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Title: Study on Post Spray Treatment of Thermally Sprayed Coatings by Spark Plasma Sintering

Post-treatment of thermal sprayed coatings have been used to improve the mechanical and
metallurgical properties of the as-sprayed coating, which consisted of porous structure and
inter-lamellar separation. One of the commonly used methods to improve the mechanical and
metallurgical properties has been the furnace treatment. Nevertheless, the furnace treatment
requires long annealing times and the high temperature involved in the process could make some
potential for interaction at the coating substrate interface on the coated system.

In this study, the thermal spray coatings were post-treated by means of spark plasma
sintering (SPS). This is a new process for the densification of porous coatings, in which ceramic
coatings could be are sintered very rapidly. The sparks generated in SPS arise from an
instantaneous pulsed electric current, which is applied through electrodes attached to the
graphite die. One of the objectives of this work is to determine the properties of SPS treated
thermally sprayed coating and therefore, to compare the results with as-sprayed coating as well
as the other post-treatment process.

Investigation into the metallurgical and physical properties of the coatings confirmed the
as-sprayed zirconia coating could be densified at shorter time and relative lower temperature
compared with the other process. The as-sprayed coating had high porosities up to 22% and after
treatment by SPS at sintering temperature of 950 °C for 10 min and compressive load of 10
MPa, the porosity fell to below 5%. The bond strength and microhardness of the coating were
also increased and there are no substrate material that found in the coating. Effect of SPS
treatment on the erosion wear test at different impingement angle and sliding wear test showed
the coating had lower cumulative weight loss compared with the as-sprayed one. The result of
thermal shock cyclic test showed that SPS treatment increased the thermal shock strength of
zirconia coating. Reduction the porosity of the SPS treated coating had a significant effect to
increase the thermal shock strength by lowering the oxidation of bond coat. SPS treatment also
could be applied on composite metal-ceramic Ni-base self-fluxing alloy (SFA), where the low
fusing temperature protected the coating from worse phase, which caused by remelting of the
substrate.

SPS treatment is effective method for improving the metallurgical and mechanical
properties of thermal sprayed coating. The combination of heating by spark discharge and
compressive loading resulted in a short sintering time and a low sintering temperature. This
method also has promising to some potential applications such as on manufacturing of solid
oxide fuel cell (SOFC), ceramic membrane filtration, cutting tools, hybrid microelectronic, etc.
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