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Viscosity measurements
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  Peak#1: position= 1060.42+/-137.64, area= 2406.13+/-1996.94, width (fwhm)= 175.345+/-72.5931
  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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Mg - Conclusions

• MV increases and Cp
conf decreases  with SiO2

• NMR => VAl increases with Al2O3

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

• Viscosity and Tg increase with SiO2 and Al2O3

MAS
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MV of glass increases
with SiO2

and decreases with CaO

Cp
conf = Cp

l - Cpg(Tg)

Tg => log η = 13 log Po

After Richet (1987)
and Richet and Bottinga (1984)
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Viscosity as a function of SiO2 for 3 joins
1<R=CaO/Al2O3 <3

Decrease of viscosity from R=1 to R=3

Viscosity decreases with decreasing SiO2and increasing CaO
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Glass transition temperature

Tg => η = 1013 poise

Neuville, 1992, from viscosity
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Tg = 1400 K
SiO2 glass
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  Peak#1: position= 1060.42+/-137.64, area= 2406.13+/-1996.94, width (fwhm)= 175.345+/-72.5931
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Neuville et al. GCA, 2004, 68, 5071, Neuville et al. Chem Geol., 2006, 229, 173
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CaO Al2O3 - Glass

27Al (ppm)
20406080100

0

40

80

120

27Al (ppm)
20406080100

17
O

 (p
pm

)

δiso 74 ppm
Al(µ2)3(µ3)

δiso  79 ppm
Al(µ2)4

µ3

µ2

Consistent Consistent 1717O and O and 2727Al signature of Al signature of Al(µ2)3(µ3) structural entities

D.Iuga, C.Morais, Z.Gan, D.R.Neuville, L.Cormier, D.Massiot 'NMR Heteronuclear Correlation between Quadrupolar Nuclei in Solids.‘
J. Am. Chem. Soc. 127 11540-11541 (2005)

Hetero-nuclear correlation



0

2

4

6

8

10

12

14

0 20 40 60 80 100

%
 [V

] A
l

mole% SiO
2
 

RC=1

RC=1.5

RC=3
[VI]AlC

RM=3

R
M

=1

[VI]AlM

Neuville et al. Chem Geol., 2006, 229, 173

1020

1040

1060

1080

1100

1120

1140

1160

1180

0 1 2 3 4 5

T
g

 (
K

)

Al2O3 / CaO

Peraluminous
 glasses

Perlime
glasses

T
ec

to
si

li
ca

te
 j

o
in

50% SiO
2

76% SiO
2

10% SiO
2

33% SiO
2

AlIV

AlV

AlV increases the viscosity
AlV has a role of network
former

0

10

20

30

40

50

60

0 2 4 6 8 10 12

%
 [5

] A
l 

Al2O3 /MO

33%SiO2

50%SiO2 CAS

Peraluminous
 glasses

10%SiO2

T
ec

to
si

li
ca

te
 j

o
in

// 8

    AlV increases with Al2O3
content for  R=CaO/Al2O3<1

0

10

20

30

40

50

60

0 2 4 6 8 10 12

%
 [5

] A
l 

Al2O3 /MO

33%SiO2

50%SiO2 CAS

Peraluminous
 glasses

10%SiO2

T
ec

to
si

li
ca

te
 j

o
in

// 8

50%SiO2 MAS

0

10

20

30

40

50

60

0 2 4 6 8 10 12

%
 [5

] A
l 

Al2O3 /MO

33%SiO2

50%SiO2 CAS

Peraluminous
 glasses

10%SiO2

T
ec

to
si

li
ca

te
 j

o
in

// 8

50%SiO2 MAS

Al
2
SiO

5

Poe, McMillan et al.., 

1992, 1994



SiO2

CaO Al2O3

CaO-Al2O3-SiO2 glasses: Al K-edge

Al in 4-fold coordination 
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•With increase of SiO2 or Al2O3 : Q4

    Al enters preferentialy in Q4 species
⇒ the connectivity of the network is increases => higher viscosity
⇒ high Tg

Ca-Conclusions
Explanations for the increase of Tg at low SiO2 content

•Glasses R=1 : Q4

    few structural change - substitution Si/Al
⇒ polymerization not change
⇒ no Tg maximun
⇒ [5]Al explain the Tg deviation

Q2

•High content in CaO : Al in Q2 low Tg

•Not need O tricluster to explain viscosity variation

Q4



1) MAS System

Richet et al.

2) CAS System

Richet et al.

3) CMAS System
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Ca/Mg-Conclusions

•No significant changes in Raman spectroscopy

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

• the proportion of [5]Al increases with Al2O3



Conclusions
•R=1 : substitution of Si by Al in Q4 species see by Raman,
NMR are in good agreement with viscosity and configurational
entropy

• per-MO glasses:  low amount of [5]Al and for the CAS system,
Al in Q2 species for low SiO2 content.

• peraluminous glasses: [5]Al increases with Al2O3

• Tg increases with [5]Al => [5]Al  can be a network former

• Ca/Mg mixing => [5]Al  increases with Mg and viscosity can be
predict using an ideal mixing term

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


