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Abstract: The graphene nanoplates ( GNPs) and boron powders (B) were used to reinforce TC4 titanium matrix com-
posites by spark plasma sintering (SPS). The microstructure of the composite powders and the sintered composites were
characterized using scanning electron microscopy (SEM) and Raman spectroscopy. Meanwhile, the hardness of com-
posites was tested by Vickers hardness. The results show that the grain size of Ti matrix is effectively refined (i.e. from
118.8 wm to 33. 1 wm) owing to the formation of special discontinuous network structure. The composition of discontinu-
ous network structure is TiC particles and TiB whiskers, which are formed by in-situ reaction during the SPS process.
The Vickers hardness of GNPs/TC4 and ( GNPs + B)/TC4 composites are 3. 91 and 4. 15 GPa, respectively, which
are 16% and 23% higher than that of TC4 titanium alloy (3.37 GPa), respectively. The increase in hardness of GNPs/
TC4 and (GNPs + B)/TC4 composites materials can be attributed to the hard particles (i.e. TiBw and TiCp).
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Fig. 1 SEM morphologies of original powders: (a) TC4 titanium alloy powder; (b) B powder; (c¢) GNPs
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Fig. 2 SEM morphologies of mixed powders: (a) GNPs/TC4
powder; (b) (GNPs + B)/TC4 powder
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Fig. 3 Raman spectrograms of different powders
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Fig. 4 SEM images of TC4 (a), GNPs/TC4 (b), (GNPs+B)/TC4 (c) and EDS element plane distribution: (b,) enlarged

view of zone B in Fig. 4b; (c,) enlarged view of TiBw at grain boundary in Fig. 4c; (c,) enlarged view of zone C
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Fig. 5 Grain size distribution: (a) TC4; (b) GNPs/TC4; (c¢) (GNPs +B)/TC4
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