
United States Patent Office 2,960,400 
Patented Nov. 15, 1960 

2,960,400 
PROCESS FOR SEPARATENG NICKEL CON 
TAINED ENSOLUTIONS OF MEXED COBALT 
ANED NICKEL SALES 

Francis Reynaud, Pombiere St-Marcel, and André Roth, 
Moutiers, France, assignors to Societe d'Electro-Chinie 
d'Electro-Metallurgie et des Acieries Electriques 
d'Ugine, Paris, France, a corporation of France 
No Drawing. Fied May 5, 1958, Ser. No. 732,838 
Claims priority, application France May 7, 1957 

19 Claims. (C. 75-119) 
The present invention involves a process for separating 

nickel from cobalt contained in a solution of mixed salts 
of cobalt and nickel which consists essentially in separat 
ing the nickel by using, jointly with a metal more electro 
negative than nickel, iron for example, a metalloid com 
pound formed from two or more of the following ele 
ments: sulphur, selenium, tellurium, antimony and arse 
nic. A second step of the process involves redissolving the 
separated nickel and then purifying the resulting nickel 
solution to ultimately obtain the nickel in a commercial 
metallic form. 
The present invention is specifically directed to an eco 

nomical process of separating nickel from cobalt and ulti 
mately obtaining a cobalt salt solution substantially free 
from nickel, and a nickel salt solution substantially free 
from cobalt. These solutions may be electrolyzed to ob 
tain the corresponding metals. 

It is well known that a metal may be displaced from 
solutions containing it by another metal having a greater 
electromotive force than the metal in solution. The metal 
which performs the displacement of the metal from the 
solution is more electronegative than the metal in solu 
tion. 

It is also known that displacement of a metal from a 
solution containing it may be promoted by the presence 
of another metal which has a lower electromotive force 
than the metal to be displaced from the solution. This 
metal having a lower electromotive force is more electro 
positive than the metal in solution. For example, in U.S. 
Patent No. 2,509,918 various impurities such as cobalt, 
nickel, cadmium and antimony are eliminated from a 
concentrated solution of zinc sulphate by precipitating the 
impurities with zinc powder mixed with small quantities 
of copper, arsenic and silver. 

It is also well known, as evidenced by U.S. Patent No. 
2,671,712, that the separation of nickel from a solution 
containing salts of cobalt and nickel can be promoted by 
adding various elements such as sulphur, arsenic anti 
mony, selenium and tellurium. However, this patent does 
not recognize that compounds of sulphur, arsenic, anti 
mony, selenium and tellurium are more active in promot 
ing the separation of the nickel than the elements are 
when individually used. 

It is also well known, as evidenced by U.S. Patent No. 
2,829,965, that sulpharsenide and arsenide ores of co 
balt and nickel are effective in promoting the separation 
of nickel from a solution containing salts of cobalt and 
nickel. However, this patent does not recognize that 
metalloid compounds consisting solely of sulphur, arsenic, 
antimony, selenium and tellurium are also active in pro 
moting the separation of the nickel. The metalloid com 
pounds of the present invention contain only metalloidic 
elements while the compounds of the last mentioned pat 
ent contains a metal in combination with metalloidic ele 
ments. 

It is an extremely difficult problem to separate nickel 
from a nickel-cobalt solution when the nickel is contained 
therein in very small quantities in proportion to the co 
balt. This difficulty is due particularly to the fact that 
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electromotive force of cobalt and nickel are very close 
to each other in the electromotive force series: -0.24 for 
nickel, and -0.277 for cobalt (Latimer scale). We have 
discovered that some metalloid compounds such as arsen 
ic and antimony sulphides, together with a metal more 
electronegative than nickel, for example iron, are par 
ticularly advantageous in promoting the selective separa 
tion of nickel from nickel-cobalt solutions. Normally, 
copper is also added to the solution to aid in the sepa 
ration. The metalloid compound to be employed in the 
present invention consists of a compound formed entirely 
from two or more of the following metalloid elements: 
sulphur, selenium, tellurium, antimony and arsenic. These 
metalloid compounds are available in the natural state or 
may be chemically prepared. Examples of natural metal 
loid compounds are the realgars, orpiments and stibnites. 
These and other metalloid compounds may also be ob 
tained by chemical synthesis thereof. 
The metalloid compounds have a very noteworthy 

