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E TALK OBJECTIVES

Give researchers and engineers in glass science:

= A brief description of possible approaches for glass property
modeling

= Basics on statistical modeling in formulation
o Design of experiments, mixture designs

= Knowledge on database and Machine Learning for property
prediction

o Application example: viscosity and glass transition temperature
prediction

= Information on where to find glass property data
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E GLASS PROPERTY MODELING

Three approaches to model a property

= Theoretical, cognitive approach

Based on our intrinsic knowledge of the phenomenon, on the fundamental laws of physics
and chemistry (conservation of energy, momentum, equations of diffusion,
thermodynamics,...)

= Empirical approach

Based on a set of experimental data (data-driven models). Mathematical, statistical
approach, which ignores any physicochemical knowledge of the phenomenon

= Mixed approach

Combination of the two previous approaches

= For these three classes of models, there are different
types: linear or non-linear, static or dynamic,
deterministic or stochastic, continuous or discrete,...
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GLASS PROPERTY MODELING

* Physical properties: viscosity, density,
Tg, electrical conductivity,...
Optical properties
* Chemical durability
. * Glass homogeneity

Property

Oxides Composition (wt. (%))Si0,
Sio, 59.39
ALO, 1357
Zi0, 1561
Li,0 8.64
K0 031
Na,0 0.70
TiO, 009
Fe,0, 022
Ca0 0.62
P,0, 0.82
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E GLASS PROPERTY MODELING

Available resources in glass science and technology

= First attempt for the calculation of glass
properties from their composition proposed by
Winckelmann and Schott at the end of the 19t
century

= Monograph by Volf in 1988 that describes best
known methods [1]

= Since 1988 methods have been proposed for
viscosity calculation (Lakatos, Lyon, Mazurin,
Hrma, Priven, Okhotin, Fluegel,...)

[1] M.B. Volf, Mathematical approach to glass, Elsevier Science Publishers, Amsterdam (1988)
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GLASS PROPERTY MODELING

Theoretical Principle of Additivity

M.B. Volf, Mathematical Approach to Glass, Elsevier Science Publishiers, 1988

a If glass were a simple mixture of the individual oxides, the additive equation
would be generally valid:

G is the property of the glass
G = Z ) (@) i Xi g(G), is the additive factor for oxide i and property G
X, is the amount of oxide i

Q But glass is not a mixture of oxides... Errors in additive calculation could be due
to the degree of cross-linking, anomalies in the cross-linked structure, phase
separation, interaction between ions,...

Q However, on investigating a suitably narrow composition range, where the more
complex interactions can be neglected, one can express the effect of the
individual components on a certain property by the additive equation.
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E GLASS PROPERTY MODELING

Two strategies for statistical property modeling

= Design of Experiments

= Database and Machine Learning
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E METHODOLOGIES FOR GLASS PROPERTY MODELING

Two strategies for statistical property modeling

= Design of Experiments 1
o Models based on the additivity equation ¥ =§aixa+?§§fuxixj
o Very robust on small domains of composition
o Key points:
* Domain boundaries definition
* Definition of the optimal number of runs
* Model fit — avoid overfitting
* Model validation

o Nice examples in nuclear glass formulation: viscosity,
electrical conductivity, density, initial rate of dissolution
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E METHODOLOGIES FOR GLASS PROPERTY MODELING

Two strategies for statistical property modeling

= Design of Experiments
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METHODOLOGIES FOR GLASS PROPERTY MODELING

= Database and Machine Learning

Published literature in the
field of glass property
prediction

From Web of Science
«glass » and « prediction » in publication title

1930-60s 1970s 1980s 1990s 2000s 2010s
—tF——————F+——>

octets Ko Mo Go To Po

N~10 N~100
FirstPCs Al ANN
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E MACHINE LEARNING FOR PROPERTY PREDICTION

= Machine learning has seen growing application in
material property determination

= Artificial Neural Networks (ANN) use interconnected
mathematical nodes, or neurons, to form a network
that can model complex functional relationships
<\ K

e w1

x2
@-={gm)—®
O AW

= This technique is particularly suited to problems that
involve the manipulation of multiple parameters and
non-linear interpolation
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MACHINE LEARNING FOR PROPERTY PREDICTION

