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Abstract. The extraction equilibrium studies of Zn(ll) from sulphate medium by di(2-ethylhexyl) phosphoric acid
(D2EHPA, HA,) in kerosene revealed that the distribution ratio (D) decreased with the increase of initial [Zn(11)] in the
aqueous phase and increased with the increase of equilibrium pH and extractant concentration. The equilibration is reached
within 2 min. The species extracted into the organic phase is thought to be ZnA,.HA. The pH and extractant dependencies
were about 2 and 1.67, respectively. The distribution ratio decreased with the increase in sulphate ion concentration in the
aqueous phase. The extraction equilibrium reaction is suggested as Zn?,q +1.5 (H2A2)og <> [ZNA2HA]og +2H". The
extraction equilibrium constant (ke) for the above reaction was calculated to be 1022, The extraction process was
endothermic in nature having positive DH value of 16.27 kd/mol. The loading of D2EHPA by Zn(l1) is about 4.50 g of
Zn(ll) by 0.10 M D2EHPA. Possible reaction mechanism has been suggested based on distribution data, extractant

concentration and equilibrium pH of the aqueous phase.
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Introduction

Solvent extraction has been one of the most important extrac-
tion and separation processes in hydrometallurgy. Especially
phosphorus-based extractant, D2EHPA, a commercial extrac-
tant, has proved to be of particular importance for its wide
range of extraction (from divalent to heptavalent) ability as
well as separations of metal ions such as iron, copper, silver,
cadmium, cobalt, nickel, manganese, magnesium, calcium,
sodium, potassium, arsenic and antimony from different
acidic solutions (Park and Fray, 2009; Fouad and Bart, 2008;
Keng Xie et al., 2008; Mansur et al., 2008, 2002; Samaniego
et al., 2007; Sarangi et al., 2007; Kumar Vinay et al., 2006;
Jianbing Ryszard et al., 2006; Takeshita et al., 2003; Singh
and Dhadke, 2002; Morters and Bart, 2000).

All the studies made on the extraction of Zn(I1) by D2EHPA
were done mostly from chloride solutions and with purified
D2EHPA (Amer and Luis, 1995; Devi et al., 1995; Alguacil
etal., 1992). As the extraction characteristics of a metal ion by
an extractant depends on the concentration levels of the metal
ions and coexisting anions in the aqueous phase as well as on
the diluents used, the objective of the present work was to
make an investigation on the possibility of extraction of Zn(Il)
by commercial grade D2EHPA in kerosene diluent. Presently
the kerosene medium is used as the industrial diluent for
solvent extraction technology. Zinc extraction from waste
leach solution has assumed importance in view of the world-
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wide shortage of zinc and consequently its high price.
Recovery of zinc from waste zinc containing materials is now
a major interest in hydrometallurgy. The present study was
undertaken to explore the possibility of extraction of zinc
from comparatively concentrated zinc solutions in presence
of sulphate ions. Various waste zinc materials are best leached
by dilute H,SO,.

Materials and Methods

A standard solution of Zn(11) (1 g/litre) was prepared by dissol-
ving and diluting calculated amount of their respective
sulphate salts (ZnSO,.7H,0) with distilled water after adding
2.90 ccof 18.337 M H,SO, and standardized by using atomic
absorption spectrophotometric method [Atomic Absorption
Spectrophotometer (AAS), ANA 180, Tokyo Photoelectric Co.
Ltd., Japan] at wavelength 217 nm. The test solution was
prepared by taking calculated amount of respective aqueous
stock solution of metal ion in a volumetric flask and then
adding calculated amount of sulphate ion as either H,SO, or
Na,SO, and made up to the mark by distilled water. After
mixing, the solution was taken in a beaker for pH adjustment
using dilute H,SO, or anhydrous Na,COs.

The extractant D2EHPA having 98% purity was used without
further purification. All other chemicals were of reagent grade
and used without further purification. The diluent, kerosene,
was purchased from the local market and distilled when the
colourless fraction was obtained in the range of 200-260 °C.
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A stock solution of D2EHPA (1 M) was prepared by weighing
out exactly 658.02 g of D2EHPA in a 1 litre volumetric flask
and diluting with distilled kerosene. Working solutions of
different concentrations (0.01-0.50 M) were prepared by
proper dilution of this stock solution with distilled kerosene.

