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Abstract: The separation and recovery of Ni from the copper electrolyte by crystallization of nickel ammonium sulfate 
double salt were studied. It is found that the solubility of copper sulfate at the same temperature is less than that of 
nickel sulfate, while the solubility of copper ammonium sulfate is greater than that of nickel ammonium sulfate. So, by 
adding (NH4)2SO4, the Ni can be selectively crystallized from the copper electrolyte. By adding (NH4)2SO4 at the molar 
ratio of (NH4)2SO4/NiSO4 ≤0.8, and crystallizing at −15 °C for 10 h, the Ni in the copper electrolyte can be crystallized 
in the form of Ni(NH4)2(SO4)2⋅6H2O. The qualified product of NiSO4⋅6H2O can be obtained by pyrolyzing the crystals, 
dissolving the pyrolysis product in water, and then concentrating the dissolved solution for crystallization. The method 
of double salt crystallization is a clean, environmentally-friendly, cost-effective and efficient method for separating and 
recovering nickel from copper electrolyte. 
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1 Introduction 
 

Ni is an associated element in copper 
concentrate. In copper electrolytic refining, Ni 
enters the electrolyte along with the dissolution of 
the anode and gradually accumulates in it. When 
the concentration of Ni in the electrolyte rises 
above 10 g/L, it begins to have an adverse effect on 
the current efficiency of copper electrolysis [1]. 
Separation and recovery of Ni is an important 
process in copper electrolyte purification [2]. 

The traditional process of separating and 
recovering Ni from the copper electrolyte is to first 
evaporate and crystallize copper sulfate, then 
conduct electrowinning to remove Cu, As, Sb and 
Bi in the form of black copper sludge, and further 
evaporation crystallize or freezing crystallize nickel 
sulfate [3,4]. The obtained nickel sulfate contains a 
lot of impurities, such as Cu, Fe, As, Ca, Mg, and 

Zn [5,6]. Therefore, many methods have been 
proposed for the refining of the crude nickel sulfate, 
such as sulfide precipitation [7], gradual oxidation 
followed by selective hydrolytic precipitation of  
the impurities [8], solvent extraction [9,10], ion 
exchange [11], and fluoride salt precipitation [12]. 
However, the methods described above have    
the disadvantages of long process route, high 
production cost, and low metal recovery rate [13]. 

Recently, it was found that the crystals of 
copper sulfate or nickel sulfate obtained from 
copper electrolyte contained the double salt of 
Ni(NH4)2(SO4)2⋅6H2O. The (NH4)2SO4 is the 
metabolite of the additive thiourea, and its 
concentration is ~2.5 g/L in copper electrolyte [14]. 
This indicates that the nickel in copper electrolyte 
can be separated and recovered by adding 
(NH4)2SO4. However, due to the lack of basic 
research and the wrong use of ammonia as the 
crystallization agent for nickel, the cost of separation 
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and recovery of nickel has risen sharply, and the 
method of double salt crystallization has to be 
abandoned [1]. The motivation of this study is not 
only to present the method of double salt 
crystallization is a cost-effective, clean and 
environmentally-friendly method for separating and 
recovering Ni from copper electrolyte, but also to 
let the readers understand the principle of the 
method. 
 
2 Experimental 
 
2.1 Materials and analysis 

To study the separation and recovery of Ni 
from the copper electrolyte, synthetic and industrial 
copper electrolytes were used. The composition of 
the industrial copper electrolytes after evaporating 
and crystallizing copper sulfate and then removing 
impurities by self-purification [15] or electro- 
winning are listed in Table 1. The industrial 
electrolytes were taken from Guixi Smelter (China). 
The synthetic copper electrolytes were synthesized 
with H2SO4, CuSO4⋅5H2O, NiSO4⋅6H2O, (NH4)2SO4, 
and distilled water. All reagents used are in 
analytical grade. 

