Dynamics of phase formation for highly porous metallic materials obtained from Nickel Hollow Microspheres by Spark Plasma Sintering
Trusov G.V. 1,3, Tarasov A.B.2,3, Moskovskih D.O.3, Rogachev A.S.1,3, Mukasyan A.S.4
PhD. Student
1 Institute of Structural Macrokinetics, Russian Academy of Sciences RAS, Chernogolovka, Russia;

2Lomonosov Moscow State University, Moscow, Russia;

3National University of Science and Technology “MISIS”, Moscow, Russia;

4University of Notre Dame, USA
E-mail: german.v.trusov@gmail.com
Highly porous metal material attracted attention with its unique parameters, such as low density, high capacity absorption of mechanical and electromagnetic energy, high electrical conductivity and low thermal diffusivity [1]. They can be used for the production of light structures, filters, heat exchangers, sound absorbers and electromagnetic waves, sensors [2].

Currently, there are several known methods for producing metal foams, for example, sparging gas or gasifiable introduction of additives into the molten metal, resulting in foaming of the melt [3]. A relatively small number of studies devoted to the manufacture of such materials by sintering metallic hollow microspheres, and subjected to sintering spheres of relatively large diameter, from hundreds of microns to several millimeters. High potential method is spark plasma sintering (SPS) - a new way of powders consolidation, during which the heating is carried out by passing a current pulse through a high value heterogeneous environments. SPS may be used to receive material at a relatively low temperature and for a time did not lead to significant changes in the microstructure [4].
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In present work, we have developed the solution combustion reaction [5] in the individual micron-size droplets of ultrasounic - generated aerosols using an oxidizer and fuel, namely nickel nitrate and glycine. An aqueous reaction solution was nebulized in a preheated to 800oC quartz tube furnace to produce gray 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. The magnetic powder obtained at high temperatures or low flow velocity was found to be a well crystalline single-phase nickel. Powder consisted of non-aggregated hollow micron - sized spheres with a complex internal structure. 
To understand the mechanisms of the reaction and structuring in SCS, it is necessary to use in situ methods that allow one to observe the process under real experimental conditions. One of such methods is dynamic X-ray powder diffraction analysis [6]. In this work, this method was applied to investigate the phase formation dynamics in SCS.
Fig. 1. SEM images of the sintered nickel microspheres by SPS without pressure.
Metallic porous materials on the basis of fine nickel powders are used as an insulating material in the thermal protection systems (TPS) on reusable carrier rocket. Outer cover of the carrier rocket made from such porous materials increases it thermal protection system from the aerodynamic surface heating to the temperatures up to 1000 °C. 

To obtain such a new material, synthesized nickel powder sinters to create a cellular structure (fig.1) of metal microspheres in which instead of intercrystalline volumetric macropore perform internal cavity of the microspheres, the shell of which are connected by a necks due to the sintering process. Thermal conductivity measurement results shows that metal the samples sintered from the nanothin-walled nickel microspheres have an extremely low thermal conductivity, which proves their use as materials for thermal protection.
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