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Abstract

The recovery of nickel from laterite ores has been increasing during the years. From the limonite layers of laterite 
ores, HPAL process is used to recover nickel and also cobalt. After the leaching step using sulfuric acid, a separation step 
is required. Ion exchange technique is commonly used, mainly solvent extraction. Cyanex 272 is usually used as an organic 
extract to separate cobalt from nickel-rich solution. Despite that, the use of more than one organic extract can increase 
the metals separation and it is not explored. The goal of this work was to study the synergism of Cyanex 272 and Ionquest 
290 to separate cobalt from nickel-rich solution. Experiments were performed at pH 5.2 and 65°C. Results showed that 
cobalt separation was maximum using 80% of Ionquest 290 and 20% of Cyanex 272 (99.3%). Nickel losses were minimum 
using 60% of Ionquest 290-4.6%. Manganese, copper, zinc and calcium were all extracted in all experiments.
Keywords: Solvent extraction; Nickel laterite; Hydrometallurgy; Synergism.

1 INTRODUCTION

Nickel laterite ores represent 70% of nickel resources 
and 40% of nickel production. It occurs due to the difficult 
of processing nickel laterites compared with sulfides. 
Nevertheless, nickel production from laterite ores has been 
increasing due to the nickel consumption increase, and also 
because sulfide ores are decreasing [1,2].

Among the metals that can be found with nickel 
is cobalt, in which it has great economic importance [3]. 
Hydrometallurgical process is commonly used to recover those 
metals from laterite ores. High-pressure acid leaching process 
(HPAL) is used mainly on limonite layers [4]. The process is 
composed of a leaching step (under pressure) using sulfuric 
acid, followed by a purification and separation step [5].

Precipitation can be used to purify the solution. 
Jiménez Correa et al. [6] used sodium hydroxide to remove 
iron from solution of nickel laterite. All iron removal was 
possible increasing the pH until 3.0. However, there were 
co-precipitation of copper and cobalt during the process. 
Moreover, precipitation can be used to obtain the desire 
metal. Anes et al. [7] studied the selective copper recovery 
from nickel laterite leach solution using sodium dithionite. 
Results showed that reducing the redox potential of the 
solution until 240mV, copper precipitates as sulphide [7,8]. 
There are two mainly separation technique used on 
hydrometallurgical process: solvent extraction [9-15] and 
ion exchange resins [3,16-22].

Anes et al. [7] studied two chelating ion exchange resins 
for nickel, cobalt and copper recovery from nickel laterite 
leach solution in batch experiments. A pre-reducing process 
using sodium sulfide was used to convert ferric iron to ferrous 
iron. Copper recovery was higher at pH 2.0 using Lewatit 
TP 207, with iminodiacetate functional group. For nickel 
and cobalt recovery, Lewatit TP 220, with bis-picolylamine 
functional group, was studied and metals adsorption were 
higher at pH 3.5 and at pH 2.0, respectively [22].

Aliprandini [23] studied the separation of metals by 
solvent extraction using Cyanex 272 and Acorga M5640. 
Due to the high concentration of iron in solution, losses of 
cobalt occurs on iron removal using Cyanex 272. However, 
by this process, it was possible to obtain a nickel-rich solution 
with no losses of it [23].

The advantage of solvent extraction is the high 
efficiency to separate metals, mainly cobalt from nickel [13,24]. 
All cobalt from nickel laterite leach solution can be separated 
using Cyanex 272 in kerosene, where it is effective at 
pH 5.2 and 65oC with no losses of nickel [25]. Figure 1 
shows the structure of bis(2,4,4-trimethylpentyl)phosphinic 
acid (a), the active component of Cyanex 272. The effect 
of pH (b) is presented, and it is possible seen that cobalt 
extraction is higher at pH above 5, while nickel extraction 
starts at pH above 6 [26].
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3.03g/L and 2.95g/L, respectively. The contaminants present 
in solution were manganese, magnesium, copper, calcium 
and zinc.

Organic extracts studied were Cyanex 272 and 
Ionquest 290. No treatment was done on these solvents 
before use. Both solvents were diluted in kerosene in ratio 
20% organic extract / 80% kerosene. Table 2 presents the 
percentage of organic extracts used for the experiments. 
Experiment 1 indicated that just Ionquest 290 was used on 
the experiment. Experiment 2 indicated that 80% of Ionquest 
290 and 20% of Cyanex 272 of organic extract was used, 
that is, the organic phase was composed of 16% Ionquest, 
4% of Cyanex 272 and 80% of kerosene.

