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Separation of cobalt(II), and nickel(II) ions from nitrate solutions using liquid-liqiud extraction process was reported. The measurements were run
at 25oC and at fixed ionic strength equal to 0.5 (KNO3,HNO3). Initial concentrations of Co(II) and Ni(II) nitric acid in the aqueous phase were
constant (0.01 M and 0.15 M, respectively). Both 1-hexylimidazole (1), and 1-hexyl-2-methylimidazole (2), both in dichloromethane were used as
extractants. Their concentrations in organic phase were varied from 0.01 to 0.25 M. Cobalt(II) in an aqueous solution forms both tetrahedral and
octahedral complexes. Nickel(II) forms only a six-coordinate complexes. These general differences help to provide the basis for the various separation
processes currently used for cobalt-nickel separation. The steric effect for extractant 2 facilitates the extraction of tetrahedral Co(II) complexes. Ex-
traction percent (%E) of cobalt(II) and nickel(II) in the systems studied were calculated. The percentage extraction increases for increasing values of
pH of aqueous phase and is the highest for pH = 7.2. In the aqueous phase, of which the pH = 7.2, there remain 75%Ni(II) and 40% Co(II) for ex-
tractant 1 and the respective values for extractant  2  are 85% Ni(II) and 20% Co(II).
The steric effect increases selectivity coefficients Co(II)/Ni(II). The highest selectivity coefficients for both extractants were obtained at a pH of aqueous
phase = 6.2; their values were 5 and 8.9 for extractants 1 and 2, respectively.
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Introduction

The separation of cobalt from nickel in aqueous solution
has always been a problem for hydrometallurgy. Their ad-
jacent positions in transition metal series in the periodic
table results in aqueous chemical behavior that is too sim-
ilar for easy their separation. Although both cobalt and
nickel preferentially exist as divalent hexahydrated ions in
dilute aqueous solution, the rate exchange of water mole-
cule in the coordination sphere for the cobalt ion is very
much higher than for nickel. Cobalt(II) in an aqueous so-
lution forms both tetrahedral and octahedral complexes.
By contrast, Ni(II) having a rigid coordination sphere
forms only a six-coordinate complexes, and in the particu-
lar conditions of flat square complexes. These general dif-
ferences help to provide the basis for the various separation
processes currently used for cobalt-nickel separation. These
differences are used in the extraction methods of separation
of these two ions [1].

The separation of Co(II) and Ni(II) by solvent extrac-
tion has been studied over the last 25 years or so [2]. At
present many commercial plants use the phosphoric
(D2EHPA) [3], [4], phosphinic (Cyanex 272, Cyanex 301,
Cyanex 302, DDPA) [4]–[7] or phosphonic acids (PC88A,
DDPA) [3], [6]–[8] and their mixture [3] as extractant.
The separation factor increases in the series phosphoric <
phosphonic < phosphinic acids [10]. Also used phosphoric
acid and derivatives of oximes mixtures [11], [12], deriva-
tives of carboxylic acids or sulfonic with aliphatic hydrox-
yoximes [12]–[14], hydroxamic acids (LIX1104, LIX63,

VERSATIC) [15], [16], and pyridine derivatives [17]. The
separation process was carried out with acidic sulphate [5],
[18] or chloride [16] solutions or from concentrated HCl
using a water insoluble amine (Alamine 336) [19].

Alkyl derivatives of imidazole are a convenient group
of bases of which the complex-forming properties in respect
of transition metals may be predicted and programmed in
order to differentiate their extraction properties so as to im-
prove the selectivity of recovery of selected metals [20]–
[23].

In this work, the authors present results of their inves-
tigation of the liquid-liqiud extraction of the cobalt(II) and
nickel(II) ions from nitrate solutions. 1-Hexylimidazole
(1), and 1-hexyl-2-methylimidazole (2) both in dichloro -
methane were used as extractants. The values extraction
percent (%E), and selectivity coefficient (S(M(1)/M(2)), were cal-
culated for the analysis of the extraction process.

Experimental

Reagents
Inorganic chemicals: cobalt(II), nickel(II), and potassium
nitrates from POCh (Gliwice, Poland) were of analytical
grade and were purchased. Aqueous solutions were pre-
pared with double distilled water (conductivity 5 μS/m).
Concentration of the Co(II) and Ni(II) salts were deter-
mined by titration with EDTA and that of potassium ni-
trate gravimetrically as sulfate. Nitric acid (analytical re agent,
POCh) was standardized against anhydrous sodium carbon-
ate and sodium tetraborate decahydrate.
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Dichloromethane (from Fluka) was of analytical grade
and was used without further purification. Alkylimidazoles
1 and 2 (Fig.1) were synthesized as described [24].

The pH-meter was calibrated using commercial buffer
solutions (Radiometer) of pH 4.01±0.01 and 7.00±0.01.
The pH was also checked against hydrochloric acid accord-
ing to IUPAC recommendations [25].

