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Abstract: The extraction and stripping of Cu and Ni ions from synthetic and industrial solutions of Sarcheshmeh
Copper Mine containing Cu (770 mg/L), Ni (3200 mg/L), Fe (800 mg/L) and Zn (200 mg/L) were comprehensively
investigated using D2EHPA, LIX 984, Cyanex 302, Chemorex CP 150 and Acorga 5774 diluted in kerosene. The
influential parameters such as mixing speed and time, concentration of extractant, pH and temperature were considered
in extraction stage. Furthermore, stripping of Cu and Ni was examined using different inorganic and organic acids
(sulfuric, hydrochloric, nitric and citric acids) with different concentrations. The results indicated that the highest
extractions of Cu and Ni occurred within 3 min, with the mixing speed of 500 r/min, 28 °C and A/O ratio of 1:1.
Moreover, Cu was extracted by LIX 984 at the concentration of 10% (v/v), whereas Ni was extracted by Cyanex 302 at
the concentration of 30% (v/v), efficiently. The optimal pH for Cu and Ni extraction is in ranges of 2—3 and 4-5,
respectively. Cu and Ni were selectively extracted with the recoveries of 85%, 93% and 77%, 82% from synthetic and
industrial solutions containing Ni, Cu, Zn and Fe ions, respectively. The results of optimal condition showed that 96%
of Ni and 93% of Cu were stripped from the synthetic and industrial solutions. Finally, four elements Zn, Fe, Cu and Ni
were extracted in three stages with D2EHPA, LIX 984 and Cyanex 302 extractants respectively with the least
impurities.
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(direct solvent extraction) method has been used for

1 Introduction

Nowadays, some metals such as copper and
nickel are extracted from their oxide and carbonate
sources by the hydrometallurgical method [1-3].
Solvent extraction is based on a variety of organic
solvents. The extractants with different formulae
have been produced and utilized in order to extract
elements such as copper, nickel and zinc from
aqueous solution. The purpose of using solvent
extraction method is to enrich the impregnated
solution and reduce the impurities associated
with valuable elements [4—6]. In general, the DSX

the selective extraction of different elements from
the impregnated aqueous solution from leaching
process (PLS) [7—10]. The DSX is associated with
removing different elements from aqueous solution
in different stages by different extractants (in single
or combined forms of the extractants and directing
them to the sedimentation stage such as electro-
winning (EW) [11].

According to the previous studies, extractants
like D2EHPA and Cyanex 272 have been used to
separate cobalt, manganese and zinc ions from
aqueous solution [12]. On the other hand, the
extractants LIX [13] and Cyanex group [14,15] like
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Cyanex 301 and 302 have been utilized to extract
copper and nickel ions, respectively. To date,
several researches have been published for the
separation of nickel and cobalt, but few of them
have considered the extraction of nickel, copper,
iron, zinc, and cobalt elements in one complex.
REDDY et al [16] studied the extraction of copper,
nickel, iron and cobalt elements using LIX 973 and
LIX 984. They could extract copper using the
extractant LIX group. However, after copper was
extracted, the raffinate solution contained about
17 g/L of nickel. Furthermore, the concentration of
sulfuric acid was determined as much as 157 g/L in
copper stripping stage. KURSUNOGLU et al [10]
investigated the nickel and cobalt extraction using
the extractants Versatic 10 and TBP. The results of
the experiments demonstrated that the best
concentrations of Versatic 10 and TBP for nickel
extraction were 15% and 5%, respectively. They
could extract almost 100% of nickel in this
concentration. But in this condition, other elements
like cobalt, manganese and magnesium were also
extracted as about 90%. They also used Cyanex 272
and TBP to extract cobalt from aqueous solution
containing nickel, cobalt, manganese and calcium
ions. Like the nickel extraction, this element
was not separated selectively. MUBAROK and
HANIF [17] studied the extraction of nickel and
cobalt in a nitric environment using Cyanex 272
and Versatic 10. They could extract almost 99% of
cobalt using Cyanex 272 in the concentration of
20%, whereas almost 80% of magnesium was also
extracted. In other research, TANAKA et al [18]
used LIX 84 to extract nickel from the electrolyte
solution. According to studies conducted by
SOEEZI et al [19], the extractant Chemorex CP 150
could have a significant effect on copper extraction
from the pregnant aqueous solution obtained from
leaching process (PLS). Moreover, the results also
indicated that disturbing ions such as manganese
can be very harmful for the process even in the
mg/L (ppm)-scale, because this ion is able to
oxidize the extractant and diminish the amount of
recovery. According to the results of researches by
MILLER et al [20] manganese is identified as the
disturbing element in the electrolysis process which
can be separated by the solvent extraction method.
In addition, they reported the detrimental effects of
the presence of manganese in the solvent extraction

and electrowinning processes of copper which are
listed as follows: (1) decreasing the chemical
reaction rate; (2) decreasing the solvent capacity for
the formation of copper chelate.

The main objective of the present study is
selective solvent extraction and stripping of Cu and
Ni from synthetic and
containing Ni, Cu, Fe and Zn ions. A variety of
solvent extractants including D2EHPA, LIX 984,
Cyanex 302, Chemorex CP150, and Acorga 5774
were considered and the influential variables such
as concentration and type of extractant, temperature,
pH, mixing speed and time were also evaluated. It
should be noted that DSX method was applied to
extracting Cu, Ni, Zn and Fe in different stages.
Firstly, Cu and Ni were selectively separated from
each other in the synthetic solution containing two
ions of Cu and Ni in binary system. The next stage
was dealt with selective extraction of Cu and Ni
from the synthetic aqueous solution containing four
ions of Cu, Ni, Fe and Zn with
concentrations of the solution obtained from the
Sarcheshmeh Copper Refinery. For the next stage,
the optimal condition was tested on the industrial
sample of Sarcheshmeh Copper Mine and the
selective extraction and stripping of the four
abundant elements in the industrial solution (Zn, Fe,
Ni and Cu) were evaluated. Finally, a new
flowsheet was presented to selectively separate Cu
and Ni from each other and from other disturbing
elements such as Zn and Fe from industrial
solution.