2.2 Experiments

Experiments were performed at pH 5.2 and 65°C. 
Aqueous/organic ratio was 2/1, which were mixed using 
magnetic stirrer with heating. The mixed solution was stirred 
during 20min and the pH was controlled using sulphuric 
acid. A separation funnel was used to separate aqueous 
from organic phase. The concentration of metals in aqueous 
phase was analyzed in Inductively Coupled Plasma Optical 
Emission Spectrometry (ICP-OES).

3 RESULTS AND DISCUSSION

Figure 2 presents the percentage of metals extracted 
from synthetic solution from 0% of Ionquest 290 (100% 
of Cyanex 272) to 100% of Ionquest 290. Results shows 
that cobalt extraction increased from 94.0%, using 100% 
of Cyanex 272, to 99.0%, using 100% of Ionquest 290. 
All manganese, copper, zinc and calcium were extracted. 

The use of more than 1 organic extract is called 
synergism, which is enable to increase the rate of extraction. 
This topic is poorly explored on literature, despite its 
importance for the mining industries which uses solvent 
extraction on extractive processes [27]. Guimarães et al. [14] 
studied the purification of nickel laterite leach solution 
using Cyanex 272 and Versatic 10. The Cyanex 272 was 
used to remove cobalt, zinc, copper and manganese from 
the solution. Then, nickel-rich solution was purified using 
Cyanex 272 and Versatic 10 (synergism), where 80% of 
nickel was purified [28].

The goal of this work was to study synergism for 
cobalt separation from nickel-rich solution from high-pressure 
leaching process of nickel laterite ore. The organic extracts 
studied were Cyanex 272 and Ionquest 290 diluted in 
kerosene at 20%. Ionquest 290 has the same functional 
group of Cyanex 272 (Figure 1). The effect of synergism 
was evaluated. The aqueous/organic phase ratio was 2/1. 
The concentration of Ionquest 290 was studied from 0% 
(100% Cyanex 272) to 100%. The distribution coefficient 
and the separation factor were also evaluated. Experiments 
were performed at 65°C and pH 5.2. After separation of 
the phases, the aqueous phase was analyzed in ICP-OES.

2 MATERIALS AND METHODS

2.1 Materials

A synthetic solution was prepared to simulate the 
real laterite nickel leachate. Sulphate salts of each metals 
were dissolved in deionized water. Table 1 presents the 
metals concentration on synthetic solution. Nickel is the 
main element – 88g/L – followed by magnesium and cobalt, 

Figure 1. Chemical structure of bis(2,4,4-trimethylpentyl)phosphinic 
acid (a) and the effect of pH on metals extraction (b). (Adapt. from [26]).

Table 1. Concentration of metals in synthetic solution of nickel laterite 
leachate (g/L)

Metal Concentration (g/L)
Ni 88
Co 2.95
Mn 0.55
Mg 3.03
Cu 0.25
Zn 0.07
Ca 0.5

Table 2. Percentage of organic extracts used for cobalt separation

Experiment %Ionquest 290 %Cyanex 272
1 100% 0%
2 80% 20%
3 60% 40%
4 40% 60%
5 20% 80%
6 0% 100%
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The cobalt separation was maximum using 80% of Ionquest 
290-99.3%.

Nickel losses decreased from 14.9% (Experiment 1) 
to 11.2% (Experiment 6). In the meantime, the magnesium 
extraction varied in the synergism experiments, which 
indicated that the synergism between both organic solvents 
affect the magnesium extraction. Magnesium extraction was 
50.8% and 68.9% using 100% of Ionquest 290 and 100% 
Cyanex 272, respectively.

The distribution coefficient was calculated by dividing 
metal concentration in aqueous phase by metal concentration 
in organic phase. Results for cobalt (a), nickel and magnesium 
(b) are showed in Figure 3. By the distribution coefficient, it 
is possible to evaluate the efficiency of the metal extraction. 
The higher value of the coefficient, the greater the tendency 
to extract the metal [23,29,30].

Cobalt distribution coefficient was 206.3, using 100% 
of Ionquest 290, and 39.6, using 100% of Cyanex 272. 
The distribution coefficient was 284.5 for the cobalt using 
80% of Ionquest 290, where 99.3% of this metal was 
extracted, which indicated the highest separation. The cobalt 
distribution coefficient reached the lowest value for 100% 
of Cyanex 272 (94% of extraction), which indicated that 
the use of Ionquest 290 is better for cobalt separation.

