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[0132] 

 

[0133] 

 

[0134]  

[0135] 

 

[0136] 

 

[0137]  

[0138]  

[0139]  

 Ni Co Mg Mn Zn 

Content (wt%) 38.0 3.80 1.40 6.15 0.90 

[0140] 

 

[0141]  

 Ni Co Mg Mn Zn 

Content (g/L) 100.1 10.3 5.11 9.87 2.33 

[0142] 
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[0143] 

 

[0144]  

 pH 5.0 

Ni Co Mg Mn Zn 

Loading rate (%) 1.18 94.8 68.2 96.3 99.9 

 pH 5.2 

Ni Co Mg Mn Zn 

Loading rate (%) 1.20 97.5 70.0 99.0 99.9 

 pH 5.4 

Ni Co Mg Mn Zn 

Loading rate (%) 1.55 97.8 70.5 99.2 99.9 

[0145] 

 

[0146] 

 

[0147] 

 

[0148] 
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[0149]  

 Filtrate 2.0 Equivalent 

Added 

2.2 Equivalent 

Added 

2.4 Equivalent 

Added 

Mg Ca Mg Ca Mg Ca Mg Ca 

Content mg/L 1,024 184 252.2 68.2 204.8 55.1 205.0 54.9 

[0150] 

 

[0151] 

 

[0152]  

 1.0 Equivalent Added 

Co Cu Zn Mn Mg 

Content (%) 35.2 0.08 7.76 2.82 0.12 

 1.3 Equivalent Added 

Co Cu Zn Mn Mg 

Content (%) 37.0 0.04 8.76 2.59 0.05 

 1.6 Equivalent Added 

Co Cu Zn Mn Mg 

Content (%) 37.0 0.05 8.72 2.52 0.03 

[0153] 

 

[0154] 
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[0155] 

 

[0156]  

 4.5 Equivalent Added 

Co Cu Zn Mn Mg 

Removal rate (%) 0.04 94.2 0.03 1.00 1.92 

 5.0 Equivalent Added 

Co Cu Zn Mn Mg 

Removal rate (%) 0.04 96.5 0.01 1.01 2.00 

 5.5 Equivalent Added 

Co Cu Zn Mn Mg 

Removal rate (%) 0.05 96.3 0.02 1.08 2.21 

[0157] 

 

[0158] 

 

[0159] 

 

[0160]  

 pH 2.4 

Co Zn Mn Mg 
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Loading rate (%) 0.02 99.6 68.2 30.8 

 pH 2.8 

Co Zn Mn Mg 

Loading rate (%) 0.10 100 75.0 40.0 

 pH 3.2 

Co Zn Mn Mg 

Loading rate (%) 0.38 100 80.2 43.3 

[0161] 

 

[0162] 

 

[0163] 

 

[0164]  

Metal Content in Final Aqueous Solution Containing Nickel After Impurity Removal 

 Ni(g/L) Co Mg Mn Zn 

Content (mg/L) 131.3 17.9 18.9 2.87 2.88 

[0165]  

Metal Content in Final Aqueous Solution Containing Cobalt After Impurity Removal 

 Co(g/L) Cu Zn Mn Mg 

Content (mg/L) 110.6 3.63 3.38 12.0 11.4 

[0166] 

 



20 

[0167] 
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WHAT IS CLAIMED IS:

 

1. A method for producing an aqueous solution containing nickel or cobalt comprising: 

(A) a leaching step, which includes a first atmospheric pressure heating leaching step 

and a second atmospheric pressure heating leaching step, in which a raw material is heated and 

leached under an atmospheric pressure to form a leachate solution containing nickel, cobalt, and 

impurities; 

(B) a first extraction step of separating the leachate solution into a first filtrate 

containing nickel and impurities and a first organic layer containing cobalt and impurities by 

adding a first solvent extractant to the leachate solution; 

(C-i) a precipitation removal step of precipitating and removing impurities including 

magnesium, calcium, or a mixture thereof by adding a precipitating agent to the first filtrate; and 

(D-i) a target material precipitation step of selectively precipitating a nickel cake 

containing nickel by adding a neutralizing agent to the first filtrate from which the impurities are 

precipitated and removed. 

