
  

Academy journal for Basic and Applied Sciences (AJBAS) special issue # 2 July 2023 (civ. Arch. Bio. Chm. E.mang)   

184 
FLICESA-LA-1315032023-CPE009 

 

 

First Libyan international Conference on Engineering Sciences & Applications (FLICESA_LA) 

13 – 15 March 2023, Tripoli – Libya 

Investigation of Using Polyethylene Glycol-400 

(PEG-400) As a Surfactant for Separation of 

organic dyes and some heavy metals from Water 

Samples by Cloud Point Extraction 
 

Abdelsalam  Asweisi 
Department of Chemical Engineering  

University of Tripoli 

Tripoli, Libya 

a.amhmed@uot.edu.ly  

 

Ebtehal Almusrati 
Department of Chemical Engineering  

University of Tripoli 

Tripoli, Libya 

E.AL-Musrati@uot.edu.ly

 Khalifa Algheryani  
Department of Chemical Engineering  

University of Tripoli 

Tripoli, Libya 

K.Algheryani@uot.edu.ly 

Rawa Altarhouni 
Department of Chemical Engineering  

University of Tripoli 
Tripoli, Libya 

R.Tarhouni@uot.edu.ly 

 

Abstract— Phase separation by cloud point phenomena 

depending strongly on the behavior of the surfactant used. This 

study aimed to apply a new surfactant for the separation of some 

toxic pollutants from water samples using cloud point extraction 

(CPE) methodology. Polyethylene glycol-400 (PEG-400) was 

chosen as surfactant to facilitate phase separation of Cr(VI), 

Cu(II), Fe(II), methyl green and methylene blue dye ions from 

water samples. The effect of some parameters on extraction 

percent, pH, surfactant amount, pollutant ions concentration, 

and temperature have been studied and optimized. As a result, 

PEG-400 is an excellent surfactant with satisfactory results since 

more than 95% of extraction percent has been reached. 

Keywords— Cloud point extraction, Non-ionic surfactant, 

Pollution 

I. INTRODUCTION 

Pollution caused by higher levels of heavy metal ions and 
organic dyes in the environment due to technological and 
industrial development is one of the most important risks 
facing the world today. These pollutants in water bodies at 
certain concentrations that pose a threat to the ecosystem [1]. 
Most of these contaminants cannot biodegrade or detoxify 
easily and have a high tendency to accumulate, especially in 
living matter [2, 3]. Therefore, discharge of these pollutants 
into water recourses affecting water quality and causing harm 
to aquatic organisms due to its high toxicity, which makes it 
unsuitable even for human consumption.   

The widely used of heavy metals and dyes in many 
industrial activities related to the manufacture of medicines, 
food and other commercial products such as cement industry, 
leather tanning, electroplating, production of refractory steel, 
catalytic manufacture, photographic material, corrosive paints 
and rubber manufacturing industries has contributed to a 
significant increase in their concentrations in the environment. 

Therefore, the determination of these pollutants in aqueous 
and biological matrices is a very important tool for 
environmental and toxicological monitoring. Accordingly, it 
is very difficult because of the presence of these contaminants 
at low levels, which requires sensitive automated techniques 
and frequently a pre-concentration step such as liquid–liquid 
extraction (LLE), solid phase extraction (SPE), ion exchange, 
co-precipitation, and cloud point extraction (CPE).   

Traditional liquid–liquid extraction and other mentioned 
methods have many disadvantages during the separation 
process, among of these, time-consuming, labor intensive and 
consume large amounts of high purity solvents, which are 
frequently toxic [4, 5]. In this sense, most industries are 
looking for alternative technologies that are competitive and 
can overcome some of the defects in the mentioned methods. 
As such, CPE is a new environmental-friendly method that has 
gained a significant interest in separation science. 

In recent years, CPE, is considered an alternative approach 
for extraction, and pre-concentration technique, was 
successfully used in the separation of pollutants from 
environmental samples which reduces solvent consumption 
and extraction time and also provides high enrichment factors 
for analyses [6, 7]. The CPE mechanism is a very simple 
which involves forming hydrophobic species by solubilization 
of the pollutants in a medium containing surfactant. Then the 
hydrophobic complex is extracted after being incorporated 
into a micelle system when being clouding. 

Separation by cloud point phenomena is mainly 
dependence on the phase behavior of non-ionic surfactants in 
aqueous media. Most non-ionic surfactants in aqueous media 
form micelles and become more turbid when heated to the 
cloud point temperature (CPT) or in the presence of a salting-
out agent. Above the CPT, the surfactant solution is easily 
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separated into two immiscible phases as a result of the 
formation of micelles, a small volume of surfactant-rich phase 
containing the required solute with a small amount of water 
and a diluted aqueous phase which represents the rest of 
solution in which the concentration of the non-ionic surfactant 
is at equal, or below to, its critical micelle concentration 
(CMC) system [8-12]. Thus, in the present study, the 
extraction of ions from the initial aqueous solution was 
achieved by concentrating these ions into the surfactant-rich 
phase after formation of a hydrophobic complex.  

According to some previous studies; removal of different 
pollutants, like heavy metals and/or organic dyes from 
aqueous solutions using CPE is an increasing interest in the 
scientific community. However, most recent investigations 
have focused on the use of low-cost surfactants with or 
without appropriate reagent [13-23].   

