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Table 1 Main chemical composition of pure Cu (w/%)
As Bi Sh Fe Cu
0.19 0.1 0.17 0.49 Bal.

R2 HEEAESNIEENFERS

Table 2 Main chemical composition of Al-Si alloy (/%)

Si Fe Cu Zn Al
3.25 0.032 0.05 0.04 Bal.
6.12 0.033 0.04 0.04 Bal.
8.89 0.035 0.06 0.04 Bal.
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Fig.1 Interface morphologies of Cu/Al cold rolling composites with different silica content



* 2218 -

WA SR ELS TR

—=—300 C/05h a

235} —e—300 C/1h
S apl ——300C/2h
<7 —v—300 C/ah
Z2

I/

515}
g 1.0
205
0.0 - P
0 2 4 6 8 10 12 14
35 — .

—=—500 ‘C/0.5h
——500 C/1h
—a—500 ‘C/2h
—v—500 C/4h

N
]
T

=
(8]
T

Interface Layer Thickness/um
N
o

[¢;]

f/

0 2 4 6 8 10 12 14
Content of Si, &/%

Kl 2 300 Fl 500°C #Ab B8 2% N A 2 B ST 2 B
Fig.2 Interface layer thickness with different silicon content at
300 C (a) and 500 C (b)

£ 300 “C{fiE 1~2 h A1 500°C {45 0.5~1 h [ b B 4%
ER, mEEEM 3.25%38 InF| 8.89%, ¥ HUZEEM
SN, UL RIS T R R AR S K R £
W, S8R R N S AR g%, R
KA VE LSS . 7E 300 °C T A AR IR, BERES
G, §EUR RO AR A, R O iR R R
AR K %A H I 2 9 BUZ 5 #E 300 C A Ja] £
fEHRAEHE = J0 R G 78 o 7 B B G 3R I AR IR
R PR FE T S, §ECIK S K, AR R
(3 B2 & WA %6, 76 500 °C/0.5 h i H B T ekl 4™
BUZ KBS ; 76500 C/4 h 240, FHimab kR
TRIBERSAE R LW &, HARMH R E 2b frs. 7]
WL, i 0 0T FHTHD Ak 4 i 1 4k 42 1) A2 e 21 4 il 7
B ) PRI B 180 BE G R T Si ot RS LA HIE A .
2.2 BNAELERBEREALZNE

Kl 3 AR MR AR PR TR A E S . B
3a. 3b ATAN, REMAIMRRE, ¥ amEES i R AE
FAARAT T K. TEREfE AR ELE AR, |
JE AR R A R TR B I A RS 2, fiE
JCEAE W H AR IR Sl . ES B, 7E
iy T A v R PR %6 K o T TR Dy I 36 T A ok % B e
G AR, TREC A RE TG R AR AR S AT AE, i
RS LRSI K TR TR TeA%, RS

BI3 NI Si & i AR i B AR JE AR i T 3o AT
Fig.3 Silicon element distribution in unannealed aluminum
matrix with different contents of Si: (a) 3.25%Si and

(b) 8.89%Si

B AR A e AR M IR B K. il g [ o R i
B RS B BRI R IR 1B S 414, FTbL, ST SRR &
AR RE G R AN E, SRR, Ui
HEA 404K R FH

Kl 4 79 500°C/4 h %A~ AN A & 5Ll 2 F A4S
AU, B 4 WAL, RES RN 3.25% KR
500°C/4 h #AEF LA, S ALK SRR R, KR
P AR SN TGN T T B N TR S S
i T AT TE L B I R o IR RO S A R AR A A
05 R G DR A8 DR 3RS R P S PR e B A S A AL
, AE R A R FAAL B 26T, FEAL i A 1 e A
RFBVRE, TE T TE R KR A1 3, JE AR
(1 i RLTE i S A R A L A B I AR

i HON 8.89% K FE Th7E 500 ‘C/4 h PAbBE 4% 1
N, G AL SRR RN, HA], WA SRR
SRR TSR IR . B REZK K
O FE R AL I B A LT R I, & S on Rk
NSRS, T RS A A R S, RS
T AL S BRI ST R, TR TR (R
B, R T &R A IR, 0 T SR KoK,
8 oS B 4010 . AHOCBERIR B . SRE AT I B8R A
JBE R R e R K R T EE D 5 T 5 B R O A R AR