 

2. A method for producing an aqueous solution containing nickel or cobalt comprising: 

(A) a leaching step, which includes a first atmospheric pressure heating leaching step 

and a second atmospheric pressure heating leaching step, in which a raw material is heated and 

leached under an atmospheric pressure to form a leachate solution containing nickel, cobalt, and 

impurities; 

(B) a first extraction step of separating the leachate solution into a first filtrate 

containing nickel and impurities and a first organic layer containing cobalt and impurities by 

adding a first solvent extractant to the leachate solution; and 

(C-ii) a purification step of removing impurities including magnesium, manganese, zinc, 

copper, or mixtures thereof by adding a sulfuric acid solution to the first organic layer to produce 

a second filtrate, and adding sulfide to the second filtrate to precipitate and recover a cobalt 

precipitate. 

 

3. The method of Claim 1 or 2, wherein a pH of the filtrate obtained in the second 
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atmospheric pressure heating leaching step is lower than a pH of the filtrate obtained in the first 

atmospheric pressure heating leaching step. 

 

4. The method of Claim 1 or 2, wherein the filtrate obtained in the second atmospheric 

pressure heating leaching step is fed to the first atmospheric pressure heating leaching step. 

 

5. The method of Claim 1 or 2, wherein the first solvent extractant is bis (2,4,4-

trimethylpentyl) phosphinic acid. 

 

6. The method of Claim 1 or 2, wherein the first extraction step is carried out at a 

temperature of 40 degrees C and a pH of greater than 5.0 and less than 5.4. 

 

7. The method of Claim 1, wherein the precipitating agent is sodium fluoride. 

 

8. The method of Claim 1, wherein the precipitating agent is added in an amount of more 

than 2.0 equivalents and less than 2.4 equivalents of an amount of the magnesium, calcium, or a 

mixture thereof. 

 

9. The method of Claim 1, wherein the neutralizing agent is a basic material containing 

sodium. 

 

10. The method of Claim 1, wherein after the neutralizing agent is added, a pH of the first 

filtrate is 8 or more at a temperature of 85 degrees C. 

 

11. The method of Claim 1, further comprising: 

(E-i) a washing step of washing the nickel cake with pure water. 

 

12. The method of Claim 2, wherein the sulfide is sodium hydrogen sulfide (NaSH). 

 

13. The method of Claim 2, wherein the sulfide is added in an amount of more than 1.0 
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equivalents and less than 1.6 equivalents of an amount of the cobalt and zinc.

 

14. The method of Claim 2, further comprising: 

(D-ii) a copper removal step of dissolving the cobalt precipitate in a sulfuric acid 

solution and then removing copper. 

 

15. The method of Claim 13, wherein the copper removal step is performed by adding 

sodium hydrogen sulfide (NaSH) in an amount greater than 4.5 equivalents and less than 5.5 

equivalents of an amount of the copper. 

 

16. The method of Claim 14, further comprising: 

(E-ii) a second extraction step of separating the copper-removed aqueous solution into a 

third filtrate containing cobalt and impurities and a second organic layer containing zinc and 

impurities by adding a second solvent extractant to the copper-removed aqueous solution. 

 

17. The method of Claim 16, wherein the second solvent extractant is D2EHPA (di-(2-

ethylhexyl) phosphoric acid). 

 

18. The method of Claim 16, wherein the second extraction step is carried out at a pH of 

greater than 2.4 and less than 3.2 at a temperature of 40 degrees C. 

 

19. The method of Claim 16, further comprising: 

(F) a precipitation removal step of precipitating and removing impurities including 

magnesium by adding a precipitating agent to the third filtrate. 

 

20. The method of Claim 19, further comprising: 

(G) a target material precipitation step of selectively precipitating a cobalt cake 

containing cobalt by adding a neutralizing agent to the third filtrate from which the impurities are 

precipitated and removed. 

 



24 

21. The method of Claim 20, wherein after the neutralizing agent is added, a pH of the third 

filtrate is 8 or more at a temperature of 85 degrees C. 

 

22. The method of Claim 20, further comprising: 

(H) a washing step of washing the cobalt cake with pure water. 

 