industrial  solutions

similar

2 Experimental

2.1 Chemicals and sample

The organic solutions of D2EHPA (di-2-
ethylhexylphosphoricacid), LIX 984, Acorga and
Chemorex CP 150 (5-nonylsalicylaldloxime and
2-hydroxy-5-nonylacetophenone), Cyanex 302
(di-2,4,4-trimethylpentylmonothiophosphinic acid)
with the purity of 97% were prepared from Cytec
Co., Canada. All the extractants with different
concentrations were diluted by kerosene. The
CuSO45H,0, NiSO46H,0, FeSO47H,O and
ZnS04 7TH,O were used to prepare the synthetic
solutions containing Cu and Ni, and Cu, Ni, Fe and
Zn ions, respectively. Also, industrial solution
containing a variety of elements with different
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concentrations was prepared from the refinery
solution of Sarcheshmeh Copper Mine. The
concentrations of elements in the industrial solution
are illustrated in Table 1.

Table 1 Concentrations of elements in refinery solution
of Sarcheshmeh Copper Mine (mg/L)

Mn+Pb+
Mo+V

3200 770 800 200 22 60 90 65 <5

Ni Cu Fe Zn Co Mg Cd Na

As indicated in Table 1, the industrial solution
was prepared from the refinery of Sarcheshmeh
Copper Mine which contains four dominant
elements (Ni, Fe, Cu and Zn with concentration not
less than 200 mg/L) and the other elements have
lower concentration. Hence, these four elements
were considered in this research. In the stripping
stage, pure sulfuric (H,SO,4), hydrochloric (HCI),
nitric (HNOs) and citric (C¢HgO5) acids were used.
Analytical-grade reagents were used in these
experiments without any purification. All the
synthetic solutions were prepared with distilled and
deionized water.

2.2 Method, instrument and analysis

Initially, synthetic Cu and Ni bearing solution
(according to the solution concentration of
Sarcheshmeh Copper Refinery) was prepared for
evaluating the extraction of Cu and Ni from each
other and analyzing the effect of various influential
variables on the process. Cu and Ni were extracted
using the solvent extraction method by different
extractants D2EHPA, LIX 984, Cyanex 302, Acorga
5774 and Chemorex CP 150 with concentrations of
5%, 10%, 15%, 20%, 25% and 30%, respectively.
To complete the process and enhance the extraction
percentage, effective parameters including pH (2—6),
mixing speed (100—1100) r/min), mixing time
(1-15min), and temperature (25—45°C) were
considered. In the stripping stage, the type of acids
(sulfuric, hydrochloric, nitric and citric acids) in
different concentrations of 20—250 g/l was also
taken into consideration. The next stage was to
extract the Cu and Ni ions from the synthetic and
industrial solutions containing four dominant
elements of Ni (3200 mg/L), Cu (770 mg/L), Fe
(800 mg/L) and Zn (200 mg/L). Three series stages
of extraction and stripping were made to extract Cu
and Ni ions from the synthetic and industrial

solutions. It is noteworthy to mention that LIX 984
was stripped in two steps with different
concentrations and Cyanex 302 was stripped in one
step by sulfuric acid. To provide high precision
results, the experiments were repeated two times
and randomly three times and their results have
been recorded in average.

The AAS analysis (Varian AA240FS) was
applied to measuring the concentration of the
elements in the aqueous solution and the extraction
of the elements in the organic phase was calculated.
All the experiments were carried out by the stirrer
(Heidolph ST—1). The Memmert water bath (Water
bath WNE 29) was used to make the temperature
stable within the process [9,10].

The extractions of Cu and Ni were calculated
by Eq. (1):

c. . —-C
E=—nad  0ad g000, (1)

aq
where Ci,.q represents the concentration of the
elements in the primary impregnated aqueous
solution (before the extraction stage) and Ciaq
indicates the final concentration of the elements in
the aqueous solution after the extraction stage.
Equation (2) was used to calculate the distribution
coefficient. The distribution coefficient is a factor
by which the transition tendency of ions from
aqueous to organic phase is measured. The
distribution coefficient is calculated by Eq. (2), in
which D is the distribution coefficient, C,,
indicates the metal concentration in the organic
phase and C,q represents the metal concentration in
the aqueous phase [9,10].

C
D=—% ()

Caq

Also, Eq. (3) was used to calculate the
separation factor. As this factor is far from 1, it
indicates that a better extractant is selected, while
the value of 1 implies that the extractant is
indifferent to both types of the ions. In this
equation, S(Ni/Cu), D(Ni) and D(Cu) represent the
separation factor of Ni from Cu ions and the
distribution coefficients of the Ni and Cu ions,
respectively [9,10].

D(Ni)

B(Ni/Cu)= Dcw

3)

It is noteworthy to mention that the stripping
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rate of ions was calculated using the formula which
is the opposite of Eq. (1).

3 Results and discussion

3.1 D2EHPA

This extractant is categorized in the group of
cationic organophosphorus extractant. According to
the literature reviews [21—24], this extractant has a
high ability to extract Zn and Fe ions from solution.
Since Ni is extracted by organophosphorus
extractants like Cyanex 301, Cyanex 302 and
Versatic 10 [25,26], it is predicted that D2EHPA
plays an effective role in extracting Ni ion from
solution. Therefore, the extractant D2EHPA was
used to investigate the extraction of Cu and Ni ions
from aqueous solution containing Cu and Ni ions in
binary system. Figures 1(a) and (b) show the
extractions of Cu and Ni ions using the D2EHPA in
pH range of 2—6 with different concentrations of the
extractant, respectively.
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Fig. 1 Extractions of Cu (a) and Ni (b) from synthetic
solution containing Cu and Ni elements by D2EHPA in
pH range of 2-6 with different concentrations of
extractant (28 °C; 500 r/min; 3 min; O/A ratio 1:1)

As indicated in Fig. 1(a), D2EHPA did not
have significant effect on Cu extraction. It is only
capable of extracting the 45% of Cu from the
aqueous solution containing Cu and Ni ions in the
optimal condition. The results display that the
highest extraction of Cu was achieved at pH=5 in
the organic concentration of 15%. It is essential to
mention that pH=6 reflects better results than other
pH values in Cu extraction even though it is not
suggested because of being close to copper
sedimentation pH (according to the p—pH diagram).
However, almost 45% of Cu was extracted from the
impregnated aqueous solution in this pH. The
minimum of Cu extraction (20%) was recorded at
pH=2 in the optimal condition. With pH increasing
up to 5, it is observed that the extraction is
enhanced. As the pH exceeds more than 6, the
extraction is also reduced. Therefore, pH=5 was
considered as the optimal pH for Cu extraction. The
results were obtained at the D2EHPA concentration
of 15%.

