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:1 
This invention relates as indicated to the 

method for the separation of cobalt and nickel 
from solutions, and is especially useful as a fur 
ther step in the generaleprocessy of refining cobalt 
ores as disclosed in my -copending application, 
Serial No. 371,509, ñled December 24, 1940, now 
Patent No. 2,379,659. 
The process of my said .application concludes 

with a double chloride solution of cobalt and 
nickel. Such solutionmay Yalso contain minor 
amountsY of other chlorides with which, however, 
the present process is-notconcerned. 

It is a principal object ¿ofthefpresent invention 
to provide a process by .which the cobalt and 
nickel components of a double chloride solution 
may be separated‘therefrom in substantially pure 
form with each component, i.l e.,nickel.or. cobalt, 
uncontaminated‘by any 'substantial amounts of 
the other component. ’ 

Other objects of «mylinvention Awill appear as 
the description proceeds. 
To the accomplishment'of ‘the foregoing and 

related ends, said inventionJthen comprises " the 
features hereinafter ?fullyfdescribed and particu- 25 
larly pointed out ­in„the.claims,î'the following de 
scription setting forthfinrdetail-,certain illustra 
tiveembodiments of the ­invention, these being 
indicative, however„,of.,but alfeW of the various 
Ways in which the principlerof ,the invention 30 
may be employed. . 

Broadly stated, thisinvention ycomprises ï the 
process which is characterizedin that the cobalt 
and nickel components are first converted to 
the corresponding hydroxide. Substantially all 
of the nickel hydroxide'isI then reconverted along 
with only some of the'cobaltihydroxide into the 
corresponding chlorides, permitting a recovery 
at this point of a substantial-amount of the cobalt 
in the form of the hydroxideyand then recon 

10 responding hydroxide. 

(Cl. 23-183) 

first treated by bubbling chlorine V'gas there 
through or in any other suitablefashion, in the 
presence of an alkalisuch as calcium carbonate 
resulting in the following representative .reac 

5 tion: 

`The foregoing reaction is indicative of _only 
the conversion of 'the cobalt chloride to the cor 

A similar Aequation might 
be written vfor the conversion of the nickel chlo 
ride `to nickel hydroxide. Throughout the fol 
lowing description of this invention, however, 
representative formulas >will only ~be given for 

1'5 the conversion ,of _the >cobalt component `since 
duplication of such-reactionsforthe nickel com 
ponent is believed unnecessarytothose skilled in 
the art. 

This chlorination-step .is îcarriedon With the 
20 presence in the solution-ofîa~suñ‘icient amount- of 

an alkali such as. calcium:carbonate so as ‘to also 
combine with all of the HC1 formed during the 
conversion of all of the chlorides in this lirst 
chlorinating step. 4The _representative reaction 
‘by Which-,the calciumfcarbonate'thus removes or 
sequesters the HC1­ is as follows: 

After using up all the alkali by Step 1, `Step 2 
comprises chlorination in'the absence of alkali. 
'The excesschlorinepassed into the solution 

by this overchlorination step combines with water 
¿forming hypochloricfacid and hydrochloric acid 
in accordance with the followingrepresentative 
reaction: , 

Verting the chlorides thus formed so as tvpref tion C above makes the lsolution progressively 
cipitate substantially all of the cobalt as the 
hydroxide, and only some of the nickel as the 
hydroxida'leaving Vfor further reconversion and 

more »acid ras y the 1.chlorination step ¿progresses 
The-cobalt hydroxide land nickel hydroxide; pres 
ent are soluble irl-:such yacid vsolution in accord 

reeovery a substantia1 amount of the nickel'free *.45 vv«Suf-10e with the follovvílfleVer representative equation; 
from anysubstantial amount of cobalt. 
For a'fuller understanding of my invention, 

the process may be explained by having detailed 
reference to the various steps performed. 
In said annexed ?flow sheet 

.» Step 1 

The double chloride solution of nickel‘chlori'de 
and cobalt chloride available-for example from 
the process ofnmy said.. copending application is 

The nickel. hydroxide is-more-soluble than the 
cobalt hydroxide in the >weakly acid solution 

Y50 pformed during the early stages of overchlorina 
tion'so> thatthe nickel lhydroxide is progressively 
dissolved Vat a more rapid rate than the cobalt 
hydroxide. It will generally-be found, however, 
that `while the nickel hydroxide vis thus more ' 

55 ̀ soluble in the «weaker acid' solution, - nevertheless, 
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by the time substantially all of the nickel hy 
droxide has thus been dissolved, a small portion 
of the cobalt hydroxide will also have been dis 
solved. 