A definite aliquot of an aqueous phase (20 ml) was taken in a
125 ml reagent bottle and to it, same aliquot of organic phase
(20 ml) was added. The bottle was stoppered and shaken for
5 min in a thermostatic water bath at 30+1 °C (except for
temperature dependence). After attainment of equilibrium,
the phases were allowed to settle and disengaged by a sepa-
rating funnel. The aqueous phase was subjected to equili-
brium pH measurement and the metal ion content by AAS.
Distilled water was used as blank solution. In all the cases,
phase separation occurred readily. pH value of aqueous
solutions was measured by Mettler Toledo 320 pH meter and
checked time to time to set the desired pH.

The equilibrium organic phase metal ion concentrations were
estimated by the method of difference. The organic phase
Zn(I1) concentration was determined by the formula: initial
aqueous phase - aqueous phase concentration of Zn(ll) after
extraction. The distribution ratio (D) of a metal ion was calcu-
lated as the ratio of metal ion concentration in the organic
phase to that in the aqueous phase at equilibrium. In the case
of loading test, the organic phase was repeatedly contacted
with fresh equal volume of aqueous solutions until saturation
of the organic phase with the metal was attained and tested
by measuring aqueous phase concentration.

Results and Discussion

Effect of distribution ratio of Zn(l1) by D2EHPA on contact
time. Figure 1 represents contact time (in minutes) and the
distribution ratio for two different sets of pH 4 and 5. In both
the cases, it was found that the extraction ratio of Zn(Il)
increased continuously with the increase of phase contact
time upto 2 min and then remained unchanged with further
increase of contact time. The slopes of the lines decreased to
zero at around 2 min. Moreover, it was also observed that
96.70 +0.05% and 97.45 + 0.05% [n = 8] of Zn(I1) got extracted
at pH 4 and 5, respectively, and on further shaking for a long
time, extraction ratio did not increase. The extraction of Zn(1l)
by Cyanex 302 was studied by Alguacil et al. (1992) and
obtained equilibrium time above 10 min. Therefore, the extrac-
tion of Zn(11) by D2EHPA is faster than that of Cyanex 302.
It is concluded that the extraction of Zn(Il) from sulphate
solution by analytical grade D2EHPA in kerosene system
takes 2 min. Thus in subsequent experiments, mixing was
carried out for 5 min to ensure equilibrium.
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Fig. 1. Effect of distribution ratio of Zn(11) by D2EHPA on
contact time.
[Zn(11)] = 0.200 g/litre; [SO, iy = 0.10 M; pH = 4.00
and 5.00; phase mixing time = moderate; [D2EHPA]
=0.05 M; O/A=1; temperature = (30+1) °C.

Effect of metal ion concentration on Zn(I1) by D2EHPA. The
results obtained from the experiments are plotted as log D vs.
log {[Zn(I I)](im)molllitre} which represent variation of distri-
bution ratio on initial metal ion concentration. It is seen that
the distribution ratio decreases with increase in initial Zn(Il)
ion concentration (Fig. 2). The slopes of the plots are steeper
at higher concentration region than those at lower concentra-
tion. In general, log D should be independent of initial metal
ion concentration, provided the equilibrium pH and the equi-
librium extractant concentration remain constant, which can
occur with very low metal concentration only.

The decrease in extraction ratio with the increase of Zn(Il) ion
concentration may be explained as follows:

a) Non-constant agueous phase acidity, pH. With the increase
in Zn(I1) ion concentration in the aqueous phase, the equili-
brium pH may drop down due to the liberation of H* by the
extraction process. The decreased equilibrium pH with increase
of Zn(1l) ion concentration will decrease the extraction ratio
according to the simplified extraction reaction as follows:

Zn* + H,A,&ZnA+ 2H* Q)
where, H A, is the dimer of D2EHPA

b) Non-constant equilibrium extractant concentration. With
the increase in initial Zn(l1) ion concentration, more extractant
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will be consumed to form the extractable Zn(I1) complex. As a
result, the equilibrium pH and extractant concentration will
decrease with the increase in the initial Zn(ll) ion concentra-
tion in the aqueous phase and eventually, the extraction ratio
will decrease and may be expressed according to the following
equation:

log D = log Kt z 1og [HoAiniy + ZpH =S 2
where:

D =distribution or extraction ratio; z = extractant depen-

dence;

S = concentration of the extractant which is used in
forming the metal complex; [H,A.]ni) = initial extractant
concentration in the organic phase; pH = equilibrium pH
of the aqueous phase.

