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Contents for previous classContents for previous class

• Preparation of amorphous materials

Sputtering Droplet quenchingSurface coating Bulk type
: sphere, rod, plate

W t hi

Thermal evaporation

Chemical vapor deposition
Injection casting Suction casting

S ti

Water quenching

Strip castingSqueeze casting

electrolytic deposition

Strip casting

Centrifugal casting
Pulsed laser deposition

Gas atomization Irradiationpowder

Melt-spinning

Splat quenching

Pressure-induced amorphization

Solid-state diffusional amorphization
thin film

thin plate
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Splat quenching thin plate Computer simulation



Contents for today’s classContents for today’s class

•• Bonding in GlassesBonding in Glasses

•• Glass transition: Glass transition: Volumetric measurement Volumetric measurement 

TTgg glass transition temp. glass transition temp. 

depends on cooling rate

depends on thermal history

3



Bonding type: covalent, ionic, metallic, van der waals, hydrogen bond

Glass can be formed by one of those bonding.Glass can be formed by one of those bonding.

S l hi h d t fit i t tS l hi h d t fit i t tSome examples which do not fit into any one category.Some examples which do not fit into any one category.
Ex) Silica : some ionic + predominant covalentEx) Silica : some ionic + predominant covalent
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Review of Chemical BondsReview of Chemical BondsReview of Chemical BondsReview of Chemical Bonds

There are 3 forms of bonding:There are 3 forms of bonding:

••   –– complete complete transfer transfer of of __________________ pp
1 or more electrons from one atom 1 or more electrons from one atom 
to another (one loses, the other to another (one loses, the other 
gains) forming oppositely charged gains) forming oppositely charged 
ions that attract one anotherions that attract one another

•• _________ _________ –– some valence some valence 
electrons electrons sharedshared between atomsbetween atoms

•• __________________ –– holds atoms of a holds atoms of a 
metal togethermetal together

Most bonds are Most bonds are 
somewhere in between somewhere in between 
ionic and co alentionic and co alent
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ionic and covalent.ionic and covalent.



T f b d ll b l l t d b fi di th diffType of bond can usually be calculated by finding thedifference 
in electronegativity of the two atoms that are going together.
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ElectronegativityElectronegativity DifferenceDifferenceg yg y ffff
• If the difference in electronegativities is between:

1 7 t 4 0 I iI i– 1.7 to 4.0:  IonicIonic
– 0.3 to 1.7:  Polar CovalentPolar Covalent
– 0 0 to 0 3: NonNon--Polar CovalentPolar Covalent0.0 to 0.3:  NonNon Polar CovalentPolar Covalent
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Bonding type: covalent, ionic, metallic, van der waals, hydrogen bond

Glass can be formed by one of those bondings.

S l hi h d t fit i t tSome examples which do not fit into any one category.
Ex) Silica : some ionic + predominant covalentEx) Silica : some ionic + predominant covalent
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•• How does glass form? How does glass form? Glass transition
(phase transition)(phase transition)

•• Why does glass form? Why does glass form? Better glass former than othersy gy g g

Glass forming ability

“Glass transition”“Glass transition”
If liquid is cooled, two events can occur.

1) 1) CrystallizationCrystallization (solidification at (solidification at TTm.p.m.p.))

2) Undercooled below 2) Undercooled below TTm.p.m.p. More viscousMore viscous
(supercooled)(supercooled) GlassGlassGlassGlass

 The glass transition is ‘pseudo’ second-order phase transition.
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And the transition depends on kinetic factors.



“Phase Transition”“Phase Transition”
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•• Order (degree) of transitionOrder (degree) of transition

Continuous phase transitions:

occur when the minimum in the thermodynamic potential evolves smoothly 
into two equal minima

E

into two equal minima.
An example is seen in the model of phase separation, along the co-existence line.

P

D

C
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•• Order (degree) of transitionOrder (degree) of transition

P

E

D

C

D

• CD, DE, DP:   Equilibrium of 2 phases • T and P beyond point p

latent heat
Volume change

: vapor and liquid are indistinguishable.

N b ili t l t t h t
Single phase: only property changes.
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1st order transition No boiling pt. no latent heat

Higher order transition
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~ Brass is a 50:50, Cu:Zn alloy with a b.c.c structure. Brass is a 50:50, Cu:Zn alloy with a b.c.c structure.

~ At low temperatures, T<460K, the Zn and Cu atoms for an ordered
structure (eg. Cu atoms in the body-centre sites in top diagram)( g y p g )
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Intermediate Phase

* Often the configuration of atoms that has the

Intermediate Phase

minimum free energy after mixing does not have the
same crystal structure as either of the pure
components In such cases the new structure is knowncomponents. In such cases the new structure is known
as an intermediate phase.

* Intermediate phase has crystal structure different from
that of either element in pure state For examplethat of either element in pure state. For example,
CuZn (bcc) has an ordered body centered structure,
different from either Cu (fcc) or Zn (hcp). This( ) ( p)
particular intermediate phase has some solubility
range whereas other intermediate phases may have a

l bilit f th l t l t
21

very narrow solubility range for the solute element.



Ordered Alloys 0 LH 0 SHOrdered Alloys 0 mixH 0 mixH

ΔHmix < 0 → A atoms and B atoms like each other.a.

What would happen when ΔHmix<< 0? 

How does the phase diagram differ from the previous case?

b. pp mix

→ The ordered state can extend to the melting temperature.

22congruent maxima



Order-disorder phase transformation

- Not classical phase change=~not depend on diffusion process

- change of temperature allowed a continuous re-arrangement of- change of temperature allowed a continuous re-arrangement of 

atoms without changing the phase

boundary: ordered lattice & disordered lattice/phase rule could not applied- boundary: ordered lattice & disordered lattice/phase rule could not applied

there are cases in which an ordered phase of one composition exists

in equilibrium with a disordered phase of a different composition.in equilibrium with a disordered phase of a different composition.

- Simple composition of the type AB or AB3 can the transformation 

(i e at the temperature maximum) be considered diffusionless(i.e. at the temperature maximum) be considered diffusionless.
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* S lid l ti* Solid solution
 random mixing
 entropy ↑

negative enthalpy ↓negative enthalpy ↓ 

L i i

0 S
mixH

Large composition range
 G ↓

* Compound : AB, A2B…p , 2
 entropy↓ 
 covalent, ionic contribution. 
 enthalpy more negative ↓py g

Small composition range

0 S
mixH
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Small composition range
 G ↓



 < 0,  Hmix< 0 / Hmix~ -20 kJ/mol
Ordered Phase

(tetragonal)
(cubic)

(cubic)

25(fcc)(fcc) (complete solid solution)



 < 0,  Hmix< 0 / Hmix~ -21 kJ/molIntermediate Phase

(fcc) (hcp)
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( ) ( p)
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Peritectoid: two other solid phases transform into
another solid phase upon cooling 



Intermediate Phase
 < 0,  Hmix< 0 / Hmix~ -38 kJ/mol

(FCC)

mFd


3

28(hcp) (fcc)
Fddd mFm



3mmcP /63

(Orthorhombic)



 << 0,  Hmix<< 0 /Hmix~ -142 kJ/mol
Intermediate Phase
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