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Abstract: For metal matrix composite materials, adding alloying elements is an effective way to improve its com-
prehensive performance. In the present study, the carbon nanotubes (CNTs) reinforced aluminum matrix (CNTs/Al-
Si) composite foams with Si element were prepared by high-energy-ball milling and space holder method. Quasi-
static compression test was carried out to study the compression properties and energy absorption performance of
CNTs/Al-Si composite foams. The effects of sintering temperature and Si content on the microstructure, compres-
sion and energy absorption properties of the CNTs/Al-Si composite foams were further studied. The fracture failure
mechanism was analyzed by the compression fracture morphology. The results show that the density and bonding
of the CNTs/Al-Si composite foams increase with the increment of sintering temperature. When the sintering tem-

perature is 600°C, mass fraction of Si is 7wt%, the yield strength, plateau stress, and energy absorption performance
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of CNTs/Al-Si composite foams are 98.4%, 167.7%, and 166.4% higher than that of the sintering temperature of

550°C, respectively. Moreover, the addition of Si element can refine composite powders during ball milling. Both of

the strength and plasticity for the CNTs/Al-Si composite foams are improved after alloying. Compared with

CNTs/Al composite foams, the yield strength and plateau stress of the CNTs/Al-Si composite foams with Si mass

fraction of 7wt% increase by 58.5% and 117.8%, respectively. Meanwhile the energy absorption performance is signi-

ficantly improved.

Keywords: carbon nanotubes (CNTs); aluminum foams; Si element; compression properties; energy absorp-

tion properties
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Fig.1 Morphologies of raw materials: (a) Al powders; (b) Si powders; (c) Carbamide particles;

(d) Carbon nanotubes (CNTs)/Al composite powders; (¢) TEM image of CNTs
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Fig.2 Schematic diagram of preparation process (a), macro picture (b) and SEM image of foam cell

(c) of CNTs/Al-Si composite foams
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Fig.3 Optical microstructure images and density of CNTs/Al-Si composite foams with

Si mass fraction of 7wt% at different sintering temperatures
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Fig.4 Stress-strain curves (a), energy absorption curves (b), yield
strength and plateau stress (c) of CNTs/Al-Si composite foams

with Si mass fraction of 7wt% at different sintering temperatures
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Fig.5 SEM images of CNTs/Al-Si composite powders with different contents of Si after
ball milling ((a) 0wt% Si; (b) 3wt% Si; (c) 7wt% Si; (d) 12wt% Si)
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Fig. 7 Optical microstructure images of CNTs/Al-Si composite foams with different

contents of Si ((a) 0wt% Si; (b) 3wt% Si; (c) 7wt% Si; (d) 12wt% Si)
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Fig.9 SEM image and EDS spectrum of matrix particle gap of CNTs/Al-

Si composite foams with Si content of 3wt%
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