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Contents for previous class

 Preparation of amorphous materials

! Sputtering Surface coating Droplet quenching Bulktype

] : sphere, rod, plate

i Chemical vapor deposition ; | Water quenching

Thermal evaporation i Injection casting Suction casting

Pulsed laser deposition Squeeze casting Strip casting

. electrolytic deposition i i Centrifugal casting

.Gasatomization .. powder i | Irradiation

.......................................................................... ; Pressure-induced amorphization

-spinni thin film @ :

Melt-spinning : i Solid-state diffusional amorphization:
Splat quenching thin plate { | :

i Computer simulation :
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Contents for today’s class

 Bonding in Glasses

e Glass transition: Volumetric measurement

Volume, V

mm) T, glass transition temp.
} T, = fictive temperature, T,  Liquid

— depends on cooling rate
— depends on thermal history

Undercooled

(slass

Crystal

Glass transition
: region over which change of slope occurs

: “pseudo” second order phase transition
:

TI.!“ Tf = Tq Tin T 3

thermodynamic property 7  thermodynamic property




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

—
Table 2.1 Examples of glass-formers for the major types of bonding
Type of bond Material
Covalent As,Se,, Se
[onic KNO,-Ca(NO,;),

Metallic Zr—Cu, Ni-Nb

Van der Waals’ ortho terphenyl _ s

Hydrogen bond KHSO,, ice, aqueous solution of 1onic
salts (e.g. LiCl)




to another (one loses, the other
gains) forming oppositely charged
ions that attract one another

— some valence

Most bonds are . — holds atoms of a
somewhere in between metal together
ionic and covalent.




Type of bond can usually be calculated by finding the difference
in electronegativity of the two atoms that are going together.
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Figure 9.9 Electronegativity values for the elements according to Pauling. Trends for electronegativi-
ties are the opposite of the trends defining metallic character. Nonmetals have high values of electronega-
tivity, the metalloids have intermediate values, and the metals have low values.



Electronegativity Difference

o If the difference

in electronegativities is between:

1.7 to 4.0:
0.3 to 1.7:
0.0 to 0.3:

Ionic

Polar Covalent
Non-Polar Covalent

H
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Figure 9.9 Electronegativity values for the elements according to Pauling. Trends for electronegativi-
ties are the opposite of the trends defining metallic character. Nonmetals have high values of electroneqga-
tivity, the metalloids have intermediate values, and the metals have low values.




Metallic Solids

lonic or covalent bonds

The outer electrons in the atoms of a metal
are relatively free to move through the
material (high mobility)

The number of such mobile electrons in a
metal is large (high carrier density)
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» Valance electrons are relatively bound to the nucleus
and therefore they move freely through the metal and

they are spread out among the atoms in the form of a
low-density electron cloud.

+ A metallic bond result from

U
the sharing of a variable number | @ ) @ @
of electrons by a variable : <

number of atoms. A metal may x’f-i \i
|
be described as a ¢loud of free Q 3 @ @

electrons. R

— r @ ) @ G)
<+ Therefore, metals have high e
electrical and thermal

conductivity.



This means the melting and boiling points are higher,
and the metal is stronger and harder.

The positively charged cores are held together by
these negatively charged electrons.



Properties of Metallic Solids

Light interacts strongly with the free
electrons in metals

Visible light is absorbed and re-emitted quite

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

m) Glass can be formed by one of those bondings.

Table 2.1 Examples of glass-formers for the major types of bonding

Type of bond Material

Covalent As,Se,, Se

[onic KNO,-Ca(NO,;),

Metallic Zr—Cu, Ni-Nb

Van der Waals’ ortho terphenyl

Hydrogen bond KHSO,, ice, aqueous solution of 1onic
| salts (e.g. LiCl)

=) Some examples which do not fit into any one category.

Ex) Silica : some ionic + predominant covalent
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* How does glass form? = Giass transition
(phase transition)

* Why does glass form? = Better glass former than others

=) Glass forming ability

If liquid is cooled, two events can occur.

1) Crystallization (solidification at T, )

2) Undercooled below T, m) More viscous
(supercooled) =) Glass

“ The glass transition is ‘pseudo’ second-order phase transition.

And the transition depends on kinetic factors.
13



Thermodynamically: what 1s possible!
Kinetics: speed/rate of the transition.

Thermodynamical classification: first order & second order

AG =AH ~TAS =0
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* Order (degree) of transition

Continuous phase transitions:

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

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

F
Plsoiid —— |
X

vapour 1 FA /
oldvapour A1 T\
F X

» Aside: the phase transition as one moves across

X the co-existence line (from liquid to vapour) is
fundamentally different. That transition is known as

throughout. In the transition the lowest minimum
changes from liquid to vapour (and vice-versa).



* Order (degree) of transition

o F
I|qU|d‘7 — U

 CD, DE, DP: Equilibrium of 2 phases
— latent heat
— Volume change

— 1st order transition

L

T and P beyond point p
: vapor and liquid are indistinguishable.

—> Single phase: only property changes.
— No boiling pt. no latent heat

— Higher order transition 16



First-order transition:
a discontinuity occurs in the first derivative
of the free energy with respect to T and P.

Discontinuous enthalpv. entropv and volume
dG
_ _S
dl
dG
oy
dP

Examples: CsCl structure to NaCl structure; T =479 C.
AV =10.3cm’

AH = 242457/ mol

Melting, freezing, vaporization, condensation. ..



