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TO,-MO-M’,0, with T=Si, Al, Fe3*, M=Mg, Ca, Fe?*, M’=Li, Na, K
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Properties versus Structure ? @



TO,-MO-M’,0, with T=Si, Al, Fe3*, M=Mg, Ca, Fe**, M’=Li, Na, K

Glasses, melts = network former + alkali or
earth-alkaline elements + transition elements

What is a network modifier or
charge compensator ?

Why alkaline or earth-alkaline
element changes role?

-

What happens in the case of

transition elements? Redok talk
tomarrow

What happens during
\ nucleation processes?




TO,-MO-M’,0, with T=Si, Al, Fe3*, M=Mg, Ca, Fe®**, M’=Li, Na, K
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How network former can be mixed?

How made an invert glasses?

How elaboration processes can influence
glass forming ability?

Fragility and ability of glass forming?

Role of element can change as a function
of their content?



TO,-MO-M’,0, with T=Si, Al, Fe3*, M=Mg, Ca, Fe?*, M’=Li, Na, K
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Is there and universal definition of glass
former?

Does the definition of glass formers
depends on the type of glass systems?

Does the definition of glass formers
evaluate with new analytical tools?

Does modelisation enable to get a different
view of glass forming effect?



X-ray diffraction

Crystal versus glass ? :
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Glass is characterized by
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A disordered state A glass transition temperature
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Residual entropy = configurational entropy

=> image of the glass structure




Phase equilibria between melts and crystal
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Phase equilibria between melts and crystal
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Thermodynamic cycle
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Thermodynamic cycle
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Thermodynamic cycle
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Thermodynamic cycle
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Thermodynamic cycle
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Thermodynamic cycle
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Thermodynamic cycle
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Configurational entropy
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How to fit viscosity ?
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Viscosity equation ?
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‘| Proposed by Adam and Gibbs, 1965

First used to silicate melts by Urbain, 1972,

|Wong and Angell 1976,
{Scherer, 1984, Richet, 1984, ...

Neuville and Richet, 1991....

Sconf (T) = Sconf (Tg) At

Cp"(T) = Cpg(Tg) — Cpl (T)

Calorimetry measurements
=> Easy




Configurational entropy
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Non-Newtonian behavior, relaxation problem?
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Network former

Viscosity, log Pa.s
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Network former
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Network former

Viscosity, log Pa.s
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Network former
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Network former
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Network former

Si0, : SiO, tetrahedra, 3D network, high connectivity
=> strong liquid
Alkali broke network, viscosity decreases, Tg

GeO, : GeO, tetrahedra, 3D network, high connectivity
=> strong liquid
Alkali broke network, viscosity decreases, Tqg.....

B,0O, : BO3 triangle, 2D network, low connectivity,
=> fragile liquid
With alkali : M,O + BO3 => BO4 : 3D network




Structure versus properties of silicate melts
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Raman spectra of SiO,-Na,O glass
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29Si MAF Spectrum of K,0-2SiO2 glass
Davis et al., J. Phys. Chem. A, 2010, 114 5503-5508
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Si K-edge of BaO-SiO, glass
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Ca/Mg Mixing
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Ca/Mg Mixing
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Ca/Mg Mixing
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Ca/Na Mixing
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Network modifier versus charge compensator?

M*, M** : Network modifier => produce non-bridging
oxygen,

=> decrease viscosity, Tg, molar volume, ..
=> increase configurational entropy and
disorder....

How can be change in charge compensator ?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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Network modifier versus charge compensator?
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AlIR* in silicate glasses and melts

2293 K

after Rankin, 1915




Ca0-AI203-Si02 system
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Ca0-AI203-Si02 system

Configuration Entropy Theory

log n=A, +

B./TS (T)
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Ca0-Al203-Si02 system

Configuration Entropy Theory

log n=A, +

B./TS (T)
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Ca0O-Al203-Si02 system

Configuration Entropy Theory
log 17=A, + B,/TS®Y (T)
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Ca0-AI203-Si02 system
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Ca0-AI203-Si02 system
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Role of [5]Al ?