power for promoting the separation of nickel from a 
mixed nickel-cobalt salt solution which appears to be 
directly correlated to the molecular composition of the 
compounds. For example, a mere mixture of the con 
stituents of the compounds, even in proportions equal to 
those that exist in the compound, results in inferior results 
in the process. The following examples clearly illustrate 
this fact: 1,000 cc. of a nickel-cobalt salt solution con 
taining 70 grams cobalt and 7 grams nickel per litre were 
treated at 60° C., pH=2.5, reaction lasting 10 minutes 
in the presence of 9 grams of iron and 0.2 gram of cop 
per, by the following materials: 
(a) 7 grams metallic arsenic alone, 
(b) 7 grams of sulphur flower alone, 
(c) 7 grams of an intimate mixture of arsenic and sul 

phur 
(4.3 grams arsenic--2.7 grams sulphur correspond 

ing to As2S3) 
(d) 7 grams of the arsenic-sulphur compound AsS. 
The quantity of nickel precipitated compared with the 

initial quantity thereof present in the solution was as fol 
lows in each of the four cases: 

(a) 21.5% 
(b) 9.3% 
(c) 13.0% 
(d) 98.0% 

The above examples show that the arsenic sulphide 
compound was the most effective in promoting the sepa 
ration of the nickel from the solution while the arsenic 
Sulphur mixture, even though it contained amounts of 
arsenic and Sulphur strictly adhering to the proportions 
in the compound As2S3, produced the yield of nickel 
grossly inferior to that produced by the arsenic sulphide 
compound. A method of carrying out the present in 
vention is as follows: 
A mixed saline solution of sulphates or chlorides of 

cobalt and nickel is heated to a temperature between 
50-100° C. and thoroughly mixed. Copper is then added 
to the solution in the form of a soluble salt or in the 
form of a sulphide mixed with the metalloid compound. 
Then the metalloid compound is added, possibly simul 
taneously with the copper and the metal more electro 
negative than nickel. The metalloid compound is, for 
example, arsenic sulphide, and can be mixed with the 
copper Sulphide as indicated above. The metal more 
electronegative than nickel can be iron in a finely di 
vided form. Acid is then added to bring the pH of the 
solution to about 2.5 as rapidly as possible, and there 
after acid additions are made to maintain the pH close 
to 2.5 throughout the operation. The temperature is 
maintained between 50-100° C. until the nickel contained 
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in the original solution has almost completely disappeared. 
The disappearance of the nickel from the solution can 
be determined in any known manner. 
The solids in the solution are composed essentially of 

the metalloid compound, copper, nickel (completely or 
partially combined with the metalloid compounds), a 
Small amount of cobalt which has been precipitated along 
with the nickel, and any excess portion of the metal more 
electronegative than nickel, such as iron. The solids are 
separated from the solution by filtration, the residue on 
the filter is washed and the wash liquid added to the 
filtrate from the filtration step. 
The filtrate contains substantially pure cobalt, prac 

tically free from nickel. The filtrate can be treated in 
any well-known manner to eliminate small impurities 
Such as iron, and is finally electrolyzed to extract the 
metallic cobalt therefrom. 
The Second step of the process is directed toward a 

solubilization of the nickel in the residue from the above 
filtration step, and may be performed in any known 
Inter and in particular by the steps described herein 
after. 
The above residue is suspended in an aqueous medium 

and gaseous chlorine is bubbled through until the nickel, 
and possibly any included cobalt, is totally dissolved. 
The other metals contained in the solids are at least partly 
dissolved during the chlorination. The suspension is then 
filtered to remove any remaining residue, which residue 
is normally sulphur, when the starting metalloid com 
pound is a sulphide. This filtrate is then strongly acidi 
fied and a metallic sulphide, for example iron sulphide, 
or hydrogen sulphide, is added to precipitate the arsenic 
and copper in the form of sulphides if the metalloid com 
pound is As2S3. The solution is again filtered to remove 
the arsenic and copper sulphides which are returned to 
the first step of the process to be reused. As the metalloid 
compound (arsenic sulphide) is repeatedly reused, the 
copper progressively becomes interspersed through the 
compound. Therefore, it is advisable to periodically re 
move the metalloid compound and copper from the process 
and separate the copper by any known method before 
reintroducing the materials into the process. This re 
Sults in a separation of the copper from the metalloid 
compound. . . . . . . . . . . 

