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Abstract

The liquid-liquid extraction of zinc using D2EHPA as extractant has been investigated in this paper in order to recover zinc sulphate from
an industrial effluent produced by Votorantim Co. (Brazil) which contains several metallic species such as cadmium, cobalt, iron, lead, calcium,
magnesium, manganese and nickel. The study was carried out in two main steps: (1) extraction and stripping laboratory scale tests in order to assess
adequate operational conditions for the favourable recovery of zinc from the effluent and (2) continuous pilot scale tests using a mixer-settler battery
aiming to reproduce the bench results. In the laboratory scale experiments, operating variables such as the pH of the aqueous effluent (0.5-5.0),
concentration of D2EHPA (5-50%,w/w) and aqueous/organic volumetric phase ratio (1/5-5/1) were investigated for the zinc extraction process;
for the zinc stripping process, the organic/aqueous volumetric phase ratio (1/1-10/1) was studied by contacting a metal loaded organic phase with
an industrial acid solution produced by the company in the electrolysis of zinc. The continuous mixer-settler tests have shown that zinc can be
selectively and quantitatively removed from the effluent (around 98%) using 3 extraction stages (pH 2.5, [D2EHPA]=20% (w/w) and A/O=1),
and other 3 stripping stages (O/A =4). A final solution containing 125.7 g/L of zinc was obtained that could be sent directly to electrowinning.
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1. Introduction

Liquid-liquid extraction is an important separation process
with several applications in industries such as petrochemical,
pharmaceutical and hydrometallurgical ones. On the regard of
hydrometallurgical applications in commercial scale, it is com-
monly used for concentrating metals like zinc or copper for
electrowinning [1-3], and also for separating complex metallic
systems such as nickel/cobalt [4—6], uranium [7], mercury [8],
rare earths [9,10] and many other metal ions. In the recent years,
increasing attention has been given to the use of liquid-liquid
extraction as an alternative method for the removal of metallic
species from aqueous liquors or effluents that result from indus-
trial activities.

The separation of solute(s) by liquid-liquid extraction may
occur by solubility difference or by interfacial chemical reaction
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as is the case of metal extraction processes where an extrac-
tant is dissolved into the solvent phase to react selectively with
the metal(s) of interest. The chemistry of extraction-stripping
processes for metallic systems frequently involves non-linear
equilibria between the species present in the raffinate and extract
phases. For example, in the case of zinc extraction with D2EHPA
(di-2-ethylhexyl phosphoric acid) as extractant dissolved in
aliphatic diluents, the equilibrium is given by the following
scheme reactions [11]:

Zn*" (4q) + 1.5 (RH)(ore) S ZnRoRH(org) +2H T (aq)

at the liquid-liquid interface nH

2 ZnRzRH(Org) 52 ZnRz(org) + (RH)Z(Org)

in the extract phase 2)

