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Abstract Based on the pore filling theory, the microstructure evolution during liquid-phase sintering has
been analyzed in terms of interrelationship between average grain size and relative density. For constant liquid
volume fraction, the microstructure trajectories reduced to a single curve in a grain size(x)-density(y) map, re-
gardless of grain growth constant. The slope of curves in the map was inversely proportional to average pore
size, while it increased rapidly with liquid volume fraction. Increase in pore volume fraction retarded the den-
sification considerably, but showed marginal effect on the slope. The activation energy of densification was
predicted to be the same as that of grain growth as long as the liquid volume fraction is constant for any tem-
perature range studied. The present analyses on microstructure evolution may demonstrate the usefulness of
pore filling theory and provide a guideline for process optimization of liquid-phase sintering.
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Fig. 1. Schematic showing the liquid filling of a pore
during grain growth; (a) before pore filling, (b) critical
moment of filling, and (c) liquid flow right after criti-
cal moment. No effect of gases entrapped in pore is as-
sumed. P is the pore and (is the curvature radius of li-
quid meniscus.”
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Fig. 2. Pore size distribution used in calculation for a
given porosity.
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Fig. 3. Schematic showing pore filling and microstructure homogenization for a single pore.
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Fig. 4. Schematic of three types of pores present during densification of liquid-phase sintering. (a) small pores al-
ready filled with liquid and completely homogenized, (b) medium pores already filled with liquid and partially homo-

genized in the outer shell of the former pore, and (c) large pores not yet filled with liquid.
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Fig. 5. Calculated curves of relative density (a) with sin-
tering time and (b) with grain size for different grain
growth constants K, for compacts with liquid volume
fraction of 5% and pore volume fraction of 10%.
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