The compositions of experimental samples 
were determined by chemical methods and 
inductively coupled plasma emission spectroscopy 
(ICP-AES) with a PS−6 PLASMA SPECTROVAC, 
BAIRD (USA). The ammonia content in the 
solution is determined by distillation titration [16]. 
The X-ray diffraction (XRD) patterns were 
recorded on a Rigaku Miniflex diffractometer with 
Cu Kα X-ray radiation at 35 kV and 20 mA. 
 
2.2 Experimental procedure 

To determine the solubility of CuSO4, NiSO4, 
Cu(NH4)2(SO4)2 and Ni(NH4)2(SO4)2 in copper 
electrolyte, the solutions containing CuSO4, NiSO4, 
CuSO4, and NiSO4 were synthesized by dissolving 
CuSO4⋅5H2O or/and NiSO4⋅6H2O in different 
concentrations of H2SO4 solutions and adding 

(NH4)2SO4 according to different mole ratios of 
(NH4)2SO4/NiSO4 or (NH4)2SO4/CuSO4. Solubilities 
of CuSO4⋅5H2O, NiSO4⋅6H2O, Cu(NH4)2(SO4)2⋅6H2O, 
and Ni(NH4)2(SO4)2⋅6H2O in copper electrolyte 
were determined by putting the synthetic solutions 
in a low-temperature reaction bath at a constant 
temperature from 40 to −30 °C for 36 h. After 
filtration, the concentrations of copper, nickel, and 
ammonia in the solutions were measured. 

 
3 Results and discussion 
 
3.1 Solubility of sulfates of Cu and Ni 

After copper electrolyte was evaporated and 
CuSO4⋅5H2O crystallized, the concentrations of  
Cu, Ni, and H2SO4 in it are 20−30, 25−35, and 
350−400 g/L respectively [17]. The recovery of Ni 
from the crystallization solution is achieved by first 
electrowinning to remove impurities and then 
freezing or evaporating to crystallize nickel sulfate. 
However, the obtained nickel sulfate contains many 
impurities, such as Cu, Fe, and As [5,6]. The 
properties of the aqueous solutions of copper sulfate 
and nickel sulfate are very similar. Therefore, it is 
necessary to further study the principle of 
crystallization and separation of Cu and Ni in 
copper electrolyte. 

Figure 1 shows the system of H2SO4−H2O 
crystallization diagram [18]. The copper electrolyte 
after CuSO4⋅5H2O crystallization contains 
376.5 g/L H2SO4 (see Table 1). As can be seen, the 
crystallized solution freezing point is below −30 °C. 
This is why freezing crystallization can be used to 
separate Ni from it. Figure 2 shows the solubility 
curves of NiSO4 and CuSO4 in different solutions, 
which were obtained by adding CuSO4⋅5H2O and 
NiSO4⋅6H2O, respectively, in the solutions to 
supersaturate at 50 °C, and keep for 36 h at 
different temperatures. Figure 2 shows that the 
solubility of NiSO4 and CuSO4 decreases with the 
decrease in temperature and the increase in acidity, 
and the solubility of NiSO4 is larger than that of 

 
Table 1 Compositions of copper electrolyte after CuSO4⋅5H2O crystallization and then electrowinning or 
self-purification (g/L) 

Copper electrolyte Cu Ni As Sb Bi H2SO4 (NH4)2SO4 

Crystallized solution 11.76 30.15 23.88 2.29 1.51 376.5 5.93 

Self-purified solution 11.75 30.14 6.84 0.17 0.09 364.3 5.91 

Electrowinning solution 3.71 30.21 7.81 0.28 0.08 391.2 5.98 
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Fig. 1 H2SO4−H2O system crystallization diagram 
 

 

Fig. 2 Solubility of CuSO4⋅5H2O and NiSO4⋅6H2O: (a) In 
water; (b) In 400 g/L H2SO4 solution 
 
CuSO4 under the same conditions. Figure 2(b) 
shows that in 400 g/L H2SO4 solution, saturation 
concentrations of Cu and Ni are 8.34 and 25.01 g/L, 
respectively, at 0 °C, and then they decrease to 4.15 
and 12.47 g/L, respectively, when the temperature 
drops to −20 °C. This indicates that the crystallized 
solution listed in Table 1 must undergo electro- 
winning to remove Cu before freezing 

crystallization to reduce the content of Cu in nickel 
sulfate, and the crystallization rate of Ni generally 
does not exceed 70%. In fact, the crystallization rate 
of Ni in the electrowinning solution is usually only 
55%−65% at −17 °C for 15−16 h, which is the 
industrial production conditions of nickel sulfate 
frozen crystallization. 

