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Abstract: Copper is difficult to separate from nickel electrolyte due to low concentration of copper (0.53 g/L) with high 
concentration of nickel (75 g/L). Manganese sulfide (MnS) was used to deeply remove copper from the electrolyte. Experimental 
results show that the concentration of copper (ρ(Cu)) decreases from 530 to 3 mg/L and the mass ratio of copper to nickel (RCu/Ni) in 
the residue reaches above 15 when the MnS dosage is 1.4 times the theoretical value Dt,MnS (Dt,MnS=0.74 g) and the pH value of 
electrolyte is 4−5 with reaction time more than 60 min at temperatures above 60 °C. The concentration of newly generated 
Mn2+(ρ(Mn)) in the solution is also reduced to 3 mg/L by the oxidation reaction. The values of ρ(Cu), ρ(Mn) and RCu/Ni meet the 
requirements of copper removal from the electrolyte. It is shown that MnS can be considered a highly effective decoppering reagent. 
Key words: MnS; decoppering reagent; copper removal; manganese removal; nickel anodic electrolyte 
                                                                                                             
 
 
1 Introduction 
 

Nickel, a strategic metal, has been widely used in 
the electroplating industry and steel production [1]. In 
the process of producing nickel, even a small amount of 
other heavy metals can significantly affect nickel 
application. This demands that the contents of heavy 
metals (e.g., Cu) with electric potential lower than that of 
nickel in the nickel electrolytic solution have to be 
strictly controlled [2]. Moreover, copper is difficult to 
separate from the nickel solution due to similar chemical 
properties of copper and nickel [3,4]. To obtain high 
purity nickel, the residual copper concentration in the 
nickel electrolyte (containing 0.4−1.2 g/L Cu) should be 
less than 3 mg/L [5]. In addition, complete copper 
separation from nickel solution requires that the mass 
ratio of copper to nickel in the residue (RCu/Ni) should be 
larger than 15. In this case, the residue can be sent for 
copper smelting, and copper can be returned to the 
copper metallurgy system [5]. However, most available 
technologies produce residues with RCu/Ni between 1:2 
and 2:1, making copper and nickel difficult to be 
recovered. 

To meet the above-mentioned requirements, much 
work has been done by taking advantages of the 
chemical differences of copper and nickel in the solution. 

There are many methods for copper removal, such as 
hydrogen peroxide precipitation, ion exchange and 
solvent extraction, replacement and electrochemical 
deposition [6−9]. Nevertheless, these methods are not 
suitable for copper removal from the nickel electrolysis 
anode solution due to high cost [10−12]. Sulfidation 
seems to be a sound method because of stronger affinity 
of sulfur with copper compared with nickel. Copper will 
preferentially precipitate in the form of CuS or Cu2S by 
the addition of sulfide additives to the solution, resulting 
in the rapid separation of copper from nickel electrolysis 
anode solution. Several decoppering sulfide reagents, 
such as hydrogen sulfide (H2S), sodium sulfide (Na2S), 
active sulfur powder (S), active nickel sulfide (NiS) and 
nickel thiosulfate (NiS2O3), have been used for removing 
copper [13−18]. Although these reagents are effective for 
copper removal, they are not appropriate for industrial 
production due to some obvious disadvantages. For 
instance, H2S reacts with nickel easily due to high 
concentration of nickel (≥70 g/L Ni) in the solution, 
forming a residue containing large amounts of nickel (the 
mass ratio of nickel to copper arrives up to 5:1). Na2S 
will bring some Na+ ions into the solution. Na+ ions at 
high levels increase the solution viscosity and resistance, 
thus hindering the diffusion of nickel ions to the septum 
bag [5]. NiS2O3 is another decoppering reagent adopted 
to remove copper from the nickel electrolysis anode 
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solution [13]. NiS2O3 is effective for decoppering, but is 
not stable due to its rapid decomposition in aqueous 
solution. In addition, the preparation process of NiS2O3 
is complex. Like NiS2O3, active sulfur powder has not 
been used in industrial production due to the complex 
preparation process. For active nickel sulfide, it is 
usually prepared by the reaction of NiSO4 and Na2S. The 
prepared active nickel sulfide is easily oxidized to 
NiOHS and loses reactivity in a short period of time   
(6 h). Moreover, the slurry containing active nickel 
sulfide and Na+ ions formed during the preparation 
process is difficult to be filtered and has to be added into 
nickel electrolysis anode solution for copper removal, 
which leads to the accumulation of Na+ ions in the 
solution [4,17,18]. It is evident that these decoppering 
sulfide reagents have not strong decoppering capability 
to separate copper from nickel electrolysis anode 
solution. It is necessary to develop a new effective 
decoppering reagent without affecting the production of 
nickel from the solution. Considering the requirements in 
nickel production, MnS may be a good choice for copper 
removal from nickel electrolysis anode solution since the 
solubility product of pink MnS (Ksp=2.5×10−10) is higher 
than that of α-NiS (Ksp=3.2×10−19). This indicates that 
MnS has a higher reactivity with Cu2+ ions than NiS. 
Previous studies also indicated that Mn2+ ions (≤20 g/L) 
do not affect the quality of the electrolytic nickel [14]. 