The filtrate from the last mentioned filtration step, to 
which any wash liquid used in washing the obtained 
residue has been added, contains the remaining metals 
including the nickel and possibly small amounts of cobalt. 
This solution is then treated to precipitate the cobalt and 
iron as hydroxides in a well-known manner. The cobalt 
is obtained in the form of solid cobalt hydroxide and 
includes a small amount of nickel. After filtration of 
the solution, the residue is recycled to the first step of 
the process and thereby reprocessed. The filtrate is now 
a solution of substantially pure nickel which is electrolyzed 
to obtain metallic nickel. 
A good separation of the nickel is effected by maintain 

ing the pH constant throughout the whole process. The 
pH may vary between 1 and 5, but preferably its value 
is maintained at about 2.5. As the pH is increased from 
2.5 to 5, the amount of cobalt precipitated along with 
the nickel, increases. As the pH is reduced from 2.5 
to 1, the yield of nickel decreases progressively. The 
regulation of the pH at the desired value and the use of 
only the exact amount of metal more electronegative than 
nickel necessary to precipitate the nickel tends to limit 
the amount of cobalt coprecipitated with the nickel. 
The amount of metal more electronegative than nickel 

which is added to the solution can be in an amount rang 
ing from 1 to 5 times the amount of nickel present, on 
an atomic basis, but preferably the amount of metal added 
is maintained between 1.1 and 1.3 of the amount of nickel 
present, on an atomic basis. - 
The reaction rate depends upon the amount of the 

metalloid compound added in proportion to the amount 
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4. 
of nickel present. Preferably the metalloid compound is 
added in an amount ranging from 1 to 2 times the amount 
of nickel present in the solution, on a weight basis. For 
example, with all other operating conditions being con 
stant, 98% of the nickel was precipitated at a tempera 
ture of about 85 C. in one minute when the weight 
ratio of arsenic sulphide to nickel present was equal to 
about 2; and in ten minutes when the ratio of arsenic 
sulphide to nickel present was equal to about 1. 
The effect of the presence of the addition of copper 

to the solution to be treated is to increase the speed of 
the precipitation of the nickel. Thus, if all other operat 
ing conditions are the same, a precipitation of 98% of 
the nickel in the solution was obtained in ten minutes 
when no copper was present in the solution; but, with 
the addition of copper to the solution in a form of soluble 
salt equal to 100 milligrams for each 7 grams of nickel 
present, the 98% precipitation of nickel was obtained 
under the same operating conditions in five minutes. 

If the solution of mixed cobalt and nickel salts does 
not contain any copper initially, the copper may be added 
in the form of a soluble salt. The copper present, or to 
be added to the solution, must be in the range of 0.3–2% 
by weight of the nickel present in the solution. The 
copper may also be added in the form of copper sulphide 
simultaneously with the metalloid compound addition; 
however, when this copper compound is used, the pro 
portion of copper sulphide which must be added, com 
pared to the nickel present, is about 10-25%. , 
The reaction rate also depends upon the temperature 

used in the process. The rate increases as the tempera 
ture increases, and to render the operation economically 
interesting and feasible, the temperature must be main 
tained between 50-100° C. and is preferably maintained 
at about 60° C. 
The reaction speed also increases as the metal more 

electronegative than nickel is more finely divided. 
Example 

100 litres of a solution of mixed cobalt and nickel chlo 
rides containing 65 grams of cobalt and 7.3 grams of 
nickel per litre were combined with 116 grams of cobalt 
and 7 grams of nickel in the chloride form coming from 
the hydrochloric dissolution of a nickel-cobalt hydroxide 
obtained during the second step of a previous run of the 
proceSS. - ... - 