where RH represents the extractant species D2EHPA that acts
like a liquid cationic ion exchanger, and subscripts (aq) and
(org) refer to aqueous and organic species, respectively. Accord-
ing to the reaction scheme shown by Egs. (1) and (2), zinc
extraction involves heterogeneous and homogeneous complex
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reactions that occur simultaneously in both liquids resulting in
two metal-complex species in the extract phase. The heteroge-
neous reaction predominates at low loading levels of zinc in
the extract while both complexes ZnR,RH and ZnR, co-exist
at intermediate and high loading conditions as verified on sta-
tistical analysis of zinc-D2EHPA equilibrium data [11]. While
the heterogeneous reaction is frequently accepted by several
researchers [12—15], the homogeneous one as shown in Eq. (2)
still requires further investigation. Recently, the zinc-complex
species (ZnR;), has been proposed instead of ZnR; as shown in
Eq. (2) based on the experimental evidence that the viscosity of
the extract phase increases significantly (as much as 20 times)
with the increase of the loading level of zinc (and cobalt) in dilu-
ents such as dodecane and benzene (aggregation theory) [16].
However, apart from the molecular structure of zinc-complexes
with D2EHPA at high loading conditions, it seems that both
models may describe equilibrium data well for engineering cal-
culations as verified on the modelling of a pilot-scale packed
column used to extract zinc with D2EHPA [17]. It is important
to comment that the zinc-D2EHPA system has been recently
adopted by the European Federation of Chemical Engineering as
a test system for validating equipment design procedures when
both mass transfer and chemical reaction rates have to be taken
into account [18]. In addition, this reactive system is also used
in industrial scale for recovering zinc as verified, for example,
at the Anglo America’s Skorpion Zinc refinery located in south-
ern Namibia [5]. In an electrolytic zinc refinery process, the
zinc sulphate solution is subjected to a series of purification
steps to remove unwanted species such as iron, calcium, lead,
manganese, magnesium, copper, etc. Some metals are rejected
from the stream through the conventional zinc dust cementation
process. Depending on the efficiency of the purification pro-
cess, some streams containing predominantly zinc and several
other metals in relatively low concentrations are produced. Such
streams could be treated by liquid-liquid extraction process
using D2EHPA as extractant in order to recover their zinc content
instead of being considered as industrial effluents. Therefore, the
zinc-D2EHPA system is relevant both from the academic and the
commercial point of view.

Liquid-liquid extraction can be accomplished either in dif-
ferential contactors or in staged extractors [19,20]. In the case of
hydrometallurgical applications, staged mixer-settlers batteries
are commonly used to separate and/or concentrate metal solu-
tions. One mixer-settler unit consists of a mixing compartment
where liquids are brought into contact by intense stirring, fol-
lowed by a settling compartment where liquids are separated
according to their density difference. Mixer-settlers are char-
acterised by high capacity (flow rate higher than 250 m3/h),
flexibility (any number of stages can be used and controlled
individually) and they can handle high viscous solutions with
density difference higher than 0.10 g/cm? [21].

In this context, the main operating variables for the extraction
of zinc sulphate by liquid-liquid extraction using D2EHPA as
extractant has been investigated in this paper aiming to recover
sulphate of zinc from an industrial effluent containing several
other metals. The study has been carried out in two main steps:
(1) laboratory or bench scale tests in order to assess adequate

conditions for the favourable recovery of zinc from the effluent
and (2) continuous pilot scale tests using a mixer-settler battery
aiming to reproduce the bench scale results.

2. Experimental
2.1. Industrial effluent used in this study

The industrial effluent used in this study consisted of
sulphuric acid liquor produced by the Votorantim Metais
Co. (Zinco-Unidade Trés Marias, located in the state of
Minas Gerais, Brazil). The Votorantim group (www.votorantim-
metais.com.br) is the fifth largest producer of zinc in the world,
with total capacity of 400 thousand tons of zinc per year (Zinc
SHG type with 99.995% purity). The effluent was collected
directly from the stream pipe that feeds the effluent treatment
sector of the company which is ISO 14001 certified. In order
to obtain a representative solution, the effluent was periodically
collected in samples of 1 L each during several weeks and stored
in a tank of 400 L. After sedimentation of suspension matter for
several days, the clean solution was transferred to another 400 L
tank. A sample of this liquid hereafter named effluent was with-
drawn for metal concentration analysis by atomic absorption
(Perkin-Elmer, model A Analyst 100). Its chemical composition
is shown in Table 1 which also shows the concentration limits
for several species for adequate disposal of industrial effluents
into river waters, as determined by the environmental legislation
of Minas Gerais state, in Brazil [22].

As shown in Table 1, the concentration of various metals
encountered in the effluent has surpassed the superior limit
determined by legislation, so it must be adequately treated. The
concentration of zinc and sulphate ions in the effluent is rel-
atively high. In addition, the concentration of cadmium, iron,
lead, calcium and magnesium are also high while nickel, cobalt
and cupper are quite low. It has been observed that the pH of
effluent is favourable for zinc extraction with D2EHPA [23].