Figure 1(b) shows that D2EHPA is able to
extract Ni from the aqueous solution containing Cu
and Ni ions as about 50%. It should be pointed out
that this amount of the extraction occurred at 28 °C,
mixing speed of 500 r/min, time of 3 min and
organic concentration of 15%. The results specified
that pH=5 provides the optimal condition for Ni
extraction. The extractant D2EHPA is able to
extract 47% of Ni under such conditions. Like Cu,
the increment of pH has raised its extraction. The
amount of Ni extraction at pH=6 has not been
significantly increased in comparison with its
previous pH. It is determined that the optimal pH
for Ni extraction is 5. As the extractant D2EHPA
did not properly extract Cu and Ni ions, other
influential parameters such as temperature, mixing
speed and time were not considered and optimized.
This extractant is not suitable for the simultaneous
and selective separation of Cu and Ni ions from
aqueous solution. However, the literature reviews
indicated that it is very efficient to remove Zn and
Fe ions from aqueous solution [24,27].

3.2 LIX 984
3.2.1 Extraction stage

This extractant is a sub-division of the
cationic chelating extractant. According to several
researches, this extractant has a high ability to
extract Cu and Fe ions at different levels of acidity
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(pH) [5,28]. In this part of research, the influence of
this organic reagent on the extractions of Cu and Ni
ions from the aqueous solution containing Cu and
Ni ions was investigated. As mentioned before, all
the tests were initially performed in the aqueous
solution containing Cu and Ni ions in binary system
in order to evaluate the effect of parameters on the
extraction and stripping efficiency. Next, the
influential parameters were optimized to extract Cu
and Ni ions from the aqueous solution containing
four elements of Cu, Zn, Ni and Fe. According to
last research in Sungun Copper Mine it was found
that Cu can be extracted by LIX 984 and Chemorex
CP 150 at 3 min from its liquid solution [19]. So,
the mixing time was fixed to be 3 min to optimize
other parameters such as pH, mixing speed,
temperature, and extractant concentration. It should
be noted that Sungun Copper Mine and
Sarcheshmeh Copper Mine are similar in genes.
Figures 2(a) and (b) illustrate the results related to
the extraction of Cu and Ni at different pH values
and extractant concentrations. Figure 2(a) features
out that the extractant LIX 984 is able to extract
100% of Cu in optimal condition. This amount of
extraction occurred at pH=3. In contrast, the
minimum Cu extraction is observed at pH=5-6. It is
estimated that it is capable of extracting 97%—98%
of Cu from aqueous solution. When the
concentration of the extractant is moved up from
10% to 20% at pH=3, the Cu extraction is
diminished to about 98%. As displayed in Fig. 2(b),
the extractant LIX 984 is able to extract 68% of Ni
in optimal condition. This extraction occurs at
pH=5. When the pH increases to 6, the Ni
extraction gets reduced and reaches 63%. The
results of the experiment indicate that as the pH is
decreased to 2, the Ni extraction reaches its
minimum level which is almost 50%. As the pH
increases from 2 to 3 and 4, the extraction is
increased to 55% and 60%, respectively. It is
noteworthy to mention that all the reported results
were obtained at the extractant concentration of
10%. The results of these tests demonstrate that the
amount of Ni extraction will be 40% when the
concentration of the extractant is increased to 20%
at pH=5. As a result, the Ni extraction gets
decreased through enhancing or diminishing the pH
in this concentration. As aforementioned, the pH
values of 3 and 5 are identified as the best values to
extract Cu and Ni ions from the aqueous solution

containing Cu and Ni ions, respectively. According
to the fact that Ni has a higher concentration in the
solution, the rest of the tests were carried out at
pH=5.

The mixing speed has been identified as
another important parameter affecting the solvent
extraction process. Therefore, the effects of mixing
speed on Cu and Ni extractions were studied, and
their results are shown in Figs. 2(c) and (d),
respectively. The results of the experiments
demonstrate that higher Cu extraction is observed at
the mixing speed of 700 r/min than other mixing
speed values. The Cu extraction is almost 99.8% at
pH=5 and this mixing speed. As illustrated in
Fig. 2(a), pH=3 is identified as the best pH for Cu
extraction. However, with increasing the mixing
speed at pH=5, the Cu extraction reaches nearly
100%. The Cu extraction is reduced to 97% through
increasing the mixing speed up to 1100 r/min. On
the other hand, the decrease of mixing speed to
100 r/min has reduced the Cu extraction to 90%. It
should be pointed out that all the aforementioned
results were obtained at the concentration of 10% of
extractant. As the concentration of the extractant is
increased at mixing speeds over 700 r/min, the Cu
extraction has not been increased and it has passed
a straight direction. However, the increment of the
extractant concentration has increased the Cu
extraction up to only 1%—2% at lower mixing
speeds like 100 and 300 r/min. The highest Cu
extraction happened at 700 r/min, but it is ignored
because it is close to the mixing speed of 900 r/min
at which it makes the solution become turbulent. So,
the mixing speed of 500 r/min was selected as the
optimal mixing speed. Another reason is that of Cu
extraction at 500 r/min is close to that at 700 r/min.
For this purpose, the mixing speed was set to be
500 r/min for the rest of experiments. In addition,
the reduction of energy consumption is also
considered as another reason of choosing the
mixing speed of 500 r/min. Today, most of the
processing plants are searching for methods to
minimize the energy consumption. Thus, it is
suggested that the mixing speed sets in the
minimum value.