Step 3 

The solution resulting from the overchlorina 
tion Step 2 above will contain substantially all 
of the nickel in the form of nickel chloride and 
only a minor proportion of the cobalt in the form 
of cobalt chloride. The major proportion of 
the cobalt will be left as precipitated cobalt hy 
droxide, which may be removed by iiltration. 

This step, therefore, is the one which yields 
the segregated cobalt in the form of the hydroxide 
which is substantially free from nickel and which 
may be converted to cobalt oxide by being dried 
and calcined. 

Step 4 
The filtrate resulting from Step 3 above is acid, 

and saturated with chlorine due to the over 
chlorination Step 2 above. In this fourth step, a 
suñicient amount of an alkali or other HCl 
sequestering reagent, such as calcium carbonate, 
is added to the iiltrate in an amount sufficient to 
neutralize the excess acid, thus permitting the 
converting of substantially all of the cobalt chlo 
ride and only some of the nickel chloride into the 
corresponding hydroxides. Because the nickel 
chloride is more soluble in the weaker acid solu 
tion, the cobalt chloride will ñrst be converted to 
the corresponding hydroxide as the HC1 seques 
tering reagent removes the hydrochloric acid 
from the solution. Accordingly, by adding an 
excess amount of the HC1 sequestering reagent, 
all of the cobalt chloride will be converted to 
cobalt hydroxide, and, depending upon the ñnal 
acidity after the reaction ends a small but minor 
amount of the nickel chloride will be converted 
into the corresponding hydroxide, leaving a major 
proportion of the nickel chloride in solution. 

Step 5 

The product of Step 4 above is then filtered, 
removing from the solution substantially all of 
the cobalt in the form of the hydroxide, and only 
a minor amount of the nickel in the form of the 
hydroxide, leaving in the filtrate substantially no 
cobalt chloride but a substantial amount of nickel 
chloride. 

Step 6 

The filtrate resulting from Step 5 above, and 
containing a substantial amount of the nickel 
in the form of the chloride and substantially no 
cobalt, is then precipitated with sodium hydrox 
ide, whereby the nickel chloride is­ converted to 
the hydroxide as follows: 

The suspension of nickel hydroxide resulting 
from Step 6 above is then filtered, separating the 
nickel hydroxide. This is the step which yields 
the segregated nickel in the form of the hydroxide 
substantially free from cobalt. The nickel hy 
droxide thus segregated may then be converted 
to the oxide by drying and calcining. 

Step 8 

It will be recalled that in Step 4 above, there 
was formed a mixture of cobalt and nickel hy 
droxides which were then removed by filtering in 
Step 5. This mixture of hydroxides in this Step 
8 is then repulped with water and added to fur 
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`4 
ther cobalt-nickel chloride liquor used in Step 1 
above, so that the amounts of cobalt and nickel 
included in this mixture of hydroxides will pass 
through the remaining sequence of steps and be 
ultimately recovered either as cobalt in Step 3, 
or as nickel in Step 7. 
As an indication of relative quantities of the 

materials in the various steps as above outlined, 
in a commercial operation in accordance with the 
process of my invention, the following is sub 
mitted: 

Analysis of combined chloride solution (mother 
liquor) : 

Co­­­2.05 g./l. 
Ni-10.40 g./l. 

Volume of chloride solution taken, 1000 gal. 0; 

Mixed cake from previous chlorination; weight 
taken wet 12.7#. 
Analysis: 

Co­­13.1% 
Ni­-2.6% 
H2O-62% 
CaCO3-8% 

Weights added in mixed cake: 
Co-1.66# 
Ni-.33# 
CaCOs-LOZ# 

Totals added as solution plus mixed cake: 
Co--18.76# 
Ni-87.13# 
CaCOa--1.02# 

‘ Calcium carbonate added in addition to above, 
46.6#. Chlorine added, 35#, agitated 15 min. 
On filtering and washing the following products 

were obtained: 

(a) Liquid, 1205 gal., containing 
Co­­.18 gm./1.=1.8# 
Ni­-8.65 gm./1.=87.0# 

(b) Filter cake, 88.7#, containing 
CO--19.21 % = 17.04# 
Ni-.16 % :.14# 
H2O-63.0 % 