2.2. Equilibrium laboratory scale investigation

Equilibrium bench scale experiments were carried out at
28 =1 °C in order to assess favourable operating conditions for

Table 1

Chemical composition of the industrial effluent used in the study

Species Concentration in the Superior limit by
effluent (mg/L) legislation (mg/L) [22]

Zn 13462.6 5.0

Cd 227 0.1

Co 0.66 -

Cu 4.6 0.5

Total Fe 240.6 10.0

Pb 5.38 0.1

Ca 564.2 -

Mg 2375.2 -

Mn 745.3 1.0

Ni 0.84 1.0

S04%~ 39460 -

pH 3.1 6.5-8.5 (£0.5)
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the extraction and stripping of zinc sulphate using D2EHPA
as extractant. The solvent phase consisted of commercial di-
2-ethyhexyl phosphoric acid (D2EHPA, 97% purity, Rhodia)
dissolved in commercial kerosene Exxsol D-80 (Exxon Mobil,
mostly aliphatic, aromatic max. of 0.5 wt%). Tests were car-
ried out by contacting specific volumes of aqueous and organic
solutions in a beaker for 10min (as determined in prelim-
inary tests). In the extraction tests, 100mL of the aqueous
phase (effluent) was kept constant at changing volumes of
the organic phase while S0mL of the stripping acid solu-
tion was used at changing volumes of the loaded organic
phase (extract) in the stripping tests. Both phases were brought
together by mechanical stirring using a glass impeller marine-
type. The pH of the aqueous phase was monitored using a
pH-meter (model D-20 Micronal) attached to a temperature
electrode for pH control. In the extraction tests, the pH was
kept constant by adding NaOH or H;SO4 solutions (analyt-
ical grade reagents). The equilibrium concentration of met-
als Zn, Cd, Co, Ni, Fe, Mg, Mn, Ca and Pb in the aqueous
phase (rafinate) was determined by atomic absorption spec-
trophotometry while that in the organic phase (extract) was
calculated by mass balance difference. The concentration of
ions SO42~ was determined by atomic emission spectropho-
tometry (ICP plasma Spectro, model Spectroflame). No third
phase formation was observed for the experimental conditions
studied.

The following variables were investigated in the extraction
tests: pH of the aqueous phase (0.5-5.0), concentration of extrac-
tant (5-50%,w/w) and aqueous/organic volumetric phase ratio
(1/5-5/1). In the stripping tests, the organic/aqueous volumetric
phase ratio (1/1-10/1) was investigated by contacting a loaded
organic phase (extract) with a typical industrial acid solution pro-
duced in the zinc electrolysis step by Votorantim Co. (Brazil).
The loaded organic phase was obtained by contacting an organic
solution containing 20% (w/w) D2EHPA with the effluent at
A/Q ratio equal to 1.0 at constant pH 2.5 and room temperature
(28 £ 1°C). The chemical composition of the loaded organic
phase and the industrial acidic solution used as stripping liquor
are shown in Table 2.

Table 2
Chemical composition of the extract and the industrial acidic solutions used in
the stripping experiments

Species Concentration of the Concentration of the
extract (mg/L) stripping solution (mg/L)