Extraction Procedure
The measurements were run at 25oC and at fixed ionic
strength (0.5) maintained in the aqueous phase with
KNO3 + HNO3. Before extraction, concentrations of the
metal ions and nitric acid in the aqueous phase were con-
stant (0.01 M and 0.15 M, respectively) and the extractants
(1 – 2) concentrations in organic phase were varied from
0.01 to 0.25 M. Six cm3 of the aqueous phase were placed
in a graduated test tube and an equal volume of extractants
(1 – 2) solution in dichloromethane was added. The test
tubes were then shaken for 30 min. The equilibrium was
established after a few minutes, however, no longer than
30 min. After that the phases were separated, and the pH
of the aqueous phase was measured. 

The Co(II) and Ni(II) concentrations in the aqueous
phase were determined on emission spectrophotometer.

Results and discussion

Extraction percent (%E) of cobalt(II) and nickel(II) in the
systems studied were calculated on the basis of the metal
concentrations in the aqueous phase  before and after at-
taining partition equilibrium from the following equation:

(1)

where:        and       denote analytical metal ions concentra -
tions in the aqueous phase before and after attaining parti-
tion equilibrium, respectively.

A graph of the relationship %E vs. pH of aqueous phase
after extraction was plotted for every system (Fig. 2).

An analysis of the data shown in Fig. 2 indicates that
the percentage extraction increases for increasing values of

pH of aqueous phase and is the highest for pH = 7.2, al-
though the percentage extraction for Ni(II) is not higher
than 25% while for Co(II), it is ab. 60% for extractant 1
and ab. 80% for 2. The steric effect of the methyl substitute
in position 2 in the molecule of extractant 2 makes difficult
the extraction of Ni(II) complexes (lower values of %E,
compared with extractant 1) and is accountable for the
higher percentage extraction of Co(II) ions. 

In the aqueous phase, of which the pH = 7.2, there re-
main 75%Ni(II) and 40% Co(II) for extractant 1 and the
respective values for extractant  2 are 85% Ni(II) and 20%
Co(II).

The steric effect much less hinders the formation of
tetrahedral complexes of 1-alkyl-2-methylimidazoles with
cations which have an ability to change the shape of a co-
ordination polyhedron from an octahedron to a tetrahe-
dron (Eqs 2, 3) [22], [26]–[28].

(2) 

(3) 

where L denotes the extractant molecule.
The reactions, described by Equation (3) and involving

a change in the coordination number, are typical for Co(II),
especially for the fourth stage of complexation (n=4). In
such cases, configuration equilibria are established (Eq.4)
between MLn complexes, which have different coordina-
tion sphere structures, for instance:

(4) 

The occurrence of configuration equilibria in the n-th
stage of complexation will lead to higher values of its cor-
responding stability constant, βn (Table 1), because it is 
a sum of the stability constant of the tetrahedral complex,
βt, and the octahedral complex βo (βn = βt + βo) [26]–
[28].There was a decrease in the stability of all the metal

Fig. 1. Structural diagrams of extractants

Fig. 2. Percent extraction vs. pH
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complexes due to steric hindrance, which in turn, depends
on the kind of the central ion.

Separation coefficients (SM(I)/M(II)) for cobalt were calcu-
lated in the case of each extraction system, from the fol-
lowing formula:

(5)

The results of the calculations are presented in Figure 3.
The calculated selectivity coefficients for extractant 2

are nearly twice as high as those for 1. The highest selectiv-
ity coefficients for both extractants were obtained at a pH
of aqueous phase = 6.2; their values were 5 and 8.9 for ex-
tractants 1 and 2, respectively.

From a practical point of view, for the selective separa-
tion of Co (II) should be chosen concentrations of reactants
(metal ions, 1-hexyl-2-methylimidazole, nitric acid) to ob-
tain a pH close to 6.4. This pH is also preferred to the envi-
ronment. The steric effect of the substituent in a position 2
allows selective separation of the Co (II) and Ni (II), and con-
sequently obtaining metals with a high degree of purity.

Conclusion

The alkylimidazoles that were used in the present work en-
able extraction from solutions having nearly neutral pH
values. 

The steric effect, caused by the presence of the –CH3
group in the molecule of 1-hexyl-2-methylimidazole ac-
counts for higher concentrations of cobalt tetraedric com-
plexes, thereby increasing extraction of the metal.

The steric effect increases selectivity coefficients
Co(II)/Ni(II). The highest selectivity coefficients for both
extractants were obtained at a pH of aqueous phase = 6.2;
their values were 5 and 8.9 for extractants 1 and 2, respec-
tively. 

Possibly, selectivity for this type of extractant could be
increased by placing, in position 2, an imidazole ring of a
larger or more branched substitute (for instance, ethyl or
isopropyl substitute), thus intensifying the steric effect. The
new developments presented above were carried out within the
2007-2013 Innovative Economy Operational Programme,
Sub-action 1.3.2., Support of the protection of industrial prop-
erty generated by scientific entities as result of R&D works
within project no. UDA-POIG.01.03.02-04-077/12-00, fi-
nanced by the European Regional Development Fund (ERDF)
(85% of co-financing) and from a designated subsidy (15%
of co-financing).
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Table 1. Comparison of the stability constants βn of Co(II),
and Ni(II) complexes with 1-hexylimidazole (1), and 1-
hexyl-2-methylimidazole (2), at 25°C, ionic strength 0.5
mol/dm3 (KNO3)

Fig. 3. Separation coefficients cobalt/nickel vs. pH of the
aqueous phase.
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