To the 1205 gal. liquid (a) was added 35# 
CaCOs (Step 4) and agitated until the liquid 
contained no further cobalt. It was then ñltered 
and washed, obtaining: 
(c) Liquid iiltrate, 1378 gal., containing 

Co-None 
Ni-7.5 gm./l.=86.3#Ni 

(d) Filter press cake, 16.6#, containing 

CaCOa-9.l% 
H20-66.2% 

Balance: 

Co Ni 

In Solution (c). _ . 86. 30# 
rn cake (o) .... ._ . .14# 
In Cake (a) ______________________________________ _- . .40# 

Total accounted for ........................ ._ 18.84# 86. 84# 

Added ___________________________________________ -_ 1s. 76# 87.13# 

The cake (a) on drying, calcining, and pul 
verizing yielding 23.0# of black oxide powder, 
analyzing: 



25481855621 

rI‘hev cake contained, 2in Aaddition;y small «quanti 

well as a little S102 and A1203, these‘impurities 
being due to slightly imperfect prior f separation 
`and impuritiesintroducedin the calcium car 
bonate. 
The nickel Asolution ­(c) was ,precipitated by 

caustic soda, ñltered, washed by several repulp 
ings and intervening illtrations, dried, calcined, 
pulverized and weighed. It produced a silvery 
grayspowder, weighing 109#,¢and analyzing: 

There were ‘small ­quantities of Fe, Cu, CaO, 
CO2,~Cl2ïand alkalies in thisacake with traces .of 
Mn and Pb. The losses are.due to-.the mechanical 
operations indicated. ' . 

I am aware of the-fact-that prior Workers in 
the art have Asuggested"that when chlorine is 
passed "throughA a» cold-‘solution«l containing ‘cobalt 
and nickel, an’d'- chlorides rin thelpresence-offcal 
cium carbonate, cobaltic hydroxide precipitates 
leaving nickel chloride in solution. Strictly 
speaking, however, these prior art processes are 
useful only in the case of solutions so dilute as 
to be of no commercial application. Otherwise, 
some nickel co-precipitates with the cobalt. 
The process which I have provided, however, 

insures sequential separation of the nickel and 
cobalt, without either being contaminated to any 
substantial extent by the other, irrespective of the 
relative concentrations of the two in the starting 
material. 
Other modes of applying the principle ofthe 

invention may be employed, change being made 
as regardsthe details described, provided the 
features stated in any of the following claims or 
the equivalent of such be employed. 

I, therefore, particularly point out and dis 
tinctly claim as my invention: 

1. The method of separating cobalt from a 
double chloride solution of cobalt and nickel 
which comprises: (a) chlorinating the solution, 
in the presence of a stoichiometric amount of 
calcium carbonate required to react with the hy 
drochloric acid produced, suiñcently to precipi 
tate substantially all of the chlorides of cobalt 
and nickel present in the solution as the cor 
responding hydroxides, (b) further chlorinating 
to an extent suiiicient to redissolve substantially 
all of the nickel hydroxide and only a minor 
amount of the cobalt hydroxide as the correspond 
ing chlorides and with the production of free hy 
drochloric acid, and then (c) separating the re 
maining cobalt hydroxide from the solution. 

2. The method of separating cobalt and nickel 
from a double chloride solution thereof which 
comprises: (a) chlorinating the solution, in the 
presence of a stoichiometric amount of calcium 
carbonate required to react with the hydrochlo 
ric acid produced, sufficiently to precipitate sub 
stantially all of the chlorides of cobalt and nickel 
present in the solution as the corresponding hy 
droxides, (b) further chlorinating to an extent 
suñîcient to redissolve substantially all of the 
nickel hydroxide and only a minor amount of the 
cobalt hydroxide as the corresponding chlorides 
and with the production of free hydrochloric 
acid, (c) separating the remaining cobalt hy 
droxide from the solution, and then (d) recov 
ering the nickel from the filtrate. 

3. The method of separating cobalt and nickel 
from a double chloride solution thereof which 
comprises: (a) chlorinating the solution, in the 
presence of a stoichiometric amount of calcium 
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>carbonaterequired.to react­ »withthe hydrochloric 
acid produced, sufficiently to precipitate sub 
stantially all of the chlorides of cobalt and nickel 
present in the solution as the corresponding hy 
ïdroxides, (b) 'further chlorinating to an extent 
sufficient to redissolve substantially all of the 
nickel hydroxide and only a minor amount of the 
cobalt hydroxide as the corresponding chlorides 
and with the production oi­ free hydrochloric acid, 
(c) ñltering the remaining cobalt hydroxide from 
the solution, (d) converting substantially all of 
the cobalt chloride and some of the nickel chlo 
ride in the iiltrate into the corresponding hydrox 
ides by adding calcium carbonate, (e) filtering 
from the solution the cobalt hydroxide and nickel 
hydroxide so formed, and then (f) recovering 
the nickel from the ñltrate. 