It is well known that the solubility of sulfuric 
acid double salt of ammonium and copper or nickel 
is less than that of their sulfate salts. Therefore, 
using double salt crystallization can improve the 
crystallization rate of Ni from copper electrolyte. 
Figure 3 shows solubility curves of Cu(NH4)2(SO4)2 
and Ni(NH4)2(SO4)2 in different solutions, which 
were obtained by adding Cu(NH4)2(SO4)2⋅6H2O and 
Ni(NH4)2(SO4)2⋅6H2O, respectively, in the solutions 
to supersaturate at 50 °C, and then keeping for 36 h 
at different temperatures. Figure 3 shows that the 
solubility of Cu(NH4)2(SO4)2 and Ni(NH4)2(SO4)2 
decreases with the decrease in temperature and   
the increase in acidity, and at the temperature  
above −25 °C, the solubility of Cu(NH4)2(SO4)2 is 
greater than that of Ni(NH4)2(SO4)2 under the same 
 

 
Fig. 3 Solubility of Cu(NH4)2(SO4)2⋅6H2O and 
Ni(NH4)2(SO4)2⋅6H2O: (a) In water; (b) In 400 g/L 
H2SO4 solution 
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conditions. Figure 3(b) shows that in 400 g/L 
H2SO4 solution, the saturation concentrations of Cu 
and Ni are 10.71 and 6.99 g/L, respectively, at 0 °C, 
and then they decrease to 4.15 and 3.09 g/L, 
respectively, at −20 °C. This indicates that by 
adding (NH4)2SO4 to the electrowinning solution 
listed in Table 1, and then crystallizing at the 
temperature above −20 °C, the Ni can be selectively 
separated and recovered in the form of 
Ni(NH4)2(SO4)2·6H2O. 

By comparing Figs. 2 and 3, it can be found 
that after crystallization of copper sulfate from the 
copper electrolyte, there is no need for electro- 
winning to remove copper. Directly adding 
ammonium sulfate can selectively crystallize and 
separate nickel. This avoids producing harmful 
substances such as black copper sludges [19]. 
 
3.2 Crystallization of Cu and Ni in H2SO4 

solution containing (NH4)2SO4 
Figure 4 shows crystallization curves of Cu in 

different H2SO4 solutions, which were obtained by 
adding (NH4)2SO4 into the solutions with 20−40 g/L 

Cu and different H2SO4 concentrations according to 
(NH4)2SO4/CuSO4 mole ratio of 1:1 and keeping the 
temperature at −15 °C for different time. As can be 
seen, the concentration of Cu in the solutions 
decreases with the increase in the crystallization 
time, and the crystallization basically reaches the 
equilibrium after 30 h. The concentration of Cu 
decreases in the solutions with the increase in 
acidity under the same conditions. 

Figure 5 shows the XRD spectra of Cu crystal 
products formed in the solutions corresponding to 
Fig. 4 by keeping the temperature at −15 °C for 
36 h. As can be seen, the crystals containing copper 
sulfate is unstable in the H2SO4 solutions. The 
structure of copper ammonium sulfate is 
Cu(NH4)2(SO4)2⋅6H2O in water, while in the 
solution of 200−300 g/L H2SO4, it partially 
becomes Cu(NH4)2(SO4)2⋅2H2O, and then it turns 
into CuSO4⋅2H2O and CuSO4⋅H2O in 400−500 g/L 
H2SO4 solution. It is found by XRD-rietveld 
analysis that only 40.8 wt.% of the crystals formed 
in 200 g/L H2SO4 solution is Cu(NH4)2(SO4)2⋅6H2O, 
and the rest is Cu(NH4)2(SO4)2⋅2H2O. Then, as the 

