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Fig.1 SMD30 double pulse electroplating power supply
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Fig. 3 Effects of positive average current density on current

efficiency and anode mud output
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Fig. 4 Effect of reverse pulse coefficient on current efficiency

and anode mud output
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Fig. 5 Effect of a set of forward pulse working time on

current efficiency and anode mud output
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Fig. 6 Effect of a set of reverse pulse working time on current

efficiency and anode mud output
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Fig. 7 Surface SEM images of metal manganese after electrodeposition for 2 h at different positive average current densities:
(a) J=250 A/m?; (b) J=300 A/m?; () J=350 A/m?; (d) J=400 A/m>
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Fig. 8 Surface SEM images of anode mud after electrodeposition for 2 h at different positive average current densities: (a) J=250
A/m?; (b) J=300 A/m?; (¢) J=350 A/m?; (d) J=400 A/m>
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Fig. 9 Surface SEM images of metal manganese after electrodeposition for 2 h at different reverse pulse coefficients: (a) «a = 1/5;

b) a=1/10;(c) a=1/15;(d) a=1/20
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Fig. 10 Surface SEM images of anode mud after electrodeposition for 2h at different reverse pulse coefficients: (a) a =1/5;
®) a=1/10;(c) a=1/15(d) a=1/20
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Fig. 11 Surface SEM images of metal manganese after electrodeposition for 2 h at different forward pulse working time: (a) t=
50 ms; (b) =100 ms; (c) #=150 ms; (d) =200 ms



294558 7T A

R, S UK S HON G R R YTRAT IR 1493

12 AFEIEF K TARR A ¢ T3 2B T SEM 4

Fig. 12 Surface SEM images of anode mud after electrodeposition for 2 h at different forward pulse working time: (a) #=50 ms;

(b) t=100 ms; (c) =150 ms; (d) =200 ms
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Fig. 13 Surface SEM images of metal manganese after electrodeposition for 2 h at different reverse pulse working time coefficients:
(a) f=1/5; (b) p=1/10; (c) p=1/15; (d) p=1/20
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Fig. 14 Surface SEM images of anode mud after electrodeposition for 2 h at different reverse pulse working time coefficients:
(a) p=1/5; (b) p=1/10; (c) p=1/15; (d) p=1/20
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Influence of bidirectional pulse parameters on process of
manganese electrowinning

GUO Lan-feng"?, LIU Ren-long', LIU Zuo-hua', SHU Jian-cheng"*, SUN Xiao-long', TAO Chang-yuan'

(1. College of Chemistry and Chemical Engineering, Chongqing University, Chongqing 400044, China;
2. Hubei Sinophorus Electronic Materials Co., Ltd., Yichang 443711, China;
3. Key Laboratory of the Ministry of Education of Solid Waste Disposal and Resources,
Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: The preparation of electrolytic manganese metal by bidirectional pulse electrodeposition was studied, the
influence of positive average current density, reverse pulse coefficient, a set of forward pulse working time and reverse
pulse working time coefficient on current efficiency, unit energy consumption, micro-morphology of the cathode metal
manganese and the anode mud were investigated. The results show that bipolar pulse current can effectively eliminate the
concentration polarization, inhibit the hydrogen evolution reaction, and dissolve the dendrite on the surface of the coating.
Moreover, the irrationality of pulse parameter will cause the metal manganese layer micro defects increasing, coating
surface smoothness and brightness decreasing, while the extended of average current density or the applied time can
effectively prevent the anode passivation and reduce production of anode slime. The optimal parameters of bidirectional
pulse are as follows: the current efficiency achieves 80.25% and the quality of anode mud is 2.93 g, when positive
average current density is 350 A/m? reverse pulse coefficient is 1/10, a set of forward pulse working time is 150 ms and
reverse pulse working time coefficient is 1/15. Moreover, the metal manganese coating is dense and uniform, with few
stomata and almost no dendrite formation.

Key words: bidirectional pulse electrodeposition; electrolytic manganese metal; current efficiency; micro-morphology
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