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Abstract; Laminated metallic composites (LMCs) , designed based on the concept of heterostructured materials, can real-
ize the synergistic improvement of strength and ductility for metallic structural materials by adjusting their internal multi-scale
microstructure characteristics, and have potential application prospects in the advanced manufacturing fields. The macro-
scopic mechanical properties of LMCs strongly depend on the intrinsic properties and layer thickness of individual constitu-
ents as well as the characteristics of heterophase interfaces. During the deformation process, the microscopic stress/strain ac-
commodation characteristics at the heterophase interfaces play a crucial role in the deformation micro-mechanisms of constitu-

ent metals, thereby influencing the global performance of

the LMCs. Therefore, exploring the internal correlation of
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cal properties. This paper focuses on the micro-mechanical
behaviors and deformation mechanisms of crystalline LMCs,
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introduces the size and interface effects on the mechanical behaviors. Especially, the micro-mechanical behaviors at room

temperature are discussed, which sheds light on the strengthening and toughening mechanisms of heterogeneous LMCs. Fi-

nally, a brief prospect on the mechanical behavior research of LMCs in the future is given.

Key words : laminated metallic composites; plastic deformation; micro-mechanical behavior; deformation mechanisms;

hetero-phase interfaces; strengthening/toughening mechanisms

i

1

Bl B Tl AL FE I R R R, H 25 ™ a1
RS0 45 B AR A R SR B RN H R 1 T R R R
T RBARSLEG J1# YRR R Se it S5/ bR B N St
BHIFFE A AR K, B gt T-Be, 9] fn [ % s Ak
AheRAL . S SRS, TEW] AR SRRl B B A [
T LIRS A, SOl 4 Jm b2 B W i ik
BERMEEE R R, S A i R O 4
P BT S8 TE 1 52 A R it B AR 1 1 B R 4 T
e, ZRUEAEH A LEH 7 R AR X E
SEARAT R BE S PR VE C 1A O AR, X PR SR
SEIE R RDE ST Y eI AR m AR F R, £
SRR Z R OR 5 /AR 4 514k, AR G T M
YK RUBE B 72 ULRLJE (18 Z2 A2 BE R, DT AT LA 355t
M RHRAE S G (255 Jr 2 e Re T O SRS —
A A S SR 42 R 2 R S A4 L (laminated metallic
composites, LMCs) '™ '3l b 4 5 4 J (1 R 1 255 5 3
— bR IR A2 ] S 5T ST Y 2 A0, TR RS
S AR B - ) DG i 7 T A VR TE Y RE

&R EARE G PORE P FR DL B B AN W] B A 4
J& 4 7T LA — € 1y 75 Xk AT BT DS SR ) 2 )2 6
BT R TSR B A T RN A
ZRE, WA, TEZFROR T, A R 2R AR A
JEAE S IR G, DT 25 4 J 2H T R 0% 70 DR 47 I A7 1
BB b, AHERANA L, HOA R R B 4
A ETO L O S PE R, A SRR bR MR
Rl R B R R 2 Wl R LA AR MR .
JZ AR A AT LA i R 4 R 2R G AR T 4
B B RE, SR RS, SRR RS S
KPR AR A IR ZE R 2 &R IR A MR
AR/ AR R G | REYEBUE A6 | fk
A BRI T AR A AT B N

B T AT R 08 2 AR5 4 B e 88 B 1% 5 o LT
& B JE IR G APRE R IR 2 PERE . T ELRE S 2H T
RSN, S T ST Y R e B S, AT ) )2
R G R I AR TAL G AR BB T3 247 1R
REBZIRE SRR E W # e S A TR, A
S5KE . 2H 04 I s B A B PN DI 48 7% LR I 19 7

WALE, ot BA LR et &R ERE S
MR HE R ENE LR L, A SCETEN 68 ZIRE
B BHRO 12647 R BARTE LB T 2538, il 4 T
&R JZIREZ AR O ZE RE RN 720 01 24 R 55 7 1T i F
sk, HEINE TSR T 2B Z2RE S B O 112
170 L NAE BRG], IR AR S 2 RS 4 R &2
AWM EIEAR T A RSR LRI BRAR . S, ASOH Rk SR
R AR 24T RS AT T R R
2 SRERESHHOMNENTEASN
2.1 RERAERSHEE