(=N
Pan
4|
HE

a b

50 um

Bl 4 500 C/4 h ZAF T ASERE & & 512 10 F 45 A SUB SR
Fig.4 Recrystallization organization morphologies of interface
layer with different silicon contents at 500 ‘C/4 h:
(a) 3.25%Si and (b) 8.89%Si



%59 W

WRIMEE: Si X Cu/Al WELE & FIALR S 1A R

* 2219 -

b, SAARFANSE AR S B E U L, B A4
RN ERE, SR KR, 5k
N
2.3 SiNEATAELEERENEMN

K5 NAREES & N AmMKLS Gtz HE
5 nlk1, AACHELMMEN, MEEESTEANYMN, 5
TR B R S B UISR g I 2 R KLk &R
B ST B 0 T RO 3, AR BT U5 B L
TRV T R U B R R L A I ST 45 G R
MK EAFLEATRES, SRR ML H J1 60 4
JaB T A A ISR 2R, T A ) R < R 5 I AR
Fefih, I8 B JFE - E PR BN R W I A SR
HAAFAE K ERE ORI, 4 5R BT i 4 8 155 H 52 2 BH
3, X4 @ 7E F T AL i # T AR R /N, WL & RE
T EAFLEAM B, FRT AL IS A R F B
THUMRIE & (OFERE, DR U L A5 45 4 0 P 2 i 5 ik
S H I3 T BRI

b4k, £E 200 "C/2 h. 300 C/0.5 h % 4+F, Ftif
S0 5 FEE o e PR B I AR AN K, R IR I (]
MU R G REZESTRERLWA R, £
400 ‘C/2 h, 500 C/4 h ZfFF, Fi4& G4
0 FR R H 4 o R R, R R I K N ) Ak B
(1) G THD 45 £ 0 P S2 R B B A R o AR UL B 1] 17
PACER AR, R G B (0 B S TR W R AR —
EREFEMY BT N, PUiBE E s, U ST g5
A 5 B o B TR R R, T A O
[F] i Ab P S AR R AN RE A 0 KA RE ST R I PHASVE T . B8
5 P FEIE B P v AT AR R A TR A S, R B
BT3GR, G AL O 1 B AR R IR 2 H mOR A
JE JE AT A R ) & R A&, R SR AL 45
o 5 B R T AR AR HUR 5 B AR AR N 45 S aR g . R
A 1K) A 5 A 2 DA T Ao ST, T P T R ) 4 T 4k
B2 R0 3T T B B ST G5, AN AR SE R Y
FLHAEE F FEOL IS SR E IR, BEEY B
HEAT, HETE FUH AL B AR S A SR B 14T, ek
M, BEIYEZES, RBHEE SR TS
M2 E, BFEAE T & 8 A& Wk O 32 7 858 1)
mAg AR . T RENERKE—ANELRE, 4&)E
6] 46 B 0 (1) Ak o0 ST J7 65 K0 e AR VA RE SR T, 3 B
55 URHL AT 1 S AR 0 4 A TR RO J138%, 1K
RGBSR R AWM. S ERE,
R R, ¥ HUEM AR, B, &
(738 0 AN )1 v S THI 1) 485 4 e

gr bRTIA, REJGER I s S 4 G R e
R FAA K, KIS S SR (A (400 'C/2 h,

500 C/4 h) FAKbFE, F1H 45 G 5k JE Bl ik 2 & 0 39 n i
B PG, RGN IA] (200 °C/2 h, 300 °C/0.5 h) #
AOEE, Rk G T4 A R R R
2.4 BENFEREGEMEENZN