Zn 11900 73600

Cd 0.12 0.10

Co 0.46 0.39

Fe 2.70 1.03

Pb 0.76 0.87

H,S04 - 181300

Mn 6.82 3200

Ca 2.38 344

Mg 3.25 18400

Ni 0.77 0.54

Cu 0.03 0.09

S04 - 358.80

2.3. Continuous mixer-settler pilot scale tests

The mixer-settler cascade used in this work was composed
of box-type mixer-settlers made of Teflon with similar internal
arrangement and dimension (width =260 mm, depth =60 mm
and height =240 mm including the motor head). The active vol-
ume of one mixer-settler or stage was 600 mL while the ratio
of the mixer and settler volumes was 1:4 (120 and 480 mL,
respectively). The stirring speed used was 1800 rpm. The hori-
zontal area of each settler was 603 cm?. The connection between
mixer and settler units was made by means of a central hole; a
vertical wall containing seven small vertical slots was placed
10 mm apart from the mixer in order to diminish any turbulence
in the settler. Each mixer unit was provided with a pump-mixer
impeller also made of Teflon, which ensured the flow of both
phases between the stages. The mixer-settlers were tightly con-
nected into 2 sections of 3 stages each, one for extraction and
other for stripping of zinc. The operating conditions were cho-
sen such that the residence time of each phase in the mixer was
5 min, so the flow rate for the feed and solvent streams was
12 mL/min in the extraction section, and 3 mL/min for the strip-
ping solution stream in the stripping section. The equipment
was used for the extraction of zinc sulphate from the effluent
using a solution containing 20% (w/w) D2EHPA dissolved in
Exxsol D-80 (A/O=1) followed by the zinc stripping from the
extract using 1.85 mol/L H,SOy industrial solution (O/A =4).
In the extraction section, the pH of the aqueous phase in the
mixers was kept constant at pH 2.5 by the continuous addition
of a solution NaOH 50% (w/w). All runs were carried out at
28+ 1°C.

3. Results and discussion
3.1. Equilibrium laboratory scale investigation

The extraction-stripping process of zinc sulphate with
D2EHPA was studied at laboratory scale according to the fol-
lowing operating variables (7' =28 °C): pH of the aqueous phase,
concentration of D2EHPA and A/O volumetric ratio. The results
are discussed as follows. Preliminary experiments have shown
that zinc is rapidly and quantitatively extracted from the effluent.
Equilibrium was reached within 5 min for the range of operating
conditions investigated, so all laboratory scale tests were carried
out within 10 min in order to ensure the liquid-liquid equilib-
rium was reached. Fast kinetics for the zinc-D2EHPA system
has been also found elsewhere [11-13,24].

Fig. 1 shows the effect of the equilibrium pH of the aque-
ous phase on the extraction of various metals from the effluent.
As expected, the increase on pH (lower proton concentration)
results in higher metal extraction. Such behaviour is typical for
the extraction of metal cations by cationic extractants as is the
case of D2EHPA as shown by the following reaction:

Mm+(aq) +n (RH)2(org) = MR2(RH)2n—2(org) +m H+(aq) (3)

where M represents metals Zn, Cd, Co, Fe, Pb, Ca and Mg, RH
is the molecule of D2EHPA, m metal valence, n the stoichio-



92 D.D. Pereira et al. / Separation and Purification Technology 53 (2007) 89-96

metric coefficient and subscripts (aq) and (org) refer to aqueous
and organic species, respectively. The distribution of the metal
ions between the organic and the aqueous phases depends on a
number of variables such as solution composition, equilibrium
pH, type of diluent, etc. According to Eq. (3), the increase in the
concentration of protons favours the stripping reaction.

The following metal extraction sequence with D2EHPA
was obtained as shown in Fig. 1: Zn>>>Fe ~Pb>Cd~ Ca>
Mg ~ Co. Based on the experimental pHj/,, values, four sepa-
rating metal groups can be distinguished, e.g., Zn (pHj, ~0.9),
Fe and Pb (pHy/» ~2.0-2.2), Cd and Ca (pHj, ~2.9-3.2) and
Mg and Co (pH1,» ~ 4.3-4.8). Therefore, zinc can be selectively
separated from the effluent ahead all other metals analysed atlow
pH values.

