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GRAPHICAL ABSTRACT

PROPYLENE OXIDE- ETHYLENE OXIDE BLOCK POLYMER AS A SURFACTANT
FOR CLOUD POINT EXTRACTION OF SOME METAL IONS
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Introduction

Flame atomic absorption spectrometry
(FAAS) with its relative low cost and good
analytical performance, is the main instrument in
the research laboratories for determining a
variety of heavy metals. Accurate determination
of traces heavy metals by flame atomic
absorption spectroscopy is the one of the
important problems for the analytical chemist
because of their low concentrations and the
influences of the matrix of the analyzed samples.
In order to overcome these problems, analytical
chemists separation-
preconcentration techniques including liquid-
liquid extraction, co-precipitation, cloud point
extraction, electro-deposition, and solid phase
extraction [1-8].

Cloud point extraction (CPE) is based on the
phase behavior of non-ionic surfactants in
aqueous solutions, which exhibit phase
separation after an increase in temperature or
the addition of a salting-out agent. Separation
and preconcentration based on cloud point
extraction (CPE) are becoming an important and
practical application of surfactants in analytical
chemistry [9,10]. CPE is based on the ability of
most nonionic surfactants in aqueous solutions
to produce micelles and to separate into a
surfactant-rich phase of a small volume and a
diluted aqueous phase when heated to the cloud
point temperature.

The small volume of the surfactant-rich phase
produced by this methodology allows of simple,
cheap, highly efficient, speedy, and of lower
toxicity to the environment extraction schemes
than those extractions that use the organic

generally use

solvents [11]. CPE might be an interesting and
efficient alternative, once it eliminates or reduces
consumption of organic solvents significantly.
Trace elements can be extracted to the
surfactant-rich phase usually after formation of a
hydrophobic complex with an appropriate
chelating agent [12]. Cloud point extraction has
been successfully employed to extract and

preconcentrate several trace elements from
different types of matrices [13-18].

In the present work a simple, selective and
sensitive CPE method for preconcentration and
determination of Cu?+, Fe3+, Mn2?+, Cd?* and Cr3+
ions in various samples using Propylene oxide-
Ethylene oxide block polymer (PO-EO) as a
surfactant  and pyrrollidine
dithiocarbamate (APDC) as selective complexing
agent in basic media was established.

ammonium

Experimental
Reagents

All solutions were prepared with deionized
water. Analytical-grade methanol, acids, and
other chemicals used in this study were obtained
from Merck, Darmstadt, Germany. The
calibration curve was established using standard
solution method. A 1.0% (w/v) of surfactant PO-
EO from Clariant.

Instruments

A Novaa 350 atomic absorption spectrometer
equipped with deuterium background correction
and copper, iron, chromium, cadmium and
manganese hollow-cathode lamp as the radiation
source was used for absorbance measurements
at wavelength respectively. The instrumental
parameters were adjusted according to the
manufacturer’s recommendations. A Hettich
centrifuge was used to accelerate the phase
separation process. JENWAY mode 3150 pH
meter was used for pH measurements.

Test procedure

For the cloud point extraction, aliquots of 12
mL of the sample or standard solution containing
the analyte (10 mL), surfactant (1 mL), ligand (1
mL), were kept in thermostated water bath at
(60-80 °C) for 15 min. Separation of the aqueous
and surfactant-rich phase was accomplished by
centrifugation for 2 min at 3000 rpm. After
cooling in the ice (5 min), the surfactant rich
phase became viscous. The supernatant aqueous



N. Bader et al.

261

phase was then separated completely a 10 mL
syringe centered in the tube. The resulting
solution was introduced into the flame atomic
absorption spectrometer.

Results and discussions

Effect of pH

The pH plays a very important role on metal-
chelate formation and extraction. CPE of, copper,
cadmium, manganese and iron ions was
performed in solutions of pH ranging from (3 to
10). Figure 1 shows the effect of pH on the
extraction percent.

