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Abstract (300 word limit)
Combined using of such prospective methods as Combustion Synthesis (CS), High Energy Ball Milling (HEBM) and Spark Plasma Sintering (SPS) alloys significant extending the borders for each method, producing synergetic effect. Thus, high-energy planetary ball milling of the reactive powder mixtures allows expanding limits of combustion synthesis in low-exothermal systems, e.g., Si-C, B-C, and the following SPS consolidation leads to formation of pore-free ceramic nanocrystalline material on the base of SiC and B4C with improved properties. The HEBM can be used also for mechanical alloying of high entropy alloys (HEA), such as CoCrFeNiMn, AlCoCrFeNi, nanocrystalline pseudo-alloys CuCr (Fig. 1), CuMo, etc., and ceramic-metal composites TiC-HEA. There are two main routes for the combined process: combustion synthesis of the powder materials from mechanically activated mixtures, followed by SPS consolidation, and in-situ synthesis of the desired material during SPS process.
Direct synthesis of SiC nanopowders (50–200 nm) becomes possible after short-term (minutes) HEBM of the powder mixture Si + C. Changing the intensity of mechanical treatment, one may prepare a completely amorphous reactive mixture containing carbon and silicon, or gradually change the ratio of (Si/C)–SiC phases and finally produce pure silicon carbide powder during the milling process. The influence of MA on the combustibility of the Si/C mixture possesses a critical character: the self-sustained reaction becomes feasible only after a critical time of ball milling. Some new results of combination of MA with combustion synthesis, hot pressing and spark plasma sintering was applied also for obtaining consolidated ceramics and ceramic-metal composites on the base of refractory carbide and HEA binder (Fig. 2). This work is supported by Ministry of Education and Science of the Russian Federation under the Competitiveness Enhancement Program of NUST MISiS (Grant no. K2-2018-013).
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	Figure 1: Pseudo-alloy CuCr with hierarchic structure (TEM)
	Figure 2: Cermet TiC + high entropy alloy CoCrFeNiMn. 
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