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What is viscosity ? Géomatériaux
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Viscosity equation ?
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Arrhenius :

Nn(T) = A.exp(E/RT)
<~ logn=A+B/T

Yes but only for SiO,, GeO,, NaAISiOg,
KAISiOg because activation energy
change from 2000kJ/mol at 1000K up
down 300kJ/mol at 1800K for NS3.

Need TVF equation
logm=A; +B,/(T-T,)

But, just a fit ..... [&




Viscosity equation ? Géomatériaux
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Configurational entropy Géomatériaux
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From Richet P. and Neuville D.R. (1992)
Thermodynamics of silicates melts:
Configurational properties. Adv. S.
Geochim., 10, 132-161.
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Glass image ? Zachariasen, 1932 Géomatériaux I
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Short range order <3 A:

— Coordination, bond length, bond angle

— homopolar (-Se —Se, -C-C, -As-As) versus
heteropolar (Si-O, B-O, Ge-S)

Medium (intermediate)
range order (~3-10A):

— angles between structural units

— connectivity between structural
units (linkage by corner, edge, face)

— dimensionnality, rings

Almost no long order
(no periodicity !) :

— phase separation
— inhomogeneities




Zachariasen’s rules for glass formation Géomatériaux
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Zachariasen model (1932)

1. Each oxygen atom linked (bonded) to no more than
two glass-forming cations (e.g. Si%*).

2. Oxygen coordination number (CN) around glass-
forming cation is small: 3 or 4.

3. Cation polyhedra share corners, not edges or faces.

4. The polyhedral structural units form a 3-D
continuous random network in which every
polyhedron shares at least 3 corners with its
neighbors.

oxygen

1
Network former (Si, Al, Fe, Ti, B...)




Zachariasen model (1932) STEM image Huang et al., (2012) Géomatériaux
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Zachariasen model (1932) STEM Image Huang et al., (2012) Géomatériaux
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Zachariasen model (1932) STEM image Huang et al., (2012) Géomatériaux
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Zachariasen model (1932) STEM image Huang et al., (2012) Géomatériaux
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Zachariasen model (1932) STEM image Huang et al., (2012)
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Zachariasen model (1932) STEM image Huang et al., (2012) Géomatériaux
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Zachariasen model (1932) STEM image Huang et al., (2012) Géomatériaux
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Zachariasen model (1932) STEM image Huang et al., (2012) Géomatériaux
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Raman : vibrations of v-5i0, Géomatériaux
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Structure versus properties of silicate melts Géomatériaux
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Multicomponent oxide glasses Géomatériaux (x4
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Non-network formers (alkali,
alkaline-earth, transition
elements) decrease the
network connectivity, Tg, n by
forming non-bridging oxygens
(NBO) (s/bridging oxygens BO)

=>Network modifier

Q" species n =
number of bridging
oxygens by tetrahedra

W




Multicomponent oxide glasses

Zachariasen’'s rules do not consider at all
modified oxides or multicomponent
systems, or even non-oxide glasses
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Multicomponent oxide glasses Géomatériaux  <xy

||||||||||||||||
ssssssssssssss

Modified random network - MRN (Greaves, 1985)

Zones rich with network
modifiers

Zones rich with
network
formers

Relationships with conductivity, alteration etc {&




Aluminosilicate glasses Géomatériaux s
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Al substitute to Si in tetrahedral position

Al : (Ne)3s23pl: 3 valence electrons => ions Al3*

(AlO,) charge
electroneutrality
ensures by the
presence of alkali or
alkaline earth

Similar for (BO,)




Atomic structure in oxide glass, Greaves and Ngai, 1995

| NBO

13-
connected to

associatedto  1I[

the negative & r
charge of 00 & ok
0|
S L
>} L
~
05 7_
(@) L
&
. z -
Cations >

connected to 5
BO and ]
acting as charge |
compensator
near (AlQ,),

SiO,

T T I T T T | T T T I T

| NaA|S|206

(BO4)- 13
=> charge
compensator

5

7 9 11 1B
104T (K1)

||||||||||||||||
DDDDDDDDDDDDDD




Atomic structure in oxide glass, Greaves and Ngai, 1995 Geomatériaux
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Atomic structure in oxide glass, Greaves and Ngai, 1995
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Atomic structure in oxide glass, Greaves and Ngai, 1995
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Atomic structure in oxide glass, Greaves and Ngai, 1995 Geomateériaux

Hehlen B. and Neuville D.R._(2015) Raman response of network modifier
cations in alumino-silicate glasses. The Journal of Physical Chemistry B. 119,
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Atomic structure in oxide glass, Greaves and Ngai, 1995 Geomateériaux
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Atomic structure in oxide glass, Greaves and Ngai, 1995 Geomateériaux
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Atomic structure in oxide glass, Greaves and Ngai, 1995 Geomatériaux
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Percolation channels: a universal idea to describe the atomic structure and dynamics of glasses and melts Geomateriaux

A) Al/Si=1
Xk =0
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Le Losg C, 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, doi:10.1038/s41598-017-16741-3



Percolation channels: a universal idea to describe the atomic structure and dynamics of glasses and melts
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Al/Si=0.11 =90%Si0,
Al/Si=0.20 =83%Si0,
Al/Si=0.33 =75%Si0,
Al/Si=0.50 =66%Si0,
Al/Si=0.72 =58%Si0,
Al/Si=1.00 =50%Si0,

Le Losq C, 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, doi:10.1038/s41598-017-16741-3
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At lower SiO, concentration...
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