Figure 2(d) indicates that the extractant
LIX 984 has ability to extract almost 70% of Ni
ions in suitable condition. This extraction occurred
at pH=5. Figure 2(d) illustrated the effect of mixing
speed on the extraction of Ni ions from Cu- and Ni-
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Fig. 2 Extractions of Cu and Ni from synthetic solution containing two elements of Cu and Ni by LIX 984 in different
conditions: (a, b) Different pH values, 28 °C, 500 r/min, 3 min, O/A ratio 1:1; (c, d) Different mixing speeds, 28 °C,
pH=5, 3 min, O/A ratio 1:1; (e, f) Different mixing time, 28 °C, pH=5, 500 r/min, O/A ratio 1:1

bearing solution. As indicated, the best extraction of
Ni (71%) was achieved at 700 r/min. Also, the
extraction of Ni was 70% at 500 r/min. This figure
clearly illustrated that the best extraction was at
700 r/min which was 71%. Whereas, the studies
specified that the extraction of Ni was decreased to
58% at 1100 r/min. On the other hand, the Ni

extraction was decreased to 45% and 55% at 100
and 300 r/min, respectively. All the aforementioned
tests were carried out at the concentration of 10% of
LIX 984. The results of the experiments figure out
that the decrease and increase of the concentration
of LIX 984 have reduced the Ni extraction. For
example, the extraction was about 53% at the
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extractant concentration of 5% and 700 r/min. But,
the extraction reached 71% at this mixing speed
under the extractant concentration of 10%. The Ni
extraction was diminished to 50% when the
concentration of the extractant was increased to
20% at the similar mixing speed. As pointed out,
the highest Ni extraction was obtained at 700 r/min.
However, it is ignored because it is close to the
mixing speed of 900 r/min at which the solution
gets turbulent. Also, the Ni extraction at the mixing
speed of 500 r/min is close to that at 700 r/min.
Hence, the speed of 500 r/min was selected as the
optimal mixing speed for the rest of the
experiments.

Furthermore, mixing time was also considered
as another significant parameter affecting the
solvent extraction process. Figures 2(e) and (f)
reveal the extraction results of elements Cu and Ni
at different time and concentrations of the
extractant LIX 984. As shown in Figs. 2(e) and (f),
the Cu and Ni extractions were increased with
increasing the mixing time by this extractant. In
other words, the extractions of Cu and Ni ions were
enhanced to 99.99% and 71.00% by increasing the
mixing time to 7 min. In contrast, the extractions of
both elements were decreased by increasing the
time to 15 min. It is better to choose the lowest time
which has the best percentage of extraction. For
example, LIX 984 is able to extract 99.50% of Cu
and 70.00% of Ni at 3 min. So, the duration of 3
min was specified as the optimal mixing time.
Another reason of choosing the mixing time of 3
min is associated with the fact that Ni can be
extracted more selectively from the aqueous
solution containing Cu and Ni ions. More clearly,
by increasing the time to 7 min, the Cu extraction
was increased compared to Ni, but Ni extraction
was not increased significantly and was about
0.25%. Therefore, the mixing time was selected to

be 3 min in the rest of experiments. In other words,
this time can be the optimal time to extract Cu and
Ni ions. It is noteworthy to mention that all the
results were at a concentration of 10% of extractant.

Also, the results of extraction, distribution
coefficient and separation factor for Cu and Ni
elements are presented in Table 2. This table
postulates that the extractant LIX 984 is able to
extract more than 99% of Cu at pH=2—3 and near
68% of Ni at pH=5. Larger distribution coefficient
represents greater desire to transfer ions into the
organic phase. According to the results, the best
separation between the two elements of Cu and Ni
in binary system occurs at pH=3 at which the
separation factor is 8182.48. At pH=5-6, the
minimum separation of two elements from each
other was observed. For the purpose of
simultaneous extraction of Cu and Ni elements,
pH=5 was selected as the optimal pH for further
investigation.

Another important parameter affecting the
process efficiency is temperature. The results of
extractions of Cu and Ni ions versus different
temperatures are shown in Figs. 3(a) and (b),
respectively. As shown in Fig. 3(a), Cu extraction
decreases with increasing the temperature. The best
temperature for extraction of this element is in the
range of 25—30 °C. When the temperature increases
to 45 °C, the extraction of Cu ions is decreased to
96.5%. Higher temperatures disrupt the chemical
characteristic of LIX 984 and consequently reduce
its performance. Therefore, the best temperature for
this extractant is determined in the range of
25-30 °C. Also, with increasing the temperature,
the Ni extraction decreases which is similar to the
Cu extraction behaviour (Fig. 3(b)). The optimal
temperature for extraction of Ni is also in the range
of 2530 °C. As the temperature rises to 45 °C, Ni
extraction is reduced to 68%.

Table 2 Extraction, distribution coefficient and separation factor of Cu and Ni ions from solution using LIX 984

(10% v/v, 28 °C, 500 r/min, 3 min)

Extraction/% Distribution coefficient Separation factor
pH Cu Ni Cu Ni Cu Ni
2 99.90 50.10 999.00 1.00 1.00 999.00
3 99.99 55.00 9999.00 1.22 1.00 8182.48
4 99.55 63.01 221.20 1.70 1.00 129.96
5 98.90 68.02 89.91 2.12 1.00 42.31
6 98.40 65.01 61.50 1.85 1.00 33.12
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Fig. 3 Extractions of Cu (a) and Ni (b) from synthetic
solution containing two elements of Cu and Ni by
LIX 984 at different temperatures (pH=5, 500 r/min,
3 min, O/A ratio 1:1)

3.2.2 Stripping stage

As mentioned earlier, after the extraction stage
and optimizing the effective parameters, the
stripping of the elements from the extractants was
investigated. Different acids such as sulfuric acid,
hydrochloric acid, nitric acid, and citric acid were
used at various concentrations and the effects of
each acid on the stripping of Cu and Ni were
evaluated. The results are shown in Fig. 4.