Tectosilicate join
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Neuville D.R., Florian P., Le Losq Ch. et Massiot D. (2010)
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Role of [5]Al ?
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Mixing Na-K in

aluminosilicates

On the join M/Al =1
Alkali tectosilicates
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Viscosity, log Pa.s

12.5 mol% 7

L K
12 J) =
11 — B

: 0 mol% K,0
10+ -
ol -

"2

(o5 5 7 | T S SN N Y T T T T SO T T SO T S S | IR T W SN S SN N
8 8.0 8.5 9.0

10T, K!

When replacing Na by K:
viscosity increases strongly...

9.5

B
- 1200K
120 759% Si0,
11F 12.5% A0, &
) L -
o 10f B
m -
e 1 ]
- 9_ —
a L 4
% ) ]
S \\ Ideal mixing // 1
7F % proposed by . ]
- .5 Richet, 1984 g
6 B .
5: f PR | - L L | f L | PR | T T
0 20 40 60 80 100
K,0/(K,0+Na,0),%

Na and K do not mix

randomly

= Viscosity, thermodynamics

— Structure

Losq & Neuville D.R. (2013) Effect of
K/Na mixing on the structure and
rheology of tectosilicate silica-rich
melts. Chemical Geology, 346, 57-71.




—_—
Ul

- When replacing Na by K: viscosity
14 [ increases strongly, and non
) L linearly ! /
I AlSi = 0.72,"
Q13 - 175K
o)) - /
L) /
"T, 'I' '/."/ ]
o l 4 :
@11 Arsi=0.20 /’/E!/ -
> [ 1225K /.—__Z_{i ' AI/S|-1OO
10-'/’ o M75K -
-4 hysi= 0.33 '
Z:-.*-""Dﬂ _ o, 122K
O 0.2 0.4 0.6 0.8 T

A

X = K/(K+Na)

1 Al/Si=0.11 =90%SiO,
| Al/Si=0.20 =83%Si0,
1, Al/Si=0.33 =75%Si0,

Al/Si=0.50 =66%Si0O,

1 Al/Si=0.72 =58%Si0,
] AI/Si=1.00 =50%Si0,




f" ’(\ 1
5 i A - 160 |
3 100 i I 3 :
= Tk A AN 1 140
- P | il
2 - i WA / fﬁ | . .
2 a0 i i /""/‘/J “‘“ '\l L\..«-"m //W B \“\ ] (U 1 20
o 6 O :_ 12 s // / / -‘! [/‘J ’/ ;}‘T‘Vﬁ\" ‘L" Mwvear’ Y \,,-// !/ ¢ . ”l h\ .‘\wwwj [
E i ] G ,///J,f‘},/ 2“'3\\?‘ \\,«M’/’m\ B /,'ﬁ. ’/A‘( /h"\\‘.‘s:\ 1““ W ,; 8 1 Oo
40 L2/0 W—AN ) e B g
[ 65”_// ,/"ff/ /r g‘\\‘» r/\ \\.:\. __,// .’ / \ \ ‘)\\WMW: %
20 Lt/ /] \ e WA [\ ——— + ‘
2/ / \W/\\‘w’/ \\W £ 60
i / G o \¥ ] &
O e O s s sy ww Ba LRI . ST
0 500 1000 1500 40
Raman shift, cm’! 20 L

Boson peak increase in | and
decreases in frequency with K like
close than SiO2

D1 and D2 increase with K

New D2 band

Losq & Neuville D.R. (2013) Effect of K/Na mixing on
the structure and rheology of tectosilicate silica-rich

melts. Chemical Geology, 346, 57-71.

mol%
K,0

S 2104
w10 %

\%
%
NS $%
\%

75 mol% SIOZ, 12 5 mol% AI 0, 0 %

0!
350 400 450 500 550 600 650

Nombre d'ondes, cm!




Viscosity, log Pa.s
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Na tectosilicates

Compensated Continuous We propose a new version:
Random Network Compensated Modified
From Greaves and Ngai, 1995 Random Network

Na and K are in different structural positions
= Two different networks
= Non random mixing




Percolation channel !
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B) Al/Si =1 B C) Alfsi =1
Xk=0.25 3

Xk =0.5 Xk =0.75

Losq, Neuville D.R., Florian P., Massiot D., Zhou Z., Chen W., Greaves N. (2017) Percolation channels: a universal idea to describe
the atomic structure of glasses and melts. Scientific Reports, 7, Article number: 16490, do0i:10.1038/s41598-017-16741-3
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—
nN
T

