High Entropy Alloys Synthesis from Ultrasonic-induced Aqueous Aerosols by Solution Combustion approach
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Nowadays, high entropy alloys (HEA) are very attractive for modern materials science [1]. Such sort of materials are defined as alloys consisting of five or more elements in equal equimolar ratio. The main distinguishing feature of wind farms from traditional alloys is that the alloys have a high mixing entropy. According to this definition, the total configurational molar entropy of the wind farm should exceed the value of 1.61R (where R is the gas constant). It is assumed that wind farms must possess unique mechanical and physical properties. For example, a series of recent publications show that there is a class of high-temperature wind farms that possess high wear resistance and strength at high temperatures, high hardness and high oxidation resistance [2]. Thus, the development of new methods for producing HEA is an urgent scientific and technical task.
As it has been shown, a "solution combustion" technique is one of the most promising candidate for different nickel production with controllable properties [3]. The method is based on using of highly exothermic self-sustained redox reactions between metal nitrates and organic “fuels”, which are mixed on a molecular level in aqueous solution. Heating of reaction solution leads to water evaporation and formation of a homogeneous reactive mixture, followed by reaction initiation with rapid heat release. The intensive adiabatic self-heating of the environment and appearance of a great amount of gaseous products facilitates the formation of oxide nanocrystalline aggregates. The further development of the method requires to overcome aggregation of the resulted nanoparticles. 

In present work, we have investigated the solution combustion reaction in the individual micron-size droplets of ultrasounic - generated aerosols using an oxidizer and fuel, namely nickel, copper, cobalt, iron nitrates and glycine, hexamethylenetetramine (HMTA). An aqueous reaction solution was nebulized into preheated to 800-1000oC quartz tube furnace to produce gray or black powder depending on preparation temperature and aerosol flow velocity. Phase composition, morphology and optical properties of resulted powders were studied by XRD, SEM, TEM and BET techniques. It was found that the resulting powder is a microsphere of alloys containing impurities of nitrides of metal components. By varying the parameters of the syntheses, alloys and nitrides were obtained in various phase ratios. All powders consisted of non-aggregated hollow spheres of micron size with a complex internal structure.
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