4. The method of separating cobalt and nickel 
from 'a double chloride solution thereof which 
comprises: (a) chlorinating the solution, in the 
presence of a stoichiometric amount of calcium 
carbonate required to react with the hydrochlo 
ric acid produced, sufficiently to precipitate sub 
stantially all of the chlorides of cobalt and nickel 
present in the solution as the corresponding hy 
droxides, (b) further chlorinating to an extent 
sufficient to redissolve substantially all of the nick 
el hydroxide and only a minor amount of the 
cobalt hydroxide as the corresponding chlorides 
and with the production of free hydrochloric acid, 
(c) filtering the remaining cobalt hydroxide from 
the solution, (d) converting substantially all of the 
cobalt chloride and some of the nickel chloride 
in the filtrate into the corresponding hydroxides 
by adding calcium carbonate, (c) iiltering from 
.the hydroxide so formed, leaving in the filtrate 
substantially no cobalt chloride but a substan 
tial amount of nickel chloride, (Í) converting 
substantially all of the nickel chloride into the 
corresponding hydroxide by adding sodium hy 
droxíde, and then (g) filtering the nickel hydrox 
ide from the product of step (f). 

5. The method of separating cobalt and nickel 
from a double chloride solution thereof which 
comprises: (a) chlorinating the solution, in the 
presence of a stoichiometric amount of calcium 
carbonate required to react with the hydrochloric 
acid produced, sufliciently .to precipitate substan 
tially all of the chlorides of cobalt and nickel pres 
ent in the solution as the corresponding hydrox 
ides, (b) further chlorinating to an extent suñi 
cient to redissolve substantially all of the nickel 
hydroxide and only a minor amount of the cobalt 
hydroxide as the corresponding chlorides and with 
the production of free hydrochloric acid, (c) ñl 
tering the cobalt hydroxide precipitate from the 
solution, (d) adding to the filtrate an amount of 
calcium carbonate su?ñcient to neutralize the free 
hydrochloric acid from the previous step and sub 
stantially all of the cobalt chloride and only a 
small but minor amount of the nickel chloride 
are converted into the corresponding hydrox 
ides, (e) iiltering from the hydroxide so formed, 
leaving in the filtrate substantially no cobalt 
chloride but a substantial amount of nickel 
chloride, (f) converting substantially all of the 
nickel chloride in the filtrate into nickel hydrox 
ide by adding sodium hydroxide, (g) filtering the 
nickel hydroxide from the product of step (f), 
and then (h) repulping the hydroxide mixture 
removed by step (e) for addition to further 
liquor used in step (a). 

6. The method of separating cobalt and nickel 
from a double chloride solution thereof which 
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comprises: (a) chlorìnating the solution, in the 
presence of a stoichiometric amount of calcium 
carbonate required to react with the hydrochlo 
ric acid produced, sufficiently to precipitate sub 
stantially all of the chlorides of cobalt and nickel 
present in the solution as the corresponding hy 
droxides, (b) in the absence of calcium further 
chlorinating to an extent sufficient to redissolve 
substantially all of the nickel hydroxide and only 
a minor amount of the cobalt hydroxide into the 
corresponding chloride with the production of 
free hydrochloric acid, and then (c) filtering the 
remaining cobalt hydroxide from the solution, (d) 
adding to the filtrate an amount of calcium car 
bonate suñîcient to neutralize excess hydrochloric 
acid substantially all of the cobalt chloride and 
only some of the nickel chloride being converted 
into corresponding hydroxides, (e) filtering from 
the hydroxide so formed, leaving in the filtrate 
substantially no cobalt chloride but a substantial 20 

10 

15 

8 
amount of nickel chloride, (f) converting sub 
stantially all of the nickel chloride in the ñltrate 
into nickel hydroxide by adding sodium hydrox 
ide, (g) ñltering the nickel hydroxide from the 
product of step (f), and then (h) repulping the 
hydroxide mixture removed by step (e) for ad 
dition to further liquid used in step (a). 

­ ROBERT B. SCHAAL. 
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