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Research progress of copper cladding aluminum composites
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Abstract: The recent progress in the researches on copper cladding aluminum bimetallic composites and related research
fields was reviewed. The review mainly includes the fabrication of copper cladding aluminum bimetallic composites, the

bonding mechanism of Cu/Al interface, the Cu-Al binary alloy phase diagram, and the formation and growth rule of

intermetallic compounds. Finally, the development trend was proposed.
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Table 1  Structure and properties of intermetallic compounds in Al-Cu system!*> 474"
Symbol  Phase (C)% Pearson Space group Lattice parameter Hardness/ Resistivity/
symbol alA blA A (kgmm?) (Q'm)
Cu Cu 100 cF4 Fm3m 3.6149 80 1.75% 107
71 CugAly 62.5-69 cP52 P43m 8.7068 287 142X10°®
0 Cu;Al,  59.3-61.9 hR52 R3m 8.7066 557 13.4X10°®
& Cu,Al;  55.2-56.3 0l24-3.5 Imm?2 4.0972  7.0313  9.9793 852 12.2%x10°"
1 CuAl  49.8-52.2 mC20 C2/m 12.066  4.105 6.913 1174 11.4X10°8
0 CuAl, 31.9-33.0 tl12 14/mem 6.063 4.872 735 8.0x10°®
Al Al 0 cF4 Fm3m 4.0497 50 2.83%x10°"
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Fig. 1 Phase diagram of Cu-Al binary alloy'*”
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Fig. 2 Schematic diagram of interfacial reaction between
copper and duminum below eutectic temperature™: (a) Copper
and aluminum physical contact; (b)CuAl, formed by Cu atoms
with Al atoms; (c) Reaction of CuAl, and Cu atoms to form
CuyAly; (d) Reaction of CuAl, and CugAly to form CuAl
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Table 2 Kinetics parameter of solid diffusion between copper and aluminum

Temperatire Experimental method Activation etielrgy, Time exponent, n Reference

range/C Q/(kJ-mol )

300-540 Cold rolled, annealed in furnace 107.8 0.5 [55]
425-520 Friction welded, annealed in furnace 137 0.5 [60]
425-520 Friction welded, treated by electrical current 111 0.5 [60]
300-500 Friction welded, annealed in furnace 110.2 0.5 [61]
420-480 Sandwich diffusion couple 72.4 0.5 [62]
400-500 Plasma activated sintering bonded 80.8 0.5 [57]
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Fig. 3 Schematic diagram of interfacial reaction between
above eutectic temperature (S: solid phase, L: liquid phase,
CupAly:  copper aluminum intermetallic compound, DL:
diffusion layer): (a) Copper and aluminum just contacted with
each other; (b) Diffusion layer and intermetallic compound
formed between copper and aluminum; (c) Interface migration

during interfacial reactions; (d) Phase transformation of

diffusion layer and intermetallic compound
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Table 3 Kinetics parameters between copper and aluminum at 700-800 ‘C**!

Intermetallic compound

Proportionality coefficient, k

Time exponent, n

or migration distance 700 C 750 C 800 C 700 C 750 C 800 C
S intermetallic layer 4.95%x1077 2.32%X107 6.64X 107 0.264 0.519 0.482
»1 intermetallic layer 1.38X10°° 6.20X 107 2.08X10°° 0.160 0.397 0.316
Total intermetallic layers 7.54X10°° 2.78%X10°° 7.59%X10°° 0.145 0.405 0.329
&,/L migration distance 2.03X107° 3.44X107° 42X10° 0.5 0.5 0.5
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