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Table 1 Chemical composition of the copper matrix wy/%

Sb Fe As Bi Pb S Cu
0.002  0.005 0.002 0.005 0.005 0.005 A

R2 HASRUFERS

Table 2 Chemical composition of pure aluminum wyg/%

Si Fe Cu 7n Ti Mn i)
0.001 0.001 0.0015 0.001 0.001 <0.05 &
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Fig. 1 Schematic diagram of the preparation of copper/aluminum
composites by impact jet solid-liquid compound method
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Table 3 Electroless nickel plating solution formulation

WL M T2 4 ey
NiSO, + 7H,0/ ( g-L") 25.9
NaH,PO, - H,0/ ( g-L™") 22.1

C,H,NaO, - 3H,0/ ( g-L") 153
Na,CH,0, * 2H,0/ ( g+L™") 10
H,80,/ (mL-L") 3
W/ 85

pH 4.7
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Table 4 Main parameters of the copper/aluminum
compound experiments
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Fig. 2 Size of the shear sample and shear schematic diagram
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Fig. 3 Nickel plating metallographic morphology on the surface of the

copper matrix
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Fig. 4 SEM morphology of the 1* sample
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Table 5 EDS point compositions of the Sample 2 at.%

P— ki
Al Cu Ni EIEB G
1 0.40 98.28 0.32 Cukff
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3 57.78 4212 0.10 CuAl
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Fig. 5 SEM morphologies of the copper/aluminum composites
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Fig. 6 X-ray diffraction analysis at the copper/aluminum composite interfaces
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Fig. 7 Microhardness distribution at the compound interface of the 2" sample
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Fig. 8 Analysis of mechanical properties of the copper/aluminum composite samples

PeREFIE A, S, NRFESREREIEE 48, ERiEESEMNERLESRENNTFE
MEECu, AIRFREmOEIM TR, ML EE  \EiCGEAREE.

PR IZELR

TENEGRE, ERRENXUWMKREHIS (2) EDSKEXRDOHTIGIE T fH/BE-REAT

égéﬁﬁ%ﬂ/ﬁzléﬁéum, .Jttéz:l —z—\zt)JS‘EEEQTEEO = 'EEII'ﬁZT_f”%FEi%E/xUIb\ /|I]/J.LEjL E%%@EENIE
SONBEESEARNLNEY, MESAREER EHIRN, SEERTYHRELE, BIURN

K,

HREEMENFAEES, YEHEAREER  FHR, BEAREREMERE, Bﬁ)_E_Cu\ AlRFHE

SR, SWEEGEREFTTESRAMNEY THEHERESE, BRERBSHREREK, E5EF

HEY, REEFESRALSNETLE, FOBRY  CuAl Cudl, CuALIEERTRURIEN.
REESARRENE. WESAEEEENER, K (3) ERIAEBENRES mwsh], FASEARE

‘I‘MEXJ‘%D/ AE B RETRERIBIA 1’Eﬁﬁ%)§i_§$ﬁ%ﬁ%, 5 ARHEEERESTHN, BEERSA32S HVA
EREBLUFHIER, 4EIFEITRERSIA24.8 MPa. A, XEHTEREENENERES TIRERFIRER

3

OEE, BUOFEMREIAAIL, EGREEHE, F

£E30 WEIeEMS . EIREERIEELS mm/siY, £5&

(1) hESRE-RE SRS Rmeat  BenmAR248 MPa.

¥ FBERSRERZ B EX R ERLIlA

SEXE:

[

(2]
(31
[
[

—_ —_= —
O o0
[Sh R S|

[10]

[11]
[12]

[13]

XIESE, EREKR, Bk %IW%:J&% BESRIATETRE ). #HSIR, 2020, 34 (7) « 7115-7122.

XmiE, EEZE, S, EERRESHHFREFENRINTHARERE [1]. 7RSIR, 2018, 32 (5) : 828-835.

Pz, BEE, EL%E, £ %%E‘.%%U%%@%EE@%%EETLF ESEITIE SR [J]. 2016, 26 (8) : 2247-2256.

HF, =%, B5%E, % MgitEXAI-4.4Cu-0.15ZrE S REEEERISZND [1]. §5i5, 2020, 69 (3) : 246-253.

SU Yajun , LIU Xinhua , HUANG Haiyou. Interfacial microstructure and bonding strength of copper cladding aluminum rods fabricated by
horizontal core-filling continuous casting [J]. Metallurgical and Materials Transactions A, 2011, 42 (13) : 4088-4099.

LUO Junting, ZHAO Shuangjing, ZHANG Chunxiang. Microstructure of aluminum/copper clad composite fabricated by casting-cold
extrusion forming [J]. Journal of Central South University of Technology, 2011, 18 (4) : 1013-1017.

SKHS, BAR, ERE, F. N-A28POESRAVFESIIL (1] BEAFFR (BARSMR) , 2002 (S1) : 64-67.

FaR. RER, §EH, £ USBERRESVHHES T ZMMRRERE [1]. FIERR, 2004 (5) = 398-400.

ZHANG lJian, LUO Guogiang, WANG Yiyu, et al. Effect of Al thin film and Ni foilinterlayer on diffusion bonded Mg-Al dissimilar joints
[7]. Journal of Alloys and Compounds, 2013, 556 (15) : 139-142.

