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Fragility ~ extensively_ use to figure ogt Iiguid dynamics and glass properties
corresponding to “frozen” liquid state

< Quantification of Fragility >

@ Strong liquid vs. Fragile liquid

« Strong glass forming liquid

— covalent bond of SiO,

— small difference of C, between SCL
and glass at T (small difference of structt

— SCL.: relatively low entropy

* Fragile glass forming liquid

— non-directional bonding
(Van der waals bonding)

— large difference of C, at T,

Log (viscosity in Pa-s)

(relatively large free volume)

— SCL.: relatively high entropy

- dlogn(T) _dlogz(T)

- d(T,, /T

=Tgn

- d(T,/T) .

Slope of the logarithm of viscosity, n
(or structural relaxation time, ) at T

12

Strong

Intermediate
6k (Moderately
Strong)
3 .
ok

Somewhat

Fragile
-3
Fragile
-6 |
0.0 0.2 04 0.6 0.8 1.0

Tg/T



Controversies in amorphous solids: The Kauzmann Paradox

Kauzmann paradox is not possible, V.H.S liquid
two solutions are possible:

1) AtT, there is atrue 2" order
phase transition between the lig.
and the glass.

2) The extrapolation to temperatures
far below T Is not valid.




* Measurement of 7, : DSC, DTA, TMA & DMA
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< Characteristics of metallic glass >

Critical cooling rate: several hundreds K/s

Reversible Irreversible
- —
Amorphous phase [Esiije:lgeelo)clelCrystal phase
(Solid) liquid state (Solid)

Room Glass transition Crystallization Melting
temperature temperature: Tg temperature: Tx point: Tm

High
emperature

High strength | Viscous flow i K‘%rittleness{&

High elastic limit || Viscosity<10'2Pa-s
l—ligh hardness <

| New micromachining
at supercooled liquid
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Use of Gibbs energy curves to construct a binary phase diagram of the eutectic type.
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Theories for the glass transition

e 4 viewpoints for Glass transition

Viscosity | -« Kinetic variables
depending on time

— Entropy

— | Free volume

Relaxation behavior

— glass transition can be realized by evaluating one of factors.

m) Dby thermodynamic origin, 2" order transition

H,V,S: continuous C, a1 Ky discontinuous



Theories for the glass transition

A. Thermodynamic phase transition

e Glass transition
H,V,S:continuous C, a1 Ky discontinuous
— by thermodynamic origin, 2"d order transition

But, 1) Tg is dependent on thermal history of sample.

— If 2" order transition,

Vv, V.H.S Tg is not changed by kinetic factor.

liquid

glass og

e _ : -

=t
Tg(r;) To(ry) Te(r) Tg
Tg depends on the rate at which the Specific Volume (density)
liquid is cooled. Tg(r;)< Ty(r,)< Tglr)) of the glass depends on the 8

ifr; <1, <14 time at a given T< T,



Value of the Prigogine Defay Ratio: R

* Continuity conditions for G or 1 at a first order phase transition
allowed us to derive the Clapeyron equation lr" dPy AS AH
\dT/ AV TAV
* If T 1s a second order transition, continuity of V and S at T; leads

to two similar relations between materials parameters and state
variables.

Ve =VL  dVg=dVy (dP\  AC,
dETG — E"'.*G “‘FG dT - KG R'TG dP * LKE/I = VTAGL
dVy; =o; V. dT - x; V; dP

S¢ = Sp dSg =dS (dP\ A«
dSg =(Cp%/ T)dT - oG Vgdp = | o) =" -

By combining both Ehrenfest equations without R =
invoking a second-order thermodynamic transition, AT

mm) Prigogine Defay Ratio:R 7




Application of Clausius-Clapeyron relation in the real world

d—P = AH lies to all ist
qT i TquV -=» applies to all coexistence curves
\/

applies to all phase transformation

For example, y phase transformed to a phase at eq. temperature in Fe.

If applies d_P _ AH volume change : AV = V-V, > 0
dT ),  TeAV
enthalpy change : AH = H,-H, < 0

(d_Pj _AH 0
v dT )., T.AV ©
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If T increases, [slope| decreases.
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Application of Clausius-Clayperon Relation in the real world
Ice skating
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Clausius-Clapeyron Equation in Real Life

++ Why the bubbles form near the screw of the boat

= Whenriding a boat, bubbles formed near
the screw are seen. Mechanism of
bubble formation is closely related to
Clausius-Clapeyron equation.

High speed of the screw V1
— Velocity of fluid increases - \
V Bernoulli's Equation
Pressure of water near screw : v’ p
[ decreases P 0] + gh + P — constant
- - !
g \
Boiling temperature of water AT = 0 Clausius-Clapeyron Equation
decreases - P L
-~ dT ~ TAV
Water tumns into vapor - ot /
even at low temperature A O OIH ™ 3 http: /i encyber.com
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