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Abstract: Solvent extraction was used to recover nickel and zinc from synthetic acidic solution. Many
leaching solution and waste waters contain both zinc and nickel at the same time. Bis (2,4,4-
trimethylpentyl) phosphinic acid (Cyanex 272) and Di(2-ethylhexyl) phosphoric acid (D2EHPA) were
used to separate nickel and zinc. In the D2EHPA system, at equilibrium pH of 2, zinc extraction was
more than 98% whereas nickel extraction was only 0.36%. The extraction of metals was found to increase
with an increase of pH of the aqueous phase. At equilibrium pH 3.5, zinc extraction was completed and
higher than 99% zinc was extracted using Cyanex 272. The maximum nickel extractions using D2EHPA
and Cyanex 272 were achieved at equilibrium pH 4.5 and 7.5, respectively. Both extractants showed the
relatively good separation levels between nickel and zinc. D2EHPA and Cyanex 272 isotherms for single
metal solutions showed that the extraction order was Zn>">Ni>". ApH, ), value showed that the separation
of nickel and zinc using Cyanex 272 was simpler than D2EHPA system. The stripping study was per-
formed using sulphuric acid and it was shown that above 98% zinc and nickel could be extracted. These
results demonstrated separation of zinc and nickel from sulphate solutions to be favorable.
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Introduction

In hydrometallurgical and environmental processing, selective recovery and removal
of metals from industrial and waste solutions are very important and has been exten-
sively studied (Gupta, 1990; Rotuska, 2008). Solvent extraction is a popular method
for separation of metal ions from aqueous solutions which has been widely used in
hydrometallurgical engineering for selective metals recovery from low-grade ores,
complex ores and metallic wastes. This technology has been proposed as an efficient
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separation method for waste treatment and metal recycling from industrial wastes
(Sole et al., 2005).

Many solvents have been proposed for metals extraction in hydrometallurgical
processes. Among these, organophosphorus-based extractants, oxime extractants and
Cyanex extractants has been used for nickel extraction from acidic and alkaline solu-
tions (CYANEX, 2007; Gotfryd, 2005; Grigorieva et al., 2010; Tanaka and Alam,
2010; Tsakiridis and Agatzini, 2004). Jakovljevic et al. (2004) used Cyanex 301 for
nickel extraction from chloride medium. Tanaka and Alam (2010) have used LIX84-1
for nickel extraction from ammoniacal—sulphate leach liquors.

Several researchers used di-2-ethylhexyl phosphoric acid (D2EHPA) for nickel
and/or cobalt extraction from solutions. Separation of nickel from associated ions like
Co is a major problem specially when choosing a single extracting agent like
D2EHPA (Bhaskara Sarma and Reddy, 2002; Zhang et al., 2001). Versatic 10 acid
and LIX 63 synergistic system was used to separate Ni and Co from the Zn, Cu, Mn,
Mg and Ca in the synthetic laterite leach solution. However, the synergist was not
commercially available (Cheng, 2006). Organophosphorus and its thio-analogs have
used for the extraction of Ni and Co from a variety of synthetic solutions/leach liquors
by Reddy and co-workers (Reddy et al., 2006, 2008).

Dithiophosphinic acid base extractants such as cyanex 301 are efficient solvents for
nickel hydrometallurgy (CYANEX, 2007 ; Grigorieva et al., 2010). The possibility of
nickel recovery from pregnant solutions using Cyanex extractant has been demon-
strated in published papers (Agrawal, 2008; Gotfryd, 2005; Jakovljevic et al., 2004;
Tsakiridis and Agatzini, 2004).

The separation of nickel form zinc has been encountered in materials such as hy-
drometallurgical zinc production, copper converter slag leaching, nickel laterite, etc.
As seen from the above, in the most of reported studies, the main objective was to
removal of these metals from the solution and limited amounts of data on the separa-
tion of nickel from zinc are available systematic investigation about nickel and zinc
separation by solvent extraction is not abundant. Considering the importance of nickel
and zinc mixtures, it is necessary to perform systematic investigations to search for
effective extraction systems for nickel separation from zinc.

This paper presents the results of an investigation on the separation and recovery of
nickel and zinc with different extractants (bis (2,4,4-trimethylpentyl) phosphinic acid
(Cyanex 272) and di(2-ethylhexyl) phosphoric acid (D2EHPA)) diluted in hexane.
The results focused on the determination of pH isotherms for metals separation. We
systematically monitored the effects of important process parameters on nickel and
zinc extraction and separation. The extracted ions were removed from the organic
phase using sulphuric acid as an effective stripping agent.
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Experimental

The stock solutions of zinc(Il) and nickel(II) sulphate (0.5 M each) were prepared by
dissolving analytical grade chemicals (Merck, Germany) in distilled water. Analytical
grade Cyanex 272 (Cytec, Canada) and D2EHPA (Merck, Germany) were used as
organic solvents without further purification whereas hexane was the diluent. Dilute
H,SO, and NaOH (Merck, Germany) solutions were used to adjust the pH of the
aqueous solutions.

