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Vision for Specialty Glass
Development and Life Cycle

Glass Development Loop

1. Simulation of glass properties & process (digital twin)
2. Robotic Melt for automated synthesis in the lab

3. Lab automation for automated sample analysis

Product Life Cycle

4. Production using recycled components and process
parameters informed by digital twin

5. Product use without compromises in safety & performance

6. Recycling with separation of different special glass types

GlasAgent: Software agent integrating these loops
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~ Fraunhofer

Application

New specialty glass for cost-effective optoelectronic components

Multi-step assembly process of Optic manufacturing Packaging MEMS design
Individual components
Microchip Optical

modules

Precision glass molding at Wafer-level assembly of glass

4 to 12 inch wafer-level encapsulation and MEMS wafers Optimized MEMS design

Optical manufacturing and
micro assembly are cost
drivers for MEMS packages

Miniaturized MEMS Mirror
Scanners for AR/VR Applications|

Head-up-Display Heéd-Mounted Display
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GlasAgent

Architecture Tools

HTTPS (API request)

k

Simulation

D]—Bmwser {HTTPS}—*EHTTPS (API request)—»

Glass developer arBot

Robotic melt
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Tools

Databases (glass properties,
patents, ...)

Models that predict glass properties
based on composition

Thermodynamic simulations via GTT

Atomistic simulations via pyiron
workflows

Melt request for robotic melts

Ontology

Starting from GlasDigital ontology
(MaterialDigital 1)

Include relevant ISO and DIN
standards for raw materials,
processing, analysis & recycling

Integrate description of simulation
methods for digital twin



GlasAgent

Chat Mockup

MaterialDigital 3, Project GlasAgent

Glass Developer

Hello Otto, I'm looking for a glass with refractive index = A,
Abbe number = B, and CTE < C ppm/K.

pOtio searches the internal Schott database.

pCtto searches external glass database.

Otto

Unfortunately, | couldn't find any known glass with those
properties. Should we try inverse design?

Glass Developer

Yes, let's give that a try.

SCHOTT
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1. Simulation

1.1 Data-driven models

; , o=
- mp [77) mmp o=

- Data-driven models
',‘,' Enrich with
O[> physics-based
.‘ “ phy:

U

Glass composition Glass properties

descriptors

= Given composition (75% SiO,,15% Na,O, 10%
CaO) predict glass properties (glass transition
temperature, ...).

= Semi-empirical and machine-learning models
» Development focus:
— Uncertainty prediction
— Inverse design: from property to composition

MaterialDigital 3, Project GlasAgent
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Chat Mockup

Otto
Which material model should we use:

1. FancyML
2. SimpleML

Glass Developer

Please use the FancyML model.

Otto
All right. That will take a few minutes. ..

p-Otto uses the FancyML model for inverse calculation. Frogress [—]

Otto

I've determined a glass composition [XYZ], with n=1_8,
Abbe number 65, and CTE 4 ppm/K, but with a low
confidence score. Warning: Experimental data in this
property range appears to be insufficient.

Glass Developer

That's not a bad start. What's the prediction if | increase
component X by 1% and omit expensive components?

»Oftto uses the FancyML mode! for prediction



1. Simulation
1.2 Atomistic simulations

=  Automated workflows for melt-quench
procedure & property calculations

» Classical & machine-learning force fields
= Using pyiron workflow manager

LaN
Melt-quench workflow ,@\

Temperature [K]
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5000 -
4000 -
3000 -
2000 -
1000 -

200 400 600 800 1000 1200
time [ps]
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Chat Mockup

Glass Developer
Let’s start development with the following three compositions: [..].

p-Otto creates order for robotic melt.

Otto

Here are the melt orders with suggested raw materials.
[Download/View] Submit?

Glass Developer

That won't get done today anyway. Let's run the standard simulations
overnight.

POtto starts thermochemical melt simulations with GTT/FaCCT Sage.

p-Otto starts atomistic simulations of glass composition and properties using universal
ML potential. Runtime: 12 hours.

Otto
The simulated CTE for composition 3 deviates significantly from the
target.

Glass Developer
Please submit the melt order for the other two compositions.

pOtto sends order to robotic melting facility.
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1. Simulation
1.3 Thermochemical simulations (Calphad) Chat Mockup

| System A-B-C T,
Glass Developer
Ph Liquid | System A-B-C Ty, Let’s start development with the following three compositions: [..].
ase Liqul
| System A-B-C T,
Phase (3
| System A2B-C »-Otto creates order for robotic melt.
Phase a | System AB-AC
@ | System AB-BC otto
— Here are the melt orders with suggested raw materials.
G =f(Xa Xg, Xe, T, P) @ | System B-C [Download/View] Submit?
| System A-C n
System A-B | |
Glass Developer
T - That won't get done today anyway. Let's run the standard simulations
— ] n overnight.
. ] PpOtto starts thermochemical melt simulations with GTT/FaCCT Sage.
A : [ :B N p-Otto starts atomistic simulations of glass compaosition and properties using universal
Xg | ML potential. Runtime: 12 hours.