Besides these two reasons, the decrease in the extraction ratio
with increasing initial Zn(1l) ion concentration may be attri-
buted to the non-ideality of the aqueous phase, hydrolysis
and polymerization of Zn(l1) species in the aqueous phase.
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Fig. 2. Effectof distribution ratio (D) on Zn(1l) ion concen-
tration.
[SO47(iniy = 0.10 M; pH=3.00; phase mixing time =
5min; [D2EHPA] =0.03, 0.05, 0.10, 0.20 M; O/A=1,
temperature= (30+1) °C.

Effect of equilibrium pH on the extraction of Zn (11) by D2EHPA.
The results obtained from the experiments at different con-
stant equilibrium pH and at constant [Zn(11)] concentration
are plotted as log D (distribution ratio) vs. equilibrium pH
(Fig. 3). It can be seen that the extraction of Zn(ll) ions
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increases with increase of aqueous phase equilibrium pH. The
slopes of the lines were calculated and the values are 1.99,
2.09,2.06,2.03, 2.12 and 1.96 for 0.01, 0.02, 0.05, 0.10, 0.20 and
0.50 M D2EHPA systems, respectively. The average slope
obtained from this investigation is equal to 2 (two). Similar
results were obtained from the extraction of Zn(Il) by D2EHPA
by other workers (Bart et al., 1992; Svendsenet al., 1990). The
intercepts of the lines are -5.58, -5.21, -4.44, -3.80, -3.70 and
-2.40 for 0.01, 0.02. 0.05, 0.10, 0.20 and 0.50 M D2EHPA
systems, respectively. The slope of the line of Zn(ll) is ~ 2,
which indicates that two moles of H* are liberated per mole of
Zn(I1) during extraction. From intercept of the line, the value
of extraction equilibrium constant (k.,) was calculated after
knowing the extractant dependence. The calculated value was
found to be 102,
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Fig. 3. Effect of distribution ratio (D) on equilibrium pH.
[Zn(1D]gny = 0.215 gllitre; [SOs ] gny = 0.10 M;
[D2EHPA] = 0.01, 0.02, 0.05, 0.10, 0.20, 0.50 M;
D2EHPA, phase mixing time =5 min; O/A=1; tempe-
rature =(30x1) °C.

Effect of extractant concentration on the extraction of Zn(lIl)
by D2EHPA. The results obtained from the experiments
carried out at different equilibrium pH and for the effect of
extractant concentration were plotted as log D vs. log [H.A;]
at fixed Zn(I1) ion concentration (Fig. 4). The figure represents
the effect of variation of distribution ratio (D) on the extractant
concentrations. It was observed that the extraction ratio
increased with increasing extractant concentration in the
organic phase, and a straight-line relationship was obtained.
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The slopes (S) and intercepts (I) of the lines were: S=1.78,
[=2.14; 5=1.70,1=3.80; S=1.60, 1=5.66 and S=1.60, 1=7.82 for
equilibrium pH values of 2, 3, 4, and 5, respectively. Average
slope of the lines was 1.67. Similar observations were found
by other workers (Bart et al., 1992; Svendsen et al., 1990).
Here the linear relationship of the extraction ratio with the
D2EHPA concentration indicates that the more is extractant
concentration, the more is the extraction of Zn(II). This is the
normal behavior of extraction process. The slope of the line
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Fig. 4. Effect of distribution ratio (D) on extractant con-
centration.
[Zn(ID)]wy =0.215 g/litre; [SO; ]y = 0.10 M; phase
mixing time =5 min; O/A=1; temperature = (30+1) °C.