First-order transition:

H, —\TS ;
AH
it I ‘*:.}]
T, T, T,

18



Second order transition: Discontinuities in the second
derivatives of the free energy, 1.e. heat capacity, thermal
expansion, compressibility.

Enthalpy. entropy and volume, continuous functions of T

o°G v

— = =—V [ (compressibility
P op p(comp )
-~ -~
oG _oF _ Vo (thermal exp ansion)
oPcl ¢ol,
0°G 0S8 C

Measurement of heat capacities (calorimetry) S



Order-disorder transition: 2*¢ order transition

e [brass.

~ 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)

% /!_ iiq_ /_/ig _/i_c)_ ) Low 7, ordered
S1 ‘QT % W *f

> Zn

% o Cu

L

2

% % % |
| ﬁ-ﬁfi; High T, disordered

» Two types of site call them: A-sites and B-sites.

» At high 7, equal probability for any site to be
occupied by Cu or Zn. 20



Intermediate Phase

* Often the configuration of atoms that has the
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 known
as an intermediate phase.

* Intermediate phase has crystal structure different from

+hat n'F aithar alarmant iIn niira ctata Ear avamnla
ulidt O7 éeltnéer eiement In MUIT oudic. Ui CI\ClIII'JIC,

CuZn (bcc) has an ordered body centered structure,
different from either Cu (fcc) or Zn (hcp). This
particular intermediate phase has some solubility
range whereas other intermediate phases may have a

very narrow solubility range for the solute element.
21



L S
Ordered Alloys AH_, =0 AHZ <0

a. AH_; <0 — Aatoms and B atoms like each other.

How does the phase diagram differ from the previous case?

b. What would happen when AH
— The ordered state can extend to the melting temperature.

<< 0?

mix

liquid

" g
~ r
[\
(a)

congruent maxima 22




Order-disorder phase transformation

- Not classical phase change=~not depend on diffusion process
- change of temperature allowed a continuous re-arrangement of
atoms without changing the phase

- 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.
- Simple composition of the type AB or AB; can the transformation

(i.e. at the temperature maximum) be considered diffusionless.

L

CL

23



liquid

* Solid solution gl
-> random mixing
-> entropy 1 . G
negative enthalpy | oy
o
AH, <0 .
Large composition range A Xy coecges B m
3G\ (b)
diate phases: (a) for an intermetallic com- A XF; ——
(b) for an intermediate phase with a wide
liquid
* Compound : AB, A,B... G f
- entropy| .
- covalent, ionic contributior g, | ’
-> enthalpy more negative | AGo, ol 8
oo g
AH, <<0: | Y
............................ - L 4 ] a+ B
Small composition range  (a) Ideal . By
composition
9 G l Fig. 1.23 Free energy curves for intermed

pound with a very narrow stability range, (
stability range. A XB



Ordered Phase

e <0, AH_ ;<0 /AH_ .~ -20 kdJ/mol
1100 | — — — - -
1064.43°C 1084.87°C
1000+ Liquid ]
910°C
900 - 24 —
800 Disordered F.C.C. solid solution &
(Au, Cu)
© 700 i
&
2 600 o
@
S 5001 i
o
= p
400 AuCUll e AUCUl  390°C .
Sllg O AuCul &
2001 F (cubic -
MHCUEB-EE‘: (tetragonal) (cubic)
e (cubic) E
0 | I | I I I l | I

0 10 20 30 40 50 60 70 80 90 100

AL Atomic percent copper Cu
(fcc) (complete solid solution) (fcc) o



Intermediate Phase £<0, AH_. <0/AH_. ~-21 kJ/mol

1054.5

Temperature {C)
T
-
T

1':":' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 10 20 30 40 a0 =0 To 20 20 100
(fcc) Cu dtomic Percent  Zn Zthcp)

a and n are terminal solid solutions
- B, B,v, 6 and e are intermediate solid solutions.
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Cu-Zn Phase Diagram
Eutectoid and Peritectic Reactions

peritectic:
V+Le> § - peritectic:
o o+ L.,‘_I E
o - E
. &
§ e
g &
L =
—|1000
# & + L
eutectoid: — 00— T
S yte | I |

Bl 0 a0 o
Composition (Wt Zn)
Eutectoid: one =solid phase transforms into two other solid phases upon cooling

Peritectic: one solid and one liquid phase transform into another solid phase
upon cooling

Salid 5

Peritectoid: two other solid phases transform into Go

i1

another solid phase upon cooling /w /?'\T‘*'B\




Intermediate Phase
£<0, AH_. <0/AH_.~ -38 kJ/mol

1100 ELY
1uun{
200 Liquid
T 800-
P
= -
w700+
= JE50
= i
= GO0 e =
3 iy 52 B
1 40 E47 |
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7 145 i
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400 3 e é
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0 10 20 0 40 S50 &0 70 a0 an 100
Mghcp) (Orthorhombig)mic Percent  Cu oifcc)
Fddd ~
P6,/mmc Emam



Intermediate Phase

£<<0, AH,_, << 0/AH_, ~ -142 kJ/mol
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o
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Temperature (C)
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Order-disorder transition: 2¢ order transition

¢ Other examples (there are many):

» _Isotropic — nematic transition in liquid crystals: » Ferromagnetic - paramagnetic transition:

appearance of orientational order (liquid manifests itself as a spontaneous polarisation,
crystals have no long-range, positional order). in zero external field.
Increasing order Increasing order

AAxh AAAA
ARAY 4424
Ny AR AL A4

=

o

|sotropic Nematic High-T Low-T:
liquid liquid crystal paramagnet ferromagnet
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