Examples of NN application to glass property prediction

1700 800 Ne=B-0 ] I P e D
: s Data @1 @ Training set ]
] ) . \ — Prediction B - Test set . |
wol b Liquidus 750 S [~ Uncertainty i s
'] —— Mauro (2009) 1
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(a) Li,© molar concentration (log|mol SiO,/cm?/s|)
C. Dreyfus, G. Drevfus I Journal of Non-Crystalline Solids 318 (2003) 63-78 D.R. Cassar et al., Acta Materiala, 159 249-256 (2018) N.M. Anoop Krishnan et al.
Journal of Non-Crystalline Solids 487 (2018) 37-45
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Y. Haraguchi et al., ISIJ International, Vol. 58 (2018), No. 6, pp. 1007-1012

K. Yang et al.., Scientific Reports, 8739, 9 (2019) A. Verney-Caron et al., Atmospheric Environment, 54 141-148 (2012)
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E GLASS PROPERTY MODELING

Available resources in glass science and technology

= SciGlass and Interglad Information Systems
o Data collected from the published literature
o Embedded property calculation tools
o More than 300 000 glasses

|V\scos|ty jl
Property T
CT—

|Priven-2000 |
Plat.

- 51 additivity equations

" OnTop All Bun | |
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E SciGlass Information System ﬂG Iass

Count
Number of glasses 374 405
By Number of Components
One-component 4785
Binary 64 689
Ternary 156 401
Four-component 46 658
Others 101 872
By Systems
Oxide 278 477
Silicate (>=45 mol.% SiO.,) 115 423
Borate (>=45 mol.% B,0.) 37 158
Germanate (>=45 mol.% GeO,) 10 558
Phosphate (>=40 mol.% P,0.) 23 334
Tellurite (>=30 mol.% TeO,) 17 004
Halide 17 137
Chalcogenide 37 460
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SciGlass Information System SCiGIaSS

By Properties Count By Properties Count
Acoustical properties 282 Heat capacity 3357
Chemical durability 34 290 C,at20°C 926
Crystallization 26 577 g" Z’: igg:g gf{
Density 82 459 C: at 800°C 320

Density at 20°C 77 133 g :: 1288:2 igé
Density at 800°C 772 C_at 1400°C 140
Density at 1000°C 1066 Internal friction 1499
Density at 1200°C 837 lon diffusion 2090
Density at 1400°C 087 My 18 040
Molar/spec. volume at 20°C 77 133 Magnetic properties 4725
Dielectric properties 11 219 Microhardness 13 746
Diff., permeat., & solub. of gases 2120 Optical properties 71613
Elastic properties 14 748 Stress-optic coef. 1231
Electrical resistivity 42 490 Strength 3663
logr at 20°C 14 767 Surface tension 5128
logr at 100°C 14 361 2 2: ;gg:c ‘7‘73118
logr at 150°C 15 256 s at 1200°C 951
logr at 300°C 12 058 2 :: ﬁggog é3%84
logr at 800°C 2072 T 53 517
logr at 1000°C 2632 T, 74 759
logr at 1200°C 2221 Thermal expansion coefficient 57 975
logr at 1400°C 2218 Thermal conductivity 1700
‘TK-100 12934 Thermal diffusivity 901
Glass formation 74081 Thermal endurance 1117
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SciGlass Information System ﬂGIaSS

Count Count
Visc. standard points 17 542 Viscosity 37 205
Littleton Point 3771 logh at 500°C 2128
Annealing Point 3907 logh at 600°C 3681
Strain Point 5948 logh at 700°C 4 006
Softening Point 7763 logh at 800°C 4 409
. ) logh at 900°C 4 937
Viscosity 37 205 logh at 1000°C 5 403
T, (log[h.P]=1) 4 377 logh at 1100°C 6 147
T, (log[h,P]=2) 2653 logh at 1200°C 7 424
T, (log[h,P]=3) 10 247 logh at 1300°C 8 383
T4 (log[h,P]=4) 9 746 logh at 1400°C 8 831
T (log[h,P]=5) 2673 logh at 1500°C 7169
T (log[h,P]=6) 2 260 logh at 1600°C 3703
T, (log[h.P]=7) 4911 logh at 1700°C 1019
T (log[h,P]=8) > 236 logh at 1800°C 396
T (log[h,P]=9) 2495 logh at 2000°C 144
T,. (log[h,P]=10) 6 044 logh at 2200°C i
T,, (loglh,P]=11) __ 6 512 loah at 2500°C i
T,, (loglh,P]=12) 6 330
T,. (log[h,P]=13) 5 141
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SciGlass Information System EGIaSS

