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Influence of deformation processing on mechanical and
conductivity properties of Cu-Fe composites

LU Yue-jiao, TIAN Ruo-ming, ZHOU Jian, XUE Feng

(School of Materials Science and Engineering, Southeast University, Nanjing 211189, China)

Abstract: Cu-8%Fe, Cu-12%Fe and Cu-16%Fe (mass fraction) composites were prepared by in-situ synthesis technique
and heavy deformation processing. Metallography microscope and scanning electron microscope were used to observe
the microstructures of the Cu-Fe composites. The mechanical properties and electrical conductivity were studied by
tensile test and double bridge, respectively. The three Gu-Fe composites were compared with pure copper treated in the
same way. The results show that, during the deformation process, the primary and second dendritic arms of Fe phase are
aligned along the drawing direction and elongated into filaments. With increasing drawing strains, the filaments become
longer and thinner, and the space between them is shortened, and their orientations are gradually in good order. The
improvement of hardness and yield strength results in heavy deformation, whereas the plasticity and electrical
conductivity decrease. After annealing, the yield strength of Cu-Fe in-situ composites decreases, and the conductivity
property increases.
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Table 1 Component analysis of microareas of as-cast Cu-
16%Fe

Mass fraction/%
Area
Cu Fe
A(matrix) 97.83 2.17
B(dendritic) 16.49 83.51
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Fig.1 Optical and SEM micrographs of as-cast materials: (a) Pure copper; (b) Cu-8%Fe; (c) Cu-16%Fe; (d) Cu-16%Fe
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Fig.2 Optical micrographs of as-extruded materials: (a) Pure copper; (b) Cu-8%Fe; (c) and (d) Cu-16%Fe
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Fig.3 Optical micrographs of
as-drawn (e=1.39) materials: (a)
Cu-8%Fe; (b) Cu-12%Fe; (c)
Cu-16%Fe
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Fig.4 Optical micrographs of as-drawn Cu-8%Fe material at different strains: (a) e=1.39; (b) £=2.77; (c) £&=4.61; (d) e=6.44
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Fig.5 SEM image of as-drawn Cu-8%Fe material (¢=6.44)
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Table 2 Vickers hardness of materials at different states

HV
State
Pure copper Cu-8%Fe Cu-12%Fe Cu-16%Fe
As-cast 73.8 103.6 111.6 128.3
As-extruded ~ 74.1 107.5 116.0 133.1
Aging 60.6 79.2 823 83.1
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Fig.6 Changing curves of HV with ¢ for materials
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Fig.7 Changing curves of o5 with ¢ of materials
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Fig.8 Changing curves of 4 with ¢ for materials
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Fig.9 Changing curves of o with ¢ for materials
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Table 3  Yield strength and electrical conductivity of

as-drawn materials (e=6.44)

Material o/MPa o(IACS)/%
Cu 620.8 91.91
Cu-8%Fe 830.1 44.04
Cu-12%Fe 868.3 41.61
Cu-16%Fe 970.3 40.85
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Table 4
materials after anneal (350 'C, 1 h)

Yield strength and electrical conductivity of

Material o/MPa o(IACS)/%
Cu 286.7 98.12
Cu-8%Fe 648.3 53.90
Cu-12%Fe 662.5 48.87
Cu-16%Fe 695.3 47.22
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Table 5 Characteristic parameters of Cu-Fe materials

D/pm Dy/pm
e DyD
Experimental Theoretical 8%Fe 12%Fe 16%Fe

0 1 5 - - - -
139 2 - 2.50 795 648 573
277 4 - 1.25 398 324 286
379 6.7 - 0.75 239 194 1.72
461 10 - 0.50 1.59 130 1.15
539 15 - 0.34 1.08 0.88 0.78
6.44 25 0.2 0.20 0.64 052 046
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Table 6 Comparison of theoretical and experimental

electrical conductivity of materials annealed

Material o(Fe)/% o(IACS)/%  ope.cu(IACS)/%
Cu 0 98.12 -
Cu-8%Fe 9 53.90 90.82
Cu-12%Fe 13 48.87 87.57
Cu-16%Fe 18 47.22 83.52
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