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Contents for previous class

3.4 Interphase Interfaces in Solids
Interphase boundary - different two phases : different crystal structure
different composition

coherent, Perfect atomic matching at interface
y (coherent) = v, vy (coherent) ~ 200 mJM-2

semigyx| ®e z+zo| 2%

| |
semicoherent 7(semicoherent) =y, +y, A HERI0] SEE0] M2 A,

Yst —* due to structural distortions
caused by the misfit dislocations

v(semicoherent) ~ 200~500 mJ

0.25 6

6=4: 1 dislocation per 4 lattices

Incoherent 1) § > 0.25 Zx7t = YAIsHE Ho| E7H5HH
2) different crystal structure (in general)

v (incoherent) ~ 500~1000 mJM-2

Complex Semicoherent Interfaces Nishiyama-Wasserman (N-W) Relationship
Kurdjumov-Sachs (K-S) Relationships 2
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Contents for today’s class

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

- Solid/Liquid Interfaces

« Interphase migration

- Diffusion controlled and Interface controlled growth
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3.4.2 Second-Phase Shape: Interfacial Energy Effects
How is the second-phase shape determined? ZAiy/i = minimum
o{2{7}x| CtE S/ ME=0 oo o 24 Xt x| =22t A2 = A=X]...
A. Fully Coherent Precipitates (G.P. Zone)

- If a, B have the same structure & a similar lattice parameter

- Happens during early stage of many precipitation hardening
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GP(Guinier- Preston) Zone
in Al — Ag Alloys

g =278 079
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- negligible contribution AL Olp "'L N e % B
to the total free energy X|Z oF 10 nmel GP cf: Al-rich FCC 7|x|j 4
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B. Partially Coherent Precipitates

- a, B have different structure and one plane which provide close match

- Coherent or Semi-coherent in one Plane;
Disc Shape (also plate, lg

apes are possible)

\ Equilibrium
~ | / shape
Fig. 3.40 A section through a 7=pletfor-a precipitate showing one coherent or

semicoherent interface, together with the equilibrium shape (a disc).
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hcp 7' Precipitates in Al — 4%Ag Alloys — plate

broad face parallel to the {111} matrix planes Hcp/Fcco| T%|&A 7HX| = €&

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



6’ Phase Al—-Cu Alloys

broad face parallel to the {100}, matrix planes  (habit plane)
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S phase in Al-Cu-Mg alloys ; Lath shape _
Widmanstéatten morpgology

,gfphase in Al-Mg-Si alloys ; Needle shape



C. Incoherent precipitates

- when a, B have completely different structure —) Incoherent interfaces

or When the two lattices are in a random orientation

- Interface energy is high for all plane —) spherical shape

- Polyhedral shapes : M&&9| of®d ZH 30| y-plote] HIAH 2|0 £0|= AL

6 phase in Al —Cu alloys (al2cu)



Precipitation Hardening

» Ex: Al-Cu system T o?gﬂ
* Procedure: (ﬁo)m CuAl2
- o\ orL L é[

- Pt A: solution heat treat .
: L o00| || £
(get a solid solution) | 00
- Pt B: quench to room temp. 400 (::’ |
- Pt C: reheat to nucleate 300 ! | | | | ]
small 6 crystals within o (N)OB 1020 30 40 SQiorcy
; '‘composition range
Ci}SIalS. ﬂneeded for precipitation hardening

a + 8 — Heat (~550°C) — Quench (0°C) — o (ssss) — Heat/age (~150°C) o + Oppt

Temp.
4 Pt A (sol'n heat treat)

recipitate 8)

e\ Time

PtB



Al-Cu ppt structures [T
141[% .
21 et %
< | L (010}
{100)
J @ All sides coherent

(001}
(100) (010]

(0C1) Coherent or
semicoherent

(100)} not coherent
10

o.-matrix

Incoherent

Fig. 5.29 Structure and morphology of 8", 0’ and 8 in Al-Cu (O Al, @ Cu).



-0—0-0—0-6-C
Al-Cu ppt structures -0 -C-O—

GP zone structure OO
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(a) Bright-field TEM image showing G.P. zones, and (b) HRTEM image of a G'Pi 1zone
formed on a single (0 0 0 1), plane. Electron beam is parallel to in both (a) and (b).