< SciGlass Professional 7.10 !Eu

Query Options Windaw Help

DelsE @ n pl~18 M= o s &0 fHoe [0 ]unisetings

Queries for Tables Search for Glasses (Experimental Data) ﬂ

Common Query Included Min  [Mex = |[Excluded System Susiem Type
Si02 ~||Si0z Al ~|
Author Index B20s Rz0
Naz0 RO ®
E| Patent Index Al2Os R20s
T ; Ca0 RO: L e
El lrademark Index MgO R20s Kind of %
M s [ Er— - p—— O [T ]
[~ Composition by analysis
FesO Others
Spectral Index o “Components To Search For
Tabl ) - O Selected companents only
A (@® Other comporients allowed
Queries for Glasses : upto MX
Experimental Data
Predicted Properties
Similar Compositions
Ternary Diagrams
Property Diagram

Glass Formation S Of Cew | Goen. | Bun | Coe |
Others

EI SciGlass Caleulator
Database Browser
. SciGlass Statistics

[Search for glasses belonging to a
certain concentration range with
prescribed values of

pn':perties
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SciGlass Information System EGIaSS

Authar
20790 Akimov ¥V,
Akimon V. !
281 20843 Akimow V. 1960 25.0 2431
281 20868 Akimon V'Y, 1960 300 2474
281 20878 Akimaon V. 1960 333 2.450
454 22559 Matusita K 1991 340 2430
524 23704 Colbert W, 1946 25.0 2415
521 23700 Safford HW. 1947 500 2580
548 2917 Heinemann |, 1993 333 2,487
557 141061 Dubrowvo S K 1965 200 2.388
1572 9725 Harsell W.B. 1966 | 2501 2422
1572 9726 Harsell W.B. 1966 25.0 2422 -
4] | il

Clear Close
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SciGlass Information System SCiGIaSS

-|ofx
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SciGlass Information System EGIaSS

< SciGlass Professional 7.10 !Eu

Query Options Windaw Help

Dl & @ a P~ 9 &M =] s« @58/ S| 6] 5 ulaf] [0 <] unisetings

Queries for Tables Search for Glasses (Experimental Data) ﬂ

Common Query Tncluded Min  [Mex =~ |[Excluded System Systom e
Si0z ~||si0= Al |
Author Index B20s Rz0
Naz0 RO ®
lEl Patent Index AlzOs Rz0s c
T | CaO ROz et
El lrademark Index MgO R20s Kind of %
Subject Index Pl - — oy P -
[~ Composition by analysis
FesO Others
Spectral Index o “Components To Search For
I O Selected companents only
M (® Dther components allowed
Queries for Glasses : upto MX
Experimental Data
Predicted Properties
Similar Compositions
Ternary Diagrams
Property Diagram
Glass Formation oo L e | o || BR )]

SciGlass Calculator

SciGlass Statistics

[Search for glasses belonging to a
certain concentration range with
prescribed values of

pn':perties
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SciGlass Information System

SciGlass

¥ Calculation results

{I‘ SciGlass Calculator ‘ & )
1 Value Unit
2.34 P -
Composition O Mol.%
©® Wt
Si0z A 58.36
B20s 2357/ LPastesG|
Alz03z 7.43| PasteClp '
NazO 1054
i Copy
Clear |
Molec. wt'
Details '
Property group .EEE‘.’EEE’.I
| I\/iscosity _'JI
i Property  Temperature
{loga(T) ~Jnon _Jc |
Method
| Priven-2000 ~|

Flot

ConTop A1 | Bun
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Method

Belousowv and Akulova
Belousov and Firsov
Braginsky

Flom and Kofman
Flugel-2005

Giordano and Dingwell
Goto etal.

Hrma-2001

Hrma-35

Kozyukowv and Mazurin
Lakatos-75
Lakatos-76
Lakatos-78
Lakatos-79

Leko

Lyon-74

Mazurin at al.