Based on the above analysis, a novel reagent, 
manganese sulfide (MnS), was used in this work to 
remove copper from nickel electrolysis anode solution by 
considering selective reactions between Cu2+ or Ni2+ and 
S2− ions. The effects of MnS dosage, pH value, reaction 
temperature and reaction time on the concentration of 
copper (ρ(Cu)) and RCu/Ni were investigated. Also, due to 
the decomposition of MnS, the newly generated Mn2+ 
ions should be removed. This was achieved by adding 
oxidizing agent, like KMnO4, into the solution. 
 
2 Experimental 
 
2.1 Materials 

Nickel electrolysis anode solution was provided by 
Jinchuan Group Ltd., China. Its chemical composition is 
listed in Table 1. The solution has a high concentration of 
nickel and a low concentration of copper (75 g/L Ni and 
0.53 g/L Cu at pH = 4.0). 

Analytical grade reagents, including MnSO4, Na2S, 
HCl and NaOH, were used for experiments. 
 
Table 1 Chemical composition of nickel electrolysis anode 
solution (g/L) 

Ni Cu Cl− Na+ SO4
2− 

75 0.53 75 25 100 

2.2 Equipment and procedure 
Figure 1 presents the experimental apparatus for 

copper removal. Figure 2 illustrates the experimental 
process which includes three steps: preparation of MnS, 
copper removal and removing manganese brought by 
manganese sulfide. 
 

 
Fig. 1 Experimental apparatus for copper removal (1—Tapered 
reactor; 2—Glass tube heating device; 3—Water bath pot; 4— 
Magnetic stirrer; 5—Thermometer; 6—Power relay; 7— 
Transformer) 
 

 

Fig. 2 Flow sheet for removing copper from nickel electrolysis 
anode solution using MnS 
 

Preparation of manganese sulfide: 1 mol/L Na2S 
solution was added into a glass beaker with 1 mol/L 
MnSO4 solution. The mixture was stirred at 150 r/min 
and room temperature for 10 min and then filtrated for 
separating solid phase from liquid phase. The obtained 
solid was identified as MnS, which was used as the 
decoppering reagent. 

Copper removal: 200 mL nickel electrolysis 
solution was transferred to a 500 mL flask which was 
kept in a water-bath heating device. MnS was added into 
the nickel electrolysis solution at temperatures between 
40 and 80 °C and then the slurry formed. After stirring 
(250 r/min) for a certain period of time, the slurry was 
cooled and filtered. The solution was then sent to remove 
Mn. 

Demanganesing: Potassium permanganate was 
added to the decoppered solution for demanganesing 
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(0.42 g/L Mn) at room temperature with magnetic 
stirring at 250 r/min for 30 min. 

The residual concentrations of copper (ρ(Cu)) and 
manganese (ρ(Mn)) in the filtered solution were 
measured by atomic absorption spectroscopy (3510 
model, Shanghai Morning Field Equipment Co., Ltd., 
China). The residues were generally washed 3−4 times 
using water for further analysis. Mass concentrations of 
copper, manganese and nickel were analyzed using 
complexometric titration. The mass ratio of copper to 
nickel (RCu/Ni) or that of nickel to manganese (RNi/Mn) in 
the residues was determined by the following formula: 

 
RM1/M2

=w(M1)/w(M2)                          (1) 
 

where RM1/M2 denotes the mass ratio of M1 to M2; M1 and 
M2 represent Cu, Ni and Mn, respectively; w(M1) and 

w(M2) are the mass fractions of Cu, Ni and Mn, 
respectively. 
 
