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ABSTRACT

A Monte Carlo simulation based on Potts model in a three dimensional lattice was studied to analyze and design microstructures in
porous sintered compacts such as porosity, pore size, grain (particle) size and contiguity of grains. The effect of surface energy of particles
and the content of additional fine particles to coarse particles on microstructure development were examined to obtain fundamentals for
material design in porous materials. It has been found that the larger surface energy enhances sintering (necking) of particles and increases
contiguity, and surface energy does not change pore size and grain size. The addition of fine particles also enhances sintering of particles
and increases contiguity, but it has an effect on increment of pore size and grain size. Such a simulation technique can give us important
information or wisdom for design of porous materials, e.g., material system with high surface energy and fine particle addition are
available for higher strength and larger porosity in porous sintered compacts with applications in an automobile. )
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Table 1. Simulation Conditions

Factors Contents of factor Conditions
Size of simulation box  150x 150x 150 cells
Initial size of 140 140 140 cells
solid and pores
Factor for Initial grain size
initial (Coarj'; o) (5, 1) cells
structure C ’ .
ontents o
fine particles (%) 0, 10, 20, 40
Initial porosity (%) 50
Energy Boundary energy (yss) 1.0
tactor Surface energy (ysv) 0.51, 0.75, 1.0
Frequency factor for
volume diffusion of 0.05
pore (Fsink)
Factor for
Frequency factor for
mass
transport surface + boundary 0.95
diffusion of pore (Fhd)
Frequency factor for 0.05

grain growth (Fgg)
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Fig. 1. 2D images of simulated microstructures including solid particles (gray) and pores (white) for three kinds systems with surface
energy of 0.51, 0.75, and 1.0 as a function of Monte Carlo steps; (a) 0 MCS, (b) 20 MCS, and (c) 500 MCS.
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Fig. 2. Changes in porosity, pore size, grain size and contiguity as a function of Monte Carlo steps.
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Fig. 3. 2D images of simulated microstructures including solid particles (gray) and pores (white) for three kinds systems with content
of particles 10, 20, and 40% as a function of Monte Carlo steps; (a) 0 MCS, (b) 20 MCS, and (c) 500 MCS.
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Fig. 4. Changes in porosity, pore size, grain size and contiguity as a function of Monte Carlo steps.
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Fig. 5. Changes of pore size, grain size and contiguity as a function of porosity for the design of porous structures. Right is addition

effect of fine particles, left is effect of surface energy.
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