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- REFRACTORY AND GLASS INTERACTION
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Interaction phenomena:
-Bubbling
-Convection

-Diffusion
Amorphous phase
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- REFRACTORY/GLASS DIFFUSION

[ Complex ] 210,

microscopic process: (um scale)

Step llI:
Heterogeneous diffusion

1500°C

Mobility in Zr doped glass

-
SiO, + Al,O, CaO + Na,O

Step I: Mobility in NCAS glass

Claireaux et al (GCA 2016)
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- DIFFUSION EXPERIMENT

i Structural Analysis
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-2Wt% ZrO,
+2Wt% AlLO,

Saturation
ZrO,

“3wWt% ZrO,

SiO, + Al,O4 CaO + Na,O
Central composition ( wt%)
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concentrations

- DIFFUSION EXPERIMENT

concentrations

concentrations
[=]

concentrations

CONCENLALIONS

39,8 —6,24 —1,07 —0.93]
~42,38 7,38 1,42 10,26 |
0,51 0,06 0,17 —0,06
-0,23 -0,12 0,05 0,03

concentrations
concentrations

e =400um @
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- MATRIX ANALYSIS AND EXCHANGE REACTION

Diffusion Matrix
DNa,Na DNa,Ca DNa,Zr DNa,AII

Eigenvectors Dcana Dcaca Deazr Deaal| _ [D] — [p] [A] [P] -1

DZr,Na DZr,Ca DZT,ZT DZT,Al
DAl,Na DAl,Ca DAl,Zr DAl,Al

Exchange reaction Eigenvalues

3 wt% ZrO, 0 wt% ZrO,

(Claireaux et al 2016)

0.95 Na,0 < 1.1Ca0 A=43 Na,0 < CaO

0.8 Si0,+ 0.1 41,0, < 1.1Ca0 A=1 0.5 Si0, + 0.25 AL,0; & Ca0

0.9 §i0, + 0.7 Ca0 < 0.65 Al,0;+ 0.2 Zr0, + 0.15Na,0 )\ = 0’1 9 7)o (7] > T

0.3 Ca0 + 0.5 Zr0, & 0.6 Al,0; + 0.2 5i0, + 0.15Na,0  \ = 0,06

» Low perturbation of exchange reactions by Zr
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- MATRIX ANALYSIS AND EXCHANGE REACTION

Eigenvalues
3 wt% ZrO, 0 wt% ZrO,
(Claireaux et al 2016)
0.95Na,0 < 1.1Ca0 Na,0 < CaO

0.8S5i0,+0.1Al,0; < 1.1 Ca0 0.55i0, + 0.25 Al,0; < Ca0

0.9 5i0, + 0.7 Ca0 < 0.65 AL,0; + 0.2 Zr0, + 0.15 Na, 0.2 50, + Ca0 © 1 AL,

0.3 Ca0 + 0.5 Zr0, < 0.6 Al,05 + 0.2 Si0, + 0.15 Na,0

e R N et T Zr increases the glass ViSCOSity
Reaction1: Na,0 < 1Ca0  A;""® » But

g | he alkali h

5 eReqction2: 0,8 S5i0,+ 0,141,053 < 1Ca0 ncreases the alkall exc ange

g o TT— *...... .. A

T I ..

@ OWt% Zro2 e A
01| @ 3Wt% Zr02 Reactio‘ﬁ?”""‘iiizz-?;liii:: C rS _mlrmm

0.74 0.76 0.78 0.80 0.82 SAINT-GOBAIN
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- ZIRCONIUM IMPACT ON THE SODIUM MOBILITY

Zr02 le—11 1200

2.0 — 710, = 0; Dy, = 3.3e 1 ®
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S <
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—2.0-+ ]
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- STRUCTURE MODIFICATIONS : Zr L2 EDGE XANES & RAMAN

b

i

2220 2230
Energy (eV)

Constant 6 fold coordination

Zro, I Na,O

» More Na available = Zr site better defined
» Al and Zr use Na as charge compensator

