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a. 0.02 g-L"' SeO, + 30 g-L'™Mn* + (NH,),SOg; b. 30
g-L'Mn* + (NH,),SO; ¢. 0.02 g-L'SeO, + (NH,),SO,
Fig. 2 Cyclic voltammograms of stainless steel cathode in
different electrolyte systems
a.0.02 g-L" SeO, + 30 g-L"'Mn* +(NH,),SO,; b. 30
g-L'Mn* +(NH,),SO,; c. 0.02 g-L'SeO, + (NH,),SO,
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Fig. 3 Deposition and dissolution curves of Mn with stain-
less steel cathode at various electrode potentials in

selenium electrolyte system
a.-1.31V;b.-1.30 V;¢.-1.27V;d. -1.28 V
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Fig. 4 The overpotential-current density and current effi-

ciency curves of stainless steel cathode
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Tab. 1 Electrolysis current efficiency and profit index of stainless steel cathode at various time

t/min n/% C/(kg-sheet'-day™) W/(kwh+tMn™) P/(RMB -sheet' - day™)
5 84.0 5.0 4688.8 43.9
10 95.1 5.8 4140.2 533
30 93.8 6.0 4199.7 55.1
50 923 6.2 4443.7 553




53

TR A A AR R G B R R T I B HOR 2 BF 20 #

-285-

A, B AL A TR R R S
PR A B Rk H A 3G 0 EE — e B, R G
MR T, BYHCE R R EE A W
K, dcJa BBy, WEE A iR BRI X
S5, B A i BRI, v ) B BEAE L AL 2R 4D R A o
b 2 5 BIOE TR ) TR A 4 o X

(1545 AN 55 A9 [ AR 7E 1 Se O, 14 = F fiff YL FEL fi
30 min 9 3 LA - (i - R) B = B K L FE £k
Mh&kan] A b i A AR = i e AR Pk 3 &
B S A 0.21 VTS P R 2 R il
£Rbn] A1, JH H R i A e 57 0 2 R, H.0.21
VHTHE I SR S AR AR FAR AL,
ANTRL i A A 46 Bt £ R T &l 6. ANIE 61T LA
W LR A2 o -1.39 V(vs. SHE), Ho )i 45 #oik 21

2.4 Mn*iRkE

7R AS A A 40 g- L' %30 g+ L' Mn* & fiff
A 22 LAV, P AL Y BR - ) PR 6 3% P A T min )RR
e FRLAV - L 30 %% R 2. R AR FRL A7 3 K P DA T I
A R R B 0, AR R E A LA R ,40 g+ L
Mn?" Fi, fiff 2 00 A7 280 FL U %85 B 24K T30 g+ L Mn®'Fa
fif AR 22, Min® e 2 14 o o ) 1 L A A 1R 8 R E A [F)
FL AR FEL AN T AS TR MIn® 4 B R 2 6 I 17 Pl S 80 ik
S840 g- L' Mn> FEAT— HL A FL 07 T H L IR 3 5%
1o, LA AR 2 7 AR A FRL A7 DX PR 38 2803 8 s o 2
1 TAE E AR A FL AL DX 2 7R AR FLA S -1.39 V
(vs. SHE ) i} 35 B i i {H , A X S8 T 2.

RAESS. T, BAERMAEA-1.39V, Ttk

0.21 V.

EN(vs. SHE)
-1.35 -1.36 -1.37 -1.38 -1.39 -1.40 -1.41
: : : : ‘ 8000
A L]
6f 4
_% ) R ‘a 17000 ~
=4l A 16000 2
f"’o R - 15000 &
< 2 . b~ =
S . 1 4000
- L ]
O L n i 1 i 3000
0.17 0.18 0.19 020 021 022 023
Overpotential/V

