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Modeling and Simulation of Heterogeneous Powder
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SHI Litong, YAO Shan
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Abstract: The preparation of composite powders has been highly valued by researchers in many fields. In order to study
the mechanical mixing characteristics of heterogeneous powders with significant density differences, the discrete element
method was used to study the mechanical mixing of silica sand, graphite and phenolic resin powder particles with different
densities. Two kinds of mixer models with different mixing mechanisms, powder particle model and Hertz-Mindlin with JKR
contact model were established. The contact parameters between particles were measured and calibrated by combining experi-
ment and simulation. The force of powder particles in the mixing process, the motion trajectory, the rate distribution, the
number of particle contacts and the mixing uniformity were analyzed, and the reliability of the simulation model was verified
by experiments. Research has found that the movement of powder particles in the mixer is consistent with the reality under
the force of its own gravity, collision and friction of stirring paddle, other particles and mixing barrel. The single spiral coni-
cal mixer is more suitable for mixing silica sand, graphite and phenolic resin powder with large density difference, and the
relative standard deviation reaches 0. 122 after 18 s. The reliability of the model is verified by the mixing experiments of two
kinds of mixers and the relative standard deviation of powder calculated statistically. The absolute deviation of the mixing
time is less than or equal to 2 s when the relative standard deviation is less than 0. 13.
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Fig. 1 Particle contact model diagram
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Fig. 2 Force analysis diagram of powder particles
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Table 1 Particle intrinsic parameters

[17-21]

True density/ (kg/m®)

Bulk density/ (kg/m®)

Poisson’s ratio Shear modulus/Pa

Sio, 2680 1450 0.25 5x10°

C 2250 920 0.16 2x107

PF 1400 414 0.35 2x10°

Equipment 7850 — 0.3 8x10"

x2 BREMSY
Table 2 Particle contact parameters

Si0,-Si0, Si0,-C Si0,-PF Si0,-E c-C C-PF C-E PF-PF PF-E
COR 0.5 0.4 0.35 0.5 0.3 0.25 0.3 0.19 0.19
C 0.55 0.325 0.4 0.5 0.1 0.175 0.075 0.25 0.19
R 0. 085 0. 085 0.085 0.05 0.085 0.085 0.01 0.085 0.01
ISE 0.8 0.738 0.675 0 0.675 0.613 0 0.55 0

Notes ;: E represents equipment ; COR represents coefficient of restitution ; C represents coefficient of static friction ; R represents coefficient of rolling friction;

ISE represents interface surface energy
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Fig. 4 Different particles motion trajectory in a straight blade mixer: (a) silica sand, (b) graphite, (c) phenolic resin
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Fig. 5 Different particles motion trajectory in a single spiral conical mixer: (a) silica sand, (b) graphite, (c) phenolic resin
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Fig. 8 Curves of contact number in a straight blade mixer as a function of time: (a)total contact number, (b) contact number be-

tween different powders
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