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Introduction

Several methods for the extraction of dyes were used as coagulation, membrane process, 
adsorption etc.., but in the last decade, a growing interest in the use of cloud point extraction 
(CPE) appears because this method offer some advantages, especially elevated extraction 
efficiency, selectivity, experimental convenience, low cost, easily waste disposal and the use 
of non-toxic and less hazardous reagents [1-3].CPE is a separation and preconcentration 
procedure that has been widely applied for the extraction of various types (organic and 
inorganic) solutes [4]. The physicochemical properties of the nonionic surfactants vary in the 
presence of other surfactants, electrolytes, other organic or inorganic additives. It is possible 
to control the temperature of the disorder by varying the composition and the quantity of 
introduced substances [5].Textile processing industries consume huge amount of water 
during dyeing and finishing processes. The presence of dyes in textile wastewater inhibits 
photosynthetic process in water bodies and also generates toxicity to aquatic organisms and 
humans [6]. These effluents represent more than 50% of the world’s production of dyestuff. 
It is estimated that 10-20% of the initial quantities are lost during dyeing operations and 
are rejected without prior treatment [7].Molecular organic solvents are the most commonly 
used solvents in the liquid-liquid extraction treatment processes of solutes contained in an 
aqueous phase. Generally, in such a system, an extractant is added to the solvent for extracting 
the metal cation or dye in the organic phase. These extraction systems use large volumes 
of organic solvents, which are, unlike ionic liquids, volatile. The extraction efficiency and 
selectivity of some extraction systems using ionic liquids were sometimes superior to the 
systems using organic solvents [8].

The present work is focused on the optimization of CPE by following factorial model 
24. This model was studied using variables: pH (4-8), Triton X-100 (2-10% w), Na2SO4 (8-
10% w) and the concentration of Red Bemacid (10-100ppm), in the presence of Thiocyanate 
trioctylmethyl ammonium (LI1) and Hydrogenophosphate- trioctylmethyl ammonium 
(LI2) ionic liquids (100ppm).The dependencies of the experimental conditions, such as the 
concentrations of Triton X-100, ionic liquids, and toxic dye, ionic strength, on the cloud point 
behavior, were studied.
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Abstract
The present study investigates the effects of additives on the cloud point temperature of Triton X-100 

as a non-ionic surfactant in aqueous solutions (% of Triton X-100,% of salts (NaCl, Na2S2O3, Na2SO4, KI, 
KBr, KNO3), and concentrations of synthesized ionic liquids (Thiocyanate trioctylmethyl ammonium (LI1), 
Hydrogenophosphatetrioctylmethyl ammonium (LI2)). The parametric study based on the experimental 
design methodology by means of 24 factorial design, allows us to predict the effect of the main parameters 
pH (4.0-8.0), percent mass of Triton X-100 (2-10%), Na2SO4 (8-10%) and Red Bemacid dye concentration 
(10-100ppm) with 100ppm of synthetic ionic liquids on the extraction efficiency of the dye.The extraction 
using the CPE process (Cloud Point Extraction) of Red Bemacid showed to be efficient, reaching values of 
more than 100% dye recovery in optimum conditions using these two ionic liquids.
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Experimental Procedure

Reagents
Sodium(E)-6-amino-5-((4-chloro-3-(N-(2,4-dimethylphenyl)

sulfamoyl)phenyl)diazinyl)-4 hydroxynaphthalene-2-sulfonate 
(Red Bemacid) was obtained from the textile industry (Soitex-Algeria) 
(scheme 1). Triton X-100 (phenyl ether of p-octylpolyethylene 
glycol, with HLB=13.5 and critical micelle concentration CMC is 
3.0×10-4 M at 25°C), KNO3, NH4SCN, NaH2PO4.2H2O and C3H6O 
were purchased from Fluka. NaCl, Na2S2O3.5H2O were purchased 
from Carlo Erba. KI, KBr, Na2SO4, H2SO4, Tertabutyl phosphonium 
p-toluenesulfonate, Trihexyl tetradecyl phosphonium bromide, 
Aliquat 336 and Ethanol were purchased from Sigma Aldrich. The 
pH values of the solutions were adjusted by adding sulfuric acid 
(H2SO4) and sodium hydroxide (NaOH) as appropriate (Sigma-
Aldrich). Sodium sulfate was used to lower the cloud temperature 
and to facilitate extraction at 25°C.

