CAST PROTECTIVE Mo2NiB2-BASED COATINGS BY CENTRIFUGAL SHS 
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WC–Co metal matrix composites (MMCs) are widely used in manufacturing cutting tools and as a material of nozzles, wear-resistant machine parts, guide rolls, seal rings, armour, and other functional applications. But relatively low corrosion resistance and electrical/thermal conductivity of these materials stimulates a search for new tungsten-less materials with a bunch of better service parameters. Among other hard materials, some complex transition metal borides such as Mo2NiB2, Mo2FeB2 etc. [1] seem most promising candidates for the above role. To date, such materials are fabricated by either high-temperature sintering followed by HIP processing or by SPS method. 
This work aimed at developing a new cost-effective process for fabricating cast Mo2NiB2–Ni metal-martix composites and deposition of such coatings through thermite-type SHS reactions in centrifugal machines [2] according to the scheme: 

MoO3 + βNiO + Al + B + (FA) ( Mo2NiB2–αNi + Al2O3 + Q 

where FA is an additive facilitating phase segregation; α, β stand for mass fractions of Ni and NiO; and Q the reaction heat. 
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Fig. 1. Schematic of SHS process for fabrication of cast materials: (a) charge preparation, (b) combustion, (c) phase separation, (d) pattern formation: 1, green composition; 2, refractory mold; 3, steel substrate; 4, igniting coil; 5, combustion front; 6, MMC globules in the melt; 7, oxide phase melt (Al2O3); and 8, cast protective coating (MMC). 

The flowsheet of the process is shown in Fig. 1. Because the attained temperatures (up to 3000(С) are well above the m.p. of reaction products, the melt represents a mixture of mutually insoluble metallic (MMC) and oxide (Al2O3) phases. Due to strongly different specific weights, these phases undergo gravity-assisted phase segregation and subsequent interaction between high temperature alloys and substrate. As a result, a cast protective coating is formed. Combustion was performed at centrifugal acceleration a = 10–400 g. In this way we expected to (a) improve the yield of target product, (b) remove gaseous byproducts, (c) diminish the grain size in the product, and (d) make product composition more uniform. 
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Fig. 2. SEM images of the cast coating: 1, protective coating; 2, intermediate layer; 3, steel substrate. 

As follows from Fig. 2, the cast coating of a steel substrate has a clearly pronounced composite structure. Due to intense heat exchange between hot alloy and a substrate, the surface of steel substrate get melted and thus gives rise to formation of strong bonding between the coating and substrate. According XRD data, the surface layer contained orthorhombic Mo2NiB2 and MoNi4 intermetallic. 

The Vickers hardness of thus deposited coatings was found to vary between 1000 and 1200 HV. This makes such samples promising candidates for use in marine and aerospace propulsion engineering, power engineering, gas/oil transportation, as structural engineering materials, armoring materials, etc. The technique can be recommended for practical implementation in production of cutting tools, tribological materials, molds, and deposition of protective coatings. This work can be regarded as the first positive experience of SHS surfacing with metal-matrix composites based on ternary borides Mo2NiB2. 
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