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1) MAS System

2) CAS System




Viscosity measurements
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Viscosity measurements
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Tg =>1logn =13 log Po

Configurational heat capacity
increases with decreasing SiO,
and increasing Al,O; content.

After Richet (1987)
and Richet and Bottinga (1984)
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Raman spectroscopy MAS
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Residuals

R=M O/Al O =1 - Peak#1: position= 1060.42+/-137.64, area= 2406.13+/-1996.94, width (fwhm)= 175.345+/-72.5931
=Mg 23 Peak#2: position= 1151.58+/-37.6097, area= 1071.84+/-2147.6, width (fwhm)= 134.965+/-31.9661
Peak#3: position= 975.436+/-44.7186, area= 688.072+/-2763.76, width (fwhm)= 128.558+/-63.6015| [
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Al NMR MAS
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Mg - Conclusions

MV increases and C <" decreases with SiO,

- Viscosity and Tg increase with Si0Q, and Al,O;

e Viscosity and Raman spectroscopy for R=1 glasses =>
random substitution Si/Al, few structural changes

e NMR => VAl increases with Al,O;
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From Rankin, 1915 Diagram in weight %
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Mole % SiO,

conf — 1 _
Cp o Cp Cpg(Tg)
Tg =>logn =13 log Po

Configurational heat capacity
increases with decreasing SiO,
and increasing Al,O; content.

After Richet (1987)
and Richet and Bottinga (1984)

CAS

MYV of glass increases
with SiO,
and decreases with CaO
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Viscosity as a function of SiO, for 3 joins
1<R=Ca0/Al,05;<3
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Increase of viscosity at low Si0O,
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Glass transition temperature

T, =>n = 10" poise
Tg = 1400 K
Si0O, glass
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Configuration Entropy AS
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Sconf(Tg) = Smix 4 ZXiSiCO”f (Tg)
Sconftop - zxisiconf (Tg)

Smix = - nR X.In X,
X.=Al/(Al+S1)
Ideal mixing => random distribution
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Substitution of S1 by Al
R = CaO/ALO; |
in Q* species along the join R=1
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Decresase of CAS
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RMN 750MHz, CRMHT, Orléans, >’Al 1D MAS
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R=Ca0/Al,0,=3
CA42.14 CA33.17 CA60.10

“CA'55_18
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Hetero-nuclear correlation
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Consistent 1’0 and 27Al signature of Al(u,);(p,) structural entities
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SA32 SUPERACO- LURE
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with increasing temperature few Al in 5 fold coordination appear
according with NMR (coteé, 1993) and Raman spectroscopy (paniel et al, 1995)
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Ca-Conclusions
Explanations for the increase of Tg at low Si10, content

*Glasses R=1 : Q*
few structural change - substitution Si/Al
= polymerization not change
= no Tg maximun
=> [51A] explain the Tg deviation

*High content in CaO : Al in Q? low Tg

£

*With increase of SiO, or Al,O; : Q* Q2 Q4

Al enters preferentialy in Q* species
= the connectivity of the network 1s increases => higher viscosity
= high Tg

*Not need O tricluster to explain viscosity variation
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1) MAS System

2) CAS System
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Ca/Mg-Conclusions

*No significant changes in Raman spectroscopy

e viscosity measurements show a minimum at Tg
which can be explain by an ideal mixing term in the
configurational entropy

* the proportion of SIAl increases with Al,O,




Conclusions

*R=1 : substitution of Si by Al in Q* species see by Raman,
NMR are in good agreement with viscosity and configurational
entropy

e per-MO glasses: low amount of PIAl and for the CAS system,
Al in Q?species for low SiO, content.

e peraluminous glasses: S/Al increases with Al,O,

e Tg increases with P1Al => [SIAl can be a network former

e Ca/Mg mixing => PIA] increases with Mg and viscosity can be
predict using an ideal mixing term

e No tricluster oxygen to explain properties variation in MAS,
CAS, CMAS and probably also in NAS




