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Contents for today’s class

 Interphase Interfaces in Solid (o/B)

- Glissil Interfaces

- Solid/Liquid Interfaces

« Interphase migration

- Diffusion controlled and Interface controlled growth

3



Interphase Interfaces in Solid (/)

1) Glissile Interfaces (B2 0l& AE)
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Fig. 3.55 The nature of a glissile interface. Shear deformatéon
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Glissile Interfaces between two lattices

G IFIFIR
uesosececoe
C0-0-0-0-0-6

osososesote

f'""‘.a.f .p.'..u f‘L ..hf'

close packed directions: <1120 >

HCP: ABABABAB...
close packed plane: (0001)

Shockley partial dislocation

FCC: ABCABCAB...
close packed planes: {111}

close packed directions: <110 >



1) Perfect dislocation
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2) Shockley partial dislocation

C’HC”EQUH
C— A C A5 US

a,. . ia. - a.. -
—[101]=—]112]+—[211
2[ ] 26[ ] 6[ ]

0| burgers vector=
lattice point0j| X| L}

(AR HRHE A R




Shockley partial dislocation sliding == Stacking fault region

Dislocation sliding

FCC -—
7 A~ 8
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(1) 3 C C
2 B — B
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Fig. 3.59 (a) An edge dislocation with a Burgers vector b = £[112] on (111). (Shock-
ley partial dislocation.) (b) The same dislocation locally changes the stacking sequence

from fce to hep.
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Glissile Interfaces

between two lattices Stacking Faults misfit — lEu:p
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\ L )
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Fig. 3.60 Two Shockley partial dislocations on alternate (111) planes create six
layers of hep stacking.
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Fig. 3.61 An array of Shockley partial dislocations forming a ghssile interface be- J

tween fce and hep crystals.
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Fig. 3.62 Schematic representation of the different ways of shearing cubic close-
packed planes into hexagonal close-packed (a) using only one Shockley partial,
(b) using equal numbers of all three Shockley partials.
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Interphase Interfaces in Solid (/)

2) Solid / Liquid Interfaces
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(b) Solid

Fig. 3.63 Solid/liquid interfaces: (a) atomically smooth, (b) and (c) atomically
rough, or diffuse interfaces. (After M.C. Flemings, Solidification Processing,
McGraw-Hill, New York, 1974.)
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Solid / Liquid Interfaces

at melting point
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Interface Migration

- Heterogeneous Transformation :
Nucleation (A& &A) + Growth (HH 0|%)

9 Nucleation barrier Eg. Precipitation

* Homogeneous Transformation :

Growth-Interface control

No Nucleation barrier Eg. Spinodal decomposition (Chapter 5)

Types of Interface

(- Glissile Interface: Athermal, Shape change —— Miilitary transformation

_ - Non-Glissile Interface: Thermal, &*=2| w4 =2%— Civilian transformation

0fl2l) bainite HEH: BE G20l 2|5 Lo/ E& 0| AH o]0 2lgt At H|zet R HS}
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Classification of Nucleation and Growth Transformation

Type

Military

Civilian

Effect of temperature
change

Interface type

Composition of parent
and product phase

Nature of diffusion
process

Interface, diffusion
or mixed control?

Examples

Athermal

Glissile (coherent
or semicoherent)

Same composition

No diffusion

Interface control

Martensite twining

Symmetric tilt
boundary

Thermally activated

Nonglissile (coherent, semicoherent. Incoherent, solid/liquid, or solid/vapor)

Same composition

Short-range diffusion
(across interface)

Interface control

Massive ordering
Polymorphic
recrystallization
Grain growth
Condensation
Evaporation

Different compositions

Long-range diffusion (through lattice)

Mainly interface control

Precipitation dissolution
Bainite condensation

Evaporation

Mainly diffusion control

Precipitation dissolution
Soldification and melting

Mixed control

Precipitation dissolution
Eutectoid

Cellular precipitation

Source: Adapted from Christian, J.W., in Phase Transformations, Vol. 1, Institute of Metallurgists, 1979, p. 1.
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Composition

Interface Migration

Civilian Transformation Interface control
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Diffusion-Controlled and Interface-Controlled Growth

Fig. 3.67 Interface migration with long-range diffusion
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What is the driving force for precipitation of B from a?

0 X —— Xt 1
AG ZG_AX£+C§BXB'B—Gr§(XB'B) 17



Driving force: precipitation

* Consider the chemical potential of |
component B in phase alpha
compared to B in beta. This
difference, labeled as AG, on the a ax—t ¥ st -
right of the lower diagram is the
driving force (expressed as energy
per mole, in this case).

_I
/

@ A X X Xg —> xP 8

* To convert to energy/volume,
divide by the molar volume for
beta: AG,, = 4G, /V,,,

Driving force for the reaction : 4G,

Driving force for nucleation : 4G,

Because the first nuclei of beta to appear ©. ? Xs—> i

Fig. 5.3 Free energy changes duting precipitation. The driving force for the first
- - g L precipitates to nucleate is AG, = AG,V,,. AG, is the total decrease in free energy
do not Ign Iflcantly Change the CompOS|t|0n when precipitation is completé1 and equilibriumﬁ has been reached.

of the parent material '8
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Al-Cu ppt structures

(1]
(1]
10
o
Ofn
=2
10
re
b
Ral
Jiot
=
=2
10
el
.
rg
gl
rA

GP zone structure =HAF | 0] %—@M

IHL "l ;ﬁ‘ h -
: '*r. - il@_ym"\h‘ﬂ

PR T} TS
- ) I 1,
S o R
.IL': 1 I I.I-;Tll.l -Eu ! ! ! ENE LEEE

(a) Bright-field TEM image showing G.P. zones, and (b) HRTEM image of a G.Pézzone
formed on a single (0 0 0 1), plane. Electron beam is parallel to in both (a) and (b).
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Fig. 3.68 Problems associated with the continuous growth of coherent interfaces
betweeq Phases with different crystal structures. (After J.W. Martin and R.D. Doher-
ty, Stability of Microstructure in Metallic Systems, Cambridge University Press, Cam-

bridge, 1976.)
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FIGURE 3.70

(a) Growth ledges at an Mg, Si plate in Al-
1.5 wt% Mgs,Si, solution treated and aged 2 h
at 350°C. Dark field micrograph. (b) Sche-
matic diagram of (a) showing ledges on
Mg,Si plate. (After Weatherly, G.C., Acta
Metall., 19, 181, 1971.)
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Contents I1n Phase Transformation

_(Chl) Stk AEl%: Thermodynamics
=M (Ch2) & 4AF 2: Kinetics
HH &
(Ch3) Z&H S O|MIZE
_(Ch4) S 1 Liquid — Solid
ot EN

(Ch5) AMINIA Sl 24 HEH: Solid - Solid (Diffusional)

(Che) XU A2 LEA BHEH: Solid — Solid (Diffusionless)
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Solidification: Liquid —— Solid

4 Fold Symmetric Dendrite Array
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Solidification: Liquid —— Solid

27
4 Fold Anisotropic Surface Energy/2 Fold Kinetics, Many Seeds
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