M. S. Rahman et al.

indicates that normal ion exchange mechanism for Zn(II) is
followed. Since for a particular initial pH system, the equili-
brium pH varies with the variation of extractant concentration,
to get actual extractant dependence, it is necessary to get
log D vs. log [H,A;] plots at constant equilibrium pH values.
Such type of correction has been made with the help of acidity
dependence data. First of all the difference between the initial
and equilibrium pH values are determined (termed as ApH).
As the acidity dependence is always 2, the correction term for
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Fig. 5. Effect of distribution ratio (D) on sulphate ion
concentration.
[Zn(11)]em = 0.215 g/litre; [D2EHPA] = 0.03; 0.05,
0.10 M; phase mixing time = S min; O/A=1; tempera-
ture=(30x1) °C.

Table 1. Evaluation of the extraction equilibrium constant log k_for Zn(IT) ion (based on Figs. 3 and 4)

Figure No Equilibrium pH i‘ [D2EHPA], M Intercept, / Log ke Average log ke Standard deviation
3 0.01 -5.58 -2.240
0.02 -5.21 2373
0.05 -4.44 -2.267
0.10 -3.80 -2.130
0.20 - 370 -2.533
050 240 | -1.897
| | \ -2.258 0.204
4 2.0 i 214 194 |
3.0 \ C3.80 | 232 | 1
4.0 | s 250 |
5.0 | ) 2.38 i
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log D is calculated as ApH x 2. Then the corrected log D value
is calculated as log D (experimental) + ApH x 2, which corres-
ponds to the data at equilibrium, equal to initial pH.

Extractant dependence of about 1.67 indicates the association
of 1.67 moles of extractant with 1 mole of ion Zn(ll). From the
intercept of the line in Fig. 3 and Fig. 4, the value of log k__has
been calculated to be -2.258 with the standard deviation of
logk , being 0.204 (Table 1).

Effect of sulphate ion concentration on the extraction of Zn(11)
by D2EHPA. Figure 5 represents the results obtained from the
experiments involving the variations of sulphate ion concen-
tration at three constant initial pH (2, 2 and 3) and at three
extractant concentrations (0.03, 0.05 and 0.10 M), respectively.
Herein, log D has been plotted vs. log [SO,7], M. The variation
of extraction ratio with the variation of sulphate ion concen-
tration depends on the extractant concentration as well as on
the pH of the aqueous solution. When the pH of the aqueous
solution is kept constant, the extraction ratio decreases with
the increase in sulphate ion concentration in the aqueous
phase. In all the cases, the tangential negative slopes of these
curves increased gradually with the increase in sulphate ion
concentration. At lower sulphate region, the slope approaches
to zero, whereas in the higher region, it approaches to -2.00
depending upon the pH-D2EHPA values.

Effect of temperature on the extraction of Zn(11) by D2EHPA.
Figure 6 (plot of log D vs. inverse of absolute temperature)
shows the effect of variation of distribution ratio on
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Fig. 6. Effect of distribution ratio (D) on temperature.
[Zn(11)] iy = 0.205 g/litre; [SOs7]iniy = 0.10 M; pH =
3.00, phase mixing time =5 min., O/A=1.
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temperature i.e. the effect of temperature on extraction. The
extraction ratio increases with increase in temperature. The
slopes of this line are -0.844x10° and -0.857 x 10°for 0.05 and
0.10 M D2EHPA, respectively, in kerosene system. The
extraction reaction enthalpy values (AH) has been calculated
using Vant-Hoff equation. The calculated values are found to
be 16.15 and 16.40 kJ/mol respectively for 0.05 and 0.10 M
D2EHPA. The average value of apparent enthalpy change is
16.27 kJ/mol. The positive enthalpy change suggests that the
extraction process of Zn(ll) by D2EHPA is endothermic in
nature. The extraction ratio-temperature relationship indicates
that the equilibrium reaction of Zn(11) is moderately influenced
by temperature. Thus, extraction of Zn(ll) by D2EHPA in
kerosene system moderately increases by using extraction at
a higher temperature.