Recently, in our research group, Asweisi et al. extraction 
of some metal ions using PO/EO block polymer as a surfactant 
with APDC was studied with satisfactory results [24]. In 2022, 
this study extended to use different surfactants, commercial 
polyethylene glycol, glycerine, PO/EO block polymer, and 
ethoxylated polyamine with APDC as cleating agent for 
extraction of cadmium ions from aqueous medium, as a result 
these surfactants had a good ability of extraction with high 
efficiency [25]. 

In this study, CPE method developed for the pre-
concentration of Cr(VI), Cu(II), Fe(II), methyl green and 
methylene blue dye ions in various samples using PEG-400 as 
a surfactant because of their low cloud point temperature and 
high density of the surfactant-rich phase as well as their low 
cost, commercial availability and lower toxicity. Some 
parameters that effect on the extraction percent like sample 
pH, amount of surfactant, temperature, and concentration of 
pollutants have been investigated and optimized. 

II. EXPERIMENTAL METHOD  

A. Reagents  

All solution samples were prepared with deionized and 
high purity water. Except if otherwise stated. Analytical-grade 
acids, methanol, and other chemicals used in this study are 
obtained from Merck, Darmstadt, Germany. The standard 
solution method was used to establish the calibration curve. A 
1.0% (w/v) of PEG-400 surfactant was used. 

B. Apparatus  

A thermostated water bath, maintained at the desired 
temperature where the separation was achieved. The CPE 
measurements were made using UV-VIS spectrophotometer 
JENWAY with 20 mm quartz cells was used. The pH 
measurement was made by JENWAY 3150 PH-METER. 

C. CPE procedure  

A CPE experiments were prepared according to literature 
(Asweisi et al., 2020). Aliquots of 9 mL of the sample or 
standard solution containing, contaminated sample (7 mL), 
surfactant (2 mL), were heated in a thermostated water bath at 

80 ℃  for 10 min. Separation of the diluted aqueous and 

surfactant–rich phase was achieved when the surfactant-rich 
phase became more viscous and immiscible. The aqueous 
phase was then easily separated completely by a 10 mL 
syringe centered in the tube and introduced into the UV-VIS 

spectrophotometer JENWAY by the 20 mm quartz cells for 
analysis. 

D. Analytical procedures   

The experimental study of the separation process using 
cloud point phenomena was evaluated by the extraction yield 
percent (Equation 1), which is estimated from mass balance 
based on initial and final ions concentrations in the original 
solution before and after heating to CPT:  

%𝐸 = (
𝐶0−𝐶𝑡

𝐶0
) 100 () 

Where %𝐸  represents the percent of extraction of 
pollutant from an aqueous solution; 𝐶0 and 𝐶𝑡 are the initial 
and final concentration of pollutant ions in the aqueous phase, 
before and after extraction, respectively. 

III. RESULTS AND DISCUSSION 

Separation of some toxic metal ions such as hexavalent 
chromium studied under different experimental conditions. 
The change in extraction percent with pH shown in figure 1, 
more than 95% extraction at pH values between (9 and10), 
then the extraction percent decreased gradually with 
increasing pH values. Formation of stable metal hydroxides at 
higher pH values may occurred leads to less extraction 
possibilities of metal ions. 

Fig. 1. Eeffect of PH on extraction percent of Cr (VI) 

Separation of metal ions from aqueous solution to surface 
of surface-active materials by adsorption on liquid surface 
affected by the initial concentration of the metal ions. As can 
be seen from the figure below, the extraction percent increased 
with increased concentration of the metal ions up to 0.0015M, 
then it became lower at higher concentrations more than this 
value. This may be attributed to the saturation of the surfactant 
active sites.   
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Fig. 2. Effect of concentration of Cr (VI) on extraction percent 

Investigation of volumetric ratio of PEG-400 to the metal 
ion concentration is studied. Cupper ions with different ratios 
showed different separation percent’s. The optimum value of 
volumetric ratio of cupper to surfactant is at 1:1 ratio. The 
results are shown in figure 3. 

 

     Fig. 3. The effect of volumetric percent of Cu (II) to PEG-400 

In the case of Iron, Fe(II), the optimum volumetric ratio 
between Fe(II) and PEG-400 is found to be 0.75 at which 
about 90% separation of the metal reached as shown in figure 
4. 

 

Fig. 4. Effect of volumetric ratios of Cu (II): PEG-400 on separation 
percent 

The results of extraction of organic dyes (methyl green as 
an example) are shown in figure 5. The extraction percent is 
increased first with increasing of dye concentration up-to 

0.00005M then the percent extraction decreased gradually 
with increasing dye concentration. The best conditions for 
separation are found to be 0.00005M of dye at a volume of 
3.0mL surfactant and pH of 12.0. 

 

Fig. 5. Effect of concentration of M-green on extraction percent 

IV. CONCLUSION 

From the results obtained on can conclude that surface-
active material PEG-400 could be used in separation and 
extraction of hexavalent chromium with more than 95% in 
one extraction step with a very small volume of surfactant. In 
addition, PEG-400 extracts other metal ions like cupper and 
iron. PEG-400 works very well in the separation of organic 
dyes like methyl green and methylene blue as well as the 
proposed method has shown to be a very simple procedure, 
efficient, inexpensive, green and safe method. 
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