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Abstract  In this study, dextran-based Aqueous Two-Phase Systems (ATPS) were used as the
environmentally-friendly systems for extraction of metal ions. To this end, sodium citrate or sodium
phosphate was used to create the two-phase region. The temperature, pH, metal ion concentration
in wastewater, and amount of extractant were among the factors affecting the extraction efficiency
in aqueous two-phase systems that were investigated in this study. For this purpose, the effect of pH
on the extraction of lead, arsenic, and cadmium ions was investigated at the pH levels of 7-10, and
the experiments were repeated at the temperatures ranging from 5 to 45 degrees Celsius. The
laboratory results showed that cadmium and lead ions could be removed up to 100 % in the
dextran/sodium phosphate system while the maximum separation of the lead ions was 60 % in the
dextran/sodium citrate system. The maximum separation of arsenic ions was found to be 88 %. The
UNIQUAC model was used to investigate the thermodynamic equilibrium in the aqueous two-phase
systems. According to the obtained results, the proposed model could accurately predict the
distribution coefficient of the metal ions in the ATPS. The error rate of the model was approximately
1 %. The proposed model can also be used to predict the distribution coefficient of the metal ions in

the ATPS.
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1. INTRODUCTION

The progressive development of industrial activities
leads to an increase in the entry of polluted wastewater
into the environment [1]. Among these pollutants that
have received a great deal of attention in recent years is
heavy metals pollution mainly because these substances
have quite high stability and non-biodegradable features
in the environment due to their toxic effects [2]. It
should also be noted that unlike other organic pollutants,
heavy metals tend to accumulate in the human body and
other living organisms, hence carcinogenic in nature.
Chromium, mercury, lead, nickel, arsenic, cadmium,
and cobalt are among the most common pollutants that
are usually found in high concentrations in the
wastewater of different industries [3].

In this research, a dextran-based aqueous two-phase
system was used as an environmentally-friendly system
for extraction of metal ions. Sodium citrate or sodium
phosphate was used to create the two-phase region.
Temperature, pH, metal ion concentration in
wastewater, and amount of extractant were among the
factors affecting the extraction efficiency in aqueous
two-phase systems, which were investigated in this
study. For this purpose, the effect of pH on the extraction

of lead, arsenic, and cadmium ions was studied at the pH
levels of 7-10, and the experiments were repeated in the
temperature range of 5-45 degrees of Celsius [4]. In
addition, to investigate the thermodynamic equilibrium
in the mentioned aqueous two-phase systems, the
UNIQUAC model was employed, and the interaction
coefficients of the metal ions in different systems were
reported. Finally, the obtained results were compared
with the laboratory results. In 2013, a two-phase
aqueous system consisting of PEG1500 and (NH4)2SO4
was used to extract different metal ions. Another study
(2000) investigated the effect of temperature on the
separation of a specific copper complex. They found that
the extraction rate increased upon increasing the
temperature probably due to the expansion of the two-
phase region and deviation of the operating point from
the binodal curve. In other words, with an increase in the
temperature and deviation from the two-phase curve, the
difference in the physical properties of the two phases
would increase. In this regard, if the metal ion tends to
be in the upper phase, its tendency will increase, hence
more extraction. Conversely, if the heavy metal tends to
disperse in the lower phase, less extraction will occur
while increasing the temperature.
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2. MATERIALS AND METHODS

While conducting the experiments, dextran (solid in
form and a product of Merck company, Germany) with
an average molecular weight of 8000 g/mol was used.
Sodium phosphate and sodium citrate (both products of
Merck company, Germany) with the purity of 99 % were
used. Before use, they were dried completely in an oven
at the constant temperature of 115 degrees of Celsius for
24 hours. Additionally, potassium iodide with the purity
of 99.5 % from Sinchem, Japan, was used. In this study,
nitrate or chloride salts of cadmium, arsenic, and lead
metal ions (all produced by Merck company, Germany,
were used as the sources of heavy metals. Of note,

double-distilled water was used in all experiments to
prepare the solutions.

3. RESULTS AND DISCUSSION

Table 1 shows the extraction rate of each heavy metal
investigated in this study in the absence of any
extractant. As observed, in the absence of a suitable
extractant, the extraction rate was negligible and not
satisfactory at all. The reason for the low extraction, as
mentioned before, is the weak interaction between the
metal ion and polymer. Meanwhile, the interaction
between the metal ion and salt anion that leads to a phase
formation is relatively strong, thus creating a relatively
stable complex.

Table 1. Percentage of extraction of heavy metals in the absence of an extractant

Metal ion Dextran/sodium citrate system Dextran/sodium phosphate system
Cd? 16 % 6 %
As? 8 % 11%
Pb?* 12% 9%

The experimental results of the dextran/sodium citrate
system at the temperature of 25 degrees Celsius and pH
9 show that the extraction percentage increases with an
increase in the amount of extractant. Although this may
seem obvious at first glance, in reality, the stability
constant of the complexes plays a significant role in the
distribution of the metal ions between the two phases. In
other words, if an inappropriate extractant is used, there
will be no increase in extraction whatsoever.

The binary interaction parameters in the
Ex-UNIQUAC model for the studied systems were
fitted using the Rachford-Rice algorithm and the
proposed fitting algorithm. In this section, the fitted
binary interaction parameters between the components
present in each aqueous two-phase system are reported.

4. CONCLUSION

In this study, sodium citrate or sodium phosphate salts
were used to create aqueous two-phase systems owing
to their high solubility in water and strong salting-out
effect on dextran. The current research also examined
the separation of cadmium, arsenic, and lead metal ions
in aqueous two-phase systems as well as the effect of the
temperature, amount of extractant, pH, and heavy metal
concentration in wastewater on extraction. The
modeling results were also reported that included the
fitted binary interaction parameters, modeling error, and

model evaluation parameters such as the correlation
coefficient and RMSE. Both the model and proposed
algorithm used for predicting the extraction behavior of
heavy metals in aqueous two-phase systems as well as
the distribution coefficients of the metal ions in such
systems proved to be suitable and applicable.
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