Interface Facets in Systems
with Large Lattice Difference

W.-Z. Zhang, Z.-Z. Shi & X.-P. Yang

Department of Materials Science & Engineering
Tsinghua University

TIMS2012

March 11-15, 2012 — Orlando, Florida



Terminology

o Lattice difference (misfit) vs Interfacial misfit

Lattice misfit = Difference | | Interfacial misfit = Deviation

In lattice parameters from fit =a preferred state
T-H OR (diffraction py/tt Austenite SRINGINEIIN
[010]c // [1T0]a ATt T e '0.-‘”‘ 985 49854

Ye and Zhang, 2002, Acta Mater.
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Bollmann, 1982, book

Terminology
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Terminology

o O-lattice (O-L) vs good matching sites (GMS)
(A point is GMS: if Ax < 15%a,, modified from SL & NCS models)

O-L element = center of a Primary preferred state _dlSlOCatIOHS
cluster of GMS, where A <
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Terminology

e Singular interface vs Vicinal interface

ostoring 2001 Hypothesis: Correspondence of singularity
AWl s o1 In energy and defect structure
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Defects:
Ledges
Dislocations

Singular Interface

Vicinal interface

From: SSD




Outline

e Introduction

e Understanding interface facets based on

> Singular structures — in real space (defects)
> Ag parallelism rules —in reciprocal space

> Good matching site distribution — in real space

e Discussion and Summary
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Singular structures

e |n terms of dislocation (disl.) defects, it contains two

singular directions, defined by

> Free of disl. = secondary invariant line, x;"
> 1 set of disl. = principal O-lattice vector, x;°

e Interms of ledge defects

(or major)

> Free of ledge

dislocation

> Kink-free ledge
(I:adge edge Illlne //VaL//XBL
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Ag parallelism rules

e Orientation relationship (OR) permitting a singular
structure must obey one or more Ag parallelism rules:

l: AGoy 7/ Gy /7 g5 = 2O + L
112 AQp_ 1 //AGgei_ces. = X" (07 X;,9) + X0 o
* V. HIvghin ledge-free interface or along kink-free ledges '

* A singular interface L1 parallel reciprocal vectors

//"//
R R

OR following >1 rule is possible with special lattice param.

. _ Modified from Zhang and Weatherly,
Principal 2dary O-lattice plane 1 Agp_y;, 2005, Prog. Mater. Sci.

when it contains 2 of x,© (or x. ")




Applications to morphologies
of precipitates in Mg alloys
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Relation of Ag
with Moireé planes

B

o
Principal W\ —?pﬁ bAg,.
O-lattice planes \ ¥ s

Edge to edge matching of
two sets of planes in the
Interface parallel to the
Moiré planes if two g’s are
not parallel

Facets of oy
Mg 17A| 12 (bCC) b M

iIn Mg-Al alloys

W

Unit step height = 1/|Ag|
Duly, Zhang & Audier, 1995, Phil. Mag.
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 Major side facet, free of long range strain &
— Exhibits singularity (x, (/v Hivgh) & ;9 lying in plane)
— Obeys rule 1l (D) ~0.5° from Burgers OR
— Contains continue and dense GMS clusters along x;. 9

e Minor side facet (~D”) carrying a slight residual strain

Preferred
g state (PS)

Distribution of GMS

GMS cluster

Local PS

B H

4 0.5° from Burgers

o — B lattice points

THTTTIITILLL OR to obey rule I




Secondary CSL model (z-Mg,,(Al, Zn),e, bec)
(with slight residual strain)

Ex

@ Rational OR (NEW):

Mg-Zn alloy [100].//[01-10],, [010],//[0001],,

SRR -
"\g - N hPrOJected view |zt

In- plane
: unlt ceII

A L

Less dense in F5 (001).
©Z énl\(/jlgry CSL pts | //(2-1-10), , larger b"' (Eocb?)

Shi, Zhang, 2011 Scripta Mater.




