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Contents for previous class

(b) Special High-Angle Grain Boundaries
(c) Equilibrium in Polycrystalline Materials

« Thermally Activated Migration of Grain Boundaries

- Grain coarsening at high T, annealing due to metastable equilibrium
of grain boundary

« The Kinetics of Grain Growth

- Grain boundary migration by thermally activated atomic jump

- mobility of grain boundary ~ grain boundary segregation

e Grain Growth
- Normal grain growth <{—> Abnormal grain growth

Effect of second-phase particle - Zener Pinning 5 _Ar:




Contents for today’s class

 Interphase Interfaces in Solid (/)
- Second-Phase Shape: Interface Energy Effects
- Second-Phase Shape: Misfit Strain Effects
- Coherency Loss
- Glissil Interfaces

- Solid/Liquid Interfaces

« Interphase migration

- Diffusion controlled and Interface controlled growth
3



3.4 Interphase Interfaces in Solids

Interphase boundary coherent,
- different two phases : different crystal structure semicoherent
different composition incoherent
3.4.1 Coherent interfaces  Perfect atomic matching at interface
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(a). (b)

Fig. 3.32 Strain-free coherent interfaces. (a) Each crystal has a different

4
chemical composition but the same crystal structure. (b) The two phases have
different lattices.



3.4.1 Coherent interfaces

Which plane and direction will be coherent between FCC and HCP?

: Interphase interface will make lowest energy and thereby the lowest nucleation barrier

eX) hcp silicon-rich « phase in fcc copper-rich o matrix of Cu-Si alloy

— the same atomic configuration — Orientation relation
BN AR SE (111), //(0001)
_ [110], //[1120]_

V... Of Cu-Si ~1 mJM-2

Plane (D) fcc. In general,

(0001 hep. v (coherent) ~ 200 mJM-?

110> fcc.

Durectmns 1120> hcp.  Yeoherent = Vstructure + Ychemical

= Vchemical

Fig. 3.33 The close-packed plane and directions in fec and hep structures, vy (coherent) = Yen &

hep/ fec ARl AQ: HES 0|2 He sjLiar =X



When the atomic spacing in the interface is not identical
between the adjacent phase, what would happen?

LatticeZ7} ZX| &0}
Coherent interface& a
ohs 4 QUrk.

— lattice distortion

— Coherency strain
B

— strain energy

Fig. 3.34 A coherent interface with slight mismatch leads to coherency strains in the

adjoining lattices.

FAHOIM HEE strain2 A2| & X § S7HAE.

ok
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How can this coherent strain can be reduced? 6



If coherency strain energy is sufficiently large, — “misfit dislocations”

— semi-coherent interface

&: misfit (disregistry)

b: Burgers vector of disl.
[b:(da + dB )/2]

_'ldil}"_

Fig. 3.35 A semucoherent interface. The nusfit parallel to the mterface is accommodated
by a series of edge dislocations.



(2) Semicoherent interfaces y(semicoherent) = Ver + Vet

| . .
oy ° i Y = due to structural distortions
caused by the misfit dislocations
da < dB @
9000990000 2 AL Y o o for small &
: In general,
v (semicoherent) ~ 200~500 mJM-2
d
;iig. l:ji.gSB A slemic;shsrent .ime_rfgce._The misfit parallel to the interface is accommo-
ted by a series of edge dislocations. Semi %?EIII E-?—I ?_|‘7ﬂ:|0| Q_J,\_Q'Oﬂ [[I‘EI‘
A HEX 0] S2E0 M2 AT
§ = (dg - d)/ d, : misfit Y

— D vs. & vs. n
(n+1)da=ndB=D i
8=(d|3/da)—1, (dB/da)=1+1/n=1+5 0.25

—- & =1/n l

1 dislocation per 4 lattices
D=d;/6~b/& [b=(d,+ d;)/2] 5=4
87} EtCHA,
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3) Incoherent Interfaces ~ high angle grain boudnary

1) & > 0.25 ZAXH & Lx|st= o] E7hsclHE

2) different crystal structure (in general)

Fig. 3.37 An incoherent interface.

In general,
y (incoherent) ~ 500~1000 mJM-2

-_ incoherent



4) Complex Semicoherent Interfaces

If bcc o is precipitated from fcc v,

, which interface is expected?
- ; /
N Which orientation would make
/ 7 the lowest interface energy?
a,=2.87 a,=3.57
[001] = 2.87

Nishiyama-Wasserman (N-W) Relationship

(110)bcc //(111)fcc’ [OOl]bcc //[IO]-]fcc

M

Kurdjumov-Sachs (K-S) Relationships

v (110)bcc / / (111)fcc’ [1 I]-]bcc / / [O Il]fcc

(F Lol2Ae] FLe Xto] -2 =UHU A 5.26°2F 2| HAIZ AH)



Complex Semicoherent Interfaces
Semicoherent interface observed at boundaries formed by low-index planes.

(atom pattern and spacing are almost equal.)

) B S ik ok X oY N N
IKin>ecc % Eﬂ'oiniﬂiﬂ'n'o'o’ . L
Qm}pgg 'ﬂ. -{'} Iﬂloioiﬂlnlnlﬂlnl ®
@i . -cbcbolmmﬂiﬂnnng S
110y FCC |, %Qﬁmmaoodlﬂl s 8

N-W relationship

V9@ pe 88
I B ) XV NS F I
sioneanny PSS YV G000l as PO
29965000 0/8 80 e
231?'::?:%7#%% 835‘)‘:"1!:0!’5 8 E .ﬂ.ﬂp.ﬂ.
2 Q. - ﬁ-d}ﬂmﬁﬁt)%%iﬂluiﬂiﬂlc
oo eCe0e0 0 & 4, o ¢ e @ Ce O 00 0O o«
E IG.GIQIDIgIGlQ'GI e PP Poaraa.
K-S YABAOIME AL iqlooﬂlmglgngiﬂl 29 Q@ a| ® FcC
8 AS LiEr. PPBoeme.0.0 068339 @ m|OBCC

Fig. 3.38 Atomic matching across a (111);./(11), . interface bearing the NW
orientation relationship for lattice parameters closely corresponding to the case
of fec and bee won. (M.G. Hall et al., Surface Science, 31 (1972)257).



Complex Semicoherent Interfaces

COHERENT
" PATCH“

DIRECTION
[211)7 [T o

-~
STRUCTURAL
LEDGE
DIRECTION "
[017]7: [00T o a = STRUCTURAL LEDGE HEIGHT 0.8
b = STRUCTURAL LEDGE SPACING
(c) 6= TAN" (a/b)

The degree of coherency can, however, be greatly increased if a
macroscopically irrational interface is formed. The detailed structure of
such interfaces is , however, uncertain due to their complex nature.
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