14 grams of copper in chloride form were introduced 
into the solution. The solution was then heated to 60° 
C., and 810 grams of arsenic trisulphide and 940 grams 
of iron powder, passing through a 100 sieve, were added 
to the solution. Hydrochloric acid was then progressively 
added to maintain a pH of 2.5 in the solution and addi 
tional hydrochloric acid was periodically added to main 
tain this pH throughout the whole operation. 
The temperature was maintained at about 60° C. and 

after about ten minutes most of the nickel had precipi 
tated, partly in a form combined with the arsenic sul 
phide, and partly in a form of metallic nickel. 
The solid residue was filtered from the solution and 

washed with 15 litres of cold water until only traces of 
the cobalt were determinable in the wash water. The 
filtrate and wash water were combined and contained 11 
grams of nickel and 6.499 grams of cobalt. Therefore, 
98.5% of the nickel had been extracted, and 1.76% of 
the cobalt had been coprecipitated with the nickel. 
The filtrate was then further treated in a well-known 

manner to remove any impurities and electrolyzed to ob 
tain metallic cobalt. 
The washed solid residues from the filtration were then 

suspended in water and chlorine gas bubbled through 
until the nickel and cobalt contained in the residues were 
completely dissolved. After filtration, hydrogen Sulphide 
was then bubbled through the suspension to precipitate 
the arsenic and copper in the form of sulphides. This 
suspension was then filtered to remove the arsenic and 
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copper sulphides, which were washed and recycled to the 
beginning of the process. 
The filtrate, containing nickel and cobalt chloride, was 

then treated in a well-known manner to precipitate the 
iron. After this treatment, the solution contained 725.9 
grams of nickel and 116 grams of cobalt. The cobalt 
was then separated in the form of a hydroxide which 
carried along 7 grams of nickel. The cobalt hydroxide 
and nickel were filtered from the solution and returned 
to the first step of the process to be reprocessed. The 
filtrate was substantially pure nickel containing only a 
few traces of cobalt. This filtrate was electrolyzed to 
obtain metallic nickel. 
The invention is not limited to the preferred embodi 

ment but might be otherwise embodied or practiced within 
the scope of the following claims. 
We claim: 
1. A process for separating nickel from cobalt con 

tained in a solution of mixed salts of cobalt and nickel 
which comprises adding to said solution a solid metal 
more electronegative than nickel and a solid metalloid 
compound consisting essentially of at least two of the 
members from the group consisting of sulphur, selenium, 
tellurium, antimony and arsenic, maintaining the pH of 
the solution between 1-5; the nickel separating from the 
solution as a solid material; and separating the solids 
containing the nickel from the solution containing sub 
stantially only cobalt. 

2. A process according to claim 1 wherein said solid 
metal is added in an amount ranging about 1 to 5 times 
the amount of nickel present, on an atomic basis. 

3. A process according to claim 1 wherein said solid 
metal is added in an amount ranging about 1.1 to 1.3 
times the amount of nickel present, on an atomic basis. 

4. A process according to claim 1 wherein said solid 
metalloidal compound is added in an amount ranging 
about 1 to 2 times the amount of nickel present, on a 
weight basis. 

5. A process according to claim 1 wherein said solid 
metalloidal compound is added in an amount ranging 
about 1 to 2 times the amount of nickel present, on a 
weight basis; and said solid metal is added in an amount 
ranging about 1.1 to 1.3 times the amount of nickel 
present, on an atomic basis. 

6. A process according to claim 1 wherein copper is 
added to the solution. 

7. A process according to claim 1 wherein said solid 
metalloidal compound is added in an amount ranging 
about 1 to 2 times the amount of nickel present, on a 
weight basis; and said solid metal is added in an amount 
ranging about 1.1 to 1.3 times the amount of nickel pres 
ent, on an atomic basis; and copper is added to the solu 
tion in an amount ranging about 0.3 to 2.0% of the 
amount of nickel present, on a weight basis. 

