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Table 1 Performance parameters of experimental ion exchange membranes

Surface electric Exchange

Permselectivity/ Temperature/ Thickness/ Strength/

Membrane type Model res1stanu23e/ capa01t}/1/ o c m MPa
(Q-cm’) (meq-g )
Heterogeneous ion Tonsep-HC-C 10 2.4 >92 45 0.40—-0.44 0.60
exchange membrane
(Ionsep-HC) Ionsep-HC-A 12 22 >92 45 0.40-0.44 0.60
Semi-homogeneous ion | ANRAN-AM-C 5-6 25 >96 50 0.38-0.42 0.60
exchange membrane
(LANRAN-AM) LANRAN-AM-A 5-6 2.1 >97 50 0.38-0.42 0.60
Homogeneous ion TRICM-10W 3 2.2 >98 60 0.30 0.45
exchange membrane
(TRIM-10W) TRIAM-10W 3 2.0 >98 60 0.20 0.35
14 14
™ g N ¢ gy M
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15 T l
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1 s E K

Fig.1 Schematic diagram of experimental device: 1—Anode chamber; 2—Intermediate chamber; 3—Cathode chamber; 4—Cation

exchange membrane; 5S—Anion exchange membrane; 6—Anode plate; 7—Cathode plate; 8—DC constant voltage constant current

power supply; 9—Double-membrane three-chamber electrolyzer; 10—Digital thermostat water bath; 11—Cathode circulation tank;

12—Intermediate liquid circulation tank; 13—Anode circulation tank; 14—Partition; 15—Peristaltic pump
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Fig.2 Schematic diagram of ion transport in double-membrane three-chamber electrolysis cell
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Fig. 3 Cell voltage changes over time

Table 2 Experimental conditions and results of dual-membrane three-chamber electrodeposition manganese co-production EMD

Current density/

Current efficiency/ ~ Power consumption/ Acid recovery/

M t Model _ _
embrane type ode (Am?) o (W-h-t) %

Ionsep-HC-A 400 80.34 6526.44

Tonsep-HC 66.96
Ionsep-HC-C 500 64.95 5103.55
LANRAN-AM-A 400 83.83 6254.73

LANRAN-AM 69.02
LANRAN-AM-C 500 68.47 4481.24
TRIAM-10W 400 86.25 6079.24

TRIM-10W 73.08
TRICM-10W 500 70.60 4232.59
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Fig. 4 pH value of catholyte changing over time
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Fig.5 Concentration of Mn®" in catholyte changing over time
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Fig. 11 Concentration of H' in anolyte changing over time
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Ion transport process of double-membrane three-chamber
electrodeposited metal-manganese co-production EMD

XU Qi!, WANG San-fan', SUN Bai-chao®, ZHOU Jian'

(1. Engineering Research Center of Water Resources Utilization in Cold and Drought Region, Ministry of Education,
School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;

2. China Construction Steel Structure Co., Ltd., Siping 136000, China)

Abstract: In view of the problems of high energy consumption, low resource utilization and serious environmental
pollution in the traditional single-slot electrolytic manganese or manganese dioxide, this work proposed a
double-membrane three-chamber electrolysis method to achieve cathode electrodeposition of manganese while the anode
was co-produced with electrolytic manganese dioxide, and the intermediate compartment electrochemically regenerated
sulfuric acid. By analyzing the changes of ion concentration in each compartment, the feasibility of double-membrane
three-chamber electrolysis was explored, and the effects of three ion exchange membranes on electrodeposition were
compared. The results show that the double-membrane three-chamber -electrolysis method can realize the
electrodeposition of manganese metal and the simultancous production of electrolytic manganese dioxide, and the
cathode current efficiency can reach more than 80%, the anode current efficiency can reach more than 60%, and the acid
recovery rate in the middle compartment is higher than 65%. Compared with Ionsep-HC and LANRAN-AM, the
TRIM-10W homogeneous membrane has the lowest cell voltage. After 12 hours of electrolysis, the cathode current
efficiency is 86.25%, the anode current efficiency is 70.6%, and the intermediate compartment acid recovery rate is
73.08%. However, the pH value of the catholyte increases the most, and the concentration of Mn*" in the middle
compartment is the highest.

Key words: electrolytic manganese dioxide; double-membrane three-chamber; current efficiency; ion transport
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