ZrOg% + 2 Nat

2 AlO, + 2 Na*

[ ]
&%ﬁ . 210{®
2051 * 2.051
~ 2001 °
< 2.00 -
2 o % 200
= 1.95- s
£ . Wit%Na,0 2 1)
T % 1.90
L3Sy * =~
[} ® 1.85 1
1.801 °
—-1000 -500 0 500 1000 1.80

f Na,O
(]

e +W1% Na,O
[ ]

= Distance (um)
1

0.0042
0.0036
0.0030
0.0024
0.0018
0.0012
0.0006

0.0000

800 1000

1200

Nombre d ondes(em )

1400

Distance (um)

Ficheux et al., J. Geoch. Cosm. Acta, 2019

—-750 —500 —250 O 250 500
Distance (um)

0 00
wavenumber (cm)

» Competition between Al and Zr for Na as charge compensator

Structural Analysis

SWLEIL
EXAFS

o g A
OQ%

QGD

e@%

@Q'

980cm™ :

—Si-O-Zr bending vibration?
1 Angeli et al Am Ceram Soc (2010)



STRUCTURE MODIFICATIONS: Zr K EDGE EXAFS & RAMAN

Si0, ﬁro2

> Some Na move from network modifier
to charge compensator

g_ 0.0030
e 0.0024
i ZrOg2 + 2 Na* 2 Q,4(Si) + 2 Na*
= : 0.0012
Profil Rams 0.0006

0.0000

» Zirconium is not randomly distributed

20 400 600 800 1000 1200 1400
Nombre d ondes(cm™)

- s SWt% ZrO2 15Wt% ZrO2
‘ zZr 2 /SiIAI
- N CN(ZI-SiIA) =4 =~ e
+ A0

Eo.auzn N < \ ~ (@] 770\

Eaons L3?‘5’('5’ \Zr /r::285 Si/Al CN(Z[‘-Z[‘) _ 1 4 Ig \Zr /r=305 Si/Al
::: o yd | é\—;——;Si/AI ' ° S | i‘o_/‘%iml
- 400 600 800 1000 1200 1400 O O

/ wavenumber (cm) \ SIAI \ Si/Al
980cm 1100cm-t : im
Si-O-Zr bending vibration! Q4(Si) vibration mc Cnrs nrﬁln
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- PREDICTION CAPABILITY OF THE MODEL: MULTI GRADIENT

20, Si0, , Na,0 X Zr0,, CaO
1.5 '

Saturatiq 104
;‘E 0.5+
=3
w0 0.0 ————
s

: % 0.5

Sio, + CaO+ O

Na
39,8
—42,38
0,51
-0,23

Ca Zr Al
—-6,24 -1,07 -0,93
7,38 1,42 10,26
0,06 0,17 -0,06

-0,12 0,05 0,03

Na

Ca
Zr

Al

Oxydes (Poids%)

Na,0 X Zro,, AlO,

I M

= enr
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- PREDICTION CAPABILITY OF THE MODEL: MULTI GRADIENT

210, Si0, , Na,O )(zroz, CaO Na,0 X Zro,,
Saturati
9
2
£
g
Sio, + CaO + s
AlLO, Na,O S

Na Ca

Na r 398 —6,24 -1, 07 —o 93
Ca —42,38 7,38 1,42 10,26 ‘ GOOd pred|Ct|On
Zr 1 051 006 017 —-0,06

Al | -0,23 -0,12 0,05 0,03
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PREDICTION CAPABILITY OF THE MODEL

w
1°y]
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ZrO
AZS 2 40h
70 wt% ZrO, °
40 Wt% ZrO, 1250°C
36 wt% ZrO,
Na,O e Cao ® 7r0,
70 20.0
_ 36 Wt% ZrO, . 40 wt% ZrO,
L 0% L
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S s O
- % 15 \ . so§ 3 125
Sio, + CaO 8 g g 100
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273 12wt% Al,O,4 z @ 9

o
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w

0 1 2 3 4
Distance x/Vt

D
Na Ca Zr Al
39,8 —-6,24 -1,07 -0,93
—-42,38 7,38 1,42 10,26

=

0,51 0,06 0,17 -0,06
-0,23 -0,12 0,05 0,03

1 2 3 4 5
Distance x/Vt

80.0
77.5

75.0

~
N
(2]