As illustrated in Fig. 4(a), the Cu stripping rate
can be increased or decreased as the result of
changing the type of acid in the stripping stage. It is
evidently concluded that the enhancement of
concentration of hydrochloric acid from 130 to
180 g/L is able to reach Cu stripping rate from 82%
to 90%. The results also showed that the stripping
rate of Cu with nitric acid is lower than that with
hydrochloric and sulfuric acids. Thus, 92%—94% of
Cu was stripped at the concentration of 210 g/L
sulfuric and hydrochloric acids, respectively. But
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Fig. 4 Stripping rates of Cu and Ni with different acids
and concentrations (28 °C, mixing speed 500 r/min,
3 min, concentration of extractant 10%, O/A ratio 1:1):
(a) Higher acid (b) Lower acid
concentration

concentration;

using nitric acid only 78% of Cu was stripped with
the same concentration. Besides, increasing the
concentration of hydrochloric acid from 210 to
250 g/L has increased stripping rate from 93% to
94% approximately, respectively. Subsequently, the
organic acid (citric acid) was not effective in
stripping stage and it was not able to compete with
other inorganic acids. In the best condition, its Cu
stripping rate reached 61%. Due to the fact that
sulfuric and hydrochloric acids affect the Cu
stripping process efficiently, these two acids were
utilized to strip Ni from organic phase. Figure 4(b)
demonstrates that changing the type of acid did not
remarkably influence the Ni stripping rate. There is
no any meaningful difference between hydrochloric
acid and sulfuric acid in the stripping rate of Ni.
The results of the experiment reveal that almost
84% of Ni can be separated from the organic phase
at the concentration of 20 g/L sulfuric acid. As the
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acid concentration increases to 40 g/L, more Ni is
separated to the aqueous solution and the stripping
rate reaches 91%. When the concentration of
hydrochloric acid reaches 40 g/L, it is able to strip
Ni up to 92%. According to Fig. 4(b), it can be seen
that low concentrations of hydrochloric or sulfuric
acids can be used to remove Ni from the organic
phase and to separate it from Cu. It is observed that
at concentrations of 20—40 g/L, more than 80% of
Ni is removed while the amount of Cu introduced
into the aqueous phase is less than 15%. It is
noteworthy to mention that the stripping rates with
hydrochloric acid at the concentrations of 20 and
30 g/L are almost similar to those with sulfuric acid.
So, sulfuric acid was selected for stripping of Ni in
further experiments.

Sulfuric acid is cheaper and more accessible
than hydrochloric acid, and most of copper melting
plants release plenty of SO, into the environment
because of roasting and smelting of sulfide ores.
Plants producing sulfuric acid are wusually
established adjacent to the plants of roasting and
smelting of sulfide ores in order to decrease the
emission of SO, through the environment [28—30].
Hence, sulfuric acid was selected as a suitable acid
for the stripping stage in this research. Figure 5
represents the extraction data and their conditions
and the stripping of Cu and Ni elements from the
organic phase. As observed in Fig. 5, solution
containing Cu and Ni ions with respective
concentrations of 770 mg/L and 3200 mg/L is
entered into the mixer and is separated by LIX 984
with the concentration of 10% at pH=2.5. In this
stage, about 99.5% of Cu and 71% of Ni are
extracted. After that, the organic phase is entered
into stripping stage. Two stripping steps at different
concentrations of sulfuric acid are applied for the
selective extraction of these elements. Initially, the
organic phase is washed by sulfuric acid with the
concentration of 40 g/L. In this step, approximately
90% of Ni and 7% of Cu are separated from the
organic phase. Once more, the organic phase is
washed by sulfuric acid with the concentration of
210 g/L. In this step, about 97% Cu and 9.9% Ni
are stripped from extractant, respectively.

3.3 Cyanex 302
3.3.1 Extraction stage

This extractant is categorized in the group of
cationic organophosphorus extractant. According to
the literature reviews, this extractant has a high

ability to extract Ni, Mg and Co ions from aqueous
solution. Therefore, this extractant was used to
extract Ni ions from the solution [10]. The
extraction results of Cu and Ni ions by this
extractant at different concentrations and pH values
are shown in Figs. 6(a) and (b), respectively.

770 mg/L Cu and 10%
3200 mg/L Ni LIX984 ~ ~ 1
=1
a.
Organic 2 :
(99.5% Cu S
and 71% Ni) S
|
Stripping Stripping :
by 40 g/L by 210g/L} -
HySO4 HyS04
90% Ni 92% Cu
and 7% Cu and 9% Ni

Fig. 5 Selective extraction and stripping of Ni and Cu
using LIX 984 from aqueous solution containing Cu and
Ni ions (28 °C, pH=2.5, 500 r/min, 3 min, concentration
of extractant 10%, O/A ratio 1:1)
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Fig. 6 Extractions of Cu (a) and Ni (b) from synthetic
solution containing Cu and Ni elements by Cyanex 302
extractant at different concentrations and pH (28 °C,
500 r/min, 3 min, O/A ratio 1:1)
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As observed in Fig. 6(b), the extractant
Cyanex 302 is capable of extracting the 97% of Ni
ions from the aqueous solution. This extraction was
observed at pH=4 and the extractant concentration
of 30%. Also, this extractant is able to extract 95%
of Ni ions at pH=4 with the concentration of 25%.
The results show that decreasing the concentration
of the extractant to 5% is directed into reducing the
Ni extraction in all pH values. Remarkably, the
extractant Cyanex 302 is able to extract only 20.5%
of Cu ions from the solution (Fig. 6(a)).

The effect of mixing speed on the extractions
of Cu and Ni ions is presented in Fig. 7. It is
postulated that with increasing the mixing speed
from 500 to 700 r/min, the extraction of Ni ions is
enhanced. Likewise, the mixing speed increment
from 500 to 700r/min at the extractant
concentration of 30% leads to the increase Ni
extraction from 97% to 97.5%. The results indicate
that the increase of mixing speed at any
concentration from the organic phase is directed
into enhancing the Ni extraction. The minimum Cu
extraction is achieved by the extractant Cyanex 302.
At any mixing speed, the Cu extraction from the
aqueous solution is less than 20%. The mixing
speed enhancement increases the extractions of Ni
and Cu ions. Evidently, with increasing the mixing
speed from 500 to 700 r/min, the Cu and Ni
extractions increase. The mixing speed of 500 r/min
with the minimum Cu extraction was considered for
the selective extraction in order to prevent more Cu
extraction from the aqueous solution.