&R JZIRE G R R R R HES Y 25 A oT 4 s S
T [B) i) - o S T AL R RS B, Y 20 0T 4 JA Fh 2 0 1
bEE TR IERIN, SRR AR EOE K, F R
RIS AR ST B D 4 I8 2R A AR R 1 G
FENE, WAL . N B AV T DR AR B
BN, KL, IRA R L EZRE S MR SR
TSCE IR T )2 B S 5 5 IRT ) B A SRR B X A0
ASTEHLE /R . HR 4l 40 00 4 @ A S5 4 JE M 1 AN TR
CINDR Sl ) R NCREw v S R SR AR WS Y % VALY L
L% VE ST NIA SIS m (RS W S A AN R SRR ST ok
P, WEHAERAITE W E G MR SR R Y ) 2
138 AR ETE M 2B 2R E &M BN 1417 R,
FEXT AR A SR S I, AR 4 T & S T AR TR G kS R
INBIANTR], T IR A G bk e A S B A T AT L) 43R
£ (miscible) %1 1A 55 1R A (immiscible ) F 11, 40,
4@ Mg Al Ti Z I IR G 0% R IEAE, R Mg/ Ti ST
NG R A B, B AL TG 4 8 R Ak A B R B T
B, &) TR Cu Z TR RS N Y, Rk T/
Cu FHECHIR A w5 AL E H 2% i 0 B L
2. SR AYESAERE T . B ARG IRE SRR
WA CwAg™ | CwW¥ | CwTa™ ., cwee™ | Ccw
Mo | Cw/Nb™™® | Cw/Co™ | CwFe™ | Cuw/ V™|
Zr/Nb™' | Mg/Nb"“ Fil Mg/Ti™ 48 X T A5 IRA
S, AR A0 2 T 4 R Y RS R L KON, R
SRS Loy R Ak | R A RN AR A S B S
SRR GERGIE, XN Y S TH e /D, T DR HE S A B
RAOEF yES:, AT AR % AE, Bl Cu/Ni A



26

Hh AR

%43 %

T, S RS S R Iy, SR AR 22 A — R BT
TIAE LAREAR ST BE , LI 5 A BE 2 S SO St idT,
Cu/Nb'“" | Cu/Ta ™ Fuf, S35 5 167 A <l Ak 465 1 1
FHAL T HAN BRI AL, — BRI T2 R/
BEHE, SORAE SRR, B AR, RS Y
SR EAT ROT R, IanBEE 4T m 2R, Cu/
Nb S AR U745k m] Loy S S RURE i il 5 i, 5
TG AR XORIER R X

XA S B AR 2 G S R T, AR Al S
PIMIZETCA I 04 S AR 2 BT 56 R R HEA, 575
S A B Z 81 JLADAS R 9 58 BAR AT . A ml LA
IS W T O i BRI A R B AR
T 5 oS 145 R R AR (R 7 BELAS (645 2 ) AL A 2 Y
(BRI ) Y . Zheng 551732 5 Gt vy Tt

twins

hear b n‘

THUBE X - S AL 5 AR T EAT TR AR AE, &l 1
B, X Cu/Ag KRG PRy {111 // {111,
S SE, 2 1w A 4 JE I BUR & &R cube-on-cube
mF, PRALICA R IS RIE S AL 58 SE LI, Ag 41T
rp 2R A A B T DIUR) M 28 1 Cu/Ag BT, 15K Cu J2
R AR AR A (T 1a) 5 4 5 00 S T A0 4 e Y R ] G 3R Ry
heterotwin ¥, XA % FR 1 A T B ] SR BCAR AR T R
FE S TP AS D AT TR 283 S B Bt i, BRAT Ag i
A N e T BEL A O — 2D Bl AT AR A e, S A
T AL 25 A R L G 2 20 930 Cu/ Ag ST % A
(B 1b) o X FHA K-S Ba KR ({1111 <110>,// {110}
<111>y ) B Cu/Nb S, >4 5 w5 0l i B HE A
{112} o /71112 B, BN 5 gt Fml, M2
FEREROIE B Bl (18] 1e) 5 24 5 1w P 9 J 5~ HE A o

8 v\ twin
S e\

b4 & F 4
2 . 2
ZAr R\ twin )

Ag(111) 35 §X\\ E Ag(111) 3

Cu(111) cuttny £

Ag
twins Cu

Ag(111)

Cu(111) Ag(111)

Cu(111)

- twin
o (111)Ag \Y_‘\Xg \Y& \  a1iag
n (111)Cu (11)Cu
. 111)A twin
A\ ™\ ... (111)Ag
(111)Cu =
(111)Cy

(111)Cu

(011)Nb

(111)cy
)

60° =
(017)Nb

(017)Nb

Cu/Ag 1 Cu/Nb 94K AR A bk b 7 7] S B ST 14 S T 454 TEM (%, 7 55 - S T 58 BLAR A9 TEM AR DL BOR T (a) Cu/

H 1
Ag " cube-on-cube IUASCFR M { 111} ¢, // {111}, FLHH, (b)Cu/Ag H heterotwin BRI JE R MY {111} ¢, // {111} ,, FtHHI, (c)Cu/Nb
K-S UM IE AR { 112} /7 1112}, Fhifi, (d) Cu/Nb K-S BURSERAY {111} o, // {110}y, FLHT

Fig. 1 TEM images of atomic structure and dislocation-interface interaction, and corresponding schematic illustration of different interfaces in Cu/Ag
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