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Combustion synthesis of materials has demonstrated a history of scalability and offers the potential for high-volume commercial production, at reduced costs.  Flame synthesis of ceramic nanoparticles, carbon nanotubes (CNTs), and semiconducting metal-oxide nanostructures will be discussed.

Al2O3 and TiO2 nanoparticles are produced from corresponding organometallic vapor precursors using an axisymmetric stagnation-point premixed flat flame impinging on a cooled substrate under uniform electric field application.  While the solid primary particles grow by collision and agglomeration to become aggregates, electrophoretic transport of the innately-charged nanoparticles reduces the characteristic particle residence time through the flow field, thereby minimizing agglomeration.  Characterization of the nanoparticles substantiates that the use of such force fields provides an advantageous tool for process control in terms of minimizing composite (both primary and secondary) particle size and increasing in the powder surface area.  Well-aligned CNTs are produced in diffusion flames on catalytic supports.  In utilizing combustion, a portion of the hydrocarbon gas provides the elevated temperatures required, with the remaining fuel serving as the hydrocarbon reagent, thereby constituting an efficient source of energy and hydrocarbon reactant.  Flame structure plays an important role, producing the requisite catalytic nanoparticles, pyrolyzing the fuel into the appropriate reagents (e.g. C2 and CO) at proper concentrations and temperatures, and facilitating carbon migration diffusion through the particle and precipitation to form the CNT.  When voltage bias is applied to the substrate, enhanced CNT growth is demonstrated, due likely to decreased charged soot and PAH involvement during hydrocarbon deposition and decomposition upon the catalytic nanoparticle.  Other nanostructures, such as WOx nanowires and ZnO ribbons, are also synthesized, where growth occurs by the vapor-solid mechanism, with local gas-phase temperature and chemical species strategically specified at the substrate for self-synthesis.  Advantages of this synthesis method are reduced processing times, no need for substrate pretreatment or catalysts, scalability for large-area surface coverage, high purity and yield of oriented nanowires, and continuous processing conditions.
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