived models
relying on recycled natron glass rather than imported products from Islamic regions. These
results offer a rare and much-needed reference point for the Roman region, where the transition
from natron glass to medieval plant ash glass production is still poorly documented. They also
contribute to broader discussions on the circulation of objects and models, craft knowledge, and
the socioeconomic strategies that shaped glass recycling across the medieval Mediterranean.

Keywords: recycling, Roman glass, medieval glass, Italy, glass recipes
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Drying the tears of ‘weeping‘ glass
Gerhard Eggert *' 1, Heiner Grieb 2, Katja Siebel ®, David Thickett *

I Stuttgart State Academy of Art and Design — Am WeiBenhof 1 70191 Stuttgart, Germany
2 Veste Coburg Art Collections — Kunstsammlungen der Veste Coburg Veste Coburg 96450 Coburg,
Germany
3 Museum fiir Kunst und Gewerbe Hamburg — Steintorplatz 20099 Hamburg, Germany
4 English Heritage — Rangers House Flat Chesterfield Walk, London, SE10 8QX, United Kingdom

Some historic glasses, made with excessive alkali and insufficient stabiliser, are ‘sick’ showing
white haze or drops on the surface and ‘crizzling’. Aerial humidity leads to the efflorescence of
salts due to ion exchange which further attacks the glass network by the alkaline films formed and
absorbs humidity. However, a dry atmosphere can cause cracks in the degraded silica gel layer
on the glass surface. An optimal RH minimises damage. In 1992, Ulitzka recommended 33% for
displaying the ducal glass collection at Veste Coburg achieved by the use of saturated solutions
of magnesium chloride. After implementation and 30 years of experience, the glasses appeared
to be in excellent condition, no new tears occurred. This method requires low maintenance
(only one annual change of solutions) and is low-cost (no machines and no electricity needed,
making it fail-safe). No problems with spilling or the creeping of salts were obsserved. The
choice of RH (typically 35-38% in not completely tight cases) is now corroborated by research
on the desorption of water from historic glasses. Depending on the glass type, desorption (and,
therefore, the risk of cracking) increases considerably below 35-25% RH. Analyses of the ions
on the glass surface found no significant increase of chloride values (no deposition of chloride
via traces of HCI emitted from the solution). In 1996, the Fraunhofer Institute for Silicate
Research conducted measurements with glass sensors that confirmed the excellent atmosphere
in such a display case (low in VOC). As expected from Henry’s law and known for pure water,
aqueous solutions absorb pollutants such as corrosive polar carbonyls (acetic and formic acids,
formaldehyde). This was confirmed in model experiments using MOS gas sensors. For example,
acetic acid from a continuous gas stream (up to 1000 ppb) was fully absorbed by the MgCl2
solution. This might be another hitherto neglected reason for the good condition of the glass
collection. Compariing ion analyses from the surface with a corpus of other ‘sick’ glasses will
show whether the occurrence of formate is reduced (proof of absorption) as well as that of
potassium / sodium (deceleration of glass ‘sickness’.)

Keywords: glass ’sickness’, relative humidity, saturated salt solutions, magnesium chloride
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Stained glasses : from color to history

Laurence Galoisy *T 1, Georges Calas !, Natan Capobianco !, Myrtille
Hunault 2, Déa Jais !, Claudine Loisel 3, Barbara Trichereau 4, Sylvie
Balcon-Berry °, Théo Caroff 1, Gérald Lelong !

L IMPMC - Institut de minéralogie, de physique des matériaux et de cosmochimie, Muséum National
d’Histoire Naturelle (MNHN), Sorbonne Universités, UPMC Université Paris 6, UMR 7590 CNRS — 4,
place Jussieu - Paris, France
2 Synchrotron SOLEIL — Centre National de la Recherche Scientifique, Centre National de la Recherche
Scientifique : UR1 — L’Orme des Merisiers Saint-Aubin - BP 48 91192 GIF-sur-YVETTE CEDEX,
France
3 Laboratoire de Recherche des Monuments Historiques, Ministere de la Culture - LRMH - F-77420
Champs-sur Marne — 77420 Champs-sur-Marne, France, France
4 Laboratoire de recherche des monuments historiques, Ministere de la Culture — LRMH - F-77420
Champs-sur Marne — 77420 Champs-sur-Marne, France
5 Centre André Chastel, UMR CNRS 8150 — Le Centre André Chastel. Laboratoire de recherche en
Histoire de l'art (UMR 8150) — Galerie Colbert 75002 Paris, France