Scheme 1: Structure of dye red bemacid, triton 
X-100, ionic liquids LI1 and LI2.

Apparatus

Weighs are made with an electronic analytical balance type 
Carat Series OHAUS Item: PAJ1003. pH measurements were 
performed on a HANNA Instruments HI 2210 potentiometer. 
Mechanical stirrer Lab Tech E 4565/FNR/2013 hot plate was used. 
The Kikawerke TC-2 hot plate stirrer with a standard thermocouple 
was used for the temperature experiments. Dosing of the dye was 
carried out using a UV/Visible spectrophotometer, type SPECORD 
210/Plus. 

Ionic Liquids Preparation

Synthesis and Characterization of thiocyanate 
trioctylmethyl ammonium (R3CH3N+SCN-) (LI1)

The synthesis reaction was carried out by the addition of 
NH4SCN dissolved in ethanol to the quaternary ammonium salt 
(Aliquat336), according to the following reaction (1) and synthesis 
process:

R3CH3N+ Cl-+NH4SCN→R3CH3N+SCN-+NH4Cl(R=-C8H17)          (1)	

20mmol (1.520g) of NH4SCN in ethanol is added dropwise 
to 20mmol (8.083g) of Aliquat 336 dissolved in hot ethanol. 

The mixture is left under magnetic stirring for 2 hours at room 
temperature. After decantation and filtration under vacuum, 
the solvent was evaporated on a rotary evaporator. Washing was 
performed twice with 10mL of acetone followed by evaporation. 
Our synthetic product is a viscous yellow-brown liquid, the yield 
being 75%.

Synthesis and Characterization of hydrogenophosphate-
trioctylmethyl ammonium (R3CH3N+H2PO4-)(LI2)

The synthesis reaction was carried out by the addition of 
NaH2PO4.2H2O dissolved in distilled water on the quaternary 
ammonium salt (Aliquat 336), according to the following reaction 
(2) and synthesis process:

R3CH3N+Cl- + NaH2PO4→ R3CH3N+H2PO4
-+NaCl(R=-C8H17)	

(2)

20mmol (3.120g) of NaH2PO4.2H2O in distilled water is added 
dropwise to 20mmol (8.083g) of Aliquat 336 dissolved in hot 
ethanol. The mixture is left under magnetic stirring for 2 hours at 
room temperature. After decantation and filtration under vacuum, 
the solvent was evaporated on a rotary evaporator. Washing was 
performed twice with 10 mL of acetone followed by evaporation.
Elimination of chloride ions was verified by the formation test of 
AgCl precipitate using a solution of AgNO3. The synthetic product 
is a viscous yellow liquid with a yield of 78%.

Determination of cloud point temperature of Triton 
X-100

The cloud point study involves determining the influence of a 
number of key parameters on the cloud point temperature of the 
nonionic surfactant used, which is Triton X-100. These parameters 
are:

The amount of Triton X-100 used: 1-10% (w/w).

[Ionic liquid]=50-100ppm.

Ionic strength: Effect of different salts 1-10% (w/w).

To do so, we have studied the effect of these parameters one 
by one, which brings us to examine the Triton X-100/H2O/key 
parameter systems. Then we plotted the binary temperature 
diagram of the cloud point according to the key parameter. The 
following figure describes the different steps in the study of cloud 
point variation.

General extraction procedure of Red Bemacid Dye
Extraction of Red Bemacid dye in an aqueous medium using the 

cloud point technique (Figure 1) was carried out in 10mL graduated 
tubes in which the nonionic surfactant (Triton X-100) was mixed 
with the extracting agent (C8H17CH3N+SCN-, C8H17CH3N+H2PO4

-as 
ionic liquids) and the salt (sodium sulfate). The mixture was stirred 
and left to stand in rest for 24 hours at room temperature. After this 
time, the coacervate phase was separated from the dilute phase. 
The dye present in the dilute phase is then analyzed by UV-visible 
spectrophotometry.
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Figure 1: Procedure adopted for the study of the 
extraction of dye by CPE.

