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ROLE OF PARTICLE SIZE AND GRAIN SIZE ON DENSIFICATION 
DURING HOT FORMING OF ZIRCONIA POWDER 
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ABSTRACT 
 
 This research studied the role of particle size and grain size on the densification 
of polycrystalline zirconia powder during hot forming. The ratio of particle size to grain 
size (D/d) was examined. Polycrystalline micron-sized powder was prepared by 
sintering of yttria-stabilized zirconia spray-dried granules. Hot pressing of four particle 

size fractions of powder was performed at 1350 and 1400 ˚C under 40 MPa of applied 

pressure for 1 hour. The results showed that at 1350 ˚C the density of the hot pressed 
specimens increased with an increase in the D/d; however, there was a transition point 
(D/d~100) where the density slightly increased with further increase of the ratio.  The 
ratio had an affect on the grain growth assisting densification in the final stage of 

sintering. Increasing the hot pressing temperature to 1400 ˚C increased the density of 
specimens due to the lower flow stress created at higher temperatures. It was also 
found that the specimen density was independent of D/d. The change of the pore shape 
within the specimens indicated more deformation of particles during hot pressing at 

1400 ˚C. The similarity of the grain size and morphology between specimens hot 

pressed at 1350 and 1400 ˚C suggests grain boundary sliding as the dominant creep 

mechanism. In addition, the results of hot pressing at 1400 ˚C under 40 MPa of applied 
pressure for 30 minutes suggest that if the fine-grained zirconia particles are able to 
creep under the applied hot pressing condition, then the use of loose powder is not 
required to assure a complete densification and fine microstructure. 
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