Okhatin

Priven (Na-Al-Si)
Priven-2000

Priven-98

Sasek

Shaw

Urbain at al.

Export | Copy |




SciGlass Information System

(l' SciGlass Calculator (™52 .
[2.348 P ~|
Composition O Mol.%
® Wt
Si0z v 58.36
B20s 2367
Alz0O 7.43| | Paste Clp
o e
| Clear I
Molec. wt I
Detais |
Pioperty cacans Converter I
‘ IViscosity _:Jl
it Property  Temperature
(loga(T) ~noo [ -
Method ’
| Priven-2000 ~|
[COnTop | &l l Bun | Plot
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SciGlass
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e

/INTERGLAD vers, & "0

E International Glass Database Systef

INTERGLAD Information System

Ver. 8
Ver. 7.6

400,000 Vor. T4 b
@ Ver. 7 Ver. 7.2 ﬂ
@ 350,000 r
§ Ver. 6 ﬂ ﬂ (2019)1)
— |- -
& 300,000 1 April 1991 @ UV&I‘. 7.7
] RELEAS
% 250,000 E Ver. 7.5
%
% 200,000 -
= Ver.
5 150,000 -
E 00,000

100, :
g
=
Z. 50,000

0 i i 1 i 1 i 1 i 1 i i i i 1 i
1990 1995 2000 2006 2010 20156 2020
Year (in April)
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.\’ International Glass Database Systeffi

INTERGLAD Information System ¥/ \NTERGLAD vecs,

© INTERGLAD 8 : Search Structure Data - =
File Tools Help
g E—
B ( INTERGLAD 8: Glass Structure >
- Composition INTERGLAD Data
(2 mass% ® mol% (2 ath | Periodic Table || Clear Component [] Numerical ( ®sSever local )
[] user Data
Wain Component Component Component Component | %Bmin | %max
[] |AnD ¥ |5i02 OR OR OR
] |anD ~ |B203 OR OR OR [ Glass System
[] |anD - |A1203 OR OR OR
] |AND - [Na20 OR OR OR |awp [+
] |anp - |Fen OR [Fe203 OR [Fe304 OR - |anD |-
I:D % =< Total of Main Components
Description Element Unit Value Min | Value Max
AND  |w
AND [+ —
ent Method | Measurement Condition ——
g []IR - Visible [ ] Visible - UV [_] Lumines /IR - Visible [] Lumines ! Visible - UV T
[Jraman  []NMR [] Moessbauer Clxps [JESR [ X-ray
\ [ClNeutron  [] XAFS [[] calc (MO,MD.etc) [] Others ore Glass 1D |
o] wecoa
First Author |+ ||
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GLASS PROPERTY MODELING

Available resources for nuclear glass property data
= Published reports from Pacific Northwest National Laboratory (PNNL)

PNNL-14060

PANL226), Re {
ORP.58289 I

)
Project Toduidmumm L .
PNL-10359, VOL. 1
uc-7T
ELEL
Database and Interim Glass Prof
Models for Hanford HLW and L
Glass Property Models and Glasses PROPERTY,/COMPOSITION RELATIONSHIPS FOR HANFORD
Constraints for Estimating the Development of Models and / HIGH-LEVEL WASTE GLASSES MELTING AT 1150°C
Glass to be Produced at Hanford Software for Liquidus Temperatures Volume 1: Chapters 1 - 11
by Implementing Current g Vicon :"‘::;’:::r:f HWVP Products:
Advanced Glass Formulation P, Hema
Efforts P. R. Hma P. Wu
J. D. Vienna G. Erik ;‘:‘;. pal vestiga nd_Autt
. = A.D. Pelton S. Degtiarev G F. Plepel
Dei. ) ity ignifi ntributors uthor:
- March 1996 g \; ﬁ“"ﬁ'“"
July 2013 ? ENERGY NNL-18501 D.-S. Ki,:.
P. E. ‘Iﬁdgate
r o e ary * c J. D. enna
Prepared for the U.S. Department of i
under Contract DE-AC06-76RLO 1830 sy
o2 serarrres or D. K. Peeler
ENERGY M. H. Langowski

