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Fig.1 Schematic diagram of COMSOL model of tin membrane electrolytic cell
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Fig. 2 Schematic diagram of mapped meshing of membrane electrolytic cell: (a) Overall figure; (b) Meshing of anode, cathode and

surface boundary layer of diaphragm
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Table 1 Simulative boundary conditions

Inlet flow Current Acid
I "N =iy, (7 Serial No. velocity/ density/ concentration/
(mm-s ") (A'm?) (mol-L ™"
U gy FEAR B S P ARV PR B m D AR T ] 196 200 35
SRR o RSB o 11T H AR o , o 00 is
Sn B FIRIE. CI's HO A L 23 i B B A A X 050 200 \s
SR DR 5 7T 7 1) AR B B el ) 1o 200 s
.
x2 BMEESH
Table 2 Main model parameters
Parameter Value Meaning
T 308.15K Temperature
F 96485 C/mol Faraday constant
R 8.314 J/(mol-K) Gas constant
foc 0.456 A/m’ Exchange current density of the cathode reaction
Cgn2t 0.67 mol/L Initial concentration of Sn**
Csn* 0 mol/L Initial concentration of Sn*"
cyt 3.5 mol/L Initial concentration of H"
Dg 2+ 1.3X107° m%s Tin ion diffusion coefficient
Dcr 2.8X10°m%s Chloride ion diffusion coefficient
Dy 7.79X10°° m%/s Hydrogen ion diffusion coefficient
Vinlet 9.8/19.6/98.0 mm/s Inlet flow velocity

CCl'm 2 mol/L

Ionic membrane carrier concentration of C1™
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Fig. 3 Ton concentration distribution profile in tin membrane electronic cell: (a) Sn®*; (b) Sn*
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Fig. 4 Change of minimum concentration of Sn>* on cathode

surface over time
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Fig. 6 Distribution curves of ion concentration between cathode (left) and anode (right) during tin membrane electrodeposition:
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Fig. 7 Distribution of solution fluid density in membrane electrodeposition cell: (a) Profile of fluid density on cathode surface;

(b) Distribution of fluid density at edge, top and bottom of cathode
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Simulation of tin membrane electrodeposition in
chloride system

WANG Wen-chao, YANG Jian-guang, CHEN Bing, ZENG Wei-zhi

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

Abstract: ACOMSOL multi-field coupled computer simulation software was used to simulate tin membrane
electrodeposition in the chloride system, and the distribution characteristics of ion concentration, fluid density, fluid
velocity, current density and other physical quantities in the cell were studied, as well as the variation law with time. The
results show that the ion concentration distribution is affected by the inlet velocity, current density, reaction time and the
interaction between the ions. The way of increasing the inlet velocity and decreasing the HCI concentration can improve
the average density of electrolyte and the lowest concentration of Sn** on the cathode surface. The velocity of the top
convection is higher than that of the edge, and the fluid density gradient affects the ion convection mode. The current
density distribution around the plate is non-uniform and current deflection occurs at the edge of the electrode. The
increase of current density can reduce the lowest concentration of Sn®* on the cathode surface and the average density of
the fluid. It also increases the average flow rate of the fluid on the cathode surface and makes the thickness of the cathode
products uneven.

Key words: tin; membrane electrodeposition; simulation; multi-field coupling
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