Perkin-Elmer atomic absorption spectroscopy was used to measure the nickel and
zinc concentration in the solutions. The pH of the aqueous phase was measured using
a pH meter (Fisher Scientific pH meter). The organic/aqueous mixture was agitated
with a mechanical shaker.

Solvent extraction experiments were performed in flasks containing equal 50 cm’
volumes of aqueous and organic solutions. The pHs of aqueous solutions were kept
constant by buffer solutions. The mixtures were agitated by mechanical shaker for
30 minutes, although the equilibrium conditions may have been reached in a few min-
utes. In each experiment, the organic phase contained 1M of the extractant (either
D2EHPA or Cyanex 277) in hexane. Aqueous to organic phase ratio was 1:1 in all
tests. After mixing the aqueous and organic solutions were separated by a separatory
funnel. After phase separation for each test, about 10-cm® aqueous solution was taken
for chemical analysis. 40 cm® of organic solution was taken for stripping using sulfuric
acid solution. After stripping, the strip solution was taken for chemical analysis.

Results and discussion

Solvent extraction with D2EHPA

Distribution coefficient (D) is the ratio of metal concentration in organic phase to that
in the aqueous phase at equilibrium. The extraction efficiency is commonly defined by
equation 1:

M
Extraction (%) = 1()0[ lorg _ 100D 0

aq d+ Vaq
Vord

In the above equation, ¥, is the volume of aqueous phase and V,,, is the volume of
organic phase. In the solvent extraction process, the nickel and zinc solutes from the
feed solution diffuse onto the interface of the emulsion globules and react with the
carrier (reaction 1). The extraction of nickel and zinc by chelating extractants, can be
represented by general equation 2 and 3 respectively:

NiZ, +2HRgy <> NiRy o + 2H,, ()
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Zn}} + 2HR oy > Z0R) o + 2H], . 3)

Preliminary experiments showed that 1 M D2EHPA diluted with hexane was suit-
able for the extraction of copper from the concentrated aqueous feed solutions. The
effects of equilibrium pH on the extraction of nickel and zinc from simulated acidic
leaching solutions using D2EHPA is shown in Figs la and 1b respectively. In these
experiments, aqueous solution containing different concentrations of nickel and cad-
mium shaken with 1 M D2EHPA at O:A ratio of 1:1 for 30 minutes at various equilib-
rium pH as shown in Fig. 1. The metals extraction increased with increasing aqueous
pH for both extractant systems, particularly for nickel. At equilibrium pH of 2 zinc
extractions was more than 98%, whereas nickel extraction was only 0.36%.
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Fig. 1. Effects of aqueous phase pH on the extraction of nickel and zinc,
1 M D2EHPA, ¢ = 30 minutes, 7 = 25, O/A phase ratio = 1:1: a) nickel, b) zinc
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Solvent extraction with Cyanex 272

Nickel and zinc extraction from leaching solutions in different equilibrium pH was
studied using Cyanex 272 as the extractant (figure 2). The results indicated that the
nickel and zinc were extracted according to this sequence: Zn>" > Ni*". The extraction
equilibrium was as follows (Eqgs 4 and 5):

Ni**+ 2(HR), < NiR,(RH), +2 H', 4)
Zn*'+ 2(HR), <> ZnRy(RH), +2 H". (5)

The zinc and nickel extraction was found to increase with the increase in pH of the
aqueous solution in the pH range 1-3 for zinc and 5-7.5 for nickel. This behavior is
similar to results of pH effect of on the zinc extraction from aqueous waste solution
using Cyanex (Ali et al., 2006). The same trend was obtained in the extraction of zinc
from alloy electroplating wastewater using Cyanex 272 (Sze and Xue, 2003).
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Fig. 2. Extraction percentages of nickel and zinc with 1 M Cyanex 272,
as a function of the pH; initial aqueous solution: 1 g/l Ni, 1 g/l Zn; O/A =1

Extraction mechanism

Plots of log D vs equilibrium pH for nickel and zinc extraction using D2EHPA are
shown in Fig. 3. This figure gives a slope of 1.45 and 1.72 for nickel and zinc extrac-
tion respectively. These slopes indicated the release of 2H" leading to the extraction of
nickel and zinc as NiHA, and ZnHA, in the organic phase as shown in Eqs 2 and 3
(Agrawal, 2008).
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Fig. 3. log D for vs equilibrium pH for nickel and zinc extraction using D2EHPA

Figure 4 shows the plots of log distribution coefficient vs equilibrium pH for nickel

and zinc extraction by Cyanex 272. The slope for nickel extraction was 1.4, and for
zinc extraction was 1.79. Similar to D2EHPA, these amounts of slopes showed that
the release of 2H" leading to the extraction of nickel and zinc in the organic phase as
shown in the equations 4 and 5.
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Fig. 4. log D for vs equilibrium pH for nickel and zinc extraction using Cyanex 272

