Synthesis of nickel-based catalysts by Solution Combustion method in Ultrasounic – generated Aqueous Aerosols
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Numerous of metal based catalysts have been studied for catalytic oxidation of CO in flowing reactor, such as Ni, Ru, Rh and Co on various supports (Al2O3, SiO2 [1], ZrO2, TiO2. Among these, Ni-based catalysts, especially supported on Al2O3, have been investigated extensively for industrial purposes because nickel is inexpensive and readily available, as well as it is highly active and selective for methane formation [2]. Despite these advantages, the traditional Ni-based catalysts are easily deactivated in flowing reactor as a result of being prone to sintering and/or carbon deposition at high temperatures. In addition, the Ni/Al2O3 catalyst exhibited good catalytic activity for CO methanation in flowing reactor. 
In present work, Ni/(Al2O3/SiO2) catalyst were prepared by the solution combustion synthesis impregnation method using Al2O3/SiO2 support. The method is based on the usage of highly exothermic self-sustained redox reactions between metal nitrates and organic “fuels” using Al2O3/SiO2 support, 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 nanocrystalline particles of metal Ni on the surface of oxides. The further development of the method requires to overcome aggregation of the resulted nanoparticles.
An aqueous reaction solution was nebulized in a preheated to 650-1000oC quartz tube furnace to produce micron-size 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. 

Combined with catalyst characterizations, the structures and catalytic behaviors of Ni-based catalysts were studied in detail so as to optimally design a highly active catalyst for the application of CO methanation in a flowing reactor.
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