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ABSTRACT When grain sizes of crystals are down to nano-scale, the so-called nanocrystalline materials exhib-
it distinct physical properties in contrast to their conventional counterparts. The strength and plastic deformation
mechanisms were among the most broadly investigated properties from mechanical society. Since deformation and
pre-mature failure in interfaces (including grain boundaries, twin boundaries, and interfaces between different me-
dia) could be the origin of low ductility in nanocrystalline materials, the effort to evade the strength-ductility trade-
off dilemma in nanocrystalline materials, by tuning their interfacial structures/properties, is usually called as interfa-
cial engineering. Twin boundaries stand out among all possible boundary structures for their capability to enhance
strength and retain ductility of crystalline metals. In this paper, current understanding about the mechanical behav-
ior associated with interfaces in nanostructured metals is reviewed, with a focus on the strengthening mechanisms
played by twin/grain boundaries and current physical models to shed light on the size-effect induced by grain sizes
and twin thicknesses.
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Fig.1 Strength of polycrystalline metals as a function of average grain size for typical metals®” (d—average grain size.

Different symbols in each figure represent different data source, see Ref.[22] for details)
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(a) dislocations could either move parallelly along twin planes or inclined to twin planes in response to the applied

shear stress 7

(b) for dislocations inclined to twin plances, they could bow out from the segments confined by two neighboring

twin planes (type I, illustrated by green dislocation line) or be threading dislocations (type Il, illustrated by blue

dislocation line)*”
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Fig.4 Finite-element analysis of stress concentration at the junction of twin planes and GBs by anisotropic elasticity in Cu'

(a) sample geometry: alternative matrix and twin layers are bounded by a crystal with different orientation, the sam-

ple is subjected to shear stain &, periodic boundary condition is used

(b) shear stress contour ., stress concentration is clearly seen at the junction of twin boundaries and GBs



188 & )&

L

5 50 35

S5 S S AS X R N S Ak, T B
TV 25 i 1) A 2 67 1 30 5 0 I g AR 28l o FE AR
I, HEILEE 22 (1) 48 I A AT SR, Li SR
Wei™™ PR b AR 5 457 5 Wi AE LR 52 17 FH Y. 1R i 3 B
71578 5 FE 2 TR ) OC &R
AU kT (qvy

- S48 ©
Hrh, AU AR SORRE, S &5 RN 4t
LA SERI A R 1, VORI RL, v ol
Debye 5%, & &2 Mz AL 2. 2(8) rh A7 1 (1) £
—HBMRER T S ITE O A B i RE, 5 3 4 )
JEIE Z) FEU MRV RAL. T L B 2, X(8)
PR B2 5 28 5 58 B2 DA A RRE RO () 96 R, ReARLF
RS, AT AEZR SR S5 10 2 S R A W A6 7
H AR ST AR R4 0, 28 i 08 BE AR IR A I 2
I i R AR, an SR E B8V 58 4 R A A AR
i, B (8) 4 Hh 11 i i HL A A vy 1) A8 8 DA et 8
U, 33X SR % EE T A A5 A AR WL A, 25 i AR
TE 5 S L () e B 4. B 28 AR T 9 — A A
P& RFAE N AR 1) Eshelby S 2% ] g, Wei P53 HY T [ 27
Hi/2F i AR T ] it 75 S (1)1 S BY D) N ) 55 28 o 0
DA R dtob RS T 2 B) 1R O &R

- T 2 th

g%_;’gGe - ,\ZT ©)
o, v JE Poisson tb, e AR AR S B0 AR E N
Ay, AR THE, T AN AR AR S S s
it IR R RS . 30(9) 45 i R i AR B DD )

T=T,ta

2R 5 B TR PR 0% 2R REARRE 1] 2 v 7 BT o 2 B 28
i T AR /N 3 B B AAT Ry, HLGT AR AN UK
102 T "
£ O MD simulation (@)
E O Experiment
E 4ot | === Theory
g
g 10
:'%'
=
107
10° 10° 10° 10°

Grain size f nm

[El5 gk SRk de e 5 e 5 ok RO 2 IR DG R, BLRTE B

PPt

£ 3N (8) A1 (9) FIT 3 H 14y it FEE i 49 i 0 JEE AR A 11 5%
AR, LU L 2 K 90 K e i i L 25 1
AR ARG R, SRR ALRR AR R AR AR A T T fE
H1B)) 757 D 3 e o DS 3% T I 4

31iE
HIT T PR B 95 2308 T 40 A R 21 29 K RS I 44

BHESR B KB 7 1 AR AL, DL RAEAS R R T A
L IR 58 1 AR T LB R JLHE R B 7 LR B 1) 2,
TE 3 AN K it 4 SR A RE T, oK i e 1047 4 18R
B AT BRI A% G T REAE ) v B A P 2 TR] A
THIROC R, GRAR G R AT g 2 S IX P o i FT)
PEMSIR NI S D51, BRI b, Li S51F Wei 7
TR T 98N it oRn RS R R — 2 S S AR K R
PRI B8 . Wei P95 H T S M () 28 it 9 B 5 R
JSFZ K A&
AT=aoy¢i+ap@g
mb,
ILrh, a, Bl a, 09 2 SAORMR PR AR G IR SR 2L 78 5%

(10)

P2 i 6 L IS, K2R SR o 1) e s 5 S o
JUST 22 18] (R B 5K 2R A
1Y, G ()"
iy . (@) (1)

AP n g AN Taylor IO REL BISLH T
3(10) 5 (10) R AR P 15 516 2 v BEORT ) &5 SR T,
A DAREL, BRI A 205 S FH ) S A 5L

PN S o K 58/ 5 N T B v AN Il ol
mn T, A L A A e A e RE B AT, R — MRE
Pl vk HA & X0 AR, 55— J7 i, Wl i BLAE i)
KT GKAR i S I Fee f A o 5 RO 5 7 TH 2 5

g (®)
(0]
o
(U]
% 10
[ =4
e
w
£
=
g
=
[}
=
107 m
100 10° 102 100

Grain size / nm

2 i U P I TS B I e R S R RS

Fig.5 Predicted transitional twin thickness and maximum strength in nano-twinned Cu™

(a) transitional twin spacing as a function of the grain size

(b) the achievable maximum strength vs grain size
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