Based on the previous results, the effect of the concentration
of D2EHPA on the extraction of metals present in the effluent
was evaluated at distinct pH levels (1.5 and 2.5), as respectively
shown in Fig. 2(a) and (b). As expected, the increase in the
concentration of D2EHPA resulted in higher metal extractions,
independently of the pH level investigated. It occurs due to the
higher amount of free D2EHPA for reaction as evidenced by
Eq. (3). According to Fig. 2, the following metal extraction
sequences were obtained depending on the pH level of the aque-
ous phase:

- for pH 1.5: Zn>» Ca>Fe ~ Mg~ Ni~Pb>Cd ~ Co~ Mn
- for pH 2.5: Zn > Fe >Pb ~ Ca ~Mn ~ Cd>Mg ~ Co ~ Ni

In both cases, zinc was preferentially extracted but distinct
zinc extraction levels were obtained. For pH 1.5, the extrac-
tion of zinc increased from 35 to 80% when the concentration
of D2EHPA was raised from 10 to 30% (w/w). For pH 2.5,
practically 100% of zinc was extracted at D2EHPA concentra-
tion levels higher than 25% (w/w). In addition, a relatively less
contaminated extract was obtained at pH 1.5, so it seems more
advantageous to treat the effluent at the lower pH level. How-
ever, the shift in the metal extraction sequence (mainly calcium,
magnesium and iron) verified at distinct levels of the equilib-
rium pH and concentration of D2EHPA seems interesting from
the operational point of view in the company because signifi-

100
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40 4
30 -
204
104
0

Metal extraction (%)

Fig. 1. Effect of pH on the extraction of metals ((D2EHPA]=30% (w/w) and
A/O=1).
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Fig. 2. Effect of the concentration of D2EHPA on the extraction of metals at
distinct pH levels (A/O=1): (a) pH 1.5 and (b) pH 2.5.

cantly less calcium and magnesium were extracted at pH 2.5. At
20% (w/w) of D2EHPA, for instance, the extraction of calcium
drops from 30 to 14% while the extraction of magnesium drops
from around 20% to null, respectively. On the other hand, iron
extraction increases from 18 to 60% while zinc goes from 65
to 95%. This result points out that zinc and iron are preferably
extracted by D2EHPA than calcium and magnesium at higher pH
values. In this context, the considerable reduction on the magne-
sium extraction at the expense of the increase of iron extraction
seems more convenient because (1) the concentration of magne-
sium in the feed is comparatively higher so 60% of iron extracted
at pH 2.5 corresponds to 156.4 mg/L Fe in the extract while 21%
of magnesium extracted at pH 1.5 corresponds to 520 mg/L Mg
in this phase (the same can be drawn for calcium as well), (2)
for Votorantim Co., zinc and magnesium must be preferentially
separated in this step in order to reduce the amount of mag-
nesium in the industrial circuit and (3) around 98% of zinc is
extracted at pH 2.5 so a lesser number of mixer-settlers will
be required. Therefore, the following operating variables were
defined in order to treat the effluent under investigation: pH 2.5
and [D2EHPA]=20% (w/w).

Fig. 3 shows the experimental isotherm of zinc with
D2EHPA. It has been obtained by contacting the effluent at
pH 2.5 and the solvent containing 20% (w/w) of D2EHPA at
changing A/O volumetric ratios. The total zinc concentration in
the extract phase was predicted well by the model of Mansur et
al. [11] (10.0% deviation). As shown in Fig. 4, the concentra-
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Fig. 3. Isotherm of zinc (pH 2.5, [D2EHPA] =20% (w/w), T=28 °C).

tion of zinc and the total concentration of the remaining metals
(Cd, Cu, Co, Ni, Pb, Fe, Mn, Ca and Mg) in the aqueous phase
decreases as the A/O volumetric ratio reduce because arelatively
smaller quantity of D2EHPA is contacted with a relatively larger
volume of effluent. It is interesting to notice that the zinc con-
centration decreases monotonically with A/O ratio for the whole
range investigated, reaching a very low concentration (high zinc
extraction level) when A/O ratio > 1/2. On the other hand, the
curve of total concentration of the remaining metals exhibits a
quite constant concentration which is similar to those of feed
(low extraction level of remaining metals) at A/O ratios > 1,
having a significant drop at A/O ratios <1 thus indicating that
the remaining metals have quantitatively reacted with D2EHPA.
Therefore, it seems more economical to extract zinc from the
studied effluent at A/O ratio of unity.