8. A process for separating nickel from cobalt con 
tained in a mixed solution of the salts of cobalt and nickel 
which comprises adding to said solution a solid metal 
more electronegative than nickel and a solid compound 
consisting essentially of arsenic and sulphur, maintaining 
the pH of the solution between about 1 to 5 and the tem 
perature of the solution sufficiently high to separate the 
nickel from the solution as a solid; separating the solids 
containing the nickel from the solution containing sub 
stantially only cobalt. 

9. A process according to claim 8 wherein the solution 
is maintained at a temperature between 50-100° C. 

10. A process according to claim 8 wherein the pH 
is maintained at about 2.5. 

11. A process for separating nickel from cobalt con 
tained in a mixed solution of the salts of cobalt and nickel 
which comprises adding to said solution a solid metal 
more electronegative than nickel and a compound con 
sisting essentially of As2S3; maintaining the pH of the 
solution between about 1 to 5 and the temperature of 
the solution sufficiently high to separate the nickel from 
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the solution as a solid; separating the solids containing 
the nickel from the solution containing substantially only 
cobalt. 

12. A process according to claim 11 wherein said solid 
metal is iron. 

13. A process according to claim 11 wherein the solu 
tion is maintained above 50' C. during the process and 
the pH is maintained at about 2.5. 

14. A process according to claim 11 wherein said solid 
metal is added to the solution in an amount ranging about 
1.1 to 1.3 times the amount of nickel present, on an 
atomic basis; and the AsS is added to the solution in an 
amount ranging about 1 to 2 times the amount of nickel 
present, on a weight basis. 

15. A process according to claim 11 including forming 
an aqueous suspension of the solids containing the nickel, 
chlorinating the suspension to dissolve the nickel, add 
ing a sulphide compound to the Suspension to convert 
any arsenic and copper in the suspension into sulphides, 
removing the arsenic and copper sulphides from the sus 
pension, and removing any cobalt from the suspension in 
the form of a hydroxide to produce a solution of sub 
stantially pure nickel. 

16. A process for separating nickel from cobalt con 
tained in a solution of mixed salts of cobalt and nickel 
which process consists essentially of adding to said solu 
tion a solid metal more electronegative than nickel and 
a solid metalloid compound formed solely from at least 
two members from the group consisting of sulphur, seleni 
um, tellurium, antimony and arsenic; said compound be 
ing substantially free of nickel and cobalt; maintaining 
the pH between about 1–5; the nickel in the solution 
separating as a solid material; and separating the solids 
containing the nickel from the solution containing sub 
stantially only cobalt. 

17. In the removal of nickel from aqueous solutions 
containing nickel and cobalt in the form of their soluble 
salts; the process which comprises heating such a solu 
tion to a temperature between about 50-100° C. and at a 
pH between about 1–5; said solution containing a solid 
metal more electronegative than nickel and a solid metal 
loidal compound consisting essentially of at least two 
members from the group consisting of sulphur, selenium, 
tellurium, antimony and arsenic, in amounts sufficient to 
separate substantially all of the nickel from the solution 
as a solid material, and separating the solids containing 
the nickel from the solution containing substantially only 
cobalt. 

18. The process according to claim 17 wherein said 
solid metal is present in the solution in a quantity 1 to 5 
times the quantity of nickel present in the solution, on an 
atomic basis; and the solid metalloid compound is pres 
ent in the solution in a quantity 1 to 2 times the quan 
tity of nickel present in the solution, on a weight basis. 

19. In the removal of nickel from aqueous solutions 
containing nickel and cobalt in the form of their soluble 
Salts; the process which comprises heating such a solu 
tion to a temperature above 50° C. and at a pH be 
tween about 1-5; said solution containing a solid metal 
more electronegative than nickel and a solid metalloid 
material, in amounts sufficient to separate substantially 
all of the nickel from the solution as a solid material, 
and separating the solids containing the nickel from the 
Solution containing substantially only cobalt; the improve 
ment which consists in using as said solid metalloid ma 
terial a solid metalloid compound consisting essentially of 
at least two members from the group consisting of sul 
phur, selenium, tellurium, antimony and arsenic. 
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