Pldﬁﬂ"ﬂ::mmmm
Operated the U.S. Department of Energy
'- Glass Property Data and Models for by Battale Memorial natiute

Estimating High-Level Waste Glass

Volume US. Department of Encngy December 1994
DE-ACDG-T6RLOIS30

JD Vi
it £3Battelle
DS Kim ‘ g
o MASFE= v E

Enb Prepared for

the U.S. Department of Energy

October 2009
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Big Data vs. Good Data

GLASS PROPERTY MODELING

= Statistical modeling requires highly reliable experimental data

= Unfortunately the quality of published data differs from each other

greatly

O.V. Mazurin | Journal of Non-Crystalline Solids 351 (2005) 1103-1112

-0.1 0.0 0.1 02 0.3
Ad, glem3

Fig. 2. A histogram of the differences between the values calculated by
the equation describing the approximating curve in Fig. 1 and
experimental values of density of sodium borate glasses. The solid
line is the Gaussian approximation of the presented data.

1.600

1.575

1.550

1.525

ngat20°C

1.500

1.475

1.450
0 10 20 30 40 50 60 70
Li,0, Mol.%

Fig. 8. Comparison of the curves approximating the composition
dependencies of the refractive index for binary lithium borate glasses
according to the data published by Conzone et al. [9] and Lorosch
et al. [14] with the curve approximating the results for sets of data
taken from papers published carlicr [10-13]. (+): data by Conzonc;
(%): data by Lorosch.
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GLASS PROPERTY MODELING

Big Data vs. Good Data “

= Statistical modeling requires highly reliable experimental data

= Unfortunately the quality of published data differs from each other
greatly

e
@»

e
-

Ratio of errors to all published data
= = - - -
(=] — o (] = N

=
=N
1

O.V. Mazurin | Journal of Non-Crystalline Solids 351 (2005) 1103-1112

e Errors >0.02 g/lem’

= Errors <0.005 g/cm‘

Table 3. Changes in number of co-authors of papers

Year 1930 1950 1975 2000
Average number of co-authors 1.6 1.6 2.8 3.1
Maximal number of co-authors 4 4 9 10

* * T T T T T
1940 1950 1960 1970 1980 1990 2000

Last years of ten-year periods
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Viscosity prediction




E CHALLENGES RELATED TO GLASS VISCOSITY PREDICTION

Viscosity is a property which is difficult to calculate

= Example : Prediction using well-known literature
models (from SciGlass) on simple SBN glass (1200°C)

SBN compo #1 SBN compo #2 SBN compo #3
= 800 = 300 @ 200
- 5 s
Z 600 z, Z 150
2 400 .g 2 100
T k5 2
5?2 5 g I —————————— I rrrrrrrrrrrrrrrrrr I ,,,,,,,, I 5 50 I
T T 5  wWR g
g, nl - - g I I 3 01T EE .
06’ @. q‘o '\‘) '\‘b «% (‘j\b < o‘," & “> @ ’aq"l o h:\% S (\:\v- QP D;a <<\ (g—: @ q% o /\% o O:\u nﬁ)@ &
0 > ((\ 0 0 o' " g &
\)‘, (L\ & @ w \p < _z, <& Q \,q, @ « & »‘? \%{f dqoﬁ & q”}\ % 6‘ L Vw? V».@ »“Q@é‘ & Q@x@
© &
Q ::,Q R
& & &
"""""""""" Measured

= Motivation for developing internal prediction tool
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E GLASS VISCOSITY PREDICTION

= Range of viscosity values is very wide vs temperature
and vs composition

log, n(poise)

20+
1%k T.de tension
T de transition (T ) _—
13 T.de recuisson
T.de ramolissement
dilatometrique
10r
8r Tde Littleton
7[’ (ramolissement)

Sk T.d’écoulement
Lr T. de travail
Tl
2 TQL T.de fusion
0 500 7000 1500

Température (°C )

Commissariat a I'énergie atomique et aux énergies alternatives Date



GLASS VISCOSITY PREDICTION

= Viscosity temperature dependence is highly sensitive
to phase separation and crystallization