 

 
Fig. 4 Crystallization curves of Cu in different concentrations of H2SO4 solutions at −15 °C: (a) 200 g/L; (b) 300 g/L;    
(c) 400 g/L; (d) 500 g/L 
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Fig. 5 XRD spectra of Cu crystal products formed in different concentrations of H2SO4 solutions by keeping at −15 °C 
for 36 h: (a) 200 g/L; (b) 300 g/L; (c) 400 g/L; (d) 500 g/L 
 
concentration of H2SO4 increases to 300 g/L, the 
content of Cu(NH4)2(SO4)2⋅6H2O decreases to 
32.8 wt.%. When the concentration of H2SO4 
increases to 400 g/L, the phases of Cu(NH4)2(SO4)2⋅ 
6H2O and Cu(NH4)2(SO4)2⋅2H2O in the crystals 
disappear, replaced by CuSO4⋅2H2O and CuSO4⋅ 
H2O. The contents of CuSO4⋅2H2O and CuSO4⋅H2O 
in the crystals formed in 400 g/L H2SO4 solution are 
30.7 and 69.3 wt.%, respectively. The content of 
CuSO4⋅2H2O in the crystals formed in 500 g/L 
H2SO4 solution is only 19.9 wt.%. This is because 
H2SO4 has dehydration properties, and the higher 
the concentration is, the stronger the dehydration 
properties are. 

Figure 6 shows crystallization curves of Ni in 
different concentrations of H2SO4 solutions, which 
were obtained by adding (NH4)2SO4 into the 
solutions with 20−40 g/L Ni and different H2SO4 
concentrations according to (NH4)2SO4/NiSO4 mole 
ratio of 1:1 and keeping the temperature at −15 °C 
for different time. As seen, the concentration of Ni 

decreases rapidly with keeping time from 3 to about 
10 h, and then it decreases slowly till 48 h. The 
concentration of Ni decreases in the solutions with 
the increase in acidity under the same conditions. 
This can explain why during copper sulfate 
crystallization, the loss of Ni in the form of nickel 
ammonium sulfate increases with the increase    
in the density of the copper electrolyte evaporation 
endpoint and when the evaporation endpoint 
density is controlled at 1.38−1.40 g/mL, the 
crystallized copper sulfate contains almost no    
Ni [14]. From Fig. 6(c), it can be found that by 
adding (NH4)2SO4 into the electrowinning solution 
and freezing at −15 °C for 10 h, the crystallization 
rate of Ni can reach >80%. This shows that the 
method of double salt crystallization can not only 
significantly increase the crystallization rate of Ni, 
but also greatly shorten the crystallization time 
compared with nickel sulfate crystallization. 

Figure 7 shows the XRD spectra of Ni crystal 
products formed in the solutions corresponding to  
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Fig. 6 Crystallization curves of Ni in different concentrations of H2SO4 solutions at −15 °C: (a) 200 g/L; (b) 300 g/L;     
(c) 400 g/L; (d) 500 g/L 
 