Stained glass windows are one of the most striking characteristics of Gothic architecture.
Their development in the 12th and 13th centuries is a response to the increasing size of windows
in medieval monuments. Stained glasses serve as iconographic supports and fill the space with
light and bright colors that make them one of the most well-known heritage objects. Determin-
ing the origin of color helps understanding the evolution of glass-making technologies since the
Roman period. However, the scarcity of quantitative data on the color of stained glasses limits
our knowledge of the control and choice of dyes used over the centuries. The richness of the
color palette is a relevant testimony of the high mastery of ancient glassmakers. Because the
obtained color depends on the elaboration conditions, (raw materials, colouring agents, glass
composition and melting conditions), the determination of the subtle relations between chem-
istry and optical properties of the glasses helps understand the history of art and techniques by
using the unique witnesses that are the stained glasses. During recent restoration campaigns,
by using non-destructive and non-invasive original measurement devices and thanks to the cou-
pling between spectroscopic measurements, chemical analyses and authenticity studies, we were
able to obtain information on the way medieval artists managed the color of glasses and their
production. The results revealed the extensive use of complex and high-technology glasses. The
homogeneity of the chemical composition of the glasses and interpretations in terms of temporal
and geographical origin will be discussed. This cooperative work between mineralogists, chemists
and art historians illustrates the link between the color of stained glasses and manufacturing and
restoration techniques over centuries, providing information on the evolution of glassmaking.

Keywords: Stained Glasses, spectroscopies, chemical analyses
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Archaeometric study of medieval glass
coming a lost stained glass window from San
Giacomo Maggiore church, Bologna (Italy)

Domingo Gimeno-Torrente * !, Flavia Bazzocchi 2

! Universitat de Barcelona — C/ Mart{ i Franques s/n, Spain
2 Universita di Bologna — Italy

A set of 8 fragments of glass coming from a lost stained glass window (late 13th or early
14th century) decorated with black grisaille painting were analyzed using HR-ICP-MS-LAM and
includes the 10 main components of glass, plus 49 trace elements.

Major components of glass show that all the glasses are medieval except one (SG7, a honey-
colored glass with grisaille, with an excessively high SiO2 content. Medieval glasses correspond
to two groups: an initial group (5) consisting mainly of soda-lime glass from the Mediterranean
tradition, and two of a potassium-lime chemistry attributable to Central European production
(a colorless and the second is red-plaqué; trace elements content confirms that the color of the
red layer is due to the use of copper in the production of microcrystals embedded in the colorless
glass. Regarding the major element composition of the K-Ca glass, it can be concluded that
it comes from two different productions, a common occurrence in all medieval Mediterranean
stained glass, both due to its imported nature and the greater susceptibility to the action of
microorganisms (and consequent substitutions, even very premature ones) of these potassium
glass fragments.

Regarding the soda-lime glasses, the two mauve-colored fragments are very similar composition-
ally, and their color is due to the intentional addition of MnO2, in contents over 1.5% more
than the rest of the other glasses. The two blue glasses are quite different compositionally.
The aquamarine receives its color from the well-known recipe of Cu and Fe (the latter in small
proportion, justifiable by the desired color). The light blue, on the other hand, was obtained by
using Co, also associated with the Cu-Fe recipe. As will be explained in detail, the combination
of trace elements allows us to deduce the type of mineral salts used by the master glassmaker
in each case to obtain the color. The colorant used in the honey-colored glass is not evident in
the trace element spectrum of the metals present, so it can be assumed that they were obtained
through skillful use of the furnace’s redox conditions. The grisailles are Pb-rich ( presence of
Cu)

Keywords: archaeometric study, medieval stained glass, HR, ICP, MS, LAM, mediterranean and
centreeuropean glass, color recipes
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Archaeometric study of medieval glass
coming from two medieval stained glass

windows form Girona Cathedral, Catalonia,
NE Spain

Domingo Gimeno-Torrente * !, Flavia Bazzocchi

! Universitat de Barcelona — C/ Mart{ i Franques s/n, Spain
2 Universita di Bologna — Italy

We studied 15 medieval stained-glass fragments from at least two windows in Girona Cathe-
dral, currently preserved in the cathedral archive. The archaeometric study included chemical
analysis performed using HR-ICP-MS-LAM and includes the 10 main components of glass, plus
49 trace elements.

