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Fractal leaching kinetics of alkaline smelting product with
metal enrichment from waste printed circuit boards

LIU Jing-xin, GUO Xue-yi, LIU Yang

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The concept of fractal was applied to analyze the classical shrinking core models of fluid-solid reactions, the
novel fractal shrinking core models, including interface reaction model, boundary diffusion model and intraparticle
diffusion model of fluid-solid reactions are obtained based on fractal geometry. The effect of the surface irregularity of
the solid particles on the reaction was investigated. Fitting effects of classical models and fractal models were compared
by water leaching experiments of low-temperature alkaline smelting product with metal enrichment from waste printed
circuit boards. The results show that the leaching processes of both models are controlled by intraparticle diffusion,
whereas, the fractal models agree better with the experimental data, and have clearer physical understanding. So, the
fractal kinetic models are more suitable than the classical models.
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Table 1 Chemical composition of metal enrichment from
waste printed circuit boards (mass fraction, %)

Cu Sn Pb Zn Al Others

58.58 16.34 10.80 3.12 3.36 7.80
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Fig. 1 SEM image of smelting product powder
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Fig. 2 Computational process of particle fractal dimension:
(a) Enlargement image of powders; (b) Image binaryzation;
(c) Statistics of matrix
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Fig. 4 Kinetics fitting curves of Pb, Sn leaching process by fractal models and classical models: (a) Interface reaction model, fractal
model; (a") Interface reaction model, classical model; (b) Boundary diffusion model, fractal model; (b") Boundary diffusion model,
classical model; (c) Intraparticle diffusion model, fractal model; (c") Intraparticle diffusion model, classical model
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Fig. 5 Effects of temperature and time on leaching behavior
of valuable metals: (a) 0 'C; (b) 50 C; (¢) 75 C
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Fig. 6 Leaching kinetics plots of intraparticle diffusion model

under various temperatures: (a) Model of Pb leaching; (b)
Model of Sn leaching
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