 
Fig. 7 XRD spectra of Ni crystal products formed in different concentrations of H2SO4 solutions by keeping at −15 °C 
for 36 h: (a) 200 g/L; (b) 300 g/L; (c) 400 g/L; (d) 500 g/L 
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Fig. 6 by keeping the temperature at −15 °C for 
36 h. Figure 7 shows that the crystals formed by 
NiSO4 and (NH4)2SO4 in 200−500 g/L H2SO4 
solutions are pure matters of Ni(NH4)2(SO4)2⋅6H2O. 
This indicates that the structure of Ni(NH4)2- 
(SO4)2⋅6H2O is stable in H2SO4 solutions. Based on 
the difference in solubility of Cu and Ni in the 
H2SO4 solution containing (NH4)2SO4 in Figs. 4 and 
6, by comparing Figs. 5 and 7, it can be found that 
by adding (NH4)2SO4 into the electrowinning 
solution listed in Table 1 and freezing at −15 °C, the 
Ni(NH4)2(SO4)2⋅6H2O crystals without Cu can be 
obtained. Moreover, by freezing the self-purified 
solution listed in Table 1 at −10 °C to further 
remove Cu, and then adding (NH4)2SO4 to 
crystallize Ni at −15 °C, the crystals of 
Ni(NH4)2(SO4)2⋅6H2O without Cu can be obtained 
as well. That is to say, to obtain copper-free nickel 
ammonium sulfate crystals from copper electrolyte 
using the method of double salt crystallization, the 
concentrations of H2SO4 and Cu should be 
maintained at ≥400 and ≤6 g/L, respectively. In this 
way, the production of black copper sludge can be 
avoided, and the method of double salt 
crystallization become a clean, environmentally- 
friendly, cost-effective and efficient method for 
separating and recovering Ni from copper 
electrolyte. 
 
3.3 Separation of Ni from copper electrolyte 

Table 2 gives the experimental results of 
double salt crystallization to separate Ni from the 
self-purified solution listed in Table 1, which were 
obtained by adding (NH4)2SO4 into it according to 
different (NH4)2SO4/NiSO4 mole ratios and keeping 
the temperature at −20 °C for 16 h. As can be seen, 
the Cu and Ni contents remaining in the solution 
both decrease with the increase in (NH4)2SO4/ 

NiSO4 mole ratio, and the decreasing rate of Ni is 
faster than that of Cu. This indicates that NiSO4 in 
the copper electrolyte is easier to combine with 
(NH4)2SO4 to form a double salt than CuSO4. 
Figure 8 shows the XRD spectra of the crystals 
obtained by adding (NH4)2SO4 according to 
(NH4)2SO4/NiSO4 mole ratio of 1:1 into the  
solution and keeping at −20 °C for 16 h. As    
seen, the obtained crystals are mixtures of 
Cu(NH4)2(SO4)2⋅6H2O and Ni(NH4)2(SO4)2⋅6H2O. 
The contents of Cu(NH4)2(SO4)2⋅6H2O and 
Ni(NH4)2(SO4)2⋅6H2O in the crystals obtained by 
XRD-rietveld analysis are 12.1 and 87.9 wt.%, 
respectively, which is consistent with the    
results calculated from Tables 1 and 2. This shows 
that as long as Ni(NH4)2(SO4)2⋅6H2O exists, 
Cu(NH4)2(SO4)2⋅6H2O can also be formed even   
in the solution containing 300−400 g/L H2SO4.  
This is due to the similar structure of 
Ni(NH4)2(SO4)2·6H2O and Cu(NH4)2(SO4)2⋅6H2O. 
Cu2+ ions can exist in the form of isomorphism in 
the crystals. 

Table 2 shows that the utilization rate of 
(NH4)2SO4 becomes higher and higher with the 
decrease in (NH4)2SO4/NiSO4 mole ratio, and its 
utilization rate is close to 100% when the molar 
ratio is ≤0.8. This indicates that as long as the 
(NH4)2SO4/NiSO4 mole ratio is ≤0.8, (NH4)2SO4 
will not accumulate in the solution, and if the 
solution contains Cu ≤8.5 g/L, by controlling 
(NH4)2SO4/NiSO4 mole ratio ≤0.8, the (NH4)2SO4 
can be quantitatively combined with Ni to form  
the crystals of Ni(NH4)2(SO4)2⋅6H2O without Cu. 
Therefore, to recover Ni from the copper electrolyte 
by double salt crystallization, the mole ratio of 
(NH4)2SO4/NiSO4 should be maintained at ≤0.8. 

