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Table 1 Reported process and tensile property of graphene
reinforced pure aluminum matrix composites

Tensile Elongation/
strength/MPa %

Content of
GNFS

Preparation
. Ref.
technique

Mechanical stirring
Sintering 249 13 [11]
Hot extrusion

0.3%%*

Mechanical stirring
Sintering 280 9.53 [12]
Hot extrusion

0.3%%*

Mechanical stirring
1.5%" Hot pressing 302 53 [13]
Hot rolling

Cold ball milling

0.5%%* . 173 19.9 [14]
Hot extrusion
Ball milli

0.7%" av miring 440 3.5 [15]
Hot rolling
Ball milling

1.0%* . 199 99 [16]
Hot pressing
Ball milling

0.25%* 164 15 [17]

Hot pressing

. # .
Note: *-mass fraction, "-volume fraction
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Fig.1 Morphology of composite powder fabricated by ball milling:

(a) low magnification and (b) high magnification
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Fig.2 Required sintering pressure for dense bulk GNFs/Al at

different sintering temperatures
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Table 2 Average tensile properties of pure Al and GNFs/Al
under different sintering processes

Sintering . Tensile Elongation/
Materials
parameter strength/MPa %
Al 119 22
500 C/4 min
GNFs/Al 112 4.5
5 . Al 115 21.8
500 ‘C/8 min
GNFs/Al 110 3.5
. ) Al 108 26
560 ‘C/4 min
GNFs/Al 142 18.5
Al 104 25
560 ‘C/8 min
GNFs/Al 100 6.8
5 . Al 104 26.7
590 ‘C/4 min
GNFs/Al 133 16.5
. 4 Al 101 24
590 ‘C/8 min
GNFs/Al 112 5.2
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Fig.3 Tensile stress-strain curves of samples under different

sintering processes: (a) Al and (b) GNFs/Al
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Fig.4 Optical micrographs of Al and GNFs/Al sintered at different temperatures
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Fig.5 Fractographs of pure Al and GNFs/Al sintered at different temperatures
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Fig.6 TEM micrographs of GNFs/Al sintered at 560 ‘C for
4 min (a) and 8 min (b)
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Fig.7 Characteristic of GNFs at the interface of GNFs/Al
sintered at 560 ‘C/4 min: (a) Raman spectra and

(b) high resolution TEM image
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Effect of SPS Process on Tensile Properties of Graphene Nanosheet
Reinforced Aluminum Matrix Composites

Zhao Shuangzan, Yan Shaojiu, Chen Xiang, Hong Qihu, Li Xiuhui, Dai Shenglong
(Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Graphene nanosheet reinforced aluminum composites (GNFs/Al) containing 0.5wt% GNFs were fabricated by spark plasma
sintering (SPS) with different temperatures and holding time. The microstructure and tensile properties of the composites were
investigated. The results show that the composites sintered at lower temperatures (500 °C) possess weaker interfacial bonding, which
results in lower tensile properties. When sintered at higher (560 and 590 °C) temperatures, the interfacial bonding of the composites is
obviously enhanced. To avoid interfacial reactions at higher temperatures, rapid sintering is essential. Therefore, the composites sintered at
560 °C /4 min exhibit a tensile strength of 142 MPa, which is 31% higher than that of pure Al. The enhanced tensile properties of the
GNFs/Al composites in this study can be ascribed to the refinement and stress transfer of the aluminum matrix grains.

Key words: graphene nanosheet reinforced aluminum composites; SPS; tensile properties; interface characteristic
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