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If coherency strain energy is too large. — misfit dislocations

How would you define misfit
in terms of d, and d;?
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Fig. 3.35 A semicoherent interface. The musfit parallel to the interface is accommodated
by a series of edge dislocations.
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2) Semicoherent Interfaces

7(semicoherent) =¥y, +7 st — due to structural distortions
5200 ~ 500 mJm™2 ch St caused by the misfit dislocations

Vs o O for small § — It levels out when & = 0.25.

D.=b, /6
.2'_2/.2 When &> 0.25,

— one dislocation
every four
interplanar spacings

8 I,DF ‘t‘“/ﬁ1 — incoherent
1| misfit

62

Fig. 3.36 Misfit in two directions (8; and &,) can be accommodated by a cross-grid of edge
dislocations with spacings D;=b,/&; and Ds=b,/6,
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3) Incoherent Interfaces
y(incoherent) ~ 500 ~ 1000 mJm™

Fig. 3.37 An incoherent mnterface.
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4) Complex Semicoherent Interfaces

If bcc a is precipitated from fcc y, which interface is expected?

Which orientation would make the lowest interface energy?

Nishiyama-Wasserman (N-W) Relationship

(110) //(111)fcc’ [001]bcc //[101]fcc

bcc

Kurdjumov-Sachs (K-S) Relationships
(110)yqe //(110)ge,  [111], /1011,

Phase Transformations in Metals and NRL of Charged Nanoparticles

4) Complex Semicoherent Interfaces
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Fig. 3.38 Atomic matching across a (111); /(11),,. interface bearing the NW
orientstion relationship for lattice parameters closely corresponding to the case
of fee and bee ron. (M.G. Hall et al., Surface Science, 31 (1972)257).
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3.4.2 Second-Phase Shape: Interfacial Energy Effects

i - i 2 —lnterfacial and Strain E.
How is the second-phase shape determined? . Growth Kinetics

2 Ay = minimum Fully Coherent Precipitate
(a) B 4 ’ P
SN

GP(Guinier- Preston) Zone
in Al - Ag Alloys
My —r
&, ="2—-"L=07%
Fa
— negligible contribution
to the total free energy

Fig. 3.39 (a) A zone with no misfit (O Al, @ Ag, for example). (b) Electron micrograph of
Ag-rich zones in an Al-4 atomic % Ag alloy (> 300 000). (After R.B. Nicholson, G. Thomas f*

and J. Nutting, Journal of the Institute of Metals, 87 (1958-1959) 431.)

Partially Coherent Precipitates It should be noted that
the observed ppt shape

is a growth shape,
not an equilibrium shape.

Equilibrium
shape

Fig. 3.40 A section through a y-plot for a precipitate showing one coherent or
semicoherent interface, together with the equilibrium shape (a disc).

Coherent or Semi-coherent in one Plane ; Disc Shape
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hcp »' Precipitates in Al —4%Ag Alloys — plate
broad face parallel to the {111} matrix planes

Fig. 3.42  Electron micrograph showing [the Widmanstitten morphology] of
¢ precipitates in an Al-4 atomic % Ag alloy. GP zones can be seen between the v, ;
e.g. at H (% 7000). (R.B. Nicholson and J. Nutting, Acta Metallurgica, 9 (1961) 332.) r

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

Semicoherent
Incoherent
(a) (b) (c)

Fig. 3.45 Possible morphologies for grain boundary precipitates. Incoherent inter-
faces smoothly curved. Coherent or semicoherent interfaces planar.
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Precipitates on Grain Boundaries

Fig. 3.46 An a precipitate at a grain boundary triple point in an a — B Cu-In alloy.
Interfaces A and B are incoherent while C is semicoherent (x 310). (After G A.
Chadwick, Metallography of Phase Transformations, Butterworths, London, 1972.)

A, B ; Incoherent
C ; Semicoherent
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3.4.3. Second-Phase Shape: Misfit Strain Effects

Z Aﬁyi L AGS = minimum Fully Coherent Precipitates
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a,—a (a) (b) (c)
é‘ — ﬂ o Fig. 3.47  The ovigin of culierency strains. The number of lawice points in the hole is
conservad.
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Constrained Misfit
a,-a,
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&= € Large

25 E,=E,v=1/3

Fig. 3.48 For a coherent thin disc there is little misfit parallel to the plane of the disc.