The cathedral was built in the 14th century on the previous Romanesque building. The
stained-glass panels studied can be attributed to the Master of the Chancel (the oldest, dating
from the early 14th century) and to the Norman Guillem de Letungard (working at the cathedral
in 1357).

10 of the fragments correspond to soda-lime glass of Mediterranean tradition, comparable to
those already studied by us in different Gothic sites in the Crown of Aragon and northern Italy,
while the remaining 5 present the two potassium-lime compositions typical of medieval Central
European glass. Four of these potassium-lime glasses are of the plaqué type (three red and one
blue), a technology not yet developed by master glassmakers in Mediterranean southern Europe
at that time, which is why they are interpreted (and have sometimes been documented) as the
imported product.

The color in red-plaqué glass was obtained, as was common during that period, by sand-
wiching one or more very fine layers of glass containing copper microcrystals dispersed within
the colorless glass between two layers. Blue-plaqué glass was obtained using cobalt as the chro-
mophore, and cobalt is also the chromophore used in the blue-purple solid glass.

We have also been able to identify the color recipes in soda-lime glass. The four blue glasses
also have cobalt as their chromophore; the green fragments have a composition of elemental
copper and iron dispersed throughout the glass mass (a common recipe at that time in the
Mediterranean environment); the amber and brown fragments were obtained using iron and a
reducing environment in the kiln; and the silver yellow paints were obviously obtained by the
well-known processes of second-firing glass with salts of this element dispersed in a charge or
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paste. All these color recipes are consistent with those known in the medieval environment of
the 14th century in the Crown of Aragon. Keywords: archacometric study, medieval stained glass,

HR, ICP, MS, LAM, mediterranean and centreeuropean glass, color recipes

972



Chemical study of two coats of arms stained
glass windows in the Chapel of St. Pietro
Martire (early 15th century) of the Basilica
of San Petronio, Bologna, Italy

Domingo Gimeno-Torrente * !, Flavia Bazzocchi 2, Maite Garcia-Valles 3,
Camillo Tarozzi 4, Daniela Novembre , Elena Basso

! Universitat de Barcelona — C/ Mart{ i Franques s/n, Spain
2 Universita di Bologna — Italy
3 Universitat de Barcelona — Spain
4 Art Restorer — Italy

This work studies two small stained glass windows (they represent coats of arms) made
around 1400 and restored in 2009. The windows come from the San Pietro Martire chapel of
San Petronio Basilica of Bologna (Italy). The sampling performed includes 8 representative
fragments of glass (blue and deep blue, red, green, amber and yellow glass) and 2 fragments
from the framework constituted by the lead structure mixed with glass fragments. The chemical
analyses were conducted by microablation craters with a HR-ICP-MS-LAM instrument.

The main chemical components of glass show a composition of lime-potassium silica glass of
centeeuropean affinity (all except one in the 17-24% CaO range; while the K20 contents are
more variable (most — 6 — range between 19-24%) and relatively low silica content (just over
50% in Si02). These compositional characteristics are consistent with their state of preservation,
which, although generally good, includes the presence of corrosion micropitting in the yellow
samples, as well as widespread surface growths of sulfates in most of the fragments.

Also, the chemical study allows for understanding the color recipes used (Co with Ni-Cu fin-
gerprint in blue, Fe-Cu for green, Cu for red-plaqué). REE elements content (attributable to
the silica content in the glass formulation) is homogeneous for most glass fragments coinciding
with the main group, which is relatively homogeneous in terms of its major element compo-
nents. Trace element metals allow to explain the color recipe used, providing information on the
characteristic geochemical composition of the metallic salts used in each case. The chemistry
and the stylistic analysis confirms for the use of medieval glass, and the existence of an early
restoration of the windows in the medieval period including important substitution of glass.

Keywords: archaeometric study, medieval stained glass, HR, ICP, MS, LAM, Ca, K centreeuropean
glass, color recipes
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Photoluminescence-Based Identification of
Roman Colorless GGlass groups in Reims

Alexandre Hequet * ', Aurore Louis 2, Mylene Mehenni !, Bernard
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2 INRAP — INRAP - Reims, France
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Colorless glass was widely produced during the Roman period, particularly from the late 1st
to the 2nd century AD, primarily for high-quality tableware. Its use declined by the late 3rd
century AD. Decolorization was typically achieved using antimony or manganese compounds,
and four main categories are recognized in the literature: naturally decolorized glass, glass
decolorized with antimony, with manganese, or with both—indicating recycled material.