Effect of loading on the extraction of Zn(I1) by D2EHPA.
Loading is an important factor for the study of mechanism of
extraction and also for the industrial evaluation of the extrac-
tant. High values of loading capacity are desirable for any
particular extractant metal system for industrial applications.

The organic phases (20 ml) were repeatedly contacted for 5 min
at 30£1 °C with fresh equal volume of aqueous solution
containing fixed concentration of metal ions [Zn(I1)]
1.08 g/litre at pH 2 and 3. After equilibration, the phases were
disengaged and the aqueous phases were analyzed for Zn(Il)
contents. The amount of metal ions [Zn(11)] transferred into
the organic phase for each contact was then determined by
difference and the cumulative concentration of Zn(ll) in the
organic phase, after each stage of contact, was estimated. The
result obtained from the experiments, plotted as cumulative
[Zn(11)], g/litre vs. contact number is given in Fig. 7. It can be
seen the organic phase is saturated with Zn(ll) after the 7
and the 11" contact, respectively, for pH 2 and 3. The loading
of 0.10 M D2EHPA by Zn(Il) was as much as 0.92 g and
4.455 g of Zn(1l) at pH 2 and 3, respectively, which indicates
that the loading capacity of D2EHPA is 1.40 g and 6.77 g of
Zn(11)/100 g extractant for pH 2 and 3, respectively. The
loading data suggests the ratio Zn : D2EHPAis 1, at pH 3, but
at pH 2, the ratio is very low. At pH 2, most of D2EHPA
remains uncombined having low distribution ratio.

Extraction mechanism. The extractant-dependence of ~1.6
suggests that 1.5 moles of extractant is required for each ion of
Zn(1l) ion for the extracted species. The hydrogen ion and
extractant dependence suggests the following equation for
the extraction reaction:

Zn, +15 (H,A,), & [ZnA,HA] +2H", 1)

org org
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Here the extracted species contains coordinated monomer
di-2-ethylhexyl phosphoric acid molecules. The extraction of
coordinated extracted species (adducts) is a general observa-
tion in the solvent extraction process. The extraction reaction
is supported by Mellah and Benachour (2006) and Breno
etal. (2004).

Sulphate dependence, almost zero below 0.1 M [SO,7],
suggests that Zn(ll) ion is the predominant species in the
extraction process. However, at higher [SO,7] ion, the species
Zn(HSO,), may form to some extent, indicating the reaction
involving non-ionized zinc species:

Zn(HS0,),a0+ 1.5 (HyA)org < [ZNA2HAL + 2H,S040 (2)

This supports the slopes approaching -2.00 with increasing
[SO,7] ion concentration in the aqueous phase.

The loading test suggested that the neutral unreacted HA in
the extracted species [ZnA,.HA] gradually increased to give
Zn : D2EHPA(H,A,) ratio of 1:1 corresponding to the species
ZnA,for high (pH 3) loading. At the low pH the organic phase
is not saturated with zinc even after the 11" contact.

5.0

Cumulative [Zn(11)] g/litre

0.0 T T
0 5 10 15

No. of contact

Fig. 7. Loading of Zn(ll) in D2EHPA.
[Zn(11)]niy = 1.08 g/litre; [SO,7]iniy = 0.10 M; phase
mixing time =5 min; [D2EHPA] =0.10 M; O/A=1,
temperature = (30£1) °C.

Conclusion

Zn(I1) solution can be obtained as leach solution in different
industries especially in the pickling industry with acids.
Dilute solution can be a good source for Zn(ll) if it can be
separated. Solvent extraction can be a good technique for
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simultaneous separation and concentration of weak Zn(Il)
solution. Di-2-ethylhexyl phosphoric acid is a moderately
effective extractant for Zn(I1) from low acidic and low sulphate
media. The extractant and hydrogen ion dependence suggests
a simple extraction reaction for the process. Temperature has
moderate influence on the extraction process. The extracted
species is suggested to be [ZnA,.HA],, in the kerosene phase.
However, complete saturation of the organic phase occurs at
high loading, corresponding to ZnA, as extracted species.
Low extraction equilibrium constant (k) suggests that strip-
ping from the organic phase is much favoured.
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