The graphical method of McCabe-Thiele was used to calcu-
late the number of theoretical equilibrium stages for the extrac-
tion of zinc with D2EHPA from the industrial effluent. As shown
in Fig. 5, all zinc was practically extracted from the effluent
in two stages operated at pH 2.5, [D2EHPA]=20% (w/w) and
A/O=1.
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0 T T T T T Y T T
Feed 5\ 4M 3\ 2\ ™ 12 M 1M 1S

AJO phases ratio

Fig. 4. Concentration of zinc and total concentration of the remaining metals in
the aqueous phase at changing A/O ratios (pH 2.5 and [D2EHPA] =20%,w/w).
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Fig. 5. Calculation of the number of theoretical stages of extraction by the
method of McCabe-Thiele (pH 2.5, [D2EHPA] =20% (w/w) A/O=1).

The stripping results at changing O/A volumetric ratios are
shown in Table 3. In these tests, the initial zinc concentration
in the extract is quite similar to that predicted by the McCabe-
Thiele method. According to Table 3, the concentration of zinc in
the aqueous phase has increased considerably when higher O/A
ratios were contacted. The percentage of zinc extracted with
O/A ratio is shown in Fig. 6. In addition, the concentration of all
remaining metals in the stripping solution did not change signif-
icantly, so a highly concentrated zinc solution can be obtained
and submitted directly to eletrowinning. Ali et al. [25] have
found that stripping percent of zinc from a loaded organic phase
using bis(2,4,4-trimethylpentyl) phosphinic acid (trade name of
Cyanex 272) as extractant takes the order HNO3 >HCI > H>SO4
but sulphuric acid was chosen for their further studies due
to the ease of electrowinning of zinc from non-oxidising
acids.

The number of theoretical stages of zinc stripping was
calculated using the McCabe-Thiele method as shown in Fig. 7.
The analysis has been done at O/A =4 based on the percentage
of zinc stripping (around 42% in one single stage). According
to theoretical calculations, the concentration of zinc in the
extract could be reduced from 11.9 g/L to around 2.0 g/L. while
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Fig. 6. Percentage of zinc stripping at changing O/A volumetric ratios.
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Table 3
Stripping results at changing O/A ratios

Test Zn (g/L) Cd(mg/L) Co(mg/L) Ni(mg/L) Ca(mg/L) Mg(mg/L) Mn(mg/L) Fe(mg/L) SO4(mg/L) Pb(mg/L) Cu(mg/L)
Initial extract 11.9 0.12 0.46 0.77 2.380 3.25 6.82 2.70 - 0.76 0.03
Initial stripping 73.6 0.10 0.39 0.54 0.344 18.4 3.20 1.03 358.8 0.87 0.09

solution

O/A=1 83.9 0.11 0.39 0.53 0.346 17.4 3.08 1.03 297.0 0.87 0.08
O/A=2 945 0.0 0.38 0.54 0338 17.4 3.08 1.03 3132 0.87 0.08
O/A=4 104.6 0.12 0.36 0.50 0.330 17.6 3.10 1.03 304.8 0.87 0.08
O/A=6 109.5 0.12 0.36 0.50 0.340 17.2 3.02 1.04 321.0 0.87 0.08
O/A=8 129.6 0.13 0.36 0.52 0.335 17.4 3.08 1.05 306.0 0.87 0.09
O/A=10 126.5 0.10 0.34 0.48 0.320 15.8 2.82 1.03 279.6 0.84 0.08
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Fig. 7. Calculation of the number of theoretical stages of stripping by the method
of McCabe-Thiele (O/A =4).

the zinc concentration in the aqueous phase could be increased
from 74 g/L to almost 120 g/L in two counter-current stages.

