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INTRODUCTION

The cadmium is one of the important water pollutants, emitted
from the sources such as smelting, metal plating, cadmium-
nickel batteries, phosphate fertilizers, pigments, stabilizers,
alloy industries [1]. Cadmium is a toxic metal occurring naturally
in the environment and considered as a pollutant emanating
from industrial and agricultural sources. Exposure of human
population to cadmium from air, food and water may produce
effects in organs such as kidney, liver, lung and cardiovascular,
immune and reproductive systems [2]. Determination of
cadmium trace elements in water is still one of the tedious job
in analytical chemistry and it requires highly sensitive and
accurate analytical methods [3]. Various methods based on
solvent extraction [4], ion exchange [5], membrane filtration
[6], cloud point extraction  [7-9], coprecipitation [10,11] and
solid phase extraction [12,13] have been developed for the
pre-concentration of trace elements in water samples.

Compared to the above methods, the organic solvents-
flotation (OSFS) system have many advantages, for example,
high efficiencies (R > 95 %), rapidity, a large enrichment factor,
lower detection limits, and a simple and convenient process,
the possibility of removal and recovery of organic and inorganic
species. But there is a problem that the organic solvent could
pollute water in environment. The ionic liquids which is a kind
of green and environment friendly solvent instead of organic
solvents have solved this problem. The ionic liquid-flotation
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system (ILFS) not only possess the advantages of organic solvents-
flotation system (OSFS), but also has more outstanding advan-
tages viz., higher efficiency, stronger stability, environmental
protection, no pollution, more separating property and greater
enrichment factor. Therefore, in this research, the ionic liquid-
flotation system (ILFS) has been developed and used to separate
and determine the cadmium element of wastewater.

Room temperature ionic liquids (RTILs) are a group of new
organic salts consisting of organic cations and various anions
that are liquids at room temperature [14,15]. There are as many
as 1018 kinds of ionic liquids available in literature [16]. Recently,
room temperature ionic liquids with unique properties such as
negligible vapour pressure, water stability, favourable viscosity
and density characteristics, good thermal stability, non-vola-
tility and good selective solubility have been used as alternative
solvents separation purposes [17,18].

For the past several years, the research of flotation which
is applied on the environmental water treatment is just unfolding.
Flotation is a separation process and its main advantages are:
high efficiencies (R > 95%), rapidity, the possibility of removal
and recovery of organic and inorganic species. Several studies
indicate that heavy metal separation is the important topics
for 21st century [19]. In this study, ionic liquid based solvent
flotation (ILSF) for the extraction of cadmium(II) in waste-
water was developed. The traditional hydrophilic organic
solvent was replaced with ionic liquid in the process of flotation.
In addition, the best conditions were found based on the form



of ternary ionic associate and the maximum flotation removal
of ionic cadmium in the experiment. The effects of the experim-
ental parameters were investigated and optimized. The method
has high sensitivity and selectivity and can be used in the deter-
mination of Cd2+ in natural water.

EXPERIMENTAL

An ultraviolet visible spectrophotometer (UV-2550) was
used to determine Cd2+ concentration at 572 nm. The pH solution
was measured by a Shengci model pHS-25 meter. Flotation
carried out in a self-made flotation device which included a plexy
glass column of 50 cm height and 3 cm diameter. The column
contained a stonefilter (10-15 cm, porosity of 4) at the bottom
for producing small air bubbles. A nitrogen cylinder was used to
generate air bubbles under 1.1 atm pressure and a rotary flow-
meter (LZB/LZY) was also applied for control of gas flow rate.

Unless otherwise stated, all chemical reagents used in this
study were of analytical grade. The standard stock solutions
(1.0 × 10-4 mol/L) was prepared from 0.1834 g CdCl2, 0.1659 g
KI, 0.4790 g, rhodamine B, respectively in distilled water of
100 mL volumetric flask. A stock of AcOH solution of 0.1 mol/L
concentration was prepared by dissolving 5.72 mL AcOH in
distilled water of 100 mL volumetric flask. These standard aqueous
solutions are used to form the ternary ionic associate (RhB)2(CdI4)
[20]. The (NH4)2SO4 solution, 38 % mass fraction, was prepared
by dissolving 152 g solid (NH4)2SO4 in 248 mL distilled water
for controling the iron strength. Ionic liquid [Bmim]BF4 was
applied in the flotation recovery of the ternary ionic associate.

