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ABSTRACT

The nickel extraction efficiency by means of liquid–liquid extraction (LLE) method was stud-
ied using response surface methodology; six parameters were identified as influential factors
on nickel removal efficiency as the response. However, on screening experiments, only two
factors were selected: pH and di-(2-ethylhexyl) phosphoric acid (D2EHPA) concentration.
Face-centered composite design (FCCD) was applied in order to determine the optimum con-
ditions for nickel removal by LLE. The results of FCCD showed that a second-order model
described the relationship between the factors and nickel removal properly. Results showed
that the optimum conditions are pH 1.1 and D2EHPA concentration 0.2M, where 95.57% of
nickel removal was achieved.
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1. Introduction

Water pollution by heavy metals is one of the most
serious and important issues in wastewater treatment,
which has been studied for many years and by many
researchers [1–8].

Exposure to heavy metals has straight and serious
consequences of toxicity for human health. It causes
serious and somber health disorders such as head-
ache, nausea, vomiting, depression, lethargy, neuro-
logic signs such as seizures and ataxia, increased
thirst, kidney damage, renal disorder, Itai-Itai, chronic
asthma, coughing [9].

Nickel and its compounds are widely used in
nickel plating and in the manufacture of alloys along
with iron, copper, aluminum, zinc, etc. due to their
high strength and resistance to corrosion in many
media [10]. As a consequence of nickel’s wide
industrial applications, it has become an important

contaminant in the environment as it is a toxic and
carcinogenic heavy metal. Upon exposure to human
beings, nickel has the potential to produce various
pathologic effects such as skin allergies, lung fibrosis,
respiratory tract cancer [11]. There is a growing need
to remove and recover nickel and its compounds from
the industrial wastewater. Conventional techniques
used to remove nickel from aqueous solutions include
ultrafiltration membranes, cation exchange, electro-
chemical removal, adsorption, biosorption, electroco-
agulation, and electroflocculation [12–18].

Recently, separation techniques such as solvent
extraction or liquid–liquid extraction (LLE), liquid
membrane have been widely used in the separation of
heavy metals from aqueous solutions [19]. LLE is a pro-
cess where a solute can distribute itself in a certain ratio
between immiscible solvents, and extraction process
depends on the mass transfer rate of solute [20]. A few
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