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Fig.1

Preparation process schematic of three types of copper matrix composites
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2 BREESS R Cu By A AL CNTSs J5 i CNTs-Cu #y K SEM K57
Fig.2 SEM morphologies of flake Cu powder after ball milling (a) and CNTs-Cu powder after CNTs adsorption (b)

Microcrack

B3 Besid CNTs/Cu E&HE SEM A
Fig.3 SEM images of sintered CNTs/Cu composites with different CNTs contents: (a, b) 0.05%, (c, d) 0.1%, and (e, f) 0.15%
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Fig.4 SEM morphologies of TiH,-B-Cu flake powder after ball milling (a) and sintered TiB./Cu composite (b)

5 EREEJG AR TiHo-B-Cu M AR FIUKFf CNTSs J& i) CNTs-TiHo-B-Cu ¥ A ) SEM #35
Fig.5 SEM morphologies of flake TiH,-B-Cu powder after ball milling (a) and CNTs-TiH,-B-Cu powder after CNTs adsorption (b)
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6 JRLEZ (CNTs+TIB,)/Cu H-&MEHY SEM HE
Fig.6 SEM images of sintered (CNTs+TiB,)/Cu composites with different content ratios of CNTs and TiB,: (a, b) 0.05%CNTs+1%TiB;
(c, d) 0.1%CNTs+1%TiB,

F1 TREER CuBESEHRIERE

Table 1 Properties of different copper matrix composites

Copper matrix composites

Relative density/% Conductivity/%IACS Hardness, HBW/>9.8 MPa Tensile strength/MPa Elongation/%

1%TiB,/Cu 97.61 58.3 124 436 2.2
0.05%CNTs/Cu 97.75 92.4 51 234 12.0
0.1%CNTs/Cu 97.57 91.2 38 251 15.8
0.15%CNTs/Cu 96.48 87.8 55 196 6.2

(0.05%CNTs+1%TiB,)/Cu 97.58 575 136 506 4.0
(0.1%CNTs+1%TiB,)/Cu 97.21 56.4 142 531 4.3
M P— SR, TAF] 531 MPa. T ELH He B 1 3 [
S 5007 ) 19TiB,/Cu S ArbPE), SEG AN HEAE 3.3%, i o8
£ 400 s LTy JE£ 8 21.8%, X BT S JZ Rl CNTs A gk
2300 PR 11 FRY, [ P 2 095 1 T, Bk
2 200 AT LURTSLACES , 2 FRAACHUBIFE 1 L 4 bR
2 0 B B AT
0 7 AT%0, TiB, Bikifl CNTs JR 44158 Cu 3t &

0 004 008 012 016 0.20
Engineering Strain
K7 ARER CuJEESFPEHK TRE R - RiAR £k
Fig.7 Engineering stress-strain curves of different copper matrix

composites
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Fig.8 Tensile fracture SEM morphologies of different copper matrix composites: (a, b) 1%TiB,/Cu, (c, d) 0.1%CNTs/Cu, and (e, f) (0.1%CNTs+

1%TiB,)/Cu
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TN,

3 4

1) B FH W PR A A Be 45 VR i D il %t R R &
Z5H1) CNTs/Cu E& MK, HFHAFE CNTs & &N
MFEAR, TIHihisBERE CNTs & &R TG %
k. M CNTs &N 0.1% (JRESE, FFED B, B4
RS o o 7 P S Nz LI N A 8- 3 11| I
91.2 %IACS #11 251 MPa.

2) H— TiB, Pk 1%TiBy/Cu E AR S H
AR R E 7373 58.3 %IACS FT 436 MPa.

3) AHELH— TiB, B CNTs #4358 Cu L& &R, 1R

M58 (CNTs+TIB,)/Cu B AR 08 B B E 4 T
1, (0.1%CNTs+1%TiB,)/Cu -5 B 2 A4 v 4 B 40 ]
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Preparation and Properties of Hybrid Reinforced (CNTs+TiB,)/Cu Composites

Cao Fei*?, Shi Jun*?, Wang Ruosi*?, Zhang Xingde?, Jiang Yihui'?, Xiao Peng"? Liang Shuhua™?
(1. School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)
(2. Shaanxi Province Key Laboratory for Electrical Materials and Infiltration Technology, Xi’an 710048, China)

Abstract: The effects of single and hybrid reinforcement of carbon nanotubes (CNTs) and TiB; particles on the microstructure, density, electrical
conductivity, hardness and tensile property of copper matrix composites were studied. Firstly, CNTs/Cu composites with brick structure were
prepared by the combined preparation technology of ball milling, surface adsorption and hot-pressing sintering, which solved the problem of
agglomeration of CNTs. The relative density and electrical conductivity of the sintered CNTs/Cu composites decrease with the increase in the
CNTs content, while the tensile strength and elongation firstly increase and then decrease with the increase in the CNTs content. The
comprehensive performance is the best when the CNTs content is 0.1wt%, and the relative density, electrical conductivity and tensile strength are
97.57%, 91.2 %IACS and 251 MPa, respectively. Meanwhile, the relative density, electrical conductivity and tensile strength of the sintered
1wt% TiB,/Cu composite are 97.61%, 58.3 %IACS and 436 MPa, respectively. Finally, hybrid reinforced (CNTs+TiB,)/Cu composites were
prepared by introducing in situ TiB; particles into CNTs/Cu composites with brick structure. Compared with single CNTs (or TiB) reinforced
copper matrix composites, the strength of CNTs and TiB; hybrid reinforced composites is significantly improved. When 0.1wt% CNTs and 1wt%
TiB, were mixed, the composite relative density, electrical conductivity and tensile strength is 97.21%, 56.4 %IACS and 531 MPa, respectively.
And the electrical conductivity decreases by 3.3%, while the tensile strength increases by 21.8% compared with 1wt% TiB,/Cu. It is mainly
attributed to the role of CNTs of carrying and transferring loads, and the role of dispersed TiB, particles for the dislocations pining, the two
strengthening mechanisms work together to significantly improve the tensile strength of (CNTs+TiB2)/Cu composites.

Key words: copper matrix composites; carbon nanotubes (CNTSs); TiB; particles; hybrid reinforcing; hot-pressing sintering
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