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Fig. 1 Two-dimensional geometric model
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Fig. 3 Electrolyte flow under electrolysis
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Fig. 5 Horizontal electrolyte flow rate in the inter-

electrode region(positive point to the anode, negative

point to the cathode)
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Fig. 6 The electrolyte flow rate in the vertical
direction of the inter-electrode region(speed up is

positive, down is negative)
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Fig. 7 The variation of copper ion concentration at
different heights with the position from the cathode

surface
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Fig. 11 Copper ion concentration distribution curve
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Numerical simulation of multi—vortex mass transfer in narrow space between cathode and

anode plates of industrial copper electrolytic cells
WU Wenya, LI Chun, MENG Yi, TIE Jun, ZHU Yan, PENG Xingzu
(School of Mechanical and Materials Engineering, North China University of Technology, Beijing 100144, China)

Abstract: In the process of copper electrorefining, the flow behavior and mass transfer characteristics of the
electrolyte have a significant impact on electrolytic efficiency, product quality, and energy consumption. In
industrial electrolytic cells, the electrode size is much larger than the spacing between electrodes, forming a
special narrow space between the anode and cathode plates, making the electrolyte flow and mass transfer
characteristics more complex and variable. This study establishes a two-dimensional finite element numerical
model of a industrial-scale electrolytic cell and conducts an in-depth analysis of the electrolyte flow velocity
distribution, copper ion concentration distribution, and transport characteristics within the narrow space between
the anode and cathode plates, leading to the following main conclusions. The electrolyte flow velocity between the
plates is uneven, slower in the upper region and faster in the lower region, with multiple vortex areas formed; near
the surfaces of the anode and cathode, the horizontal velocity is almost O, the vertical velocity fluctuates in the
range of 0. 3-15 mm/s, the horizontal velocity along the centerline fluctuates in the range of 0-22 mm/s, and the
vertical velocity fluctuates in the range of 0-9 mm/s. The vortices between the plates have a significant effect on the
copper ion concentration distribution. Near the cathode surface, copper ion concentration fluctuates in the range of
440-620 mol/m*; near the anode surface, it fluctuates in the range of 530-740 mol/m?; along the centerline, it
fluctuates in the range of 500-630 mol/m*, with the concentration fluctuations corresponding to the vortex areas.
Copper ion transport is primarily driven by convection, and the lateral flow between vortices achieves direct
transport of copper ions from the anode to the cathode. While transferring copper ions from the anode to the
cathode, the vortices also carry suspended impurities formed near the anode to the cathode surface, resulting in
higher impurity content on the lower region of the cathode surface compared to the upper region.

Key words: copper electrolytic refining; industrial electrolytic cell; narrow space; multiple vortex mass transfer;

flow characteristics ; flow rate; copper ion concentration; copper ion transport



