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→misfit dislocationsIf coherency strain energy is too large. 

How would you define misfit
in terms of  dα and dβ?
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γ γ γ= +( ) ch stsemicoherent

δγ δ∝st for small .25.0whenoutlevels It ≅→ δ

γst → due to structural distortions 
caused by the misfit dislocations2mmJ 500~200 −→

2) Semicoherent Interfaces

δγ δst for small

When δ > 0.25, 
→ one dislocation 
every four 
interplanar spacings

→ incoherent

3) Incoherent Interfaces

500 1000 -2incoherent  mJmγ ≈ ∼( )
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If  bcc α is precipitated from fcc γ,  which interface is expected?

4) Complex Semicoherent Interfaces

Which orientation would make the lowest interface energy?

110 111 001 101( ) //( ) , [ ] //[ ]bcc fcc bcc fcc

Nishiyama-Wasserman (N-W) Relationship 

110 111 111 011( ) //( ) , [ ] //[ ]bcc fcc bcc fcc

Kurdjumov-Sachs (K-S) Relationships

4) Complex Semicoherent Interfaces
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3.4.2 Second-Phase Shape: Interfacial Energy Effects

γ =∑ i iA minimum
Fully Coherent Precipitate
→ spherical 

How is the second-phase shape determined? →Interfacial and Strain E.
→Growth Kinetics

GP(Guinier- Preston) Zone 
in Al – Ag Alloys

0 7ε −
= = %A Br r 0 7ε = = . %a

Ar
→ negligible contribution
to the total free energy

Partially Coherent Precipitates It should be noted that
the observed ppt shape
is a growth shape,
not an equilibrium shape.

Coherent or Semi-coherent  in one Plane ; Disc Shape
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4%hcp Precipitates in Al Ag Alloys plateγ ′ − →
broad face parallel to the {111}α matrix planes

Precipitates on Grain Boundaries

1) incoherent interfaces with both grains
2) a coherent or semicoherent interface with one grain 

and an incoherent interface with the other,,
3) coherent or semicoherent interface with both grains
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Precipitates on Grain Boundaries

A, B  ;  Incoherent
C   ;  Semicoherent

3.4.3. Second-Phase Shape: Misfit Strain Effects

Fully Coherent Precipitates

Coherency Strain
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24SG VμδΔ = ⋅Elastically Isotropic Materials
with equal elastic moduli
and ν = 1/3

Independent of  the shape of  the precipitate

μ: shear modulus of  the matrix
V: volume of  the unconstrained hole

Elastically Anisotropic Materials

Different elastic moduli
Strain energy is minimum for a sphere for a hard inclusion
Strain energy is minimum for a disc for a soft inclusion

For most cubic metals, soft in <100> and hard in <111>
Disc parallel to {100}

discspheresphereShapeZone
MisfitZone

CuZnAgAlAradiusAtom
o

−
−−+− %5.10%5.3%7.0)(

28.1:38.1:44.1:43.1:)(
δ

Disc parallel to {100}

Incoherent Inclusions
VVolume Misfit

V
Δ

Δ =

2 2 2

2 2 2 1x y z
a a c

+ + =For Elliptical Inclusions  

22 ( / )
3SG V f c aμΔ = Δ ⋅ ⋅

for a homogeneous 
incompressible inclusion
in an isotropic matrix

μ: the shear modulus of  the matrix
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Coherency Loss

2 3 2
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Δ = ⋅ + ⋅
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, stfor small δ γ δ∝
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Glissile Interfaces

Glissile Interfaces

HCP: ABABABAB…
close packed plane: (0001)
close packed directions:

>< 0211

FCC: ABCABCAB…
close packed planes: {111}
close packed directions:

110< >

a
6b 112= < >

→ Shockley partial dislocation

B → C sites



10



11

Solid / Liquid Interfaces
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Interface Migration
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Diffusion-Controlled and Interface-Controlled Growth

Fig.3.67   
( )
Interface migration with long range

diff i C iti fil th
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. ( )

. ( )
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diffusion a Composition profiles across the
interface b The origin of the driving force for
boundary migration into the phase c A sche

matic molar free energy diagram showing
α

−

, . (i
B i e

the
relationship between X and X Note that
the solubility of A in the phase is so low that
the true shape of the free energy curve cannot be

μ
β

+

.drawn on this scale