Si0; (Poids%)

70.0

67.5

65.0

=]
N
2l

+60.0

Al,03 ® SiO,
25 70
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—_ (] 2
20 ? 65
= °
£ lof 9
o 15 60 2
2 °
O &
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= 10 55 S
4 7]
QN 5 50
N
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» Globally acceptable

2 3 4
Distance x/Vt

» Decrease with ZrO, content
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PREDICTION CAPABILITY OF THE MODEL

AZS Zro,
70 wt% ZrO, c._c c._c
40 wt% ZrO, — L2 X 1~ G2
Clx) = er +
36 W% ZrO, (x) > f (2 \/D_t) >

2.00

1.75

Data fit

£t Model prediction| gos g 10

E 1.25 E 05 E 08
S0+ Gjass S?\I(Z\ o} é ; EM éo's
Al 2U N 075 g o3

203 12019 A0,

0.50

o
[

70 wt% ZrO,

36 wt% ZrO, 40 wt% ZrO, 02

=

Y - B s 4
I 2 3 4 5 1 2 3 4 5 1 2 3 4

Distance X\t Distance X\t Distance X/t

o
=]

D

Ca Zr A\
—-6,24 -1,07 -0,93
7,38 1,42 10,26

____ 1 > ZrO,diffusion is overestimated by model

0,06 0,17 -0,06

» Data fit with constant D doesn’t give
-0,12 0,05 0,03

perfect result




- PREDICTION CAPABILITY OF THE MODEL: VISCOSITY

N, p. =Xt =) D(x) = D L"SS#C() 0,5C 1+ erf L
36 Wt% O, E nd Zr,glass ( ) glass 9 D(x)t
200 - 36 Wt% ZrO, Viscosity variation
. »5 \& Data fit with D(x) 3
Wog T
= 1.50 829
% S . y = 0,8371x + 2,9359
o =
% 1.25 ;275 e ... Rz=09916
€ 100 w 2
o) Q21 T "
. " 5 075 D fit with D= 210
Sio, + CaO + Na,O ata 1t with D=const =
ALO Glass 0.50 - o7
273 12wt% Al 0.25 Model prediction ' 0 02 0.4 0.6 08 1 12
0.00 - Distance x/t%%, mm s 07

1 2 3 4 5
Distance x/vt

D
Ca Zr Al
—6,24 -1,07 -0,93
7,38 1,42 10,26

4 > Datafit with D scaled by viscosity gives

0,06 0,17 —0,06 better result
-0,12 0,05 0,03




- PREDICTION CAPABILITY OF THE MODEL
Zro, s

40h 1250°C

18 80
95 wt% ZrO, 9
[} 16 A . .‘ 78
o Q... . [
914 %% ° o e % 76
- @ o ° [ ] .
S 12 * (74
= %]
™ 10 -72 2
o
Q <
> > 8 e 7706
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Glass D ® .
Al,04 0,64Wt% AL,O, O 4 . 66
@] z L
5 24 . . ° 64
= .
0,
0.5 1.0 15

Distance x/Vt

o d > Good prediction of ZrO, profile

> For others elements: behaviors not

correctly predicted (high Al variation?)



- ALUMINIUM IMPACT ON THE DIFFUSION MATRIX
MAXIME JACQUEMIN, PHD, 2021

Vecteur propre principal (v1)
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= From this data, we are able to refrieve an exponential _mlrmm

17/ Saint-Gobain confidential & proprietary dependence of the main eigenvalues to the AlLLO, content WAINT-GOBAIN



B CONCLUSION

Good prediction
Zr increases the
mobility of alkali

Globally good prediction of
mobility
Quality deceases with Zr content

Viscosity gradient should be
taken into account to increase
the prediction quality

Good prediction of ZrO2 profile

Some complex behaviors not
correctly predicted: Al impact

Sio, + AlLO,

Glass

12wt% AlLO,

|nﬁm

Glass
0,64wt% Al,O4

CaO + Na,O
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