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Abstract

A previous work showed that copper can be specifically
extracted from acid mine drainage (AMD) classified as
high-acid and extreme-metals (pH 1.19, ~63 g/L Fe, ~6.5
g/L Al, ~5.3 g/L Cu, ~1.9 g/L Zn and ~0.1 g/L Mn), using
30% (v/v) Acorga M5640 in Shell GTL (a kerosene like
solvent) as extractant. Yet, to further extract zinc, another
strategic metal in this water, using 0.9M D2EHPA or a
mixture of 0.72 M D2EHPA plus 0.18M Cyanex 272 in
kerosene as extractants, difficulties were observed due to
iron co-extraction. Thus, an alternative solvent extraction
strategy based on the use of the self-prepared ionic liquid
AliCy 0.3M in kerosene was tested. The results revealed
potential selectivity since 35% of iron was removed, while
the removal of other metals was < 5%. Afterwards, higher
concentrations of AliCy (0.6, and 1.2M) at different
aqueous to organic ratios (A:0 = 1:1, 1:2, 1:3 and 1:4) were
tested on copper-free extreme AMD (after copper recovery
with Acorga M5640), and the best compromise between
iron extraction efficiency and selectivity was observed for
0.6M at A:O = 1:4 and also for 1.2M at A:0 =1:2 (75 to
80% removal or iron and 5 to 10% of zinc in both cases).
Keywords: Acid mine drainage, metals recovery, solvent
extraction, extractants, ionic liquids.

1. Introduction

Acid mine drainage (AMD) is a common environmental
issue, marked by severe acidity, high sulfate and metal
(e.g. Fe, Zn, and Cu) concentrations (Naidu et al. 2019).
Zinc is among the most important metals for industrial
activities that is listed as an endangered metal (Tolchin
2014). Recent estimations suggest that demand for this
metal is expected to rise steadily by the end of this century
(Watari et al. 2021). Emerging environmental problems
caused by AMD and necessity of metals’ circular economy
and water reuse has directed increasingly the attentions on
metal recovery from these secondary resources.

Among different extraction methods, solvent extraction
(SX) is known as a mastered technique of metal recovery
from different metal bearing solutions due to its significant
potential on metal ion extraction and selectivity (Hedrich

et al. 2018). Different types of organophosphorus
extractants are reported to be efficient in zinc extraction
including Di-(2-ethylhexyl) phosphoric acid (D2EHPA),
TBP, Bis-(2,4,4-trimethylpentyl) phosphinic acid (Cyanex
272) etc. (Deep and de Carvalho 2008).

However, iron which is often present in AMD in high
concentrations (Sinha et al. 2014), is highly co-extracted
by various types of organophosphorus extractants like
D2EHPA (Principe and Demopoulos 2004; Azizi et al.
2015). There are various techniques to overcome the iron
content of the solutions such as chemical precipitation
methods (e.g. jarosite and goethite processes etc.) (Pappu
et al. 2006; Pradel et al. 1993) that frequently have
economical disadvantageous. It is known that Fe®* can be
extracted from different solutions by SX using different
extractants (Biswas et al. 2007; Stefansson 2007; Principe
and Demopoulos 2004). Not only iron separation from
extremely concentrated AMD will prevent its co-
extraction in the recovery of zinc, but also its extraction in
a pure state will allow to produce iron in a markable form
and contribute to the economic viability of metals recovery
from AMD (Agrawal and Sahu 2010; Mishra et al. 2010).

2. Materials and methods
2.1. Copper-free AMD

In a previous work, copper was totally extracted through
solvent extraction (SX) from an extremely concentrated
AMD collected in the Sdo Domingos Mine, Portugal
(Nobahar et al. submitted). The end aqueous phase
resulting from that SX process is the copper-free AMD
used in this work and has the following characteristics: pH
1.45, ~63 g/L Fe, ~6.5 g/L Al, ~1.9 g/L Zn and ~0.1 g/L
Mn.

2.2 Solvent Extraction (SX) experiments

SX was carried out by mixing the copper-free AMD
(aqueous phase (A)) and extractants diluted in kerosene
(organic phase (0)) in round bottom flasks, using a A:O
ratio of 1:1 and contact with magnetic stirring during 30
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minutes at room temperature (25 + 3 °C). Then, separation
funnels were wused to separate phases and the
concentrations of metals in the aqueous phase measured
before and after SX, were used to calculate metals’
extractions percentages.

First, SX experiments were carried out to test the
extraction of zinc from the copper-free AMD using 0.9M
D2EHPA, a mixture of 0.72M D2EHPA and 0.18M
Cyanex 272, and 0.3M of the self-prepared ionic liquid
AIICY (prepared as described by Fortuny et al. (2012),
diluted in kerosene.

Afterwards, trying to optimize previous iron removal
before zinc extraction, tests were carried out with two
different AliCy concentrations (0.6M and 1.2M) and using
four different aqueous to organic phases (A:O) ratios: 1:1,
1:2,1:3, 1:4.