3.2. Continuous mixer-settler pilot scale tests

Based on the bench scale equilibrium results, a continuous
counter-current extraction pilot scale plant using a cascade of

NaﬁH

NaﬁH Effluent

===

effluent using three extraction stages. In the raffinate, the concen-
tration of zinc is still higher than those allowed by environmental
legislation, so it could be treated by precipitation in order to
remove all remaining metals and allow the safe disposition of
the liquid stream as treated effluent. In addition, the extraction
of iron and magnesium was low, around 38.5 and 6.0%, respec-
tively. In the stripping unit, around 98% of zinc was recovered
from the extract phase thus resulting in a zinc concentrated solu-
tion containing 125.7 g/L that can be sent directly to electrowin-
ning. In addition, the concentration of the remaining metals in
the acid solution was quite unchanged, so it could be reused in the
process.

ReeTract

PR R I Qe |--
3 2 1 1 2 3
Extract
l_ Q) oo R P 4—‘
Raffinate NaOH Stripping
solution

Extraction section

Stripping section

Fig. 8. Scheme of the mixer-settler cascade for the recovery of zinc sulphate (continuous lines = aqueous streams, dashed lines = organic streams).
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Table 4
Concentration of metals in the aqueous phases in the mixer-settler battery

Extraction section

Stripping section

Feed (mg/L) Stage 1 (mg/L) Stage 2 (mg/L) Stage 3 (mg/L) Feed (mg/L) Stage 1 (mg/L) Stage 2 (mg/L) Stage 3 (mg/L)

Zn 13462.6 12080 8690 152 73600 75400 91200 125700

Cd 22.70 22.35 22.39 22.01 0.10 0.11 0.12 0.11

Co 0.66 0.63 0.60 0.61 0.39 0.36 0.36 0.35

Ni 0.84 0.82 0.83 0.81 0.54 0.53 0.53 0.50

Ca 564.2 546.2 524.7 440.1 0.34 0.32 0.33 0.29

Mg 2375.2 2242.2 2113.9 2107.2 18400 17400 17200 16800

Mn 745.3 730.4 718.5 683.4 3.200 3220 3100 2950

Fe 240.6 187.6 173.2 115.5 1.03 1.01 1.15 1.22

Pb 5.38 5.27 5.30 5.02 0.87 0.88 0.86 0.89

4. Conclusions

The recovery of zinc from an industrial sulphate effluent has
been investigated by liquid—liquid extraction using D2EHPA as
extractant. The main conclusions are summarised as follows:

- D2EHPA extracts zinc very rapidly. Equilibrium was reached
within 5 min.

- Zinc was preferentially extracted with D2EHPA at low pH
levels (below 2.5). The following metal extraction sequence
was obtained at pH 2.5: Zn > Fe ~Pb>Cd ~ Ca> Mg ~ Co.

- Practically all zinc was extracted from the effluent ahead of
magnesium at pH 2.5 and [D2EHPA]=20% (w/w). At this
operational condition, zinc could be quantitatively and selec-
tively extracted by two theoretical stages at A/O ratio=1, as
calculated by the McCabe-Thiele method.

- According to the method of McCabe-Thiele, the concentra-
tion of zinc in the extract could be reduced from 11.9 g/L to
around 2.0 g/L while the zinc concentration in the aqueous
phase could be increased from 74 g/LL to almost 120 g/L in
two counter-current stages operated at O/A ratio =4.

- The continuous operation of a mixer-settler cascade contain-
ing 3 extraction stages and 3 stripping stages operated in
counter-current manner have demonstrated that zinc can be
removed quantitatively and selectively from the effluent (over-
all efficiency higher than 98%).

Finally, the present approach demonstrates the treatment of
generated effluents and the recovery of zinc of high purity and
value.
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