3 Results and discussion 
 
3.1 Copper removal 
3.1.1 Effect of MnS dosage on copper removal 

Table 2 illustrates the effect of MnS dosage on 
copper removal under given conditions (temperature   
60 °C; reaction time 90 min; pH 4.5). It is shown that the 
residual copper concentration in the electrolytic solution 
decreases from 115.40 to 0.10 mg/L as the dosage of 
MnS increases from 1.2 to 2.0 times the theoretical value 
Dt,MnS (Dt,MnS = 0.74 g). The copper removal rate also 
increases from 78.23% to 99.98%. This can be explained 
by the fact that the solubility product of CuS 
(Ksp=6.3×10−36) is much less than that of MnS (pink) 
(Ksp=2.5×10−10). Cu2+ ions selectively react with S2− ions 
from MnS, producing CuS precipitate, as indicated by 
Reaction (2). 

 
Cu2++MnS=CuS↓+Mn2+                      (2) 

 
Copper has a stronger selectivity to S2− than nickel 

and a large amount of copper may precipitate in the 
residue. The mass ratio of copper to nickel (RCu/Ni) in the 
residue remains approximately 22 when the dosage of 
decoppering reagent MnS increases from 1.2Dt,MnS to 
1.5Dt,MnS. It then tends to decrease with increasing 
dosage of MnS. For example, the value of RCu/Ni 
decreases to 16.96 and 3.85 when the dosage of 
decoppering agent MnS increases to 1.6Dt,MnS and 
2.0Dt,MnS. The corresponding content of Cu in the residue 
decreases from 62.47% to 52.09% and that of Ni 
increases from 3.68% to 13.53%, while that of Mn is 
below 0.5%. The mass ratio of nickel to manganese 
(RNi/Mn) in the residue and the concentration of 
manganese in the solution keeps increasing as the MnS 
dosage increases. For instance, the value of RNi/Mn 
increases from 7.36 to 27.33 and the concentration of 

manganese increases from 622.59 to 802.69 mg/L when 
MnS dosage changes from 1.2Dt,MnS to 2.0Dt,MnS. This is 
because the solubility product of α-NiS (Ksp=3.2×10−19) 
is smaller than that of MnS. When there is insufficient 
copper in the solution, the superfluous sulfur will react 
with nickel in the solution, leading to NiS precipitate. 
The reaction can be expressed by Reaction (3). 

 
Ni2++MnS=NiS↓+Mn2+                       (3) 

 
As indicated by Reaction (3), nickel will present in 

the residue and the concentration of manganese in the 
solution will increase after the reaction. It is evident that 
MnS dosage should be optimized. The experimental 
results show that the optimal MnS dosage is    
(1.4−1.6)Dt,MnS. 
 
Table 2 Effect of MnS dosage on copper removal 

Dosage of 

MnS:Dt,MnS

ρ(Cu)/ 
(mg·L−1)

ρ(Mn)/ 
(mg·L−1) 

η/% RNi/Mn RCu/Ni

1.2 115.40 622.59 78.23 7.36 22.48

1.4 3.70 670.82 99.30 8.74 22.61

1.5 0.80 685.02 99.85 9.15 22.84

1.6 0.79 709.14 99.86 15.34 16.96

1.8 0.50 735.53 99.91 24.03 8.79

2.0 0.10 802.69 99.98 27.33 3.85
η=Δρ(Cu)/ρ(Cu)×100%, where η is removal rate of copper, Δρ(Cu) is 
concentration difference of copper before and after experiment; and ρ(Cu) is 
initial concentration of copper, g/L. 
 
3.1.2 Effect of pH value 

Based on the above results, the effect of pH on 
copper removal is presented in Fig. 3. There is a high 
residual copper concentration in the electrolyte at low pH 
values after removing copper. This is because S2− ions 
can react with H+ and produce HS− and H2S at high 
acidity, as shown by Reactions (4) and (5). 

 
S2−+H+=HS−                                  (4) 
HS−+H+=H2S                               (5) 

 
H2S is released from the solution, which leads to a 

higher residual copper concentration and a lower ratio of 
copper to nickel in the residue. Additionally, HS− can 
combine easily with Cu2+ ions to form coordination 
complexes Cu(HS)+ ions under low pH values, 
preventing CuS precipitation [15,16]. At pH 4, the mass 
ratio of copper to nickel in the residue reaches the 
maximum. This suggests that the reaction between free 
S2− and Cu2+ ions in the solution is completed and there 
are insufficient free S2− ions which can react with Ni2+ 
ions. With the increase of pH value (pH≥4), a gradual 
decrease in residual copper concentration in the 
electrolyte is observed. The copper concentration is 
lower than 3 mg/L that meets production requirements. 
The concentration of Mn in the solution decreases with 
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increasing pH value. This indicates that the more 
manganese precipitation forms at a higher pH value, the 
less manganese goes to the solution. 
 