We present a new method based on photoluminescence spectroscopy to rapidly identify the
type of decolorizing agent in Roman colorless glass. Under 266 nm excitation, Sb3*, Mn?*, and
Fe3*t ions exhibit characteristic emissions between 400 and 700 nm. Time-resolved conditions
were optimized to isolate each species, allowing us to classify glass samples accordingly.

This method was validated using uncolored Roman glass previously analyzed by LA-ICP-
MS [3], alongside synthetic silicate glasses containing Pb, Sb, and Mn, more than 70 glasses
in total. Particular attention was paid to Sb-decolorized glasses. Emission lineshape and Sh3*
excited-state lifetimes revealed several compositional subgroups. We applied this approach to
over 80 Roman glass samples from Reims workshops (France), mostly from the 3rd century AD.
Our results indicate the production of recycled Sb/Mn glass in Reims, suggesting the use of a
rectangular furnace and supporting evidence for local manufacturing of Sb-decolorized glass.
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The bicentennial of the Verrerie de
Saint-Just: history and innovation in the art
of mouth-blown glass.

Aurélie Kostka * !
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Saint-Just-Saint-Rambert, France

Our Glassworks owes its foundation to a ruling from King Charles X, but is not merely a
custodian of past gestures. Following the days of the monarch, the nuances of our mouth-blown
glass quickly hit the mark.

Our place within this lovely manufacturing town imparts the obligation: the Saint-Just
Glassworks does everything in its power to protect its prestige and reputation. It has remained
faithful to its address since 1826, while demonstrating mobility. As you know, ingenuity has
marked its history, from the era when coal was transported from Saint-Etienne by lighter, when
glass was shaped from the sands of the Loire River.

To ensure its continuity, the very first artisans of Saint-Just never ceased reinventing the
manufactory. They questioned strategies, blazed into new markets, made important pivots.
The Glassworks sought out opportunities uncorked by champagne bottles; it threw itself into
the color revolution. Today, it is the oldest manufacturer of mouth-blown flat glass still in
operation, with more than 160 years of expertise and glassmaking techniques passed down
through the generations.

The potentials of glass are as numerous as its lives; with the right energy, its infinite appli-
cation thrives. It had been fifteen years since the Saint-Just Glassworks last offered its famous
gold-based flashed rose. The recipe seemed to have slipped into dormancy. Our teams are
delighted to innovate and have reconnected with this emblematic technique, a tint elaborated
identically.

Our creative commitment is total. It marks the return to our core craft, to our first love:
enchanting our partners and clients with what emerges from our furnaces. Keywords: Saint Just,

mouth blown glass, stained glass, know how, handcrafted, glass art, colored glass, artwork, glassworks
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Ashes to Art: The Glassmaking Traditions
of Konigsfelden’s Medieval Windows
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la Recherche Scientifique, Université Paris Cité — France
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The chemical composition and optical properties of the stained-glass windows in the Konigsfelden
Abbey church (Aargau, Switzerland), which are among the oldest and best-preserved examples
from the 14th century in the region, were analysed on site using portable X-ray fluorescence
(pXRF) and optical absorption spectroscopy. A subset of loose fragments was further char-
acterised by Raman spectroscopy and LA-ICP-MS, and these data were used to improve the
calibration of the results obtained with in situ pXRF. A machine-learning classifier (GLORIA)
was applied to assess the variability of the glasses and their provenance relative to a reference
database of European stained-glass windows. The results demonstrate that the Konigsfelden
corpus consists of potash-based forest glasses, mostly attributed to Central Europe (59%), with
additional inputs from the Rhine region (32%) and Northwestern France (9%). While the colour-
ing mechanisms for cobalt blue, copper red, manganese purple, silver yellow and iron sulphide
amber are relatively well understood, the colouring techniques of a distinctive bluish grey and
rare Pb-rich green glass (=710 wt% PbO) are unusual and have no clear published parallels. One
hypothesis for the high PbO contents in green glass is that a CuO-PbO frit was deliberately
employed to facilitate the dissolution of metallic copper in the silicate melt. The blue-grey glass,
unique in hue and composition, appears to result from the combination of a manganese—cobalt
glass with an additional, yet unidentified, contribution. Our study thus provides new insights
into medieval glass recipes, trade networks, and workshop practices, while also validating the po-
tential of calibrated pXRF combined with reference standards and machine learning for heritage
science applications.