Screening of extractants

In order to check the extractant capability for separation of nickel and zinc, the ex-
periments were performed with a diluted solution containing 1 g/dm’ of each metal
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(Ni and zinc) using 1 M D2EHPA and 1 M Cyanex 272 as extractants. The effects of
pH on the extraction efficiency are shown in the Fig. 5. The order of extraction for
both solvents was Zn > Ni. The results showed that the D2EHPA was capable of ex-
tracting both metals at lower pH values. Regarding the selectivity, both extractants
were selective for both metal but Cyanex 272 was more selective. In the metals sepa-
ration by D2EHPA, Ni and Zn curves were closer. As it can be seen in Fig. Sa, by
increasing pH from 0.5 to 2.5, zinc extraction using D2EHPA increased from about
11% to above 99%. In the Cyanex 272 extraction system, at equilibrium pH 3.5, zinc
extraction was completed and was higher than 99%. In the case of nickel extraction by
D2EHPA, 63.8% of nickel was extracted at pH 3.5. Using Cyanex 272, zinc ions had
no effects on the nickel extraction. Similar behavior by Cyanex 272 was observed in
zinc extraction(Salgado et al., 2003).
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Fig. 5. The effects of pH on nickel and zinc separation; initial aqueous solution:
1 g/dm® Ni, 1 g/ dm® Zn; O/A = 1, a) IM D2EHPA, b) 1 M Cyanex 272
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Extractant selectivity

The pH,,, values were used to show the separation selectivity for both extractant and
Table 1 the pH,,, values for metals and respective differences. The difference in pH,,,
values for nickel and zinc was used to identify the separation degree between nickel
and zinc. If two metals have a greater ApH,,, value, then they will have higher selec-
tivity and better separation efficiency will be obtained. In our experiments, the pH,,,
values obtained were 1.3 and 3.35 for zinc and nickel using D2EHPA extractant and
1.85 and 6.2 for zinc and nickel by Cyanex 272. The ApH;, value for the D2EHPA
system was 2.05 and this difference shows that nickel separation from zinc can be
performed 2 pH units higher than zinc. This amount indicated a relatively good sepa-
ration level between nickel and zinc. In the Cyanex 272 extraction system, the ApH,,
value was higher which showed that the separation of nickel and zinc using Cyanex
272 was simpler than D2EHPA system. Although Cyanex 272 exhibited simpler proc-
ess and offered good separation of nickel and zinc, it is relatively expensive to be used
commercially. D2EHPA is much less expensive, so D2EHPA was selected for further
studies from the economical viewpoint, because D2EHPA is cheaper than Cyanex
272.

Table 1. pH,,, and respective differences (ApH;,,) for two solvent solutions

Extractant pHix ApHy),
Zn Ni Zn—Ni

D2EHPA 1.3 3.35 2.05

1 M Cyanex 272 1.85 6.2 4.35

Comparison of extractant separation factor

The selectivity of extractant for desired metal separation can be quantified using sepa-
ration factor f. The highest value of the separation factor corresponds to the highest
selectivity in metals separation. Separation factor £ is defined as follows (Reddy et al.,
2008):

Dy
N (6)
DZn

ﬂ =
The separation factors f for both extractants were calculated and are plotted against
pH (Fig. 6). It was shown that the both extractant had relatively good separation factor
and the capacity of these extractants to separate nickel from zinc was apparent. Sepa-
ration factor for D2ZEHPA was more dependent on pH. In D2EHPA system in the
range pH of 2 to 2.5 the separation factor of nickel reached its maximum. In nickel
and zinc separation using Cyanex 272, the separation factor of nickel reached its
maximum in the pH range of 3.5-4.
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Fig. 6. Separation factors against equilibrium pH (1 M DEHPA and 1 M Cyanex 272,
O/A=1,1 g/dm3 zinc and nickel concentration

Stripping studies

The stripping investigations were performed using H,SO, to for the stripping of zinc
and Ni ions from the loaded D2EHPA solution. The stripping efficiencies of zinc with
2 and 5 M H,SO, from a IM DEHPA were 98.8 and 99.7% respectively. Nickel strip-
ping from the loaded organic phase was studied using sulphuric acid. The results ob-
tained indicated that the stripping percent nickel reached 98% using 2M sulphuric
acid.

Conclusions

Nickel and zinc extraction and separation from sulphate solutions were carried out
using D2EHPA and Cyanex 272 diluted with hexane. Using both extractants, the per-
centage extraction of both metals increased with the increase in pH of the aqueous
phase. The observed ApH1/2 showed that the separation of nickel and zinc using both
extractant was possible. The slope analysis studies of log D vs. pH plot gave a straight
line, and its slope indicated that the releasing of 2H" was the controlling mechanism in
metal extraction. Separation factors obtained with combinations of two extractants
showed that under experimental conditions, both extractants were capable of extract-
ing nickel and zinc.
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