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In the present study, Triton X-100 and Sorbitol surfactants were utilized to remove and extract 
cationic brill red X-56-N and disperse red-60 dyes, respectively. The parameters influencing the 
extraction, like pH, dye concentration and surfactant, were optimized. The best condition for the 
extraction of cationic brill red X-56-N was in neutral pH and use of 12.5(wt %) surfactant and [dye] 
= 100mg/L; moreover, the best condition for disperse red-60 extraction was in acidic pH, 
surfactant=2.0(wt %) and [dye] = 150mg/L. 
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Introduction 

The method of graphite furnace atomic absorption spectrometry and inductively coupled plasma mass spectrometry are the 
most sensitive techniques for the determination of a great many of the elements featuring very low traceability. Separation and 
pre-concensation are widely applied for the determination of precious metals’ ions. The commonly used methods are solid 
phase extraction (SPE) [1-3], sedimentation [4, 5], columnar extraction [6, 7], electrode ion [8, 9], liquid-liquid extraction 
(LLE) [10] and cloud point extraction(CPF) [11, 12]. Cloud point extraction can be employed to extract various contaminants 
and it is sometimes necessary to make use of an appropriate ligand to chelate the intended cation. A sufficient amount of the 
surfactant aqueous solution is added to the solutions containing analyte and the whole solution is heated to the cloud point. 
Micelles form in the cloud point and the cationic and anionic groups enter the middle hole of the micelles either alone or in 
combined form and hence separated from the aqueous phase. Therefore, two phases form in the solution. One is rich in 
surfactant and contains contaminant and the other is an aqueous phase. The rich phase enjoys a larger density in respect to 
surfactant and accumulates at the bottom of the container and there is an array of various methods that can be applied to 
determine the analyte’s concentration in the condensed specimen [13]. In the present study, Triton x-100 and sorbitol 
surfactants were utilized to correspondingly extract cationic brill red X-56-N and disperse red-60 dyes. In doing so, parameters 
like pH, dye concentration and surfactant amounts were optimized. 
 
Materials and Methods 

The required dyes and high purity surfactants were procured from the Iranian Institute for color and technology (ICST) and 
the German Merck Company, respectively. The devices used in the study were pH-meter (Lutron pH-206), an Arex Model 
heater and a UV spectrophotometer, model SP-3000 plus. 
Cloud Point Extraction Procedure 
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In the beginning stock solutions of dyes and surfactants were prepared. Then, the required concentration of each solution was 
acquired by diluting these solutions. The λmax values of cationic brill red X-56-N and disperse red-60 were respectively 
calculated equal to 421.4 nm and 528 nm following which the calibration curves were delineated. The entire measurements 
were undertaken in constant λmax. The examined solutions were 10mL dye solution and 10mL surfactant solution. The solution 
was heated in a water bath up to 80°C for a period of one hour so as to obtain a single phase system. Then the solution was 
allowed to rest for a period of 24 hours so as to separate the phases. The diluted phase was sampled by the use of a micro-
syringe and the absorption rate was determined in λmax value of the dye. The following relation was utilized to determine the 
extraction amount. 

R%=C0-Ce/C0X100                                                                                                                                                     Relation (1) 

In this relation, C0 is the initial concentration of dye, Ce is the post-extraction dye concentration and R% is the extraction 
percentage. 
To investigate the pH effects, buffer solutions were prepared in various pH ranges: 

HCI (1M) +Sodium acetate (1M) →pH=0.5-3.5                                                                                                        Relation (2) 

Sodium acetate (1M) +Acetic acid (0.2M) →pH=4.0-7.0                                                                   Relation (3) 

Ammonium chloride (2M) +NH4OH (1M) →pH=7.5-10.0                                                                 Relation (4) 

Results and Discussion 

The pH effects were evaluated via keeping constant such parameters as dye concentration (50mg/L), total volume of the 
solution (20ml) and surfactant (2.0%wt). It was found out that acidic pH better serves the dispersed dye extraction. This was 
due to the formation of OH2+ in sorbitol structure that caused an increase in the reaction between the dye molecules and 
surfactant’ furthermore, it was figured out that neutral pH is more appropriate for cationic dye extraction (Diagram 7, 8). 
In an investigation of the extent to which sorbitol and triton X-100 are effective as surfactants, the optimum amounts of 2.0 
(wt %) and 12.5 wt (%) were respectively recorded. Any further increase in surfactant amounts caused a decrease in the 
extraction rates and this might have been due to the micelle pile-ups that prevent the surfactants to exert more appropriate 
effects (Diagram 9, 10). 
The extraction rates of the surfactants were found reduced with the increase in the dye concentration due to an increase in the 
dye viscosity in the solution and the amalgamation of dye molecules followed by dye molecules agglutination. The 
performance thresholds of sorbitol and triton x-100 were obtained equal to 150 mg/L and 100 mg/L, respectively (Diagram 
11, 12). 

 

 

 

 

 

 

Diagram 1. Structure of disperse red-60 
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Diagram 2. Structure of sorbitol 

 
Diagram 3. Structure of cationic brill red X-56-N 

 
Diagram 4. Structure of Triton X-100 

 

 

 

 

 

 

 

Diagram 5. Calibration curve for cationic brill red X-56-N 

 
Diagram 6. Calibration curve for disperse red-60 
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Diagram 7. Effect of pH in cationic brill red X-56-N extraction (C=50mg/L, V=20ml, Triton X-100=5.0%wt) 

 
Diagram 8. Effect of pH in disperse red-60 extraction (C=50mg/L, V=20ml, Sorbitol=2.0%wt) 

 

Diagram 9. Effect of Triton X-100 in extraction ([dye]=50mg/L, V=20ml, pH=7.5) 

 

Diagram 10. Effect of Sorbitol in extraction ([dye]=50mg/L, V=20ml, acidic pH) 
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Diagram 11. Effect of cationic brill red X-56-N concentration in extraction (Triton X-100=7.5%wt, V=20mL, pH=7.5) 

 

Diagram 12. Effect of disperse red-60 concentration in extraction (sorbitol=2.0%, V=20mL, acidic pH) 

Conclusion 

The study results indicated that triton x-100 and sorbitol can be utilized to extract dye contaminants from industrial wastewaters 
with no use of solvents. According to CPE method’s being a simple and less expensive process, these surfactants can be also 
applied for the elimination of aromatic contaminants and/or heavy metals in the industry. 
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