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Abstract

The self-propagating high-temperature synthesis (S.H.S.) process, which is promising for the fabrication of ceramic materials, was chosen to

elaborate titanium carbonitride materials. The influence of parameters such as nitrogen gas pressure and carbon ratio on the microstructure was

studied. A single phase product of Ti(C,N) is obtained for a carbon ratio under 15 at.% and a nitrogen pressure of 36 MPa. The increase of the

carbon ratio corresponds to a decrease of the maximum temperature reached during the synthesis. Time resolved X-ray diffraction measurements

(TRXRD) with the synchrotron radiation were used to determine the reaction mechanisms. We could observe that the synthesis of Ti(C,N) is

preceded by the formation of titanium nitride. This reaction is initiated by the allotropic transition of a-Ti phase into b-Ti. In the final material the

presence of sub-stoichiometric phases such as Ti2N and a-Ti was observed.
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1. Introduction

In a previous study [1], we synthesized titanium nitride by

S.H.S. This material is a good candidate for cutting tools thanks

to its good physical and chemical properties such as hardness,

chemical stability and wear resistance [2,3]. We did not reach

the stoichiometry on our materials due to a partial melting of

the titanium during the reaction preventing nitrogen diffusion in

the core of the sample. To improve the properties of the

synthesized materials, an addition of carbon was decided on to

synthesize titanium carbonitride Ti(C,N), which is also a hard

and high melting point compound. Ti(C,N) has a face centred

cubic (fcc) NaCl type structure, belonging to the Fm-3m space

group, similar to TiN (titanium nitride) and TiC (titanium

carbide) structures. According to Levi et al. [4], it is described

as two sub-lattices of the fcc type, one of them containing

titanium atoms and the other one carbon and nitrogen atoms

randomly distributed.

Ti(C,N) is often employed in cermets, where its large

domain of composition is used to favour a property over another

one, by varying the C/N ratio [5,6]. Indeed, thus carbon can

improve the hardness and nitrogen, the electrical conductivity

of the material.

The synthesis of titanium carbonitride was studied on the

Ti–C–N2 system using the self-propagating high-temperature

synthesis (S.H.S.) process. This process has often been used to

synthesize nitrides and carbonitrides [7,8]. Here, the direct

formation of titanium carbonitride by S.H.S. was studied using

titanium and carbon powders, and nitrogen gas. The influence

of the experimental parameters such as nitrogen gas pressure or

carbon content on the microstructure of products was

investigated. To control the process, it is also necessary to

study the reaction mechanisms of the synthesis of Ti(C,N) by

S.H.S. and the effect of the experimental parameters.

Subsequently, thermal profiles were established during the

reaction [AB]. For some materials, these data were correlated

with structural evolutions determined by time-resolved X-ray

diffraction [9–11].
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