 
Fig. 3 Effect of pH on copper removal at MnS dosage of    
1.4 Dt,MnS, reaction time of 60 min and 60 °C 
 
3.1.3 Effect of reaction temperature 

Figure 4 shows the effect of reaction temperature on 
residual copper concentration (ρ(Cu)) and on the mass 
ratio of copper to nickel (RCu/Ni) in the residue. ρ(Cu) 
decreases with increasing reaction temperature while the 
variation of RCu/Ni shows an opposite tendency. This 
indicates that Cu2+ ions easily react with S2− at high 
temperatures. For example, ρ(Cu) in the electrolyte 
decreases from 61.83 mg/L at 40 °C to 2.43 mg/L at   
60 °C. It subsequently keeps ~1 mg/L when temperature 
is higher than 60 °C. In contrast, RCu/Ni increases from 
10.68 at 40 °C to 22.61 at 60 °C and to 31.02 at 80 °C. 
Inspection of the data suggests that ρ(Cu) and RCu/Ni at  
60 °C meet production requirements. Thus, one may 
expect that the optimum temperature for copper removal 
is 60 °C. 
 

 
Fig. 4 Effect of temperature on copper removal at MnS dosage 
of 1.4Dt,MnS and pH 4.5 
 
3.1.4 Effect of reaction time on copper removal 

Figure 5 shows the effect of reaction time on    
the residual copper concentration. ρ(Cu) decreases  

 

 
Fig. 5 Effect of reaction time on residual copper concentration 
at MnS dosage of 1.4Dt,MnS, pH 4.5 and 60 °C 
 
substantially in the reaction time period up to 20 min. It 
then decreases slowly with increasing reaction time. This 
is due to the reaction between S2− and Cu2+. The 
formation of CuS precipitate leads to a sharp decrease in 
copper concentration. With the extension of reaction time, 
the copper concentration decreases. The copper reaction 
rate and copper concentration decrease slowly if the 
reaction time is further extended. It thus becomes far 
more difficult for S2− ions to react with Cu2+ ions. ρ(Cu) 
is as low as 1.6 mg/L at 60 min, so optimum reaction 
time appears to be approximately 60 min. 
 
3.2 Manganese removal 

During the process of copper removal by using  
MnS, 0.30−0.48 g/L Mn2+ ions enter into the electrolyte 
solution. Although previous studies indicated that Mn2+ 
ions (≤20.0 g/L) do not affect the quality of the 
electrolytic nickel [14], it is necessary to remove 
manganese to avoid the enrichment of Mn in the nickel 
solution. It has shown that Mn2+ ions can be oxidized to 
MnO2 by many oxidants, such as potassium 
permanganate, perchloric acid, chlorine, ozone and 
oxygen [19,20]. Due to its low cost, potassium 
permanganate (KMnO4) was used in this study for 
demanganesing. The effect of KMnO4 dosage 
concentration on manganese removal was discussed as 
follows. Under optimal conditions, the cost of MnSO4 
(57％), KMnO4 (93％), Na2S (57％) and electricity are 
$49.66, $121.54, $55.45 and $3.38 per ton nickel, 
respectively. The total cost (per ton nickel) of the copper 
removal is $230.2/t, which saves at least $148.98/t 
compared with the existing method of nickel concentrate 
and active sulfur [16]. 
3.2.1 Effect of KMnO4 dosage on manganese removal 

Figure 6 shows the effect of KMnO4 dosage on 
demanganesing under the conditions of 0.42 g/L Mn2+, 
0.1 mol/L KMnO4 and pH 5.0. It is found that the 
demanganesing rate increases and the residual 
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manganese concentration decreases by adding KMnO4 to 
the solution after copper removal. The mass ratio of 
manganese to nickel in the residue also decreases, 
suggesting that nickel was oxidized and precipitated. For 
example, the residual manganese concentration and the 
mass ratio of manganese to nickel are respectively  
52.24 mg/L and 23.1 at KMnO4 dosage of 0.9 times the 
theoretical value Dt,KMnO4

 (Dt,KMnO4
=0.81 g KMnO4). The 

contents of Mn and Ni in the residue are 60.65% and 
2.60%, respectively. The residual manganese 
concentration and the mass ratio of manganese to nickel, 
respectively decrease to 1.24 mg/L and 2.47 when the 
dosage increases to 1.3Dt,KMnO4

. This is due to the 
reaction between MnO4

� and Mn2+ ions, as indicated by 
Reaction (6). 