Keywords: Stained glass, Switzerland, pXRF, LA, ICP, MS, Optical spectroscopy, Machine learn-
ing, Provenance
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Unstable glasses of the Cultural Heritage: A
collaboration between glass chemists and
curators to tackle the issue of their ongoing
degradation
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Many glass objects produced from the end of the Middle Ages to the 19th century in Europe
show signs of ongoing chemical degradation, even though the conditions of their conservation are
deemed good. These glasses are known as “unstable”. Their conservation is a matter of concern
for curators, who seek reversible, safe, and simple ways to slow down the degradation [1, 2].
Among unstable compositions, those having a low content of alkaline earths (Ca?*, Mg?") with
respect to alkalis (Na™, KT) are the focus of this work.

Two PhD works have been recently devoted to the mechanisms of the alteration and possible
conservation practices to mitigate its progress [3, 4]. This oral presentation will be giving a
comprehensive view of this work. The first part summarizes the additional understanding of the
effects of glass composition (alkali/alkaline earth ratio) and atmospheric composition (CO2 and
formic acid) that has been gained from these experimental studies, based on controlled ageing
experiments of model glasses. The stability and basicity of the salts that precipitate in the water
film are key influencing factors of the degradation kinetics. They are determined by both the
glass and atmospheric composition. The second part presents current results about the impact
of cleaning the degraded glass surface with water, following a common practice of curators to
remove surface salts. This simple treatment, by removing the basic salts and favouring the
polymerization in the alteration layer, improved the durability of the model low-lime glass of
the study. The results of another treatment consisting in spraying a tiny amount of zinc salts on
the glass surface will also be summarized. These treatments are currently under test on model

*Speaker
TCorresponding author: odile.majerus@chimieparistech.psl.eu

978


mailto:odile.majerus@chimieparistech.psl.eu

samples and on a few unstable glass objects exhibited in Parisian museums. The methodology
of these tests and the perspectives drawn from this work for the future conservation practices
will be discussed.
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Glass Professions and Knowledge
Transmission: Between Pedagogy,
Technique, and Technology

Antoine Mexmain * 1
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The arts of fire—and glassworking in particular—cover a wide range of applications. From
industry to aerospace, from engraving to traditional cane blowing, this material embodies both
innovation and tradition, cutting-edge technology as much as ancestral skills.

For more than 60 years, the National School of Glass has offered training programs to
the French community, ranging from 9th grade through CAP, BEP, vocational baccalaureates,
BTS, DNMADe (+3), and DSAA (+5). Over the past six decades, the number of graduates
in glassmaking has remained steady at around 60 per year. The teaching staff is composed of
former factory workers, craftspeople, and artists, and trains both future industrial glassworkers
and renowned artists.

Teaching physical chemistry, art, design, as well as glassblowing, cutting, and polishing to
students aged 14 to 23 is an ongoing challenge.

In my presentation, I will show several examples of successful pedagogical approaches.

I will also discuss how, over the past four years, we have developed a partnership with
USTV (part of CNRS) around “Glass Week,” which brings together academic, industrial, and
artistic contributors through lectures in the morning and workshops in the afternoon. Keywords:

teaching glass, technology, art and craft
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The Royal Glass Factory of La Granja:
From the recipes to the pieces

Teresa Palomar * !
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The Spanish glass industry has a prestigious international reputation, dating back to the
foundation of the Royal Glass Factory of La Granja in 1727. This center, directly supported
by the Crown, stimulated the national glass industry in the 18th century thanks to the artistic
quality of the pieces manufactured there. Despite producing a significant amount of high-quality
glass, the lack of studies on glass from this period in Spain is notable, creating a gap in under-
standing the impact of Spanish glassmaking in Europe. Therefore, the objective of this research
is to address this information gap through the analysis of the production in the Royal Glass
Factory of La Granja from different perspectives.

Different documents with recipes and production techniques related to the Royal Glass Factory
have been analyzed and compared with the most renowned documentary sources, such as ” Art
de la Verrerie, de Neri, Merret et Kunckel,” demonstrating that knowledge traveled together
with the foreign glassmakers, giving rise to industrial globalization.

From a practical point of view, the Royal Glass Factory was divided into different sub-factories
to produce flat glass (windows and mirrors), pharmacy containers, glassware, chandeliers, cornu-
copias, etc., many of them with enameled, gilded, carved, or engraved decoration. The chemical
analysis of the original pieces was a challenge because complete pieces were analyzed directly at
the museum. The results indicated the use of different glass batches for objects of varying qual-
ity, as well as the use of calcium phosphate and lead arsenate as opacifiers. The most common
chromophores (Co2+, Cu2+, Mn3+...) were identified in the enamels. This is the first step in
understanding the Royal Glass Factory production.

