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Table 1 Parameters of ball milling
Ball-milling Ball-milling  Ball-to-powder

Sample speed/r min! time/h mass ratio
1# 200 2 10:1
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Fig.1 SEM images of staring powders: (a) powders of graphene, (b) powders of Cu, and (c) mixed powders of composites
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Fig.2 SEM images of mixed powders milled for different time: (a) 2 h, (b) 4 h, (c)6 hand (d) 8 h
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Fig.3 XRD patterns of powders milled for different time
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Fig.4 SEM image (a) and EDS spectrum (b) of the mixed

powder milled for 8 h
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Fig.5 Surface morphologies (a, b) and EDS spectra (c, d) of G/Cu composite sintered by SPS: (a) milling time 2 h,
(b) milling time 4 h; EDS spectra of point A (c) and point B (d) in Fig.5b
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Table 2 Microhardness (HV) of different points of the
composite (MPa)
The upper The lower The upper The lower The center

Sample left corner left corner right corner right corner position
1# 1215 1228 1264 1243 1252
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A# 1243 1315 1289 1350 1306
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Table 3 Conductivity of the composites (S/m)
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Effect of Ball-milling Time on Microstructure and Mechanical
Properties of Graphene/Copper Composite Materials

Ling Zicheng!, Yan Cuixia®, Shi Qingnan®, Feng Zhongxue®, Qu Yongdong?, Li Tao, Yang Yingxiang®
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. Yunnan Machinery Research and Design Institute, Kunming 650031, China)

Abstract: The nano-copper powder and graphene were mixed by mechanical wet ball-milling. Then the graphene/copper (G/Cu) composite
material was prepared by spark plasma sintering (SPS). The morphology and microstructure of graphene and copper power were analyzed
by SEM, XRD and other test methods to explore the variation relationship between the graphene and the copper power in the ball-milling
process. Results show that when the ball-milling time increases to 8 h, the graphene nanoplates have a better combination and distribution
on the copper matrix. The improvement of performance is relatively best. The tensile yield strength of the G/Cu composite is 183 MPa,
increased by 52.5% compared with Cu matrix; the compressive yield strength is improved more nearly 1.4 times from 150 MPa to 365 MPa;
the HV hardness also increases to 1350 MPa; the conductivity of the composites reaches 65.5% IACS. Therefore, the comprehensive
performance increases significantly.
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