Table 3 gives the experimental results obtained 
by freezing the electrowinning solution listed in 

 
Table 2 Experimental results of double salt crystallization to separate Ni from self-purified solution 

(NH4)2SO4/NiSO4 
mole ratio 

Concentration of 
 residual Ni/ 

(g·L−1) 

Concentration of 
 residual Cu/ 

(g·L−1) 

Concentration of 
 residual (NH4)2SO4/ 

(g·L−1) 

Ni  
crystallization 

 rate/% 

(NH4)2SO4 
utilization 
 rate/% 

0.7 11 10.7 5.59 64.98 100.52 

0.8 9.2 10.02 6.4 70.71 99.31 

0.9 7.08 8.97 7.42 77.46 97.8 

1 5.31 8.44 8.17 83.09 96.69 

1.1 4.22 7.8 9.79 86.56 94.3 

1.2 2.54 6.7 11.29 91.91 92.11 
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Fig. 8 XRD spectra of crystals formed in copper 
electrolyte listed in Table 1 by adding (NH4)2SO4 
according to (NH4)2SO4/NiSO4 mole ratio of 1:1 and 
then keeping at −20 °C for 16 h 
 
Table 1 by adding or without adding (NH4)2SO4 to 
crystallize nickel at −15 °C for 16 h. The addition 
of (NH4)2SO4 in the solution is according to 
(NH4)2SO4/NiSO4 mole ratio of 0.8. It can be seen 
from Table 3 that after adding (NH4)2SO4 with an 
(NH4)2SO4/NiSO4 mole ratio of 0.8, the recovery of 
Ni is 80.02%, and the concentration of (NH4)2SO4 
in the solution hardly changes before and after 
crystallization. However, without the addition of 
(NH4)2SO4, the crystallization rate of Ni is only 
~60%, and copper must be removed by 
electrowinning before Ni crystallization. Therefore, 
the double salt crystallization not only effectively 

improves the crystallization efficiency of Ni in the 
copper electrolyte, but also greatly reduces the cost 
of Ni separation and recovery. 

Table 4 gives the compositions of the crystals 
obtained from the solutions listed in Table 3. It can 
be seen from Table 4 that the purity of nickel sulfate 
obtained by freezing crystallization without adding 
(NH4)2SO4 is only 86.94 wt.%, while the purity of 
nickel ammonium sulfate obtained by adding 
(NH4)2SO4 to freeze crystallization is 99.39 wt.%. 
This fully shows the purification advantage of 
double salt crystallization in separating nickel from 
the copper electrolyte. 

 
3.4 Production of nickel sulfate 

The decomposition temperature of NiSO4 is 
above 840 °C, while that of (NH4)2SO4, CuSO4,  
and FeSO4, etc is below 700 °C [20]. The 
Ni(NH4)2(SO4)2⋅6H2O listed in Table 4 was 
recrystallized and pyrolyzed at 760 °C for 3 h. 
Recrystallization can deeply separate the impurities, 
such as Ca, Na and As. Then, the pyrolysis product 
was added into boiling water under stirring to 
dissolve. During the dissolution, some Ni(OH)2  
was added to maintain the pH to 6.5−6.7. After 
filtration, the main components of the solution are 
listed in Table 5. As can be seen, the purity of 
NiSO4 solution obtained by Ni(NH4)2(SO4)2⋅6H2O 
recrystallization, pyrolysis, dissolution and 
filtration has met the needs of nickel sulfate 
crystallization. The product of nickel sulfate with a 
purity of 99.9 wt.% was obtained by concentrating 

 
Table 3 Compositions of electrowinning solution after freezing crystallization nickel sulfate or nickel ammonium 
sulfate (g/L) 

Copper electrolyte Cu Ni As Sb Bi H2SO4 (NH4)2SO4 

Without adding (NH4)2SO4 3.83 12.14 14.20 0.29 0.08 400.6 2.53 

Adding (NH4)2SO4 3.83 6.01 14.21 0.29 0.08 401.4 5.91 
 
Table 4 Compositions of crystals obtained from solutions listed in Table 3 (wt.%)  