At lower pH, the ligand is protonated and its
ionic characteristics increase and lead to
decrease in its solubilization in the hydrophobic
micelles. At higher pH, the ligand is de-
protonated and it behaves like a hydrophilic
molecule and easily gets solubilized in the
micelles. The maximum extraction efficiency was
obtained at pH =5 for Fe3+, 7 for Cu3*and 9 for
Cd?* and Mn?*. While Cr3+ gives a fixed rate of
separation at different pH values.

The recovery of the metal ion depends on the
pH of complex formation and the stability of the
complex at this pH. The lower recovery of Cd2+
ion can be explained by the dynamic dissolution
process of the expected mechanism of the APDC
complex formation [19].
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Effect of APDC concentration

The APDC was used as a complexing agent
for chromium, copper, cadmium, manganese
and iron ions. The effect of concentration of
APDC was investigated over the range (1- 13
ml). The relation between the extraction
recovery and the APDC concentration is shown
in Figure 2. In case of Mn2+ and Cd2* separation,
a very good separation could be achieved
without using APDC as a chelating agent.
However in case of Cu?+, Cr3+ and Fe3+, addition
of APDC is required to attain good extraction
percent.

APDC reacts with metal ion to form a
nonpolar complex. The formed nonpolar
complex is into the nonpolar
environment of micelle [19].

extracted

Effect of PO-EO surfactant volume on the
recovery%

The PO-EO surfactant was chosen because of
its commercial availability in a high purified
homogeneous form, low toxicological effects
and low cost. Also, the high density of
surfactant- rich phase phase
separation by centrifugation. Additionally the
cloud point (60-80 °C) of PO-EO surfactant
permits its use in the extraction and/or
preconcentration of a large number of
molecules and metal chelates at that
temperature. The preconcentration efficiency

facilitates

was evaluated wusing PO-EO surfactant
concentration ranging from 1 to 4 mL. No
change has been observed, therefore 1 mL was
chosen for extraction procedure in order to

minimize the consumption of chemicals.

Effect of temperature on metal recovery%

The cloud point temperature of PO-EO
surfactant is (60-80 °C) which is the preferred
for cloud point temperature and analytical
purposes. The maximum extraction efficiency
obtained was for Fe3+ at (60 °C), and for Cd?+
Cu2+ and Cr3+at (80 °C), while Mn2+*ion gives a
good of separation at wide range as shown in
Figure 3.

Effect of metal ions concentration on recovery%

The Most
recovery% was studied and formed to be 10
ppm for Cr3+ and Cd?+, while 20 ppm for Cu?+,
Fe3+and Mn2?* as shown in Figure 4.

suitable concentration on

Effect of centrifugation time and rates

The effect of centrifugation time upon
analytical signal was also studied for the range
of (2-14 min). A centrifugation time of 2 min at
3000rpm was selected for the entire procedure,
since no improvements were observed for
longer time.
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Figure 4. Effect of metal
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Table 1. Extraction of metal ions in certified refrence materials
Metal ions Cu Cr Cd Fe Mn
Recovery% 98 98 63 99 99
Applications The authors wish to thank Prof. Awad

To verify the accuracy of the proposed method,
the contents of Cu?+, Cr3+, Cd?+, Fe3+ and Mn2?* in
certified reference material in the soil
(GBW07406) were determined by the CPE
method. As it shown in Table 1, the obtained
results are in good agreement with the
reference values.

Conclusion

The cloud point extraction offers a simple,
rapid, sensitive, inexpensive, non-polluting and
environmentally benign methodology which is
alternative  to other  separation/pre-
techniques. Oxalkylated

polyamine was chosen for the formation of the

concentration

surfactant rich phase due to its excellent
physico-chemical characteristics. The present
method can be successfully applied for the
determination of cadmium, copper, chromium,
iron and manganese ion in aqueous samples.
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