Kl 6 AN Ak & T ST AL 1 R R B AR . Hh
FEM AL, A0 g a0 Rk, e Dy . AT
LB, EARREESET, BAE IR R BRI
RO 0, 7 ) A 0 A 35 R Bk S, {H ST b A
FEEN R K . AE AR AL HEE AT 300 ‘C/0.5 h, NI AA
(VR Bt Rk B R R AR AN R . EE RN R &
FA SRR TR 3R & T IR, MR AR R K
e R [ I S B N o /= I
400 °C/2 h 1 500°C/4 h Z6 A, n ek ] 5 44 1) 4 2 i
Tk 1 2 (4R v T OB RO K. R E MR K
B[] R I AR o, B 2 ) R AR A N R R AR T R
o [EEA, MEREARA BRI, MEEE R, HiR
PRAE FH B S 2,

PRSP AR RIS, BEE RS RGN, S kb
(10 S BT B 35 A e A B R A A o IXORE TR D TR SR K i
R, BE R 7 AR T e ST A SR B PELAS 9
P BERE, (RIS AR E R BUE AT S E 0
AR, BT RMIAESERE, ML SHEE T4
JETACEY), BT DAY HUZ AR IR 4555 405 4 s [ AL &

N
[}
Qo

N
N
T

—a—As-rolled
—+—200 'C/2h
—a—300 ‘C/0.5 h
—v—400 'C/2h
—+—500 'C/4 h

)

N

Interface Peeling Strength/N mm™
T ~ R
o I oo

11

3 5 7 9
S 90t b
== —a— As-rolled
% r —e—400 C/2 h
5.)80 - —a—500°C/4 h
[ 3
e
570-
=t
260t
w 3
[«5)
§50-
E L
£40r, ., L T

3 5 7 9 1
Content of Si, w/%
KI5 ANFEfESE TSNS
Fig.5 Bonding strength of interface with different silica
contents: (a) peeling strength and (b) shear

strength



. 2220 - Wi JmA RS TR 544 %
S b
—s—As-rolled 4r —s—As-rolled 4t —a— As-rolled ¢
o 4 —+—300 ‘C/0.5 h —+—300 'C/0.5h —-—300 C/0.5h
Q —4—400 C/2 h —4—400 ‘C/2h r ——1400 C/2h
> —+—500 C/4h 3r —¥-500 C/4h 3l ——500 C/4h
T3
g L
_g 2 2t 2
= L
= Cu
S1 1t 1}
z -
0 " " " " " 0 L " " L 1 0 L " " "
-40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40
Distance from Interface/pm Distance from Interface/um Distance from Interface/um
Kl 6 AN[F) T 2 & N ST A IR 2 A

Fig.6

PE 2 R, R BUZ S Gl Rl B8 10 R DR 3R 3 22

Hi 48 4 JB a4 & 4 CugAl,. CuAl. CuAl, %, aim%i
WD BERBIE, IFRMFERMKEN., B2, EH/

mEASALE SRS, mEs im%i%%%%
0K A PR 2 AR R, B T B2 e R BB AR 2R 5 Ty S 1k
AL XS 1] 0 1 T Ak PR S A BSE 8 2 AN K

2

1) FAbEERE AR A, AR SETH AL T R LS AR AR L
F%, 75 300 C f&iE 1~2 h #1500 C f&i& 0.5~1 h i,
FeE BB A ) 4 a8 (A1 A P I A 0 I ORI I 8] )
FRFEREMIIHIER, SERKE A (500 C/2 h) R
AR FH oS o
2) S AT A AL ER 5 AR iR 10 5 5 A
%, HEHER T AR AR S P i A S AR, gk T
TR I B deobn s STE S EKT 8.89%M), FEAH AL &
L () A'E FH I 5 8 P 184 o o 39 5
3) BEERES MBI, 755 & A m il K (a4
AT 44T (400 ‘C/2 hy 500 ‘C/4 h) A FIH 454 %
FEE B B, T AR IR ) B4 Ak 3 2% 1 (200 °C/2 h,
300 ‘C/0.5h) FNASALA K s fik FIAELE S = 1 45 (0 2k
AR ) S ARt T

ok
He »

