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SEPARATION SCIENCE, 2(2), 169-176 (1967) 

Selective Cation-Exchange Separation of 
Cobalt in Hydrochloric Acid-Acetone Solutions 

JOHANN KORKISCH and HARALD GROSS 
ANALYTICAL INSTITUTE, 
UNIVERSITY OF VIENNA, 
VIENNA, AUSTRIA 

Summary 

In the present paper a method is described for the selective separation of 
cobalt from 29 metal ions. This technique is based on the uptake of cobalt 
together with several other metal ions on Dowex 50, X8, a strong acid cation- 
exchange resin, from a solution consisting of 80% acetone and 20% 3 N hy- 
drochloric acid. After this adsorption, which is accompanied by the si- 
multaneous removal of many elements, the cobalt is eluted with 90% 
acetone-10% 6 N hydrochloric acid. The only element which passes into 
the eluate together with cobalt is manganese (11). This method can be 
successfully employed to separate milligram and microgram amounts of 
cobalt from large quantities of other metal ions, e.g., iron, nickel, aluminum, 
uranium, etc. 

Relatively great attention has been paid to cation-exchange 
studies and separations of various elements employing acetone- 
hydrochloric acid mixtures as eluents. They were used to fractionate 
the alkali metals lithium, sodium, and potassium (2,5) and to sepa- 
rate calcium from copper, zinc, mercury(II), cadmium, and iron(II1) 
(11); copper from nickel (7); iron, copper, zinc, and lead from cobalt; 
and manganese and those from the alkali metals, alkaline earths, 
magnesium, molybdate, sulfate, and phosphate (15); and to separate 
bismuth, cadmium, indium, zinc, iron(III), copper(II), uranium(VI), 
cobalt, gallium, and manganese(I1) (3,4). Acetone-hydrochloric 
acid solutions as eluting agents have also been employed to sepa- 
rate copper and zinc (1,6) and in acetone media the adsorption of 
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170 J. KORKISCH AND H. GROSS 

ceriurn(II1) and praseodymium(II1) was studied (12). An effective 
separation of large amounts of iron(II1) from cobalt, nickel, and 
aluminum is possible using tetrahydrofuran-hydrochloric acid 
mixtures as eluents (9). 

This rather extensive application of acetone-hydrochloric acid 
systems for the solution of specific analytical problems is based on 
the fact that in such media many metal ions, e.g., iron(III), gallium 
(111), molybdenum(VI), etc., form strong anionic chloride com- 
plexes which prevent their adsorption on cation exchangers. Thus 
they can be separated from those metal ions (e.g., aluminium, mag- 
nesium, calcium, and thorium) which do not form such complexes 
and hence are strongly retained by the resins. Because such separa- 
tions cannot be achieved with the same selectivity in either pure 
aqueous or other organic solvents, such as the aliphatic alcohols 
containing hydrochloric acid, the good separability of cobalt from 
other metal ions in the acetone systems described in the present 
paper is caused by the effect of combined ion exchange-solvent 
extraction (CIESE) earlier described (8). 

EXPERIMENTAL 

Reagents and Solutions 

lon-Exchange Resin. The strongly acid cation exchanger Dowex 
50, X8 (100-200 mesh, hydrogen form) was used for the column and 
batch experiments. For the former purpose it was slurried in solu- 
tion A (see below) and then transferred to the ion-exchange col- 
umns. In the case of the batch experiments, air-dried resin was 
employed (see Determination of Distribution Coefficients). 

Eluent Solutions. Solution A: 80% acetone+ 20% 3 N hydro- 
chloric acid (vlv); solution B: 90% acetone + 10% 6 N hydrochloric 
acid (vlv). Both solutions have the over-all acid concentration of 0.6 
N hydrochloric acid. 

Solvent. Reagent-grade acetone. 
Standard Solutions. Stock solutions of 30 metal ions were prepared 

by dissolving their reagent-grade chlorides or other suitable com- 
pounds in 3 or 6 N hydrochloric acid. These solutions usually con- 
tained from 5 to 50 mglml of the following metal ions: Co(II), 
Fe(III), Ni(II), Al(III), Ga(III), In(III), Mg(II), Ca(II), Sr(II), Ce 
(III), Cr(III), Ti(IV), Zr(IV), Th(IV), Cu(II), Au(III), Zn(II), Cd(II), 
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CATION-EXCHANGE SEPARATION OF COBALT 171 

Hg(II), U02(II), Pb(II), Bi(III), Sn(I1 and IV), V(V), Mo(VI), Ge 
(IV), Os(IV), Pt(IV), Pd(II), and Mn(I1). 

Apparatus 

The ion-exchange columns used for the separation experiments 
had a diameter of 1.0 cm and contained in each case 10 g of the 
resin. 