Gibbs energy database Oto ~ -
The simulated CTE for composition 3 deviates significantly from the
target.

Calphad = Calculation of Phase Diagrams

Glass Developer
Please submit the melt order for the other two compositions.

= Based on GTT’s GTOx database & ChemApp software
= Current development focus:

pOtto sends order to robotic melting facility.

— Expansion of thermochemical database
— Cloud-based software solution 8



2. Robotic Melting System

Melting furnaces

|

i Cooling
4 furnace (old)
Crucible
(re-) filling
Batch
. container
Lids for mixing
Batch or crucible
dosing filling

Development Goals

1. Automated definition of process parameters in the control software
2. In-line measurement of viscosity & density

MaterialDigital 3, Project GlasAgent
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3. Automated Lab celiscal
3.1. Sample Polishing (bottleneck for various tests)

Sample Drying

I Development Goals
Sample In — ? ? ? —_  Visual 1. Development of a robot-
\ ! ] : based system for
Inspection
automated sample
Sample —— ? preparation in glass
Out analysis
— Sample 2. Development of a
Cleaning camera-based automated
Ultrasonic quality control system
system for polishing processes

: L ~—— Polishing
Fine Grinding =—

MaterialDigital 3, Project GlasAgent 10



LTBA

3. Automated Lab (ASERTECHNIK BERLIN
3.2.1 LIBS for quantitative glass analysis

LIBS = Laser-Induced Breakdown Spectroscopy
Working Principle

1. Laser-Induced ablation, creating pm- to mm-size
plasma

2. Optical emission spectroscopy of the plasma

3. Concentration of elements derived from intensity of
characteristic spectral lines.

MaterialDigital 3, Project GlasAgent



LTBA
:E;’. “!\kl.ll|:‘:J'lﬂlr]|:5l1tHEa!‘:’ I-;Eill:, LASERTECHNIK BERLIN

3.2.2 LIBS for quantitative glass analysis

CALIBSO settings

Diode pumped ns-laser:
1064 nm, 4 md —-—24,5mJ

x10%
14.00 —

Ca marker Spectrometer:
210 nm — 850 nm
Settings:

10 x 10 grid on 2.5mm x 2.5mm
area

0 — 20 cleaning shots.

10 shots accumulated on camera

10.00 —

8.00 —

Intensity [counts]

6.00 —

Si marker Glass sample with three main
components:
Al marker \ Al,O3, SiO,, Ca0
200 CALIBSO LIBS experiment on
m \ m | J rough, sawn side
0.00 — . . Ll 4 l l m n 1

\ | \V [ A\ 4 \ \ \ \ A I \J~
260.00 280.00 300.00 320.00 340.00 360.00 380.00 400.00 420.00
Wavelength [nm] 12
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4. Production

MaterialDigital 3, Project GlasAgent 13
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5. Product use at customer

MaterialDigital 3, Project GlasAgent 14



6. Recycling PRALL-TEL
6.1. Separation of components from complex devices

= [nnovative company specializing Plant Engineering:
in various recycling technologies

= Broad product portfolio:
Impact Crushers, Hammer Mills, Shredders,
Screening and Sorting Systems

Areas of plicatipn'

_ FLOAT GLASS E-SCRAP

R e
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6. Recycling R TU Clausthal
6.2. Test of melting behaviour

furnace
with lifting
table

3

2

exhaust pipe (5]
Electrical furnace with a camera ML- Image analysis ML- Image analysis
Monitoring through a narrow Melt stages (ResNet34) Castability check (Mechanical impact >
Al,O, tube Granules > Foaming = Fining Image change rate reflects viscosity)*

MaterialDigital 3, Project GlasAgent 16



GlasAgent

= Goal 1: speed up specialty glass development through

Easy-to-use digital tools via chatbot interface
Automatic simulation workflows
Robotic melt

Sample preparation for any analysis by automated
polishing

LIBS for fast composition measurement

Demonstrator: development of special glass for
optoelectronics

= Goal 2: enable recycling of special glasses & integrate it
into the development process

» Partners: 10 partners from industry, university &
research institutes with leading expertise

= Duration: 01/2025 - 12/2029
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Discussion

Contact

Leopold Talirz

Head of Computational Materials Engineering
leopold.talirz@schott.com

github.com/Italirz

© SCHOTT AG
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