The effect of mixing time on the extractions of
Cu and Ni ions from the solution containing Cu and

100 ——— _
801
S .
S 60f =—Ni
= e—Cu
2
5 40+
20+ ./__,._e_— g —e
0 200 400 600 800

Mixing speed/(r-min™")
Fig. 7 Extractions of Cu and Ni by extractant Cyanex
302 at different mixing speeds (pH=4, 3 min, O/A ratio
1:1, concentration of extractant 30%)

Ni ions is presented in Fig. 8. As observed,
increasing the mixing time is directed into
increasing the extractions of Cu and Ni ions by
Cyanex 302. Clearly, as the mixing time is
increased from 3 to 7 min, the extraction of Ni ions
is increased by about 0.5%. However, this
increment leads to higher Cu extraction of 23%. As
a result, it was determined that the duration of
3 min is the best choice for the extraction of Ni ions
from the aqueous solution containing Cu and Ni
ions. In this condition, the extraction of Cu is lower
than the others.

100 = * .
80
X .
S 60F =—Ni
8 e—Cu
5 40+
20_ /
0 | 1 1 1

2 3 4 5 6 7 8
Mixing time/min
Fig. 8 Extractions of Cu and Ni by extractant Cyanex
302 at different mixing time (pH=4, 500 r/min, O/A ratio
1:1, concentration of extractant 30%)

Also, the extraction, distribution coefficient
and separation factor for Cu and Ni ions are
presented in Table 3. This table figures out that the
extractant Cyanex 302 is able to extract about
19.50% of Cu and 97.00% of Ni at pH=4. Larger
distribution coefficient represents greater desire to
transfer ion into the organic phase. According to the
results of its separation factor, it can be seen that the
highest Ni separation from Cu occurs at pH=4,
which is 134.71. According to the results, the best
separation between the Ni and Cu ions occurs at
pH=4, in which the separation factor is 134.71. At
pH=3, the minimum separation of two elements
from each other was observed.

The increase of the temperature increased the
extractions of Cu and Ni ions from the solution
(Fig. 9). The extraction of Ni ions was increased by
0.7% through raising the temperature from 25 to
45 °C. However, this increase enhanced the Cu
extraction to 20.6%. Regarding to the Cu extraction,
it was specified to set the temperature at 25-30 °C
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Table 3 Extraction, distribution coefficient and separation factor of Cu and Ni ions from solution by Cyanex 302

(extractant concentration 30%, 28 °C, 500 r/min, 3 min)

Extraction/%

Distribution coefficient

Separation factor

H
P Cu Ni Cu

Ni Cu Ni

3 18.50 81.00 0.23
4 19.50 97.00 0.24
5 20.00 92.00 0.25

4.26 18.52 1.00
32.33 134.71 1.00
11.50 46.00 1.00
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Fig. 9 Extractions of Cu (a) and Ni (b) ions using
Cyanex 302 extractant at different temperatures (pH=4,
500 r/min, O/A ratio 1:1, concentration of extractant
30%)

for the selective extraction of Ni ions from the
aqueous solution containing Cu and Ni ions.
According to the results, this extractant is
considered as a suitable organic reagent to extract
Ni ions selectively from the aqueous solution
containing Cu and Ni ions. As displayed in Fig. 8,
Cyanex 302 extracted almost 97% of Ni ions from
the aqueous solution containing these two ions in
optimal condition (environment temperature,
mixing speed of 500 r/min, and extractant
concentration of 30%). In such condition, about
19.5% of Cu was extracted.

3.3.2 Stripping stage

The current research considered the stripping
of Cyanex 302 by sulfuric and hydrochloric acids in
different concentrations of 40 to 210 g/L (extracted
Ni and Cu ions: 83% and 16%, respectively). The
stripping results of Ni and Cu ions using sulfuric
and hydrochloric acids in different concentrations
are presented in Fig. 10. As illustrated, changing the
type of acid and concentration did not significantly
affect the Ni stripping. However, increasing the
concentration of sulfuric and hydrochloric acids
increased the Cu stripping rate. As Ni stripping is
not changed remarkably, the Ni stripping rate was
raised by 1% approximately by increasing the
sulfuric acid concentration from 130 to 210 g/L.
Almost 99% of Ni and 18% of Cu were stripped at
the sulfuric acid concentration of 80 g/L. Evidently,
the Cu stripping rate was decreased through
reducing the acid concentration from 130 g/L even
though the Ni stripping rate is not changed. As the
concentration of sulfuric acid is reduced from 80 to
40 g/L, the Ni stripping starts decreased from 99%
to 98%. For this purpose, the 80 g/L of sulfuric
acid was selected as the optimal concentration of

100 5 %

Grnnnnnn gm0 4 A

80r

60f

40f

Stripping rate/%

20

0 50 100 150 200 250

Acid concentration/(g-L™")
Fig. 10 Stripping rates of Cu and Ni from Cyanex 302
extractant in different concentrations of sulfuric and
hydrochloric acids (500 r/min, 3 min, O/A ratio 1:1,
extractant concentration 30%)
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stripping reagent. On the other hand, the stripping
rate of Cu was 38% by hydrochloric acid in the
concentration of 80 g/L, which was two times more
than that of sulfuric acid. Eventually, sulfuric acid
was selected as the best stripping reagent in the
stripping stage.

