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Monte Carlo simulation for precipitation and
growth behaviors in supersaturated liquid
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Abstract: The precipitation—growth progress in the supersaturated liquid was simulated by the Monte Carlo method. The
simulation rules were established to simulate the micro-processes of solute diffusion, solute precipitation, and particle
dissolution. The critical nucleus and the relationship between the critical nucleus size and liquid concentration were
considered for analyzing the simulation data. The results show that during prolonging the simulation time, the liquid
concentration and supersaturation ratio show rapid decrease, and slow decrease up to equilibrium sequentially. With
decreasing simulation temperature, the equilibrium concentration decreases and the time to attain equilibrium becomes
longer, and the solute lattices precipitate to form more smaller aggregations in the graphic results. Ostwald ripening
growth occurs by prolonging the simulation time, in which the average precipitated particle radius increases parabolically.
This growth is promoted by raising the simulation temperature. The particle growth exponents of 0.320—0.332 have only
a tiny fluctuation when changing the simulation temperature. The simulation results are consistent with the
temperature-decreasing and time-prolonging experiments of NiFe,04-KCl molten salt system and StMoO, supersaturated
solution, and the Ostwald ripening theory based on the diffusion-controlled kinetics.
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Fig. 1 Initial simulation object based on two-dimensional matrix to simulate precipitation-growth process in supersaturated solution:

(a) Matrix by value assignment; (b) Graphical result
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Fig. 2 Sketch to realize simulation of several micro-processes in supersaturated solution: (a), (a") Solute diffusion; (b), (b") Solute

precipitation; (c), (¢) Embryos/particle dissolution
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Fig. 4 Graphic simulation results of precipitation-growth process by using several kT values, kT: (a), (al), (a2) 1.8; (b), (b1), (b2)
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Table 1 Equilibrium liquid concentration values obtained

from calculation and simulation

Equilibrium concentration, ¢./%

kT value
Calculation result Simulation result
1.0 0.969 1.012
1.2 1.570 1.597
1.3 1.890 1.913
1.4 2.215 2.221
1.6 2.868 2.897
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