Phase separation
Crystallization

2 T

wt%
140 - - : f Si02 25.8

B T -uy 1
) 6 ‘:SUJ"C
£ Oxide AMol0
2 6 mol% batch no. 5052 |
;‘3 8 11503 $i0, 46.5 20
Na,O 11.0 g
i B,0; 144 20
. i 1,0 02 -
9 12505 °C Ca0 79 wol
1o 1027 MoO; 5.1 L
PZOS 1.6 2.0 I Il L L | 1 1 | |
2 %l?gl gj 0.0 100 200 300 400 500  B00 700 800 900  qgp
70, 20 Rate [5-1]
Nd>04 0.2
Minors 0.3

0 Sum 100.0
20 40 60 80 100 -

Shear deformation (s-1)

J. Am. Ceram. Soc., 94 [2] 447-454 (2011) —Schuller et al.
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E CEA GLASS PROPERTY DATABASE

Our viscosity database

= Internal CEA database

(mainly borosilicate glass)

= SciGlass and Interglad Information Systems

(all types of glass)

= Pacific Northwest National Laboratory database

( bO rOSi | icate g I d SS) Grateful acknowledgement to J. Vienna from PNNL

= About 16,000 data of composition and viscosity
= Temperature range: 900-1500°C
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CEA GLASS PROPERTY DATABASE

General database

AR One component
atatime

Isolated data

Design of
experiments

Photo courtesy of www.sciencesetavenir.fr
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E GLASS VISCOSITY PREDICTION

What we learnt from the past

= \We applied several machine learning techniques to
build viscosity models (neural nets, boosted tree,
random forest,...)

" The whole database (about 16,000 data) was
considered and partitioned into training set and
validation set

= But at the end, no statistical model with acceptable
predictive capability was found to predict the
ViSCosity
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GLASS VISCOSITY PREDICTION

= NN are unable to predict efficiently glass viscosity on big
database...

Training Validation Diagram
14 14
13 13
12 12
11 11
10 10
9 9
g 3 g 3
S g !
5 6 5 6
5 5
4 4
3 3
2 2
1 1
0 0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 01 2 3 4 5 6 7 & 9 10 11 12 13 14
Ln visco Predicted Ln visco Predicted
Training Validation
Ln visco Ln visco
Measures Value Measures Value
RSquare 0.5287260 RSquare 0.8822247
RMSE 0.7518625 RMSE 0.9682362
Mean Abs Dev  0.496624 Mean Abs Dev  0.5912263
-Loglikelihood 64350916 -Loglikelihood  2545.9066
SSE 32086203 SSE 1721.2158
Sum Freq 5676 Sum Freq 1836
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MSProV PREDICTIVE TOOL

Dynamic and automatic dataset for model training
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Photo courtesy of www.sciencesetavenir.fr
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MSProV PREDICTIVE TOOL

MSProV schematic diagram

Method #1 Output
Virtual DOE

. ~ 0 R - A
MSProV Npom + Nerm s Nw

Input

Glass composition
= Q@Q

Method #2 /

Iterative enlargement

R?; R%q); R?ress ; PRESS RMSE ; Pred. var.

i

A

Npom 7 NeLm 7+ Mvn

R?; R%q;; R?press s PRESS RMSE ; Pred. var.

Algorithms coded in JSL language (JMP software from SAS Institute)
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E MSProV PREDICTIVE TOOL

Key parameters

" [nputs from glass science experts on the nature and
roles of oxides

= These inputs were implemented in MSProV algorithms

o weights and type of distance calculation between similar
glasses

= Origin and reliability of the data, viscosity
measurement device
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E MSProV PREDICTIVE TOOL

Results for viscosity prediction

= MSProV global database for viscosity prediction
contains 15,569 glasses (all silica glass)

= 230 glasses extracted for testing MSProV capability to
predict viscosity at 1200°C

. . L Borosilicate glass Sodo alumino silica Overall
VISCS)SIty prediction for nuclear waste glass
relative error N=T3 N=55 N=230
Quantile 50% (median) 1% 18% 17%
Quantile 75% 19% 35% 34%
Quantile 90% 37% 73% 7%
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MSProV PREDICTIVE TOOL

Results for viscosity prediction

Num 132367 Num 132376
Viscosityat 1200°C Measured vs Predicted T SCIGLASS e SCIGLASS
Year 1994 Year 1994
Sowrt %owt
Al:O: 12,50 Al;Os 19,01
1.50e+5 B20s 7,50 B:0s 6,79
BaO 20,00 BaO 9,43
Cal0 2,50 Ca0 4,11
Si02 57,50 MgO 1,42
1.25e+5 Si0- 57,35
Sr0 1,86
= 1.00e+5 Visc. exp. 0E E50 Visc. exp. 75 555
e (dPa.s) 1200°C (dPa.s) 1200°C
22l
ki
Z 7.50e+4 .
$ SciGlass reference: US Patent 5374595
5.00e+4 Experimental error not mentioned
1 o) [0)
> Soesd High %Al,0; and/or %Ba0O

6496
.