3.4 Acorga 5774 and Chemorex CP 150

The extractants Acorga 5774 and Chemorex
CP 150 are categorized as cationic chelating
extractants. The natures of these two extractants are
very close to those of the LIX group. Therefore, the
optimal condition obtained from the experiments by
LIX 984 is considered for these extractants. All
parameters such as temperature, mixing speed and
time and O/A ratio were constant except pH and
extractant concentration which had intense effect on
the extraction rate. So, the parameters pH and
concentration of extractant were considered as
variables for these two extractants to compare their
extractions with that of LIX 984. The extraction of
Cu and Ni ions by Acorga 5774 and Chemorex CP
150 versus different extractant concentrations and
pH values are presented in Figs. 11(a) and (b),
respectively.

As observed, the highest extraction of Cu ions
was achieved by the extractant Acorga 5774 at the
concentration of 15% and pH=3. In such conditions,
the Cu extraction is about 95% which is 4% less
than that of the extractant LIX 984. It should be
pointed out that by increasing the pH, the extraction
is reduced to 90%. According to the results,
LIX 984 extracted the highest amount of Cu ions
compared with other extractants. The reason of this
increase can be related to the variety of the nature
or purity of the LIX 984. Considerably, Acorga
5774 was able to extract 52% of Ni ions at pH=5
with concentration of 15%. A simple comparison
between LIX 984 and this extractant reveals that
Acorga 5774 has a less extraction capacity than
LIX 984 for both Ni and Cu elements.

Figure 11(b) shows that the maximum Cu
extraction happens at the concentration of 15% and
pH=3 by the extractant CP 150. The Cu extraction
is about 95% in such conditions which is the same
as that of the extractant Acorga 5774. Therefore, it
can be concluded that CP 150 acts just like the
extractant Acorga 5774 to extract Cu ions from
aqueous solution. However, the extractant CP 150
is not suitable organic reagent to extract Ni ions
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Fig. 11 Extractions of Cu and Ni from synthetic solution
by Acorga 5774 (a) and Chemorex CP 150 (b) extractants
at different concentrations and pH values (25 °C,
500 r/min, 3 min, O/A ratio 1:1)

even in the best condition (only 35%). The
extractant CP 150 acts weakly to extract Ni ions
compared with LIX 984. The extractants Chemorex
CP 150 and Acorga 5774 and LIX 984 are
chemically so similar to each other. Their only
difference is the company in which they are
produced and their purity. According to the results,
it was observed that the extractant LIX 984 is able
to extract Cu and Ni ions better than Chemorex CP
150 and Acorga 5774 and therefore, the LIX 984
was selected as the best extractant between these
three similar organic reagents.

3.5 Selective separation of Cu and Ni from
synthetic solution containing Cu, Ni, Fe and
Zn ions
This part of research highlights the selective
separation of Cu and Ni ions from the synthetic
solution containing ions of Cu, Ni, Fe and Zn (at
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concentrations similar to those from the refinery of
Sarcheshmeh Copper Mine, Ni: 3200 mg/L,
Cu: 770 mg/L, Fe: 800 mg/L, and Zn: 200 mg/L)
using extractants D2EHPA, LIX 984, and Cyanex
302 in the three series steps.

As shown in Fig. 12, Cu and Ni ions are
selectively extracted by the extractants D2EHPA,
LIX 984, and Cyanex 302 in different three steps.
The results of the experiments figure out that the
extraction of Fe and Zn ions is performed by
D2EHPA at pH=2-3. Initially, the impregnated
aqueous solution containing Cu, Ni, Fe and Zn is
mixed with the extractant D2EHPA (concentration
of 15%). After mixing and the first extraction step,
96% of Zn, 75% of Fe, 8% of Cu and 8% of Ni ions
are extracted. In the second step, the aqueous
solution is mixed with the LIX 984 (concentration
of 10%) at pH=2.5. In this step, 91% of Cu, 12.5%
of Fe, 16% of Ni and 0.1% of Zn ions are extracted.
In the last step of extraction stage, the solution is
mixed with Cyanex 302. In this case, 95% of Ni,
5% of Fe, 0.9% of Cu and 0.03% of Zn are
extracted. In the stripping stage, the LIX 984 is
washed in two steps by sulfuric acid at two
concentrations of 40 and 210 g/L. So, 14% of Ni
and 90% of Cu are separated in two different
stripping steps. Finally, 96% of Ni present in
Cyanex 302 is stripped by sulfuric acid in the
concentration of 80 g/L in the third steps. Totally,
96% of Ni and 90% of Cu are separated
successfully from each other and can be transferred
to the EW stages. It is noteworthy to mention that
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the extractant D2EHPA is just used to extract Fe
and Zn ions from the synthetic solution it for the
next steps of extraction by extractants LIX984 and
then Cyanex 302.

3.6 Selective separation of Cu and Ni ions from

industrial refinery solution

According to the results obtained from the
previous experiments on the synthetic solution,
the selective separation of Cu and Ni ions
from the industrial solution (elements and their
concentrations presented in Table 1) was
investigated using D2EHPA, LIX 984, and Cyanex
302 with the same process pattern. The results are
show in Fig. 13. The extraction and stripping rate
are decreased because of the variety of elements
presented in the solution. Also, different cations,
rare earth elements, anions and complex
components are presented in the industrial solution
which are not listed in Table 1. So, these elements,
ions or components, can affect the test results and
decrease the extraction efficiency. For example, the
extraction of Cu ions was 85% using LIX 984,
while 89% of Ni ions was extracted by Cyanex 302.
In comparison with the synthetic solution, the
extractions of Cu and Ni ions were reduced by
about 6% and 6%, respectively. It is noteworthy to
mention that the stripping rates of Cu and Ni were
also reduced in comparison with those of the
synthetic solution. Indeed, stripping rates of Cu and
Ni were decreased from 90% to 88% and from 96%
to 90%, respectively. Totally, 82% of Ni and 77% of

Fig. 12 Extraction and stripping of Cu and Ni from synthetic solution containing Cu, Ni, Fe and Zn ions (Extraction
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parameters: 28 °C, 500 r/min, 3 min, O/A ratio 1:1; Stripping parameters: 28 °C, 500 r/min, 3 min, A/O ratio 1:1)
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Fig. 13 Selective extraction and stripping of Cu and Ni from industrial solution of Sarcheshmeh Copper Mine
(Extraction parameters: 28 °C, 500 r/min, 3 min, O/A ratio 1:1; Stripping parameters: 28 °C, 500 r/min, 3 min, A/O

ratio 1:1)

Table 4 Some previous studies related to present work

Method and their material

Element Result of extraction Re.s ulF of Ref.