IS NG BB ded H o7 - P 7™ 1 () L HLAE (b) T 48
Fig. 5 The overpotential-veneer production (a) and power

consumption (b) curves of stainless steel cathode
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a. Total current density 40 g-L"; b. Total current den-

sity 30 g-L; c. Apparent effective current density 40

g-L"; d. Apparent effective current density 30 g- L
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Tab. 2 Current efficiency and power consumption values of
stainless steel cathode with 1 min electrolysising time at

various Mn*" concentrations by using chronocoulometry method

Mn?* concentration/(g* L") 18 30 40 50

n/% 85.1 938 953 956
C/(kg* sheet'day™) 5.5 6.0 6.9 6.1

W/(kwh+tMn™) 4108 4199 4308 4419
P/(RMB - sheef - day) 504 551 624 550

25 ZHBRER
30 g- L' M55 FH AL A K 22 1 B fEL O 125 Fl i
A LA TR 95 -1.39 VI S 5091 T 33, 78/ U fif
A A A% AR R AR T35 93.8% , S B i
W ) R 79.8% I 81.4% , Al v i HL I RER
P25 10%. R = v A 0 s, LT AR 24 I
EIRE T R T R A TR S M T B R &
AT 5 4 340 ST AR, A v A P A 178 S el 2 ) R 2%
3 % it
AN B A A BT R AR LA R R T AL e
TR VTR, Tt 2 SR A1 Bl 5 AT &0, S w0 AT HL A 3T
G 1 22 LR VR AT T IEAS . R 0 300, MIn2 76 AN 4540
eI AT =R 35 I /1 € 2ok I 15
SRARFFAR , B 8] B K, MniZ #3528 R B5 4 5
T, AT 2B M, L F RO B 2 4 7 R 2o HL AL
DX S8 52 4 s i, AT i B B A 9. 40 g+ L Min®*

Fe3 ST A A AR Y H R R R
Tab. 3 Current efficiency and power consumption values in

the actual electrolyte system

Electrolysis W 0 W/ C/(kg-sheet*
system th (A-m?) /% (kwh+tMn™) day™)
Simulated

qualified 0.5 435.0 93.80 4199 6.0
liquid

Actual

qualified 0.5 430.8 79.80 4742 5.4
liquid 1

Actual

qualified 0.5 4764 81.40 4631 6.1
liquid II

+120 g- L' (NH,4),SO, + 0.02 g- L' SeO,,pH 6.6 H fi#
RZR B HA-1.39 V, FLA#30 min, H A AR ]
1£95.3%. FefE T4 T /N e ff Al 5 0 o1 A PR
il R0 B 14.81.4%.
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Key Factors and Techno-Economic Analyses of Manganese
Electrolysis Process

HAN Gui-mei, XU Fu-yuan®, JIANG Lin-hua, DAN Zhi-gang, GAO Xiao-juan, DUAN Ning
(Chinese Research Academy of Environment Sciences, Beijing 100012, China)

Abstract: This paper first studied the key factors affecting the initial manganese electrolysis process,including concentration of
Mn?*, electrolysis time, overpotential, and then optimized these processing parameters with the chronocoulometry method under a
three-electrode system. The results showed that, during the initial manganese electrolysis process, hydrogen evolution occurred
more significantly on the stainless steel surface.As electrolysis process continued, manganese covered the stainless steel surface
gradually,and hydrogen evolution reaction restrained which all contributed to the higher current efficiency. Besides, the limiting
current density appeared at high overpotential region, and the reaction was controlled by diffusion process. In 0.02 g-L" SeO,
solution system with 40 g-L"' Mn* and 120g-L"' (NH,),SO.,, electrolysis time of 0.5 h overpotential of 0.151V,bath temperature of
40 °C, pH of 6.6, the current efficiency was achieved as high as 95.3% .And anefficiency of 81.4% was also realizedin the
industrialized electrolyte system, which was 15% higher as compared to the previous operation parameters under the same

electrolyte system.

Key words: manganese; electrolysis; electrochemical; current efficiency
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