0.55<s<68,E, #E,
Maximum misfit is perpendicular to the disc.
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Elastically Isotropic Materials _ 2
with equal elastic moduli AGS - 4/15 v

andv=1/3 u: shear modulus of the matrix

V: volume of the unconstrained hole
- Independent of the shape of the precipitate

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

Elastically Anisotropic Materials

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

Atom radius (A) Al:143 Ag:144 Zn :138 Cu:1.28
Zone Misfit  (5) - +07% -35% -105%
Zone Shape - sphere sphere disc
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. AV
Incoherent Inclusions -

Volume Misfit A =

LTI
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(a) (b)
o . X2 2 52
For Elliptical Inclusions AT A ——
a®> a® ¢’
for a homogeneous 2

incompressible inclusion AG, =— uA*-V - f(c/a)
in an isotropic matrix 3

p: the shear modulus of the matrix

&
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Fig. .50 The variation of misfit strain energy with ellipsoid shape, f(c/a). (After
F.R.N. Nabarro. Proceedings of the Roval Society A, 175 (1940) 519.)

AG, :%,uéz V- flefa)

A=—£ 2 + 35 for sphere
4

or needle
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Coherency Loss

for small 5, y4 ocd
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AG(coherent) = 4 u6° -%ﬂﬁ +arr’ -y,

AG(non —coherent) = 471 - (y, +74)

%:1'7'3(41271 52)—0— Azt (ydt) . (}'S, + ¥ )

coherent AG,-relaxed |
. 3 Vst 0 :
s | -
N 4 ’
5 Terit

AG| Coherent Non=-coherent

Fig. 3.52 The total energy of matrix + precipitate v.
precipitate radius for spherical coherent and non-
coherent (semicoherent of inchherent) precipitates.
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Glissile Interfaces

- epitaxial; Can’t move forward or backward

ermmnflennnSyilonnsens
Z Z 7 - Glissile: Boundary moves toward o or B

Interfacial dislocations

\ Macroscopic
plane of
interface

a
;; E; z;_ :z Corresponding
B slip planes

Fig. 3.55 The nature of a glissile interface.
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Glissile Interfaces

HCP: ABABABAB...

close packed plane: (0001)
close packed directions:

<1120 >

FCC: ABCABCAB...

close packed planes: {111}
close packed directions:

<110 >

B — C sites

_a )
b=2<112 >
. . . Fig. 3.56  The location of A, B and C sites in a close-packed layer of atoms. See also
- ShOCkley partlal d|S|ocat|0n Figs. 3.57 and 3.58. (After J.W. Martin and R.D. Doherty, Stability of Microstructure

in Metallic Systems, Cambridge University Press, Cambridge, 1976.)
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Fig. 3.59 {(a} Anedge dislocation with 2 Burgers vector b = {112} on (111}, {Shock-
ley partial dislocation.} {b} The same distocation locaily changes the stacking sequence
from foe 1o hep.
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Stacking Faults misfit — hep g E _g é
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Fig. 3.60 Two Shockley partial dislocations on alternate (111) planes create six
layers of hep stacking

Macroscopic
interface plane

Fig. 3.61 An array of Shockley partial dislocations forming a glissile interface be-
tween fec 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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Solid / Liquid Interfaces

Liquid
7,5001d77, o
9]
(a) R
28
Liquid oct
@ 77598 7 (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-I1ill, New York, 1974.)
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Fig. 3.64 The wvariation of H, -T,S and G
across the solid/liquid interface at the
equilibrium melting temperature T, showing
the origin of the solid/liquid interfacial energy
7
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Interface Migration

oA
Heterogeneous Transformation: Nucleation + Growth
Nucleation barrier
Eg. Precipitation

Homogeneous Transformation:
No nucleation barrier
— Growth: Interface control
Eg. Spinodal
p——
Cs Ca Types of Interface 3
- Glissile Interface: Military, Athermal: Shape change
- Non-Glissile Interface: Civilian, Thermal

Fig. 3.66 Composition changes in a substitutional alloy caused by interface migra-
tion when the two adjoining phases have different compositions.
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Diffusion-Controlled and Interface-Controlled Growth

Ty =—Civg 1
1 1 ;1 Jinol~
- = . L Aty —=—n——
g (M- Ay Vm) Ha V. m’mol™
@ ocC
= JB = _D(e—; interface

High Mobility: Agf small, X; *X_ . Diffusion-Control

Low Mobility: A,u; must be large, Mixed-Control
oc

Very low Mobility: Xi~ X, . [,_J =0 Interface-Control
ax intrface
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= [ _{melfuce control
Fig.3.67 Interface migration with long — range X [ ==
diffusion. (a) Composition profiles across the 1S bitesion conon
interface. (b) The origin of the driving force for = ——X
boundary migration into the & phase. (c) A sche / \

—matic molar free energy diagram showing the
relationship between aj, X; and X,. (Note that &)
the solubility of Ainthe £ phase is so low that
the true shape of the free energy curve cannot be
drawn on this scale.
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