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Dislocation density variation and mechanical properties of
pure copper via equal channel angular pressing

DING Yu-tian, LIU Bo, GUO Ting-biao, HU Yong, LI Hai-long, ZHAO Jun-yuan

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The microstructure evolution, dislocation density and mechanical properties of pure copper via equal channel
angular pressing were studied to investigate the effects of stack fault energy on the microstructure evolution. The results
show that the grain size of annealed pure copper is refined into 5—10 um, the small grain boundary turns into large ones,
subsequently. The dislocation density is 0.16X 10" m™? after 1 pass and reaches the maximum of 0.41 X 10" m 2 after 6
passes, which increases remarkably with increasing the passes. While the recombination and annihilation of dislocations
give rise to subsequent density decrease. The tensile strength of annealed copper is 220 MPa with elongation of 53.5%,
while the tensile strength reaches 444 MPa and elongation reduces to 22.1% after 8 passes, which reveals that ECPA leads
to the improvement of tensile strength and reduction of plasticity. The increased shallow dimple amounts and more
uniform distribution of pure copper reveal its ductile fracture mechanism. The results of the microstructure evolution and
mechanical property analysis show that, pure copper, as the middle stack fault energy metal material, possesses the
characteristic of metal materials with high or low stack fault energy.
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Fig. 1 Schematic diagram of ECAP and sample of three-dimensional coordinate
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Fig. 2 Microstructures of pure copper after ECAP via route A: (a) Annealed pure copper; (b)—(f) 1, 2, 4, 6 and 8 passes,

respectively
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Fig. 3 TEM micrographs and SAED patterns of pure copper after different passes: (a) Annealed pure copper; (b) Lath structure; (c)

4 passes; (d) 8 passes
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Fig. 4 Relationships among elongation, tensile properties and

dislocation density of ECAPed pure copper versus different
passes
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Fig. 5 Fracture morphologies of pure copper after different passes: (a), (b) Annealed copper; (c), (d) 4 passes; (e), (f) 8 passes
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Table 1 Micro-strain, dislocation density and mechanical properties of cooper under different passes
Pass number <g®>"2/% p/10" m™ o/MPa 0%
Annealed copper 0.08 0.10 220 53.5
1 0.11 0.16 352 15.0
2 0.13 0.28 419 21.6
4 0.15 0.38 429 17.3
6 0.19 0.40 448 20.8
8 0.21 0.32 444 22.1
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Fig. 6 Dislocation density of ECAPed pure copper versus

passes
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