Keywords: Royal Glass Factory of La Granja, 18th and 19th centuries, glass production, archaeom-
etry.
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Medieval glass mosaics were a costly and important status symbol across the Mediterranean
world. Over 360 wall mosaics survive from the Roman and Byzantine Empires, the medieval
Italian states and Carolingian Europe, as well as the Islamic Caliphates. However, relatively
little is known about how they came to be. To appreciate the aesthetic and cultural value
of mosaics, we need to understand the artistic choices and the material constraints in making
them. Raw glass was produced in only a few places during the first millennium CE and depended
on long-distance trade, while the production of coloured glass required even more specialised
technological know-how and access to rare colorants. This means that the glass tesserae, the
small coloured glass cubes from which the mosaics were made, contain information about global
issues such as human mobility, cross-cultural exchange and power relations as well as economic
and aesthetic considerations. Based on the chemical composition of mosaic tesserae from some
of the most important medieval monuments (e.g. Hagia Sophia in Constantinople, the Great
Umayyad Mosques in Damascus and Cordoba), I will illustrate what medieval wall mosaics can
tell us about coloured glass technology as well as artistic, cultural and economic networks in the
Mediterranean world.

Keywords: archaeometry, glass mosaics, colours, medieval glass
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The cultural anthropology collections of the Musée de 'Homme (MH), part of the Muséum
National d’Histoire Naturelle (MNHN), intend to document the impacts of environmental changes
on creativity and evolution of material productions and know-how. This study focuses on African
glass beads, which appeared from the 7th century AD on the continent and were used as currency
for several centuries. At the end of the 19th century, colored European glass beads, mainly from
Venice and Murano, have been massively imported to Africa due to strong economic opportu-
nities. Their color palette with new manufacturing and coloring techniques was adapted to the
observed African tastes. This led to the development of a local craft industry, today emblematic
of countries such as Ghana, Nigeria or South Africa [1].

The corpus studied includes about 60 African glass beads preserved at the MH, dated ap-
proximately from the end of the 19th and 20th centuries. Some are important trade beads
manufactured in Europe while others may have been locally made from recycled glass. The
mixture of stylistic and technical influences makes the provenance of the majority of them diffi-
cult to establish by a simple visual examination [2]. Moreover, the details of the manufacturing
techniques both in Europe and in Africa remain unclear.

For these reasons, these beads were characterized using non-invasive and non-destructive
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techniques in search of chemical markers to distinguish them. X-ray fluorescence (XRF) and
X-ray absorption (XAS) spectroscopy measurements were carried out at the PUMA beamline in
the synchrotron SOLEIL. This allowed us to conduct a first qualitative study of the composition
of the glasses, especially of the different colors. The results enable us to discuss the provenance of
several beads of the studied corpus and also to specify the date or the manufacturing technique
thanks to the trace elements detected in the glass matrix, to the identified coloring agents and
to glass heterogeneities.
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Education in glass art and science offers a unique opportunity to explore the intersection of
artistic creativity and scientific inquiry. At VICARTE, students engage with glass as a mate-
rial that connects historical production practices, contemporary innovations, and experimental
research. The educational programs in Art and Science of Glass and Glass Conservation empha-
sise transdisciplinary approaches, enabling participants to develop both practical and theoretical
skills while exploring how artistic intuition and scientific reasoning inform one another.

Through hands-on experimentation, material analysis, and historical study, students inves-
tigate the relationships between craft, design, and technology. They explore glass production,
degradation, conservation, and sustainable practices, while reflecting on the cultural, scientific,
and societal significance of the material. By engaging across disciplines, students cultivate crit-
ical thinking, teamwork, and effective communication, translating knowledge into meaningful
artistic and scientific outcomes.

VICARTE’s approach brings together diverse expertise: artists, designers, scientists, conser-
vators, and engineers, allowing students to observe and participate in the convergence of tacit
and explicit knowledge. This collaborative environment fosters innovation and supports the cre-
ation of original works and research, connecting past traditions with contemporary developments
in glass and ceramic materials.

By integrating historical knowledge, scientific methods, and creative practice, education in
glass equips students with the skills to produce high-quality research and artwork, engage in
sustainable material practices, and contribute to the preservation and appreciation of cultural
heritage. It demonstrates the potential of transdisciplinary learning to foster innovation, critical
reflection, and human-centered impact in both art and science.
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