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The hybrid off-line technologies SHS + HP (hot pressing), SHS + SPS (spark plasma sintering) and online technologies such as reaction SPS (RSPS) or reaction HP (RHP) are applied for synthesizing ultra-refractory solid-solution carbide and boride compounds. The kinetics and the mechanism of combustion process and structure formation in systems Ta-Zr-C, Ta-Hf-C, Zr-Ta-B, Hf-Ta-B, Mo-Si-B, Zr-B-Si, Zr-B-Si-C have been studied [1-5]. It was found that mechanical activation (MA) of reaction powder mixtures play a crucial role in combustion synthesis of the refractory solid solutions (Ta,Hf)C, (Ta,Zr)C, (Zr,Ta)B2, (Hf,Ta)B2. Samples with density till 99%, hardness of 24–27 Gpa, Young’s modulus of 423–484 GPa, and elastic recovery of 44–46 have been produced. A comparison of two approaches, SHS + SPS and RSPS, for production ceramics revealed several important conclusions. First, it was found that the kinetic mechanisms governing the reactions for the RSPS of the single-phase (HfB2, TaB2) and composite (ZrB2-SiC, HfB2-SiC, TaB2-SiC) systems are different, i.e. combustion-type and gradual solid state diffusion, respectively. Second, when the combustion reaction takes place, a beneficial effect is obtained if a two-step mechanical pressure cycle is implemented during the RSPS process, i.e. the applied load is increased immediately after the reaction occurrence. Third, the RSPS method is preferable for the preparation of highly dense single-phase systems. In contrast, the opposite outcome is found when considering ternary composites, where relatively mild sintering conditions are required to obtain fully dense materials when starting from SHS powders. 
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