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Abstract

Filter cakes obtained in the conventional acid leaching of zinc concentrate are
considered a major secondary source for zinc. Solvent extraction may be utilized for the
selective separation of zinc from other elements in hydrometallurgical processing of
such resources. In the present work, extraction of zinc from the solution obtained from
sulfuric acid leaching of cold purification filter cake of Angouran concentrate were
performed by using D2EHPA as the extractant. The effects of extractant concentration
diluted in Kerosene, solution pH and phase ratio(O:A) were investigated and their
optimized values were obtained to be 40 vol.%, 2.5-3 and 4:1, respectively. Under these

conditions, 98.8% of Zn could be extracted.
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1- Introduction

Approximately 30% of  global zinc
production arises from recycled zinc. With
increasing awareness of secondary zinc
materials as a valuable resource and stricter
environmental legislation that restricts
dumping of these hazardous materials,
interest in their recycling has increased [1].
Zinc bearing materials such as zinc dusts,
zinc oxide, smelting slags, etc, which is
dissolved in sulfuric acid, can be refined by
suitable solvent extraction processes [2].
Numerous studies have been performed in
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this regard, using di-2ethylhexyl phosphoric
acid (D2EHPA) as the extractant because
this extractant is selective for zinc over most
the species deleterious to EW (Cu, Cd, Co,
Ni, and the halides) and is readily stripped
by acid concentrations typical of the spent
tankhouse electrolyte (~180 g/L H2SOy)
[1-6].

For example, Cox et. al. [7] have
investigated the extraction of Zn, Cd, Pb and
Cu from waste streams in the zinc-lead
industry. This research shows that, Zn is
extracted stronger than Cd in lower pH, and
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stripping of metals from D2EHPA, by using
only 2M H,SO,, is easy. Owusu [8] has
investigated selective extraction of Zn from
Zn-Cd-Co-Ni sulphate solution by D2EHPA
and TBP. Martin et. al. [9] have suggested a
method for electrolytic production of zinc
with acidic solution-solvent extraction by
D2EHPA and di-2 ethylhexyl phosphonic
acid-electrowinning process from secondary
zinc raw materials.

Also, Zincex processes have the ability to
treat primary and/or secondary zinc
materials. In this processes solvent extraction
is the key step used to concentrate and purify
the zinc solution, so a solution of di-
2ethylhexyl phosphoric acid (D2EHPA) as
extractant reagent in Kerosene base is used
as the organic phase. In recent years, the
reactive system Zn/H,SO,/D2EHPA has
been investigated by many workers, and
various diluents have been used, but models
of reaction are different. For Kerosene, the
overall reaction to extract the zinc Is
suggested, according to the reaction 1 [4, 10-
11]:

2(R = H) gy + (Zn?7)
+2(H™ )y

ag R (RZZn)Org

)

2- Experimental

In this research, cold purification filter cake
from conventional hydrometallurgical
treatment of Angouran mine concentrate was
selected and leached in a sulfuric acid
solution. The resulting feed solution
contained Zn, residual Cd and Ni, and were
subjected to a series of systematic SX trials
for zinc extraction ([Zn?*] =25 g/L, [Ni*]
=1.5 g/L and [Cd**] <20 mg/L). In a typical
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run, about 100-500 mL of the leach solution
was mixed with the appropriate volume of
the organic phase for 5 minutes. Ammonia
(12.5 vol.%) and Na,SO; (0.1 mol/L)
solutions were used for controlling and
keeping pH constant, respectively. WTW
type indicator and HW type electrode were
used for pH measuring. Perkin-Elmer AA300
was used for analyzing samples with the
AAS method.

Four concentrations of 10, 20, 30, and 40
vol.% of D2EHPA diluted in Kerosene were
chosen for determining optimum extractant
concentration. EXxtraction percentage vs.
equilibrium pH for O:A=1 was plotted for
determining  optimum  pH.  Extraction
isotherm was plotted by using O:A ratios of
4:1, 2:1, 1:1, 1:2, 1:5, and 1:10. These
experiments were carried out at 40+2°C
using a thermostatic reaction bath.

3- Results and discussion

3.1- Effect of D2EHPA concentration on Zn
extraction

In these experiments, a high concentration of
zinc in solution caused a high pH mixture of
aqueous and organic phases to convert to
gelling condition, and the tests continuation
was stopped. So, a synthetic solution was
used for this part of the experiments with:
[Zn*] = 5 g/L, [Ni*"] = 1.5 g/L and [Cd*]
<20 mg/L.

Figure 1 and Table 1 shows the effect of
D2EHPA concentration from 10 to 40 vol.%
on Zn, Cd and Ni extraction.

It is observed that increasing D2EHPA
concentration from 10 to 40 vol.% caused

pHZ to decrease from 1.4 to 0.7. On the

other hand, pH{** increased from 1.0 to
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1.2 and pH{"™" increased from 2.2 to 2.5.

