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TiC coating on titanium by carbonization reaction using spark plasma sintering

Tomohiro HAYASHI*, Kiyotaka MATSUURA™* and Munekazu OHNO**

Hard TiC coating layer is formed on commercially pure titanium by heat treatment in a Spark Plasma Sintering
(SPS) mold filled with graphite powder. The thickness of the TiC coating layer is about 10um in case of heat treat-
ment for 3600s at 1243 K and the thickness of this layer is almost uniform. This coating consists of TiC and graph-
ite, and titanium oxide is not detected by X-ray diffractometer (XRD). Vickers hardness test revealed that the hard-
ness of TiC coating was 1600 HV, which was much higher than that of titanium substrate (130HV). The hard TiC
coating on titanium is considered to have advantage in the applications to load-bearing parts of hard tissue replace-
ments. The growth behavior of TiC is conformed to be parabolic, and the activation energy of growth of TiC is
218.6kJ/mol. This value is close to the activation energy of carbon diffusion in TiC. Therefore, the rate of growth

of TiC is controlled by carbon diffusion in TiC phase.
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Fig. 1 Schematic illustration of SPS equipment.
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Fig. 2 BSE image of a cross section of the sample treated at
1243 K for 1800s by SPS method.
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Fig. 3 EPMA profiles on a cross section of the sample
treated at 1243 K for 1800s by SPS method.
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Fig. 4 XRD spectrum for the coating surface of the sample
treated at 1243 K for 1800 s by SPS method.
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Fig. 5 Micrographs of titanium substrate treated at 1243 K
by SPS method for (a) 0s, (b) 3600s.
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Fig. 6 Vickers hardness of the surfaces with and without
coating of TiC.

Fig. 7 Micrograph showing the coating surface of the sam-
ple treated at 1243 K for 3600s by SPS method.
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Fig. 8 Relationship between square of thickness of TiC
coating layer and holding time.
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Fig. 9 Arrhenius plots for parabolic rate constant of TiC
growth.
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