 
2MnO4

−+3Mn2++2H2O=5MnO2↓+4H+           (6) 
 
The reaction happens spontaneously as the standard 

Gibbs free energy of Reaction (6) is −273.47 kJ/mol at 
25 °C. Mn2+ ions are oxidized by MnO4

−, which leads to 
MnO2 precipitate. Hence, Mn2+ ions can be easily 
removed from the solution. The change of the solution 
oxidation−reduction potential (ORP) increases with 
increasing the KMnO4 dosage. However, the ORP 
decreases rapidly from 1126 to 1086 mV and then 
increases. The changing point is called point mutation, 
which indicates that Mn2+ ions are completely consumed. 
Similarly, potassium permanganate is capable of 
oxidizing nickel in the solution, as shown by the 
following equation [16,19,20]: 

 
2MnO4

−+6Ni2++5H2O=2MnO2↓+3Ni2O3↓+10H+    (7) 
 
According to Reaction (7), Ni may lose in the 

demanganesing process. However, the experimental 
result shows that only 0.1−0.5 g/L Ni (0.13%−0.67% Ni) 
precipitates during the process, which indicates a 
negligible loss of Ni. Moreover, the pH value of the 
solution after Mn removal is about 4.5, which is suitable 
for subsequent purification processes, such as Co 
removal. 
 

 
Fig. 6 Effect of KMnO4 dosage on manganese removal 

3.2.2 Effect of KMnO4 concentration on manganese 
removal 

Figure 7 presents the effect of KMnO4 concentration 
on the residual manganese concentration and the mass 
ratio of manganese to nickel under the conditions of  
0.42 g/L Mn2+ and 1.4Dt,KMnO4

. It is seen that the residual 
manganese concentration increases and the mass ratio of 
manganese to nickel decreases as the KMnO4 

concentration increases. This is because the higher the 
concentration of potassium permanganate is used, the 
more the nickel is oxidized in the nickel solution. In  
fact, black nickel precipitate (Ni2O3) is easily   
generated [19,20]. The content of newly generated MnO2 
may be reduced. Therefore, the residual concentration of 
manganese should be properly controlled at a low level 
(about 1 mg/L) by using KMnO4 with concentration less 
than 0.11 mol/L. 
 

 
Fig. 7 Effect of KMnO4 concentration on manganese removal 
 
4 Conclusions 
 

1) A new decoppering agent, MnS, was used for 
removing copper from nickel electrolyte. It is indicated 
that residual concentration of copper ρ(Cu) decreases 
with increasing MnS dosage, pH value, temperature and 
reaction time. The ρ(Cu) decreases from 530 to 3 mg/L 
and the mass ratio of copper to nickel (RCu/Ni) in the 
residue reaches above 15 when MnS dosage is 1.4 times 
the theoretical value (Dt,MnS=0.74 g MnS) and pH value 
of electrolyte is 4−5 with reaction time more than 60 min 
at temperatures above 60 °C. 

2) The concentration of newly generated Mn2+ ions 
(ρ(Mn)) in the solution is also reduced to 3 mg/L by 
adding KMnO4 as an oxidizing reagent. It is found that 
only small nickel (0.1−0.5 g/L or 0.13%−0.67% Ni) loss 
occurs during the process of manganese removal. 
Moreover, the residual concentration of manganese 
should be properly controlled at a low level 
(approximately 1 mg/L) by using an oxidant like 
potassium permanganate. The total cost per ton nickel of 
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the copper removal is $230.2/t. The experimental results 
demonstrate that MnS is considered a highly effective 
decoppering reagent for copper removal. 
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MnS 深度除去镍电解液中的铜 
 

李江涛，陈爱良 

 
中南大学 冶金与环境学院，长沙 410083 

 
摘  要：由于镍电解液中铜浓度低(0.53 g/L)、镍浓度高(75 g/L)，因此，很难从镍电解液中分离除去铜。采用硫化

锰(MnS)除去镍电解液中的铜。结果表明：在 MnS 用量为理论量 Dt,MnS(Dt,MnS=0.74 g)的 1.4 倍、pH 值为 4~5、温

度高于 60 °C 时反应至少 60 min 后，电解液中铜浓度 ρ(Cu)从 530 mg/L 降低至 3 mg/L，渣中铜、镍质量比 RCu/Ni

达到 15 以上。采用氧化法可将新产生的除铜后液中锰浓度 ρ(Mn)降低至 3 mg/L。除铜后液中铜、锰浓度，渣中

铜、镍质量比均能满足生产要求。因此，硫化锰是一种高效除铜剂。 

关键词：硫化锰；除铜剂；除铜；除锰；镍电解阳极液 

 (Edited by Wei-ping CHEN) 

 
 