Determination of Distribution Coefficients 

The determination of the distribution coefficients of the elements 
in the various acetone-hydrochloric acid mixtures was made by the 
use of the batch equilibrium method (batch method) (10). Each 
equilibrium experiment was performed in 20 ml of mixture, con- 
sisting of 0 or 80 or 90% acetone and 10% of 6 N hydrochloric acid 
and water up to loo%, containing 5 mg of the element in question 
(the over-all acidity of all mixtures was 0.6 N hydrochloric acid). To 
this mixture 1 g of the air-dried resin was added and the solution 
agitated on a shaking machine for 12 hr. Then the resin was filtered 
off and the element determined in the filtrate. By means of this 
method the results presented in Table 1 were obtained. The experi- 
mental error of the measurements of the distribution coefficients 
was usually &5 to 10% for low distribution values (below loo), but 
for high values an error of about 10 to 20% was frequently observed. 

Quantitative Determination of the Elements 

Cobalt. The eluate obtained by eluting the cobalt with solution B 
(see Separation Procedure) is evaporated to dryness and organic 
matter is destroyed by ignition. The cobalt oxide residue is dis- 
solved in a few milliliters of hydrochloric acid, the solution is 
diluted with water to about 50 ml, and then cobalt is determined by 
titration with 0.01 M EDTA (disodium salt) using Murexide as 
metal indicator. In case manganese is present (the only element 
which is coeluted with cobalt; see Separation Procedure), or if 
cobalt is present only in microgram amounts, this method cannot 
be used, so cobalt must be determined by other means [e.g., by 
using a photometric procedure in which manganese does not 
interfere (13) ] .  

Other Elements. Most of the other investigated elements (in 
amounts exceeding about 100 pg) were also determined volumet- 
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172 J. KORKISCH AND H. GROSS 

trically, using suitable chelatometric methods with EDTA as the 
titrant. Uranium was determined fluorometrically (24), whereas 
microgram quantities of the other elements were determined 
spectrophotometrically (13). 

Separation Procedure 

The Separation of Cobalt from Accompanying Metal Ions. The resin 
soaked in solution A was transferred to the ion-exchange column 
and the resin bed was washed with 50 ml of solution A. Twenty in1 
of 3 N hydrochloric acid containing cobalt and the foreign ions to be 
separated from it are diluted with acetone to 100 ml, and this mix- 
ture (which is now 80% in acetone and 20% in 3 N hydrochloric 
acid) is passed through the pretreated resin bed using a flow rate of 
about 0.5 ml/min. During this operation cobalt is retained by the 
resin, together with the following metal ions: Ni(II), AI(III), Mg(II), 
Ca(II), Sr(II), Ce(III), Cr(III), Ti(IV), Zr(IV), Th(IV), V(IV), and 
Mn(I1). The effluent contains the elements Fe(III), Ga(III), In(III), 
Cu(II), Au(III), Zn(II), Cd(II), HgiII), Pb(II), U02(II), Bi(III), Sn 
(I1 and IV), V(V), Mo(VI), Ge(IV), and the platinum metals. To be 
certain that these elements are quantitatively removed from the 
column, the resin bed is then washed at the same flow rate with 
100 to 150 ml of solution A. Finally cobalt is eluted with 50 nil of 
solution B and is either determined volumetrically (see above) or 
spectrophotometrically. Coeluted with cobalt is only manganese 
(II), while all other elements which were coadsorbed from solution 
A are further strongly retained by the resin. The cobalt eluate shows 
a bright blue color which suggests an easy photometric determina- 
tion of cobalt directly in the eluate. This can be done (maximum of 
absorption = 650 mp) but the sensitivity is too low to allow small 
amounts of cobalt to be determined. Furthermore, yellow conden- 
sation products of acetone, e.g., mesityl oxide, may cause inter- 
ference, especially if the eluate is left to stand for awhile before the 
photometric measurements are made. 

RESULTS 

In Table 1 the results of measurements of the distribution coeffi- 
cients of various metal ions in solutions A and B are recorded. For 
the purpose of comparison, distribution values obtained at the same 
acidity but in the absence of acetone have been included in this 
table. From these results it is seen that the selectivity of separations 
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CATION-EXCHANGE SEPARATION OF COBALT 173 

TABLE 1 

Distribution Coefficients of Cobalt and Various Other Elements in 
Acetone-Hydrochloric Acid Media at the Constant 

Over-All Acidity of 0.6 N Hydrochloric Acid 
(1 g Dowex 50; 5-mg load) 

Acetone, % 

Metal ion 
80 90 

0 (solution A) (solution B) 

Co(I1) 
Ni(I1) 
Cu(I1) 
Zn(I1) 
Cd(I1) 
H d I I )  
Pb(I1) 
U o m )  
M d I I )  
Ca(I1) 
Sr(I1) 
Mn(I1) 
Fe(II1) 
A1 (111) 
Ga(II1) 
In(II1) 
Bi(II1) 
Ce(II1) 
Cr(II1) 
Ti (IV) 
Zr (IV) 
Th (IV) 
Au(II1) 
Sn (IIJV) 

