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Effect of solid-liquid stirring on membrane deformation in the slurry electrolysis tank

LU Ting-ting, YANG Run-jie, LIU Feng-qin, ZHAO Hong-liang™

School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China
X Corresponding author, E-mail: zhaohl@ustb.edu.cn

ABSTRACT As a short-process hydrometallurgical technology, slurry electrolysis (SE) collects the stirring that improves the
suspension of ore, the membrane bag that acts as purifying, and the cathodic and anodic plates that promote ion migration in one tank.
The stirring helps to maintain the ore suspended. As the SE tank is stirred, the membrane bag will deform and become damaged, severely
limiting production efficiency. In this research, the one-way fluid-structure interaction (FSI) was used to examine the impact of the
solid-liquid suspension on membrane deformation, which was based on the computational fluid dynamics (CFD) and solid finite element
method (FEM). Through the full 3D quantitative analysis, the database of membrane deformation under various conditions was
established. The membrane was extruded to the center during the initial stirring conditions, and the greatest deformation measured
891.66 mm. Primarily, membrane deformation was brought on by the pressure differential brought on by liquid velocity, solid
concentration distribution, and liquid level. The maximum deformation of the membrane first decreased and then increased with the
increased liquid level difference between the cathode and anode. With the upper fixed constraint, the maximum deformation of the
membrane appears at y = 1.2 m. The larger the stirring speed is, the smaller the optimal liquid level difference required to minimize the
membrane deformation. The stirring speed changes the overall pressure distribution by changing the dynamic pressure in the anode
domain. The maximum deformation of the membrane decreases first and then increases with the increase of electrolyte density in the
cathode domain. The membrane bag is extruded to the cathode domain when the pressure in the cathode region is insufficient because of
the low electrolyte density in the cathode domain. When the cathode pressure increases, the membrane bag bulges to both sides, and the

inner bulge is greater than the outer. With an increase in solid volume concentration (SL) in the anode domain, the maximum membrane

I #5 H #3: 2022-05-23
BEE£mMAB: BEAREFEEFBHHE (51974018)


mailto:zhaohl@ustb.edu.cn
mailto:zhaohl@ustb.edu.cn
https://doi.org/10.13374/j.issn2095-9389.2022.05.23.008

- 1206 -

TRERLF2ER, 26 455, 5 7

deformation first reduces and subsequently increases. When SL = 15%, the membrane deformation reaches the minimum value of

226.7 mm. The closer to the bottom of the tank, the greater the influence of solid content on absolute pressure. The maximum membrane

deformation is drastically decreased to 0.664 mm when the frame restrictions are considered. It can support the industrial control process

via visual analysis.

KEY WORDS slurry electrolysis; fluid-solid interaction; membrane deformation; CFD—FEM; pressure difference
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Fig.1 Membrane geometry: (a) three-dimensional model; (b) vertical view
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Table 1 Size and physical parameters of the membrane
Parameter Value Parameter Value
Membranes’ length, L/mm 2140 Nylon density/(kg-m ) 1140
Membranes’ width, W/mm 174.6 Coefficient of thermal expansion/°C ™" 0.000147
Membranes’ thickness, //mm 5 Young’s modulus/Pa 1.06x10°
Membranes’ off-bottom clearance/mm 600 Poisson’s ratio 0.35
Nylon yield strength/Pa 4.31x107 Bulk modulus/Pa 1.1778x10°
Nylon ultimate strength/Pa 34.97x107 Shear modulus/Pa 3.9259x10"
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Table 2 Mesh independence for the simulation
Mesh Casel Case2 Case3 Case4
Elements number for the fluid domain 4461000 4461000 4461000 4461000
Nodes number for the solid domain 584338 726550 983518 1107450
Maximum deformation, mm 174.47 184.49 185.07 185.13
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Fig.2 Membrane deformation contours: (a) three-dimensional view; (b) vertical view
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The membrane on the left part of the impeller; N = 100 rad-min"'; SL = 12%; d = 74 um; Al =50 mm
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Fig.7 Contours of membrane deformation versus electrolyte density in cathode domain: (a) p = 1268 kg'm™; (b) p = 1330 kg'm>; (c) p = 1372 kg'm>;

(d) p=1392 kg'm>; (e) p = 1413 kg'm>; (f) p = 1455 kgrm™>.
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