6@ phase in Al —Cu alloys (ai,cu)

&

- Polyhedral shapes : M&E9| of'd &



Precipitates on Grain Boundaries

CHE 9IS 2= 2 702 2EE Alo|2] YAAM X 2 do| dd
1) incoherent interfaces with both grains

2) acoherent or semi-coherent interface with one grain
and an incoherent interface with the other,

3) coherent or semi-coherent 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 o 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;: Semi-coherent 14



3.4.3. Second-Phase Shape: Misfit Strain Effects

ZA + AGq _mlnlmum
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A. Fully Coherent Precipitates
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(a) (b) (c)
Fig. 3.47 The origin of coherency strains. The number of lattice points in the hole is
conserved.
Unconstrained Misfit Constrained Misfit
- a. —a M0 ol s}
5 - a, —a, |:> e= B Za
a, a,
2
£=26, E,=E,v=1/3
3 Poisson’s ratio 15

4H|, 7|%|et CHEREAIF 055 < g < O, E,#E,
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Fig. 3.48 For a coherent thin disc there is little misfit parallel to the plane of the disc.
Maximum misfit is perpendicular to the disc.

F eHd oY X|= MESEe| mYa 7|X|et MEE2| £ §/dof w2t Ha}
Elastically Isotropic Materials AG, = 4#52 Vo (1f v=1/3)

MEE Do 23
Elastically Anisotropic Materials

Atom radius (A) Al:143 Ag:144 Zn:138 Cu :1.28

Zone Misfit (o) — +07% -35% —-105%
Zone Shape — sphere sphere disc
Interfacial E effect train E effect
dnoarir?:ni o 6 < 5% Zc:rarlllinnanet 1%(:

S HY of|L x| 2o it s}



B. Incoherent Inclusions 5 Zx; AHo| &M AAy X 2L x| 2o|0[6HE

| Volume Misfit A=

| |
(a) (b) Ex) M8 28 JME A=38
- | x> y* 7

For Elliptical Inclusions ~t+—+—=1

a a C

Nabarro Eq.

For a homogeneous ? 5
incompressible inclusion AGS =—uA" -V - f (c/a)
In an isotropic matrix 3

s4d 7| x| .
2 H|QtEM J|X S| EHMHE E u: the shear modulus of the matrix
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Fig. 1.3 The variation of misfit strain energy with ellipsoid shape, fic/a). (After
F.R.N. Nabarro, Proceedings of the Royal Society A, 17§ (1940) 519.)

2 F" V al - 1
AG, :gg,ﬁ- -V-f((?/,_q) A=-2 = 30 for sphere
= 30 for disc or needle
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C. Plate-like precipitates
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Coherency Loss

(f““\ Coherency strain energy  Chemical interfacial E
/11 Eq.3.39
I

iﬂfdi(il}rff‘f{gz)_k 4???'203;!):4]??'2(}’5! +}/Cf?) ﬂ-Gl

3 Coherent Non-coherent
coherent AG -relaxed
g
+ 7 '.:'_?'H A ;:;g: :
o 0 |
s |
T 5 (8=(dg-dy)/ d, : misfit) 4«. -

Ferit
Fig. 3.52 The total energy of matrix + precipitate v.
for small 51 Vst o precipitate radius for spherical coherent and non-

(semicoherent interface) coherent (semicoherent of inchherent) precipitates.
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If a coherent precipitate grows, during ageing for example,

It should lose coherency when it exceeds r;.

Dislocation

)

(@) Coherent with strain E  (b) Coherency strain replace (¢ ) Precipitate
by dislocation IOOp. with dislocation

Coherency loss for a spherical precipitate

ARo AL, M9 22X MM o348 — rorit BOF 2 37|09 M3t ME2 xpF phatgl, 21



Mechanisms for coherency loss  rerit 20} X[ 1, A Hoj 0I§7*E
=)

Dislocation Matrix
spherical [ dislocation wraps
recipitate e
PIEEIP @“" -~ around
Precipitate &
— Punched -
. UD out loop
Interfacial P.=3ue (8 rit:0'05) N
dislocation ° ¢ 7141 HE HMM HMYEET 2 SR
() AldNA AHE B4 (b) 1AW A7}t A24¢e] AW o
T ]
“(— "~ “(— f/
¥ ()' . ¥ ,
plate / Sy
precipitate New dislocation Misfit Prismatic dislocation loop
as plate dislocation
lengthens
(¢c) B2 A2¢e] IYAA A7 A=A (d) 339 §F o3l A2 v
o] HojAo we A Aol vhEH. AF=7F AR 22
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