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Reductive leaching technology of manganese anode slag optimized by
response surface methodology

YAN Hao, PENG Wen-jie, WANG Zhi-xing, LI Xin-hai, GUO Hua-jun, HU Qi-yang

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The present study was carried out for the recovery of manganese by using lead-rich manganese anode slag
from electrolytic manganese plant. Glucose and sulfuric acid were used as reductant and leaching solvent for reductive
leaching of manganese anode slag. The effect of important parameters, such as temperature, sulfuric acid and glucose
concentration, was investigated and the process conditions were optimized using response surface methodology (RSM)
based on central composite design (CCD). The results show that the effect of temperature on the manganese leaching
yield is the most significant, the effect of glucose concentration is second, and the effect of sulfuric acid concentration is
minimum. At the meantime, the effect of sulfuric acid concentration on the lead leaching yield is the most significant,
followed by the effect of temperature, while glucose almost has no effect. The leaching yield of Mn reaches 93.22%,
while the extraction of Pb is only 0.39% under the conditions of leaching temperature 80 C, the mass ratio of glucose
to slag 0.175:1 and the mass ratio of acid to material 0.8:1. The samples were characterized before and after leaching
using X-ray diffraction (XRD). The results show that manganese is extracted from anode slag in sulfuric acid using the
glucose as reductant proved highly effective.
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XSP, Thermo Electron Corporation)Z#T45%: H i 1) &1
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Table 2 Independent variables and their levels used for

central composite design

Table 1 Chemical composition of manganese anode slag Levels (x;)
Parameter Symbol
Mn Pb Fe Ca Na Mg -1.68(-a) -1 0 +1 +1.68(+a)
42.10 5.15 0.02 0.01 0.02 0.57 Temperature/
X 53 60 70 80 87
C
1.2 W FHEFRE Amount of
B SEEAE 500 mL = LB HEAT, HpeimE sulphuric X, 6.64  8.0010.0012.00 13.36
TR AKBH o 20 R 2R . BT AYe acid/g
BESL R RRTATR A B LR RS T Amount of
it &ﬁﬁMwmﬁﬁxﬁmEE VI IVN iy X 108 125 150 175 190
T e NN 22 B glucose/g
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Table 3 Experimental design matrix and results

B (1) 07 22 i R L3 4.
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Y:ﬂ0+zlﬂixi+zlﬂ[ix[2+2ﬂ[jxixj (3)
i- i- i<j

e fo BomhO FUBIERNAR: Biv B B By 7303
IRENE S ZIRIHIAS BN R B xin x; AR 3R 1
AKFGiid. N 4 T LUE B xR (B H 5.

xsCHIZE BB s oo (IR EE IR R RS FL0N) s ) (IR
VRIS ey (REABE U)X 195 L R AT W 5
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ASCAEE RN EE . BilR 20 s th 2 2 1 E
oM, RIEG I 3 MR H EA SR m R R )
Pi12) 77 (Mean square) [#) K /N GBI BOR) A111E , 31X 6

Temperature/'C Amount of sulphuric acid/g Amount of glucose/g Mn leaching yield/%  Pb leaching yield/%
60 8.00 1.25 68.33 0.28
80 8.00 1.25 80.08 0.40
60 12.00 1.25 75.08 0.65
80 12.00 1.25 82.92 0.75
60 8.00 1.75 78.20 0.28
80 8.00 1.75 93.22 0.39
60 12.00 1.75 83.21 0.65
80 12.00 1.75 92.59 0.76
70 10.00 1.5 87.59 0.48
70 10.00 1.5 83.21 0.47
70 10.00 1.5 85.09 0.50
70 10.00 1.5 86.96 0.54

53.18 10.00 1.5 64.40 0.54
86.82 10.00 1.5 84.37 0.70
70 6.64 1.5 82.44 0.31
70 13.36 1.5 88.17 0.90
70 10.00 1.08 68.50 0.58
70 10.00 1.92 87.59 0.59
70 10.00 1.5 83.73 0.63
70 10.00 1.5 85.24 0.62
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Table 4 Analysis of variance for response surface quadratic model for Mn leaching yield

Source Sum of square Degree of freedom Mean square  F-value  p-value prob>F
Block 29.68 1 29.68
Model 1093.90 9 121.54 63.92 <<0.000 1
x1(Temperature) 440.70 1 440.70 231.76 <<0.000 1
x2(Amount of sulphuric acid) 40.83 1 40.83 21.47 0.001 2
x3(Amount of glucose) 389.36 1 389.36 204.76 <<0.000 1
X1 X, 11.38 1 11.38 5.98 0.0370
X1 X3 2.89 1 2.89 1.52 0.248 9
X2 X3 3.38 1 3.38 1.78 0.2151
Xt 149.80 1 149.80 78.78 <<0.000 1
x3 5.80 1 5.80 3.05 0.1147
x3 53.78 1 53.78 28.284 0.000 5
Residual 17.11 9 1.90
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Fig. 1 Comparison of Mn leaching model prediction with

experimental data
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Table S Analysis of variance for response surface quadratic model for Pb leaching yield

Source Sum of square Degrees of freedom Mean square F-value p-value prob > F
Block 0.043 1 0.043
Model 0.48 3 0.16 373.55 <0.0001
x1(Temperature) 0.036 1 0.036 83.62 <0.0001
x,(Amount of sulphuric acid) 0.44 1 0.44 1037.02 <0.0001
x3(Amount of glucose) 5.82X10°¢ 1 5.82%X10°° 0.014 0.9086
Residual 6.40X 107 15 427X107°*

1.00 BEAL 2 SN R 15 A%, TR R 1 FH R S (1)
g BRERIL N T 22 R % . A4 FURLANI 2508y
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E ‘ SR L R TR R AR D R R LA
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g PRI, A — MR L2 S BB AR H O 1012
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Actual leaching yield of Pb/%
2 R AR TR S A 1) LA
Fig. 2 Comparison of Pb leaching model prediction with

experimental data
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4 3D surface plots showing effect of sulphuric acid and

temperature on Mn and Pb leaching yield (Glucose: 1.75 g): (a)

Mn leaching yield; (b) Pb leaching yield
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