Viscosity, log Pa.s
o

0 0.2 o'.4. ' 0.6 0.8 1 _ _ _ _ _
Ti/(Ti+Al) Robine, Cicconi, Neuville, in prep




Borosilicate compositions

- Si0, tetrahedra => strong
network former
- BO3 triangle => soft network

former

- BO4 tetrahedra => network
former with M*

- AlO, tetrahedra => network
former with M*

Viscosity, log Pa.s

- 0 II [ ]
- SiO, #f ’ .
l. |
B | : o‘? NB3 |
ul[ a0 e
. B ’
[ aqr ¢!
I
| ® Z >, ({J/
- | o Z -« ? /
9 i .'* ; [~ =T /" { '“
] | / B,O,
“ J :
J’ i »
L / / /
o )
. i |
5 I . m !, | Jf ( {/’J
‘. / /, / g///
.' / ) je
e e
3 N .. ' / :;5/
o A /
N
1 &y
i o &
IIlIIlIIIIIIIIIIIIII *JIIIIIIIllIIIIIIIIIIIIlIlIIIIIIIIIIlIlIIlIIIIIIIIIlIIlIIII
4 6 8 10 12 14 16 18

104/T (K-1)




Borosilicate compositions
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Borosilicate compositions

Si0, AlL,O;
Na,O
BAN75-X-12 compositions
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Borosilicate compositions
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Borosilicate compositions

) BAN75.9.12 e
12 : &
|« BAN75.12.12 (albite) <
° BAN75.6.12 P4
1ol ° BAN753.12 P
|+ BAN75.0.12 e /
o |
© , P
o 8-
m | o g
o | Al
@ 6 X
S | \ o
2 - P
> I P
4_ } /'/ B
! s
2+ D L :
0 ' | L | L 1 1 L | 1 1 | ' |
0,5 0,6 0,7 0,8 0,9 1

Tg/T

lllllllllllllllll

Very strong decrease of Vm, viscosity, Tg and fragility increases with Al/B
substitution and using link between viscosity and configurational entropy :

Log n= Ae + BeT/S¢"(T), we can calculte S¢°" which goes from 8J/mol.K

for up to 14.5J/mol.K with Al/B substitution




Borosilicate compositions Raman Spectrometry
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"B MAS (Echo) NMR in BAN
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Borosilicate compositions
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Assumption for Al/B substitution mechanism ?

o BN S~ T
|+ BAN75.12412 (albite) But with Al/B substitution BO3
[ > BANT3A.A2 decreases and 2B0O4 are
o oesent
, | = !303 decrease with B,0;4
§ | increases
S | = 1) by substitution Al by B =>
2 |  Bis essentially in BO3
§ 6- because Al used Na as a
g | charge compensator and
- BO3 decreases a lot the
i viscosity
Z = 2) With increasing B content
2r => BO4 increases and used
| ~——> _  Na as a charge compensator
TN T sememin 1 =>viscosity decreases slowly
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Effect of volatiles on properties

Tg measured by DSC with heating rate 10K/min
or Tg taken for log n =12 Pa.s
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Effect of H,O on properties
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Summarize Oxide glasses

lllllllllllllllll

Si0,, GeO, => strong network former
B,O,(B0O3,B04), P,O;, V,0;, TeO, => soft network former

Al,O3, : mix... ?
AlV => network former
AlIV=> reticulator, need to ensure dynamics at HT
AlV'=> generaly network modifier...

Li,O, Na,O, K,0, MgO, Ca0O, SrO, BaO, ZnO, FeO
=>network modifier or charge compensator with T



Conclusion

The configurational properties of melts and glasses
provide fundamental information needed to characterize
magmatic and industrial processes.

The configurational entropy gives a strong idea
about glass structure.

It is possible to link the “macroscopic”
configurational entropy with the structure of melts
determine by NMR or Raman spectroscopy.

» Ca/Mg can be mixed randomly in silicate glasses and melts

* Na*/Ca?* and Na*/Sr?* or Na*/M?* are not mixed randomly in
silicate and aluminosilicate glasses and mellts.

» Na/K are non randomly mixed aluminosilicate glasses and melts.

» Si/Al are mixed randomly in tectosilicate glasses and melts.

« PIAl is probably a good network former or reticulator
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