Mo(V1) 
Ge (IV) 
OS(IV) 
Pt(1V) 
Pd(I1) 

V(V) 

44 
46 
32 
38 
6 

-1 
-1 
40 
33 
74 
90 
80 
84 

186 
242 
-1 
<1 

> 1000 
20 
15 

> lo00 
> lo00 

<1 
-1 
-3 
-1 
-1 
-1 
-1 
-1 

77 
250 
<1 
<1 
-2 
<1 
<1 

4 
264 

> 1000 
> lo00 

216 
<1 

> 1000 
<1 
(1 
< 1  

> 1000 
> 1000 
> lo00 
> 1000 
> 1000 

<1 
<1 
-1 
C1  
<1 
C 1  
<1 
<1  

<1 
227 
<1 
< 1  
-2 
<1 
<1 
<1  
332 

> 1000 
> lo00 

4 
< 1  

> 1000 
<1 
< 1  
<1 

> 1000 
> 1000 
> 1000 
> lo00 
> lo00 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
C 1  

of cobalt from other elements in acetone-hydrochloric acid media 
is far greater than in pure aqueous-hydrochloric acid systems, in 
which, for example, a separation of cobalt from divalent metal ions 
such as nickel, copper, uranyl ion, magnesium, etc., is impossible, 
because of the similarity of the distribution coefficients. Also sepa- 
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174 J. KORKISCH AND H. GROSS 

ration of cobalt from trivalent metal ions, e.g., from iron(III), is in 
some cases only possible by means of elution chromatography on 
relatively long columns of the resin, and, because the trivalent 
metal ions are more strongly adsorbed, rather large amounts of the 
resin must be employed if iron, for example, is present in large 
quantities. All these disadvantages can be overcome in the acetone 
systems, especially by using solutions A and B in succession. Under 

TABLE 2 
Separation of 5 mg Each of Cobalt from 29 Metal Ions on Dowex 50 

~~~ ~ ~~ ~~~~ 

Foreign ion simultaneously Recovered amount 
present, mg of Co, mg 

Fe(II1) 1000 
Ni(I1) 100 
Fe(II1) 1000 

[Ni(II )  100 
Al(II1) 100 
Ga(II1) 10 
In(II1) 10 
Mg(I1) 100 
Ca(I1) 100 
Sr(I1) 10 
Ce(II1) 40 
Cr(II1) 10 
Ti(IV) 10 
Zr(IV) 25 
Th(1V) 10 
CU(I1) 100 
Au(II1) 10 
Zn(I1) 100 
Cd(I1) 100 
Hg(I1) 10 
UO,(II) 100 
Pb(I1) 100 
Bi(II1) 50 
Sn(I1) 10 
Sn(IV) 15 
V(V) 10 
Mo(V1) 5 
Mn(I1) 100 
Ce(1V) 10 
Os(1V) 10 
Pt(IV) 10 
Pd(I1) 10 

5.01 
5.02 

5.00 

4.98 
4.97 
5.00 
4.99 
5.02 
5.01 
4.97 
4.97 
4.97 
5.00 
5.01 
5.01 
5.02 
4.97 
4.99 
4.99 
5.00 
5.00 
4.97 
4.98 
4.98 
4.99 
4.97 

4.98 
5.03 
5.02 
4.99 

> 12 
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CATION-EXCHANGE SEPARATION OF COBALT 175 

these conditions, cobalt can be separated from all elements listed in 
Table 1 except manganese. 

From the results shown in Table 2 it is seen that by application of 
this separation principle (see Separation Procedure) a quantitative 
separation of cobalt can be achieved. 

This method was also tested using microgram amounts and quan- 
tities of cobalt up to 100 mg. Also in these cases a complete separa- 
tion of cobalt from the other elements, as well as a quantitative 
recovery of this element, is possible. 

The amount of washing solution (solution A) required to remove 
the last traces of foreign ions from the column can be varied within 
rather great limits because cobalt (5 mg) does not start to break 
through until 500 ml of solution A have passed. 

In the presence of vanadium, a partial reduction of this element 
to tetravalent vanadium is caused by the acetone present in solution 
A. The vanadium(1V) is coadsorbed with the cobalt and can only be 
removed with difficulty by washing with solution A. Furthermore, 
by elution of cobalt with solution B, some vanadium passes into the 
eluate together with cobalt. To avoid this, the vanadium is best 
removed from the column, before the elution of cobalt, by means of 
a solution consisting of 80% acetone, 10% 6 N hydrochloric acid, 
5% water, and 5% hydrogen peroxide (30%). This mixture oxidizes 
the vanadium to the pentavalent state, which is not adsorbed on 
Dowex 50. 

It is to be expected that this method can be successfully applied 
to the analysis of various materials for cobalt, especially those 
containing large amounts of iron (e.g., ferrous alloys and iron 
meteorites). 
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