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Abstract: The laminated heterogeneous configuration design was applied to improve the strength and toughness
of the Cu-Be alloy. The Cu-Be/Cu laminated heterogeneous composite by vacuum hot pressing bonding, hot
rolling and subsequent heat treatment was successfully prepared. The microstructure, microhardness and tensile
properties of the composites were investigated. During the plastic deformation of the composite, the microstruc-
ture evolution, strain distribution and fracture behavior of different metal layers were characterized by in—situ
tension under SEM combined with DIC technique. The results show that the Cu—Be/Cu laminated heterogeneous
composite is composed of coarse grained Cu layers (with average grain size of 115.3 pm) and fine grained Cu—Be
layers (with average grain size of 17.4 pwm). The microhardness of Cu—Be layers is approximately 5 times higher

than that of Cu layers. The ultimate tensile strength of the composite is between that of the two metals, but the
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ductility of the composite is close to that of the Cu, which is much higher than that of the Cu—Be alloy. During
the plastic deformation of the composite, the strain of the Cu—Be layers is mainly coordinated by grain rotation,
while the strain of the Cu layers is mainly coordinated by single slip inside the grains. At the initial stage of
plastic deformation, the strain concentration first appears in the vicinity to the Cu—Be/Cu interfaces. Then the
strain concentration can be transmitted into the metal layers through the interfaces. During the fracture of the
composite, the microcracks initiate at the grain boundaries of the Cu—Be layers and propagate along the grain
boundaries. Significant crack deflection phenomenon occurs when the cracks propagate to the Cu—Be/Cu inter-
face. The crack propagates transgranular in the Cu layers. The morphology of the fracture of the Cu layer present
the characteristics of quasi—cleavage fracture.

Key words: laminated heterogeneous composite; strengthening and toughening; in—situ tension; plastic deforma-
tion behavior; strain distribution
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(a) Dimensions of in—situ tensile specimens

(b) Schematic diagram of clamping

B 1 AR R R3Sk B (B4 mm)

Fig.1 Dimensions of in—situ tensile specimens and the schematic diagram of clamping (Unit: mm)
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Fig.2 XRD patterns of Cu—Be/Cu laminated heterogeneous composite
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(b) Strain hardening behaviors
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Fig.4 Tensile properties and strain hardening behaviors of Cu—Be/Cu laminated heterogeneous composite
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Tab.1 Linear fitting results of the strain hardening
curves of Cu-Be/Cu laminated heterogeneous composite

Curves 6y/MPa B/MPa R?
Rule of mixture 4.69x10° 15.27 0.991
Experiment 4.22x10° 9.43 0.997

23 SEEAMNEMCAMERSH

K 5 B i Cu—Be/Cu JZ AR AE Y 5 2 A # ok
JE AL L i il £ B 9 R AR O B B A MR B
A ZUE S, B 5 (a)w] 1, ARl e nT 43
eI Bir Bt (Stage 1) 0728 ff 4k B BE (Stage
11 ) J% 551 45 W 24 B Bt (Stage T ), #h 28 1 48 3 IR (4
Vi) B 28 far T AR S el X0 R s T 45 o T B
JE A2 P A K 56 00 A5 1) 45 RE B 7 9 A 681 MPa,
5 pn A g g R AR — B, B SR
i, R b N AR 3O 2.1% . 8.1% . 15.2% |
18.6% Fil 20.9% , v ff )i 2% 38 & M i 5 & b k) i
AL 2 rp RR AR 5 (AN LA | 2% S5 90K 45 ) [ AH X A7
AR AR B E

NS REAE B3, WL 5 (¢), Cu-Be JZ Il Cu )2
FIE BN Ca 2540 &R N B 85 A
J5 1) i 45° A T Bl W A O ) AR — 3, U
B R AL LS RS O 2, X T AR R
(2. 1957 AR ) B /NI, AN A R 4 BRCE 1) 1
B Z AL T O IR S, i 5(d) VB S () TR
B 28 7 R i A B I (R A2 8.1 %4 fin 2
18.6%),Cu-Be Z I Cu ERHE HIIF AL, H
Cu-Be EEMFMAREREST Cu B ;Cu
BRI  TE A TR AT SR 2 25 A OR B
BN, Q& 5(c)~5(f) 2 o 8 3k r 48 7 & 2

— - -

Interface

oo o

Interface

(b) The original sample

BAAS GORL P T RS R 5 1 AT DR R AT, B R
BT W — W8 =180 Cu—Be JZ b RE P 38 1) 2R W
FENEBL, X T Cu JZRUL, T itz T4
AL 1A RO AR, PRI Y R AR AR 3 BT & G R
T R A SRR AR TR B P AR B O 7 A RS IR
% AHJE T Cu 2 f R K, R 5 i i 5 2 U 8
L% PRI A ] B 9 LR T RS R M LLTT 3 AT
SRUL b N B R I B O UM R I AR L T Cu-Be J2 1)
185 000 5 Z A0 B, BT & N AR AE K AN ] AR T
BT R X A = AR T AR SR AT FLAVE D O f
FEE R ME LLIF B {H Cu—Be 2 fRL40 /0N, AT 38 1t
ai R 2 DL FE oy U R N AR R I AR T BE
FRMETEFNIG BRAEYRE G b RHE M AR o 2
o R IR 2R T R0 A5 5 R RIS Y R A
PSR F] 20.9% WA K AETFHBSL, K5 (g),
LB JeTE Cu—Be 21 d A Ab i 4 A Cu-
Be J22 &t R PR 4TS A WL 2% 31 1 B8 48, U I I R A5
i A RLEE Sh TCTE MR AR Y S BB AR Y e K
& AL W AR TRIEE Cu J2 P BT 58 SR W
BL B S(e)h FIorBasikmmes s EET
Z Z BB,

300

(662 MPa,15.2%)
250 (616 MPd,gl%) (675 MP3,186%

)
(638 MPa,20.9%)
(556 MPa,2.1%x \ ¥

2001 3 45
% 1
= 1501
=

1001

501 , '

Stage, | Stage II Stage [l
0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Displacement/mm

(a) Load—displacement curve of in—situ tension

" ~Loading direction

e e P e e e — = = - - o= oo

Interface

Eo ooeie e

Interface

(¢) 2.1% tensile strain



5 3 30

JEAEJI 45 Cu-Be/Cu J2MRARIY B 5 1B T AT 2 1 AL AT 52 105

Interface -

Interface o

200 pm
—

(f) 18.6% tensile strain

Interface

Interface
-

100 pm
| —

(g) 20.9% tensile strain

B 5 Cu-Be/Cu ERIFHREEHMEMAMETETIBRALET (BFECHLMEBALEABBE)
Fig.5 Evolution of microstructure of Cu—Be/Cu laminated heterogeneous composite during in—situ tension (the slip lines
are indicated by black arrows)
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Fig.7 Crack propagation behaviors and the microstructure near the fracture of Cu—-Be/Cu laminated heterogeneous
composite during in—situ tension
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Fig.8 In-situ tensile fracture morphology of Cu-Be/Cu
laminated heterogeneous composite
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