Results and Discussion

Characterization

IRTF(LI1): ν (cm-1)=2929 (CH3,s), 2054(C≡N,s), 731(CH2)7, 
1467(CH2& CH3), 1218(N-C, w), 588 (C-S)

IRTF (LI2): ν (cm-1)=2929 (CH3, s), 2343(P-OH, L), 1305 (P=O, s 
L), 729(CH2)7, 1465 (CH2& CH3), 1100 (N-C, s)

s, strong; L, large.

Cloud point study

The effect of surfactant and additives concentrations on the 
cloud-points was analyzed in this study.The influence of various 
additives at different concentrations on the Triton X-100 was 
presented below. When the low-temperature surface activity of 
surfactants needs to be increased, the addition of electrolytes is 
helpful [9].

Effect of Triton X-100 on cloud point

Long heating of Triton X-100 solutions to different amounts 
in 20mL graduated test tubes placed in a thermostatic bath 
determined the relative cloud point. The temperature of the first 
appearance of turbidity was taken as the cloud point temperature.
Figure 2 shows that the cloud temperature (tcp) was 63°C, which 
corresponds to the literature [10].The dependence of tcp on the 
length of the oxyethylene chains (the number of oxyethylene 
groups-n) in molecules, is well-described by the Equ. (1):

                                tcp = b.ln(n-n0)	 (1)

Figure 2: Influence of the nonionic surfactant 
(Triton X-100) on the cloud point temperature.

where b is the coefficient of proportionality, n0=6. The constant, 
n0, is equal to the minimum number of oxyethylene groups in 
water-soluble molecules [5].Our non-ionic surfactant Triton X-100 
(n-n0=4) corresponds to 65°C, which is in agreement with our 
result.The number of ethylene oxide groups and the length of the 
hydrophobic chain of the nonionic surfactant have a great influence 
on the turbidity of the surfactant solutions. The increase in the 
number of ethylene oxide chains in polyethoxylated alcohols tends 
to raise the temperature because of the notable solubility of the 
surfactant in water by interaction with the ethylene oxide groups 
[11].When the temperature increases, there is also an increasing 
in the entropy, which causes the dehydration of polyoxyethylene 
chains and destroys the water molecules layer. From this point, the 
weak Van der Waals forces among the molecules make important 
contributions to the micellar agglomerate formation and, 
consequent, the phase separation occurs [12].

Influence of ionic liquids on the cloud point

The use of ionic liquids, characterized by their wide range, has 
various advantages such as environmental respect [13,14].They 
receive a lot of attention due to of their unique properties: low melting 
point, negligible vapor pressure..., therefore considered as a solvent 
in many applications: synthesis, electrochemistry, and separation. 
The control of their hydrophobicity or their hydrophilicity, by 
changing their anions or cations, makes them very good additives 
[15].Extraction with ionic liquids was more effective than with 
chloroform [14]. Therefore, the selection of the carrier is a decisive 
criterion. Indeed, the extractant agent forms complexes with the 
solute which must be soluble in the organic phase and insoluble 
in the aqueous phase.The modification of the physicochemical 
properties of the aqueous surfactant solutions favorably by the 
addition of the ionic liquid has received a lot of attention [16]. Thus, 
micelle-surfactant and cation/anion interactions of ionic liquids in 
aqueous solutions have been extensively studied.

The sample solutions used for the cloud point determination 
were prepared by directly mixing 2% Triton X-100 and different 
concentrations of the ionic liquid in graduated tubes with a 
total volume of 10mL, then homogenized and placed in a bath 
thermostated by varying the temperature of 5°C every 30min. The 
temperature increases sharply with the increasing in ionic liquid 
concentrations. In the range [0-500ppm], the increasing varies 
from 63 °C to90 °C(Figure 3).The study of the structure effect on 
the cloud point was studied for ionic liquids containing ammonium 
cations. The hydrophobicity deficiency leaves the ionic liquid close 
to the micelle-water interface while preventing penetration into the 
Triton X-100 micelle and replacement of the nonionic surfactant 
monomers [17,18].