Extraction Stripping stripping

Versatic10, D2EHPA, . 0 o
Cyanex 272 and ion exchange H,SO, Cu, Ni, Zn, Co Above 96% Cu Above 85% Cu [16]
LIX 984 H,SO, Cu, Zn 99.9% Cu 99% Cu [31]
. . About 87% Co
o, 0,

Cyanex 301 HCI Ni, Co 99.58% Co and 80.5% Ni and 70% Ni [32]
Versatic 10 and TEHA HCI Fe, Zn About 99.9% Fe and 80% Zn  Above 90% Zn [33]
Acorga M5640 and TRPO - Cu, Ni 99.96% Cu and 6.6% Ni - [34]
DEHPA - Ni, La About 60% Ni - [35]

Cu are separated successfully from each other and
can be transferred to the EW stages. Also, the
extractant D2EHPA was used to extract Fe and Zn
elements as impurities from the industrial solution
for the next steps of extraction by extractants
LIX984 and then Cyanex 302.

According to the results of the experiments, it
can be concluded that using the three steps of the
solvent extraction process with D2EHPA, LIX 984,
and Cyanex 302 and the two steps of the
stripping process with sulfuric acids with different
concentrations, four dominant ions of the industrial
solution containing Cu, Ni, Fe and Zn ions can be
separated effectively. The results of some studies
related to the present work are listed in Table 4. As
shown, this is for the first time that selective solvent
extraction and stripping of four ions Cu, Ni, Fe and
Zn from two kinds of synthetic and industrial

solutions have been comprehensively investigated.
4 Conclusions

(1) Selective solvent extraction and stripping
of Cu and Ni elements from synthetic and industrial
solutions containing Ni, Cu ions and Ni, Cu, Fe and
Zn ions were comprehensively investigated. Also,
the effects of different extractants including
D2EHPA, LIX 984, Cyanex 302, Chemorex CP 150
and Acorga 5774 were studied and the effective
parameters were optimized.

(2) The results show that using the three steps
of the extraction process with D2EHPA, LIX 984,
and Cyanex 302 in series pattern and the two steps
of the stripping process with sulfuric acid at two
different concentrations, Cu and Ni ions can be
separated effectively from synthetic and industrial
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solutions containing four main elements of Cu, Ni,
Zn and Fe.

(3) The extractant D2EHPA recovered about
75% of Fe and 96% of Zn ions at pH=2.5 from
synthetic solution and also 70% of Fe and 90% of
Zn ions from industrial solution. LIX 984 can
perfectly extract Cu ions as much as 99.9% at
pH=2-3. As the pH is increased to 5, this extractant
is able to extract 70% of Ni ions from aqueous
solution. Cyanex 302 can extract 97% of Ni ions at
the concentration of 30% of the organic phase and
pH=4 with minimum amount of Cu extraction.

(4) In the synthetic solution, for the first step
of extraction, D2EHPA extracted almost 96% of Zn,
75% of Fe, 8% of Cu and 8% of Ni ions. In the
second step, 91% of Cu, 12.5% of Fe, 16% of Ni
and 0.1% of Zn ions were extracted with the
LIX 984. In the third step, about 95% of Ni, 0.9%
of Cu, 5% of Fe and 0.03% of Zn ions were
extracted by Cyanex 302. In the industrial solution,
for the first step of extraction, D2EHPA extracted
almost 90% of Zn, 70% of Fe, 6.5% of Cu and
6.5% of Ni ions. In the second step, 85% of Cu,
12% of Fe, 14% of Ni and 0.5% of Zn ions were
extracted with the LIX 984. In the third step, about
89% of Ni, 2% of Cu, 6.5% of Fe and 0.5% of Zn
ions were extracted by Cyanex 302.
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M2 Cu, Ni, Fe #1 Zn & T8 Sarcheshmeh $F4
AR TGE R ZEEFI R Z Cu F1 Ni

Amirhossein SOEEZI', Hadi ABDOLLAHI', Sied Ziaedin SHAFAEI', Esmaeil RAHIMI

1. School of Mining engineering, College of Engineering, University of Tehran, Tehran, Iran;

2. Department of Mining Engineering, Islamic Azad University, South Tehran Branch, Tehran, Iran

# ZE: DL D2EHPA. LIX 984. Cyanex 302. Chemorex CP 150 Fll Acorga 5774 NAEEF, HE NFEREA], XFE
H Sarcheshmeh £ & Cu(770 mg/L). Ni(3200 mg/L). Fe(800 mg/L)F Zn(200 mg/L)HI& i TV & Cu #
Ni MIZEEE R AEHAT AT 70 . ZEHU B iR s i I R A VR A B AR ) ZEEGRIVREE . pH AR EE . EAF,
KA R BE 5 R CHLRE HURR(BRIR « 2h1R . SRR AT IR X Cu Bl Ni AT & . 45 RFR M, 7ERFTAI2N 3 min.
TRATHE N 500 r/mins RN 28 °C LLK A/O LU 1:1 (4R, Cu AT Ni FAERUCRE & - Ak, FH 10%(v/v) LIX
984 I AL Cu, TIH 30% (v/v) Cyanex 302 A A 2 ZEHL Nio ZEHL Cu FH Ni (e pH 730108 2~3 F1 4~5. A
& Niv Cus Zn 1 Fe BT [18& BB LAV T PR Cu A NI, HAEEUER I} 85%- 93%H1 77%- 82%.
AR SEIR A KR, SRR DR Ni IR FEFRIL 96%, Cu BIRAEFEN 93%. /5, 777 H D2EHPA.
LIX 984 I Cyanex 302 3 F&EHUH 4> 3 N BEAEEL Zn, Fe. Cu fINi4 FUCE, MR RRE.
KR VARG 4% 4i; D2EHPA; LIX 984; Cyanex 302
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