Briefly, each test contained 5 mL of 1.0 × 10-4 mol/L Cd2+

ions. The content of KI, rhodamine B (RhB) and AcOH stock
solution in a certain order was combined with distilled water
to make up 50 mL. The solution was stirred for approximately
20 min to ensure consistent mixing of all reagents and react
completely. It was transformed into the flotation column. The
38 % mass fraction of (NH4)2SO4 solution was filled. Because
the density of ionic liquid was more than water, the mixed
solution of ionic liquid and acetic ether (1:1) was used to extract
the ternary ionic associate. Then bubble generation began just
after the solution was introduced into the column and the gas
flow rate was kept stable. The absorbency of solvent phase
was determined at 572 nm.

RESULTS AND DISCUSSION

Absorption curve: The absorption curve of rhodamine B
(1.0 × 10-4 mol/L), blank reagent and ionic liquid was determined
and the absorption curve of ternary ionic associate solution was
also determined. As shown in Fig. 1, the maximum absorption
wavelength of rhodamine B was at 554 nm while the ternary
ionic associate was at 572 nm. Obviously, there is a red shift of
wave crest, so determination was carried out at 572 nm in this work.

Effect of acetic acid: Fig. 2 shows the effect of AcOH on
forming of the ternary associate. As it can be seen that with the
increasing amount of AcOH, the absorbency increased cons-
tantly from 1 to 8 mL. The maximum absorbency was observed
at 8 mL of AcOH. Then, absorbency kept stable until 12 mL.
Fig. 2 also shows that after 12 mL of AcOH, there are insigni-
ficant declines in absorbency as the amount of AcOH increases.
So, the optimal amount of AcOH was set for 8 mL.
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Fig. 1. Absorption curve
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Fig. 2. Effect of AcOH

Effect of KI: The effect of standard solution of KI on
forming the ternary associate was inspected. An increase in
amount of KI resulted in an increase in absorbency from 10
mL to 20 mL. The maximum absorbency occurred at 20 mL.
Afterwards, as the amount of KI increase after 20 mL, the
absorbency began to remain unchanged. Hence, the optimal
amount of KI was set for 20 mL.

Effect of rhodamine B: Fig. 3 shows the effect of the
rhodamine B on forming the ternary associate. With the increasing
amount of rhodamine B  the absorbency increase constantly
from 1 to 4 mL of rhodamine B. The maximum absorbency
was observed at 4 mL of rhodamine B. Thus, the optimal amount
of rhodamine B was set for 4 mL.

Effect of reaction time: The effect of the reaction time
was studied. As the reaction time increase, the absorbency
increase steadily until 20 min and remain unchanged later.
Apparently, the complete formation of ternary associate was
a certain period of time. This was related to the reaction rate
of chemical kinetics. Therefore, the optimal reaction time of
ternary ionic associate was set for 20 min.

Effect of flotation time: The maximum absorbency was
observed at flotation time of 15 min. After 15 min of flotation,
the absorbency is stable in flotation efficiency of cadmium as
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Fig. 3. Effect of rhadamine B

flotation time increases. The optimal flotation time was set for
15 min.

Effect of air flow rate: With the air flow rate effect increasing,
the absorbency increase constantly from 15 to 30 mL/min.
The maximum absorbency was observed at 30 mL/min of air
flow rate effect. Hence, the optimal air flow rate was set for
30 mL/min.

Standard curve of flotation: The amount of Cd2+ was
changed from 1 to 7 mL to participate in the flotation of optimal
formation conditions. As shown in Fig. 4, the linear regression
was kept from 1 to 7 mL. The equation of linear regression
was y = 0.04693x + 0.30629, with R2 = 0.99407.
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Fig. 4. Standard curve of flotation

Determination of cadmium(II) in wastewater sample:
The wastewater was collected from the local farm area in order
to detect the contents of Cd(II) ions and the results are compared
to the standard experiment to the sample. The results are shown
in Table-1.

TABLE-1 
DETERMINATION RESULTS OF Cd(II) IN  

ENVIRONMENTAL WATER SAMPLE (n = 5) 

Sa
m

pl
e Mean value 

(µg/L)  
(n = x) 

RSD (%) 
(n = 5) 

Added 
(mg/L) 

Total 
(mg/L) 

Recovery 
(%) 

1 80.5 2.67 50.0 124.5 95.4 
2 64.3 3.12 50.0 119.4 104.4 
3 98.5 2.93 50.0 142.1 95.7 
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