Critical micellar concentration (CMC), micelle size, aggregation 
numbers are the key physicochemical properties of aqueous 
surfactant solutions [16]. Aggregate size is significantly affected 
by hydrophobic and hydrophilic ionic liquids while affecting the 
cloud point [15,16].Figure 3 indicates that the cloud point of Triton 
X-100 increased by the addition of the ionic liquid. It is known that 
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turbidity is obtained around the CMC so that its addition can alter/
modify favorably the physicochemical properties of such systems 
[19].In previous studies, the cation interaction of the ionic liquid 
with a long alkyl chain can align with the surfactant molecules 
in the micelles. Zhang et al reported that the formation of mixed 
micelles in aqueous solutions with Triton X-100 is governed by 
hydrogen bonds and hydrophobic interactions [15]. Thus, the 
electrostatic repulsion between the oxyethylene groups of Triton 
X-100 increases due to the permeation of the cation resulting in 
an increasing in the CMC and consequently the cloud temperature 
[16].

Figure 3:  Influence of ionic liquids on the cloud 
point temperature of Triton X-100.

We believe that there should be interactions between 
hydrophobic anions and micelles, although the anion does not 
contain an alkyl chain. The more hydrophobic it is, the more it 
will interact with micelles. Ionic liquids with a hydrophobic anion 
do not influence as obviously on CMC and aggregation number 
as hydrophilic with a long alkyl chain, but obviously, affects the 
aggregate size and cloud point. In summary, the ionic liquid 
increases significantly the cloud point due to the existence of 
important interactions between the surfactant and an ionic liquid. 
Furthermore, the incorporation of ionic liquid into the non-ionic 
micelles causes electrostatic repulsion between the micelles, thus 
hindering the coacervate phase formation and raising the cloud 
point [20].

Influence of different salts on Triton X-100 disorder

In this extraction process, it is desirable that the cloud point 
(CP) of the surfactant solutions is low. Its reduction differs from 
one salt to another probably because of the change in the solvent 
property of the water due to the effects of ions.Inorganic salts 
can improve or reduce the cloud point by acting as salting agents 
[9]. Some behave like breakers and increase the CP while others 
are manufacturers of water structures and damage CP [21].The 
release electrolyte decreases the cloud point while that of salting 
increases it. The latter usually breaks the structure of the water 
improving its solvation capacity, thus increasing the solubility. A 
presence of structure-breaking ions can clog the self-aggregation of 

water molecules increasing the extent of hydrogen bond formation 
between water molecules and ether groups in nonionic surfactants. 
On the contrary, the release electrolyte associates the water 
molecules, thus reducing the solubility of the surfactant in the 
water to reduce the cloud point. Anions of electrolytes appear to be 
more effective at lowering cloud point than cations because of their 
ability to form the water structure, especially with large polyatomic 
anions. The overall impact of the electrolyte is the summation effect 
of anions and cations. According to various measurements of the 
effects of ions on the water structure, cations such as Li+, Na+, K+, 
NH4

+, Ca2+, Mg2+, and anions, such as F-, SO4
2-, CO3

2-, and PO4
3- are 

structuring ions, whereas Cl-, Br-, I-, And NO3
- are ions that break the 

structure [9].

Therefore, the case study of Triton X-100, in the presence of 
additives, is a common practice preceding their application in 
various industrial processes. The monitoring of the variations of 
cloud points as a function of different mass percentages of salts 
informs us of the influence of salinity on the cloud point (Figure 
4). The low and close percentages by weight of various added salts 
(NaCl, Na2S2O3, Na2SO4, KBr, KI, and KNO3) do not affect CP. While 
the latter decreases for higher percentages except for potassium 
salts where ancestry is noteworthy.The different effects of their 
ions on the modification of the solvent property of water could be 
at the origin of the results of the salts. Sodium sulfate has the most 
negative effect. Thus, the addition of a small amount of this salt can 
reduce the cloud point to less than 20°C[22].

Figure 4: Influence of different salts on the cloud 
point of Triton X-100.