3

¥ 5%

S3E 3k

[1] Jiang Yumei(% F#). China Science and Technology Information
(h ERHE(E B[], 2009, 9(19): 40

[2] Zhang C, Robson J, Ciuca O et al. Materials Characterization[J],
2014, 97: 83

[3] Boessenkool H W, Durst G, Siegel S. US Patent: US2860409[P],

References

Interface microhardness with different silica contents: (a) 3.25%Si, (b) 6.12%Si, and (c) 8.89%Si

1958
[4] Deng Hua(X$ #£), Yao Ruohao(#k#iit), Yang Jianwu(# ).
Journal of Southern Metallurgy University(Fg /7 784715 57 4K)
[J], 1997, 5(4): 12
[5] Zhang X P, Yang T H, Castagne S et al. Materials Science and
Engineering A[J], 2011, 528(4-5): 1954
[6] Obielodan J O, Stucker B E, Martinez E et al. Journal of Materials
Processing Technology[J], 2011, 211(6): 988
[7] Lin Dachao(#k ki), Shi Qingnan(5:/K®g). Yunnan Metallurgy
(ZF3R42)[J], 2008, 27(6): 32
[8] Li Lixin(Z=37.%7). Shanghai Nonferrous Metal(_F- A t 4 J&8)[J],
1999, 20(2): 62
[9] Li Qingyun(Z# =), Wang Mingguang(F #3)%). Journal of
Jiamusi University, Natural Science Edition(fE A K22543%, H
SREHERR)[J], 2009, 27(4): 556
[10] Liu Li(xl ), Zu Guoyin(tHE J4l), Wang Ning(E£ ). Metal
Heat Treatment(&: J& # 4L 2)[J], 2006, 31(9): 80
[11] Cui Zhongqi(4£ £37), Tan Yaochun(ZE##). Metallography and
Heat Treatment(%:J& 55 #tb2E)[M]. Beijing: China Machine
Press, 2008: 197
[12] Zzhang Erlin, Zeng Songyan, Yang Bo. Journal of Materials
Science and Technology[J], 1998, 14(3): 255
[13] Song Qunling(K #£¥), Sun Yong(#h
Materials and Heat Treatment(#4 &} #4 kb #E 244 )[J], 2012, 33(6):
15
[14] Pang J, Cui X, Li A et al. Materials Science and Engineering A[J],
2013, 579(1): 57

5). Transactions of

[15] Gu Wengui. Transactions of Nonferrous Metals Society of China
[J], 1996, 6(1): 79



FEoH WARIBEE: Si Xt Cu/Al A ELE & AL 5 2 E RE IR © 2221 -

Effect of Si on the Composite Interface Microstructure
and Properties of Cu/Al Cold-rolling Cladding

Chang Dongxu, Wang Ping, Gong Xiaoyu, Wang Zeyu, Miao Long, Li Baomian

(Key Laboratory of Ministry of Education for Electromagnetic Processing of Materials, Northeastern University, Shenyang 110004, China)

Abstract: Influence of alloying element silicon on the thickness of interface diffusion, the recrystallized structures, the interface bonding
strength, the microhardness of the matrix and interface for Cu/Al clod-rolling cladding in a heat treatment condition was investigated by
measuring and observing the mechanical properties and microstructures of the composite interface. The results show that silicon is able to
discourage the diffusion of Cu and Al atoms, control the growth of metallic compounds between Cu and Al, refine the grains and increase
the microhardness of aluminium matrix. But silicon decreases the interface bonding strength at high heat treatment temperature for a long
holding time.
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