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Phase transformation behavior and growth mechanism of Ti(C, N)
whiskers synthesized through carbothermal reduction process

CAO Shun-hua, CAI Zhi-yong, XIE Zhan, ZOU Shi-min, LI Chun-xiang

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Ti(C, N) whiskers were fabricated through carbothermal reduction of TiO, in nitrogen at different temperatures.
The raw materials were TiO,, carbon black, NaCl and NiCl,, among which NaCl was added to form the chlorides of Ti
and NiCl, was used as catalyst for whisker growth. The phases of the synthesized samples and the corresponding
phase-transformation behavior were analyzed by XRD, the micrographs of synthesized samples were characterized by
scanning electron microscopy (SEM). Furthermore, the growth mechanism of Ti(C, N) whiskers was discussed. The
results show that TiO, directly reacts with carbon black and nitrogen to form TiN phase at 1 200°C. When the temperature
is in the range of 1 250—1 400 ‘C, NaCl is decomposed and functions as a halogenation reagent of TiO, and NiCl, acts as
catalysts for the Ti(C, N) whisker formation. The whiskers obtained are 10—-30 pum in length and about 1 um in diameter.
The phenomenon that whiskers with smooth surfaces are terminated by a droplet of catalyst indicates that the whiskers
are grown by the “vapor-liquid-solid” mechanism.
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Fig.l1 XRD pattern of powders synthesized at 1 200 C for
180 min
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Fig.2 XRD patterns of powders synthesized at 1 250—

1 400 °C for 180 min
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Fig.3 SEM micrographs of powders synthesized at different temperatures: (a) 1 200°C; (b) 1250 °C; (c) 1300 °C; (d) 1400 C
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Fig.4 SEM micrograph of Ti(C, N) whisker synthesized at
1300 C
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Fig.5 Growth model of Ti(C, N) whiskers
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