ZHIYONG X, HEL, WANHUAY, et al. Orthogonal tests of copper-clad aluminum bimetal continuous casting by nitrogen pressure core-
illing [J]. China Foundry, 2013, 10 (6) : 385-390.

M, 24K, AR, & E-RESHSIEANEBESRHELR BT [1]. HERR, 2022, 43 (3) : 176-179.
KALINICHENKO V A, KALINICHENKO A S, GRIGORIEV S V. Particularities of structure formation of aluminum-copper composite
materials manufactured by casting technology [J]. Foundry Production And Metallurgy, 2020 (1) : 116-121.

=H, B, BAT, FiaRSMREOCERIEES AR SRR [1]. AR, 2023, 43 (2) @ 65-69.



=

[14] BICK T, HEULER V, TREUTLER K, et al. Characterization of influences of steel-aluminum dissimilar joints with intermediate zinc layer
[J]. Metals, 2020, 10 (4) : 442.

[15] ZHAO Hongjin, WANG Da, QIN Jing, et al. Researchprogress on bonding mechanism and interface reaction of Al/culaminated composite
[J]. Hot Working Technology, 2011, 40 (10) : 84-87.

[16] GUO Yajie, LIU Guiwu, JIN Haiyun, et al. Intermetallic phase formation in diffusion-bonded Al/culaminates [J]. Journal of Materials
Science, 2011, 46 (8) : 2467-2473.

[17] FAN L, HAO Q, SHEN R. Casting of aluminum-copper based alloy by controled difusion solidiication [J]. China Foundry, 2015, 12

(2) : 92-98.

[18] LIU Jian, CAO Biao. Microstructure characteristics and mechanical properties of the Cu/Al dissimilar joints by electric current assisted
ultrasonic welding [J]. Journal of Materials Processing Technology, https: //doi.org/10.1016/j.jmatprotec. 2021: 117239.

[19] #h&ISR, HiE, Bk REALERARRREREENAERIS [J]. &R, 2009 (5) - 1-6.

[20] 2/, HEAL, EF AVCuZEESIRAVALBEMREXNHFEREFND 1] FEEREEFIR, 2015, 25 (1) : 36-45.

[21] XU B, TONG W, LIU C, et al. Effect of high magnetic field on growth behavior of compound layers during reactive diffusion between
solid Cu and liquid Al [J]. Journal of Materials Science & Technology, 2011, 27 (9) : 856-860.

[22] ZARE G R, DIVANDARI M, ARABI H. Investigation on interface of Al/Cu couples in compound casting [J]. Materials Science and
Technology, 2013, 29 (2) : 190-196.

[23] CHENY, XIEJ, WANG A, et al. In-situ observation and analysis of the evolution of copper aluminum composite interface [J]. Metals,
2023, 13 (9) : 10.3390.

[24] BBIE, BRERR, X, F AVICOREBESMRIEREISESHSIZFAIARFIMEE [1]. 2016, 26 (6) : 1555-1563.

[25] TANAKAY, KAJIHARA M, WATANABE Y. Growth behavior of compound layers during reactive diffusion between solid Cu and liquid
Al [J]. Materials Science and Engineering a-Structural Materials Properties Microstructure and Processing, 2007, 445: 355-363.

[26] KIMGH, KIMMS, LEEYJ, etal Microstructural evaluation of interfacial intermetallic compounds in Cu wire bonding with Al and Au
pads [J]. Acta Materialia, 2014, 64: 356-366.

[27] SHAHVERDI H R, GHOMASHCHI M R, SHABESTARI S, et al. Microstructural analysis of interfacial reaction between molten
aluminium and solid iron [J]. Journal of Materials Processing Technology, 2002, 124 (3) : 345-352.

Research on Copper/Aluminum Bimetallic Solid-Liquid Compound
Process

ZHANG Da, ZHAI Zi-yu, WANG Ge, SUN Jian-bo, WU Ming-zhou, MA Zhen, HU Ming

(School of materials science and engineering, Jiamusi University, Jiamusil 54007, Heilongjiang, China)

Abstract:

The copper/aluminum composite material was prepared by the impact jet solid-liquid compound method, and
the surface of the copper matrix was pretreated in advance, and the moving speed of the copper matrix was
changed during the casting process, so that the heat exchange between the molten aluminum and the steel
matrix was strengthened to varying degrees. The composition and microstructure of the copper/aluminum
composite layer were analyzed by SEM, XRD and EDS, the bonding strength was measured by a universal
testing machine, and the hardness distribution of the composite layer was analyzed by microhardness test. The
experimental results showed that when the pouring temperature was 720 °C , the heat transfer of the molten
aluminum to the copper matrix decreased with the increase of the moving speed of the copper matrix, and the
composite layer was composed of Cu/Al intermetallic compounds. The nickel plating layer made the molten
aluminum produce wetting, diffuse flow and protection on the surface of the copper matrix, promote the
metallurgical bond formed at the solid-liquid interface, and effectively improved the bonding strength of the
copper/aluminum composites. When the pouring temperature of the sample was 720 °C and the moving speed
of the copper matrix was 15 mm/s, the measured interfacial bonding strength was 24.8 MPa.

Key words:
impact jet; enhanced heat exchange; copper/aluminum composite; nickel
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