Secondary CSL model (Mg54Agl7, bco)
(with slight residual strain)

Mg-Sn-Ag-Zn-Mn alloy

Rational OR (NEW):
(001)p// (0001),; [200], //[11-20],,
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Secondary CSL model (p- mg,sn, fcc)

(with slight residual strain)

Irrational OR4: (111), // (0001),,, [2-20] * [2-1-10], = 9.2°
Habit plane //(111), (E")+ edge facets //{0.4 7 -7.4}, (D")
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Three GMS rules for facets—
1. Dense GMS in a cluster what If they are conflict?
(Priority: Preferred state) ! PrOJected V|ew R RN +*'+(111)B //(0001),,

" iﬁﬁ -l-* -h-l- +
2. Dense GMS clusters R AR X SR AR
(Prin. O-L plane L Agp_,,)

3. Large GMS cluster
(Small 2ndary misfit)

> Singular structures in Aand B
> Overall GMS per unit area
B (0.75) > A (0.31) A BeX
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Continuity of GMS clusters (g- Mg,sn, fcc)

OR2 ~Burgers: (110), // (0001),,, [-11-1]; ~ [2-1-10] , = 0.22°
F1//(-110.7) & F2 // (-1 1 -3.1), (both E")

F1 satisfies 1&2 GMS rules: Dense (continuous) clusters GMS
resembling the preferred state

@
g*jé GMS continuity criterion:
> wp- RS

B A"_- -‘ & . !
oY, a0 o 2290,

Q 'C.OO?) ¢J:| é é

| 1700, -

Shi, Zhang Gu, 2012 PhllMag



_ Multiple high &
Multiple ORs for faceted sharp energy SV

: cusps, associated , 0
Mgzsn IN a(Mg-Sn,Mn...) with singular /o
structures o
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| and reciprocal space
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Facet of Al,CuMg in Al-Cu-Mg alloys—revisit
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A simple analysis of GMS for
misfit in 1D, 2D and 3D
from small to large lattice misfit

Yang X.-P., ZHANG W.-Z. “ A Systematic Analysis of
Good Matching Sites between Two Lattices” SCIENCE
CHINA Technological Sciences, In press
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Singularity in distribution of GMS

Near constant GMS density for nD, except for presence of
CSL, independent of lattice misfit !!! (counted in larger lattice)

GMS density ~30% (=20) GMS density ~7% (~m6?)
Y A—C . . .
(a) [

—4E0 ] o
2 0l 1D o=15% | | ol 2D nEE
306. g % 06' N ¥
[ o i v
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S L. 0 5 1.0 1.5 2.0 2-5 3.0 35 :4.0 '4.5
- Lattice misfit (a2-al)/al, a2>al) Twistangle () (square lattice)

g™ : Variation of GMS density with T
e, GMS density — 4

0zfp s ~2ndary CSL, surrounded
| ~1.6% (~4r8%/3) o n:}//* by cluster of n4 GMS
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GMS Density In Large Lattice Misfit systems

« GMS density in facet in 2ndary pref. state depends on:
— 1/T'y = Density of CSL points in plane of preferred state
— No. of x, ./ &x,!"© in the interface, or
— 1/I'g" (2ndary CSL) x No. in GMS cluster (e.g. 7/63~11% >7%)

— b | compared with a,,

(under Isotropic assumption)

Misfit dimension 0 1 2 3
~ GMS density 1Ty ~30%a,/(Tglb,"]) ~7%a,(Tglb,"?) ~1.4%
Singular vectors X" +X;.,"' /1" +x'1© XMO+x,0  xMOorx, <1
Singular interf. L SAg“’S% 2Ag,,’s 1Ag, 0

b," must be large (<a,/3) for a 2/(Ty|b, ") ~ 1

cluster feature (singularity) |+ | % £ @ m ;<4

to be prominent

(FB/FDSCOL: 1)
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Summary

 Faceted interfaces are often observed in systems consisting
between intermetallic compounds and metal matrix. They can be
Interpreted in terms of singularity in interfacial structure,
possible only at special OR and interface orientations

» Parameters to describe structure singularity include
< Dislocation structure—identified by x.!'© and/or x, !
« Ag arrangement—parallelism rule | &/or 11l (app. rowing matching)
« Distribution of GMS—discrete density values

» Special properties, compared to primary preferred state (1)
« Multiple preferred states (I: one), & corresponding OR and facets
« Alignment of GMS rows in almost all facets (I: no always)
« Existence of slight long-range strain, for more singular features

(I: no often)
TIMS2012
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