-
*428292
0.00e+0

0.00e+0  2.50e+4  5.00es4  7.50e+4  1.00e+5 1.25e+5 1.50e+5
Predicted (dPa.s)
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MSProV PREDICTIVE TOOL

Results for viscosity prediction

Viscosity at 1200°C Measured vs Predicted

*132367 /
1.50e+5 | / Num 6496 \
| Origin SCIGLASS
.
-
1.25e+5 Year 1968
%wt
Al:Os 21,10
* B:0s 7,40
Py 1.00e+5+ P 820 3,50
o
B Ca0 13,50
k] Si0; 54,50
2 7.50e+4
I
=
5.00e+4 | ;
Visc. exp. 15 136
{dPa.s) 1200°C
2.50e+4
Experimental device (1968)
-
*428202
0.00e+0 |
H 0,
N S O ) S High %Al,0,
0.00e+0  2.50e+4  5.00e+4  7.50e+4  1.00e+5 1.25e+5  1.50e:5
Predicted (dPa.s)
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Tg prediction




E MSProV PREDICTIVE TOOL

Prediction results

= MSProV global database for Tg prediction contains
20,201 glasses (all silica glass)

= 100 glasses extracted for testing MSProV capability

Borosilicate glass Sodo alumino silica Overall
Tg prediction error glass
N=80 N=20 N=100
Rel. Abs. Rel. Abs. Rel. Abs.
Quantile 50% (median) 1,4% 7°C 1,7% 10°C 1,5% 7°C
Quantile 75% 2,8% 13°C 3,2% 17°C 2,9% 14°C
Quantile 90% 5,1% 29°C 4,2% 19°C 4.7% 26°C
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General conclusion




E GLASS PROPERTY MODELING - CONCLUSION

= When glass composition is too complex, properties can
not be predicted from theoretical models

" |n this case, statistical modeling using empirical data is
an alternative way to predict glass properties

= Excellent predictive models can be obtained by using a
Design of Experiments methodology, on small domains
of composition

= Glass property information systems containing published
data are commercially available

= Machine Learning has seen growing application in
material property determination on big data sets

= Several physical and chemical glass properties can be
well predicted by using Neural Nets
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E DESIGN OF EXPERIMENTS

Advice when building predictive models

= Beware of overfitting (principle of parsimony)

—— Training score
—— Test score

.o s

ST

Error

Underfitting Desired Overfitting

Underfitting Qverfitting

M MO

Model complexity

from K. T. Butler et al. Machine learning for molecular and materials science
Nature, 2018
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MSProV PREDICTIVE TOOL

0, 0,
SBN1 Component  Mol. % Wt % - —~—r i
B,0, 18.04 20.23 produced in the AREVA - La Hague plant workshops
. Oxides Specified Average
Sio, 67.73 65.56 e iy
Na,O 14.23 14.21 the industry of industrial
(wt%) glasses (wt%)
o o min max
SBN2 Component  Mol. % Wit % si0, R -
B,0; 8.467 9.61 B,O; 124 165 14.1
Sio, 67.73 66.34 A0, 36 66 4.7
Na,0 23.8 24.05 Na,0 81 11.0 9.9
ca0 35 48 4.0
Fe,0 <45 1.1
Component  Mol. % Wt % 2-3
>BN3 Bop 19570 21 8; — =08 -
23 ' ' Cry04 <06 0.1
Sio, 60.86 58.68 P,0% <10 0.2
Na,O 19.57 19.46 Li,0 16 24 20
Zn0 22 28 2.5
Oxides
(PF + Zr + actinides) - 75 185 17.0
Fines suspension
Actinide oxides 06
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