Copper electrolyte Ni Cu As Sb Bi Fe Zn Ca Pb 

Without adding (NH4)2SO4 19.57 0.61 0.18 0.02 0.01 0.21 0.24 0.12 0.02 

Adding (NH4)2SO4 14.78 0.14 0.03 0.01 0.01 0.03 0.05 0.01 0.01 
 
Table 5 Composition of dissolved solution of Ni(NH4)2(SO4)2⋅6H2O pyrolysis product (mg/L) 

Ni Na Cu As Sb Bi Fe Zn Ca Mg 

56.89* 19 3 <1 <1 <1 2 35 15 11 
*—g/L 
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crystallization. The flue gas produced in the 
pyrolysis is absorbed by water to recover 
(NH4)2SO4. The dissolved residue obtained by 
filtration is used for comprehensive recovery. The 
production mechanism of nickel sulfate by 
Ni(NH4)2(SO4)2⋅6H2O pyrolysis and dissolution  
can be expressed by the following reactions:  
3Ni(NH4)2(SO4)2⋅6H2O   

3NiSO4+4NH3↑+3SO2↑+9H2O↑+N2↑     (1)  
2FeSO4  2FeO+O2↑+2SO2↑                (2)  
2CuSO4⋅5H2O  2CuO+O2↑+2SO2↑+10H2O↑  (3)  
4ZnSO4⋅7H2O    

2ZnO⋅ZnSO4+O2↑+2SO2↑+28H2O↑      (4)  
ZnSO4+Ni(OH)2=NiSO4+Zn(OH)2↓          (5)  
2NH3+SO2+H2O2=(NH4)2SO4                    (6) 
 
4 Conclusions 
 

(1) Both NiSO4 and CuSO4 can combine with 
(NH4)2SO4 to form the double salts containing 
ammonium. The double salts are Ni(NH4)2(SO4)2⋅ 
6H2O and Cu(NH4)2(SO4)2⋅6H2O, respectively. At 
the same temperature, the solubility of CuSO4 is 
less than that of NiSO4, while the solubility of 
Ni(NH4)2(SO4)2⋅6H2O is less than that of 
Cu(NH4)2(SO4)2⋅6H2O. 

(2) In copper electrolyte, (NH4)2SO4 is 
preferentially combined with NiSO4 to form a 
double salt. As long as the amount of (NH4)2SO4 
added is well controlled, selective crystallization of 
Ni(NH4)2(SO4)2⋅6H2O can be achieved in the 
purification of copper electrolyte. 

(3) If Cu concentration is ≤6 g/L in the copper 
electrolyte containing 380−400 g/L H2SO4, by 
adding (NH4)2SO4 according to (NH4)2SO4/NiSO4 
mole ratio ≤0.8, not only the crystal of 
Ni(NH4)2(SO4)2⋅6H2O without Cu can be obtained, 
but also the accumulation of (NH4)2SO4 can be 
avoided after freezing crystallization at −15 °C for 
8−10 h. The obtained Ni(NH4)2(SO4)2⋅6H2O can be 
used to produce qualified nickel sulfate products. 
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硫酸镍铵复盐结晶法分离回收铜电解液中的镍 
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摘  要：研究采用硫酸镍铵复盐结晶从铜电解液中分离回收镍的方法。研究发现，在相同温度的溶液中，硫酸铜

的溶解度小于硫酸镍的溶解度，而硫酸铜铵的溶解度大于硫酸镍铵的溶解度。因此，加入(NH4)2SO4 可使铜电解

液中的镍选择性结晶析出。按(NH4)2SO4/NiSO4 摩尔比≤0.8 加入(NH4)2SO4，在−15 ℃冷冻结晶 10 h，可使其中的

镍以 Ni(NH4)2(SO4)2⋅6H2O 的形式结晶析出。将所得结晶物热解，再将热解产物加水溶解，最后将溶解液浓缩结

晶得到合格的 NiSO4⋅6H2O 产品。复盐结晶法是一种清洁环保、经济高效的从铜电解液中分离回收镍的方法。 
关键词：铜电解液；镍；结晶；硫酸镍铵 
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