3. Results and Discussion
3.1. Zinc extraction from copper free AMD

The current study was conducted to investigate the
efficiency of zinc recovery from Cu-free AMD by SX
using different extractants. As shown in figure 1, D2EHPA
could successfully extract 45 + 6% of Zn. However, 40 +
1% of iron present in the AMD solution was co-extracted
by this extractant along with zinc. Moreover, when a
synergistic mixture of 80% D2EHPA plus 20% Cyanex
272 was applied, 57 + 7% of zinc and 33 £ 11% of iron
were extracted. There are reports in the literature regarding
the excellent selectivity of D2EHPA and CYANEX 272
over different metals except iron, which normally depends
on the physiochemical characteristics and metal
composition of the solutions (Cole and Sole, 2003).
Literature also reports that synergistic mixture of D2EHPA
and Cyanex 272 has higher efficiency on Zn recovery than
using sole D2EHPA in sulphate liquors (Asadi, et al. 2017;
Azizitorghabeh et al. 2016). However, in this work co-
extraction of iron was observed in both cases, and therefore
an iron elimination step seems necessary to avoid its co-
extraction with zinc. Moreover, an additional experiment
was performed using the ionic liquid AliCy as extractant.
Through these tests, it was observed that AliCy is more
selective to extract iron (52 + 4% Fe extraction) than other
metals including zinc (11 £ 6% Zn extraction) (Figure 1).
Therefore, although zinc extraction from such type of
copper-free AMD cannot be successful using AliCy, this
ionic liquid revealed potential for a previous step of iron
SX, aiming to prevent further co-extraction of this metal
with zinc.

3.2. Iron separation to optimize the zinc SX process

In metals SX, extraction and separation of the metals from
complex metal bearing solutions is highly depended on the
nature of metals and the physiochemical features of the
solution (Shah et al., 2017). In order to explore the iron
extraction selectivity by AliCy from copper-free AMD,
following investigations were designed to improve the iron
extraction efficiency, aiming to obtain an iron free solution
suitable for zinc SX. In this regard, investigations were
conducted using 0.6 M and 1.2 M of AliCy with different
A:O ratios (Figures 2 and 3).

As depicted in figure 2, extraction efficiency of iron using
0.6 M AliCy with A:O =1:1and A:O = 1:2 is around 50%
with minor fractions (< 5%) of other metals co-extracted.
Moreover, higher iron extractions by 0.6 M AliCy were
observed for A:O = 1:3 and 1:4 (~77% and ~80% Fe
removal, respectively). However, in these conditions ~10
to 14% of zinc was co-extracted, which is a drawback for
the zinc recovery process.

In what concerns the tests using 1.2 M AliCy, at A:0 =1:1
and A:O = 1:2, iron was extracted from the copper-free
AMD solution with high selectivity, and while at A:O =
1:1 iron extraction was just ~50%, with a A:O ratio of 1:2
~80% of iron was extracted. Moreover, only ~1% and ~5%
of zinc was co-extracted. With the same AliCy
concentration (1.2M) but for lower A:O ratios (1:3 and
1:4), iron extraction was not improved (still ~80%) and the
selectivity decayed (~23% and 79% zinc co-extracted,
respectively).

This work reveals a good iron extraction efficiency and
selectivity by AliCy for 0.6M at A:O = 1:4 and also for
1.2M at A:O = 1:2, accounting 75% to 80% removal of
iron (~47 to ~50 g/L Fe removed) and 5% to 10% of zinc
(~95 to 190 mg/L Zn removed) respectively. Despite this,
it is also evident that it will be necessary to combine the
iron SX with Alicy with other physical-chemical and/or
biological processes to achieve the objective of a
subsequent recovery of zinc from this type of AMD
without iron contamination.

This problem of iron contamination in zinc SX and the
need to look for new strategies is present even when it does
not seem. For example, in a similar work, Sarangi et al.
(2007) used different concentrations of TBP (tri-n-butyl
phosphate) (0.5 to 2.5 M) diluted in kerosene from a
sulphate solution containing various metals, including 11.8
g/l iron and 230 mg/l zinc. Through their iron separation
optimization, they report a successful extraction of 98% of
iron using 1M of TBP along with 10% co-extraction of
zinc (Sarangi et al. 2007), which corresponds to a final
aqueous phase with similar concentrations of iron and zinc
(~236 mg/L Fe and ~207 mg/L Zn).

CEST2021_00699



SX TESTS FROM COPPER-FREE AMD
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Figure 1. Extraction percentages of metals analyzed in the SX studies from copper-free AMD using D2EHPA, a mixture
of D2EHPA and Cyanex 272, or the ionic liquid AliCy, diluted in kerosene as extractants, with an A:O ratio of 1:1 and

contact during 30 minutes with magnetic stirring at room temperature (25 £ 3 °C). Results are averages and absolute mean
deviations of two SX replicates.
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Figure 2. Extraction percentages of metals analyzed in the SX studies from copper-free AMD using 0.6M AliCy in

kerosene as extractant, with different A:O ratios and contact during 30 minutes with magnetic stirring at room temperature
(25 £ 3°C).
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Figure 3. Extraction percentages of metals analyzed in the SX studies from copper-free AMD using 1.2M AliCy in

kerosene as extractant, with different A:O ratios and contact during 30 minutes with magnetic stirring at room temperature
(25+£3°C).
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