Therefore, by  increasing  D2EHPA
concentration up to 40 vol.%, zinc extraction
was shifted to lower pH values and it

changed the difference of pHZ with pHS
and pHY to high possible contents. Hence,

selective separation of Zn using 40 vol.%
D2EHPA was better than other
concentrations.
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Figure 1. Extraction of metals in synthetic solution by
different concentration of D2EHPA (in 10 and 40(vol.
%)), O: A=1, T=40+2°C and feed solution: {Zn*"] = 5
g/L, [Ni**] = 1.5 g/L and [Cd*"] <20 mg/L

3.2- Effect of pH on Zn extraction

After determination of the D2EHPA
concentration, diluted in Kerosene (40
vol.%), using ‘a. synthetic solution, the
optimum pH  of Zn extraction was
determined in acidic solution obtained from
cold purification filter cake.

Figure 2 shows the extent of Zn extraction as
a function of equilibrium pH. It is observed
that at 2.5<pH<3, Zn could be extracted from
the solution with little contamination from
the other metals. These results corresponded
to the Owusu [8] research, in which Zn was
extracted at pH<3.
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Figure 2. Extraction of metals as a function of
equilibrium pH [D2EHPA] = 40 vol. %, O: A=1 and
feed solution: [Zn*] = 25g/L, [Ni*] = 1.5¢/L and
[Cd**] < 20mg/L

On the other hand, according to reaction (1),
if one mole of Zn?* ion is extracted by
D2EHPA, two moles of H” ion are relieved
into the aqueous phase. Therefore, the slope
of curve LogDz, vs. pH is near 2. Figure 3
shows that the slope of LogDz, vs. pH for
zinc extraction, according to Fig 2, is equal
to 1.9. Therefore, the Zn extraction model by
D2EHPA can be suggested in RyZn
complexes.

Table 1. Value of pH50 and ApH50 of Zn, Cd and Ni extraction by different concentration of D2EHPA (in 10 and
40(vol. %)), O: A=1, T=40£2°C and feed solution: [Zn2+] = 5 g/L, [Ni2+] = 1.5 g/L and [Cd2+] <20 mg/L

D2EHPA (%)  pHso™" pHso™ pHso™ ApHso“+#" ApHso™
10 1.4 24 3.6 1.0 2.2
20 1.2 2.2 3.6 1.0 24
30 1.0 2.0 3.4 1.0 2.4
40 0.7 1.9 3.2 1.2 2.5
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Figure 3. LogDz, vs. pH in Zn extraction using
[D2EHPA] = 40 vol. %, O: A=1 and feed solution:
[Zn?"] = 25g/L, [Ni**] = 1.5g/L and [Cd?*] < 20mg/L

3.3- Effect of O:A ratio on Zn extraction

Figure 4 shows zinc distribution isotherm for
different O:A ratios. In Table 2, as the
experimental results show, the extraction
percentage of zinc for O:A=4:1 was equal to
98.8, and for a ratio of 1:10 it reduced to

25.6. At the same time, the distribution
coefficient of zinc (Dz,) was decreased from
31 to 3.4, and it was found that Bzyni
(separation factor of zinc from Ni) and Bzn/cq
were reduced from 6200 to 16 and from
115.51t0 9.2, respectively.
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Figure 4. Distribution‘isotherm for extraction of Zn at
pH =.2.5-3 and [D2EHPA] = 40 vol.%, from feed
solution: [Zn?*] = 25g/L, [Ni**] = 1.5g/L and [Cd**] <
20mg/L

Table .2 Extraction percentage, distribution coefficient and separation factor of Zn, Ni and Cd in different phase
ratio at pH=2.5-3, [D2EHPA] = 40 vol.%, from feed solution: [Zn**] = 25g/L, [Ni*"] = 1.5g/L and [Cd*"] < 20mg/L

Element Concentration (g/L) Distrit_)u_tion . . Separation Factor
Name /A Aqueous Organic Coefficient Yo Extraction (B zom)
( Dm)

4:1 0.2 6.2 31.0 98.8 -
2:1 0.6 13.1 21.8 97.6 -

7n 1:1 1.2 24.0 20.0 94.9 -
1:2 3.1 39.2 12.7 86.8 -
1:5 13.7 60.0 4.4 42.8 -
1:10 17.6 60.5 34 25.6 -
4:1 1.304 0.007 0.005 6.05 6200.0
2:1 1.308 0.005 0.004 5.4 5450.0

Ni 1:1 1.315 0.005 0.004 5.1 5000.0
1:2 1.313 0.004 0.003 48 4233.3
1:5 1.38 0.004 0.003 0.7 1466.7
1:10 1.344 0.286 0.213 0.2 16.0
4:1 0.010 0.004 0.4 49.8 775
2:1 0.010 0.005 0.5 38.7 43.6

cd 1:1 0.017 0.004 0.24 12.8 83.3
1:2 0.018 0.002 0.11 7.0 115.5
1:5 0.019 0.002 0.11 1.0 40.0
1:10 0.019 0.007 0.37 0.5 9.2
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Therefore, corresponding to the above
results, it was found that O:A=4:1 is a
suitable ratio for Zn separation from other
impurities.

4- Conclusions

Zinc values of the leach solution obtained
from cold purification filter cake of
Angouran mine concentrate was selectively
extracted via solvent extraction by D2EHPA.
Increasing extractant concentration improved
the selective separation of zinc. Under the
optimum conditions ([D2EHPA] =40 vol.%,
equilibrium pH=2.5-3. 0:A=4:1) 98.8% of
the Zn could be extracted.
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