Nickel distribution coefficient varied from 
0.5 to 0.6 using 100% of Ionquest 290 and 100% of Cyanex 
272, respectively. Magnesium distribution coefficient varied 
from 2.2 to 1.4 using 100% of Ionquest 290 and 100% of 
Cyanex 272, respectively. Magnesium distribution coefficient 
was 6.9 using 80% of Ionquest 290.

The separation factor was calculated for the ratios 
cobalt/nickel (a), cobalt/magnesium and magnesium/nickel (b), 
as showed in Figure 4. The separation factor is used to 
measure the viability of the separation of two metals. If the 
separation factor is higher than 1, it means that the extraction 
process occurs, but if it is less than 1, the separation does 
not occur. It also indicates the ease of the process, because 
the higher the calculated value of the factor, the smaller the 
number of stages necessary for the separation [31].

The separation factor is calculated by the distribution 
coefficient ratio of two metals. Cobalt/nickel ratio was 

Figure 2. Percentage of metals extracted from aqueous phase using Ionquest 290 and Cyanex 272

Figure 3. Distribution coefficient for cobalt (a), nickel and magnesium (b) 
of the experiments performed.

Figure 4. Separation factor of cobalt/nickel (a), cobalt/magnesium and 
magnesium/nickel (b) of the experiments performed.
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higher using 80% of Ionquest 290 (582.5), and lower using 
100% of Cyanex 272 (66.3). Cobalt/magnesium ratio was 
higher using 100% of Ionquest 290 and lower using 60% of 
Ionquest 290-92.9 and 22.7, respectively. Nickel/magnesium 
ratio was higher using 80% of Ionquest 290 (14.0) and lower 
using 100% of Cyanex 272 (2.4).

By these results, cobalt separation from nickel-rich 
solution is higher using 80% of Ionquest 290 and 20% of 
Cyanex 272. However, nickel losses were lower using 60% 
of Ionquest 290-4.6%. Table 3 shows the concentration of 
nickel, cobalt and magnesium on aqueous phase after the 
extraction. The lower concentration of cobalt was using 
80% of Ionquest 290 (0.02g/L). Nickel concentration was 
higher after solvent extraction experiments performed using 
60% of Ionquest 290-83.9g/L.

Botelho et al. [25] studied the separation of cobalt 
from nickel-rich solution using Cyanex 272. The concentration 
of nickel and cobalt was lower than present in Table 1 
– 13.2g/L and 0.17g/L, respectively. The separation of 
cobalt was 99.45% at 65°C and pH 5.2, and there were 
no losses of nickel [25]. For this reason, results show that 
with nickel and cobalt concentrated solution the use of 
synergism is useful.

Despite of these experiments, normally leach 
solution from nickel laterite ores has the present of 
iron, in which must be evaluated [3]. As Aliprandini [23] 
showed, iron can be removed using solvent extraction; 
however, losses of cobalt occurs. In solution studied by 
Aliprandini [23], iron removal by precipitation causes 
the co-precipitation of copper and cobalt, due to the 
high concentration of iron (18.7g/L). Botelho et al. [25] 
was able to remove iron by precipitation due to the low 
concentration of it in solution (0.6g/L).

Shi  et  al. [15] studied the synergism to recover 
vanadium using DEHPA and PC88A as organic extracts. 
Results showed that the maximum vanadium recovery 
was using 80% of DEHPA and 20% of PC88A, where it 
was possible 99.1% of extraction. By results obtained in 
this work, and also results showed from the literature, it is 
possible seen that synergism in solvent extraction have been 
explored for high efficiency on metals extraction.

4 CONCLUSION

A synthetic solution was prepared to simulate the 
real laterite nickel leachate from high-pressure acid leaching 
(HPAL). Ionquest 290 and Cyanex 272 was used as organic 
extracts in kerosene. Results indicated that the highest 
cobalt extraction was using 80% of Ionquest and 20% of 
Cyanex 272. However, nickel losses were lower using 60% 
of Ionquest 290. Future studies should be focus on high 
metals separation for no nickel losses.
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Table 3. Concentration of nickel, cobalt and magnesium (g/L) on 
aqueous phase of the experiments performed

Experiment
%Ionquest 

290
Ni Co Mg

1 100% 74.9 0.03 1.5
2 80% 78.9 0.02 0.7
3 60% 83.9 0.1 1.4
4 40% 73.7 0.06 1.1
5 20% 77.4 0.04 1.0
6 0% 78.2 0.2 2.1
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