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Abstract In this research we tried to make nano-sized TiNx by using planetary milling, and we made the
composites double layered of titanium and nano-sized TiNx by using spark plasma sintering apparatus after mix-
ing with the different ratio of pure titanium powder, and they were heat treated at 850°C for 30 minutes. The crys-
tal structures of nano-sized TiNx powders and the composites were analyzed by X-ray diffraction (XRD). The
microstructures of the powders were analyzed by using scanning electron microscopy (FESEM) and the 40-50 nm
size of nano-sized TiNx particle on the surface of agglomerated particles was investigated. With increasing the

ratio of nano-sized TiNx of the composites, the microvickers hardness of the composites was increased.
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Fig. 1. Schematic view of milling process.
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Fig. 2. Schematic view of double layered specimen.
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Table 1. Sintering conditions of spark plasma sintering

SPS(Dr Sinter 1030,
Sumitomo Co, Japan)

Sintering apparatus

Sintering temperature 900~1100°C
Soaking time 10 min
Heating rate 200°C/min
‘Atmosphere Ar-4%H, mixed gas
Applied load 10KN
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Fig. 3. XRD patterns of pure Ti and TiNx powder milled for 10 hours.
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Table 2. Micro-Vickers hardness data of pure titanium
and composites (MVH, Kg/mm?)

as sintered after heat treatment
pure Ti 234.5 281.6
Ti+25% nano TiNx 703.8 848.2
Ti+75% nano TiNx 960.5 1137.1
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Fig. 4. XRD patterns of composites of Ti and nano TiNx powder. (a) TiNx 25% and 75% Ti, and (b) TiNx 75% and 25% Ti.
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Fig. 5. Nano TiNx morphology on the surface of powders
milled for 10 hours.
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Fig. 6. (a) FESEM morphology and (b) EDX data of com-
posites of Ti and TiNx powders.
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