Usually, the inorganic salt anions influence the cloudiness 
behavior of the nonionic surfactant more than the cations. The 
most important effect is noted with the SO4

2- anion compared with 
the Cl- anion, which follows the Hofmeister series [23,24]. The 
addition of these salts gives salting out and causes a reduction of 
the cloud point of the nonionic surfactant because reducing the 
solvent property of the water for the surfactant and inducing the 
dehydration of the micelles. Therefore, the aggregation number and 
the hydrophobic environment of the micelle are increased with the 
salt concentration. The divalent Na2SO4 salts are more competent 
on the monovalent NaCl in terms of release [4]. The SO4

2- ions are 
more effective than the phase separation at 45°C, with a percentage 
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of Na2SO4 at 4% and at the same temperature, have to be doubled 
the amount of NaCl.According to Figure 4, it is clear that Na2SO4 
lowers CP at room temperature following dehydration of the 
ethylene oxide bonds by weakening the hydrogen bonding between 
the water molecules and the polar head of the surfactant due to 
solvation ions [13]. This lowering is called salting out [9,19]. The 
release phenomenon is mainly due to the anion of the electrolyte 
[25].

It is noticeable that the effect of electrolytes on the cloud point 
temperature decreases with increasing number of oxyethylene 
groups. And, at the same time, the phenomenon obeys the 
arrangement of anions in the lyotropic Hofmeister’s series. In 
terms of the degree of influence on the cloud point temperature, the 
anions are arranged in the series: SO4

2->CO3
2->F->Cl->I-. The action 

of divalent ions on tcp is much greater than that of monovalent ions 
[5,26].The cloud temperature remains practically insensitive to the 
Br-, I- and NO3- anions: Salting-in phenomenon. This is because the 
hydrotropic electrolyte increases the cloud point due to its water 
eliminating property.The formation of hydrogen bonds between the 
polar part of the surfactant and the water of hydration molecules is 
promoted by increasing the solubility of the surfactant.In summary, 
the purpose of adding salt with a high salt effect such as Na2SO4 is 

to have low-temperature phase separation. This can contribute to 
the reduction of energy costs for a CPE on an industrial scale [27].

Parametric study of the extraction of Red Bemacid with 
these two synthesized ionic liquids (C8H17CH3N+SCN-, 
C8H17CH3N+H2PO4-) using an experimental design

The use of the factorial model gives a global and multidimensional 
view of the process [28]. Among the most important advantages 
of this technique is that it can give a large amount of information 
about the process by judiciously selecting a limited number of 
experiments. Experimental plans make it possible to better organize 
the tests that accompany scientific research or industrial studies 
[29]. They are applicable to many disciplines and all industries 
from the moment we look for the link between a quantity of interest 
Y (the yield in our case) and variables X (pH, concentrations, % 
weight, ... ) (Table 1). This study allows us to observe the effects 
of the following parameters: the concentration of the ionic liquid 
(C8H17CH3N+SCN-, C8H17CH3N+H2PO4-), the initial pH, % w of Triton 
X-100, % w of Na2SO4 and the concentration of Red Bemacid. Thus, 
we obtain a mathematical model that summarizes our experimental 
study. The dye extraction yields in each experiment are shown in 
Table 2.

Table 1: The 4 factors and their values.

Settings Reduced Variable
Value of the Actual Variable

Minimum (-1) Average (0) Maximum (+1)

pH X1 4 6 8

Triton X-100 X2 2 6 10

Na2SO4 X3 8 9 10

Dye concentration X4 10 55 100

Table 2: Experimental data.

Testing
Reduced  Variables Yields extraction (%) of Red Bemacid

X1 X2 X3 X4 LI1 LI2

1 - - - - 75.6 92.5

2 + - - - 63.4 93

3 - + - - 100 100

4 + + - - 100 100

5 - - + - 95.7 100

6 + - + - 100 100

7 - + + - 100 100

8 + + + - 100 100

9 - - - + 75.6 98

10 + - - + 54.89 88.89

11 - + - + 95.12 92

12 + + - + 97.78 97.5

13 - - + + 100 62.5

14 + - + + 100 67.5

15 - + + + 100 95

16 + + + + 100 95
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(17 0 0 0 0 100 100

18 0 0 0 0 100 100

19)a 0 0 0 0 98 99.55

Figure 5 shows the cloud point extraction of Red Bemacid 
dye.In this investigation for quantification of the effects of four 
variables on the Red Bemacid removal, a two levels factorial 
design (low and high) of experiments was adopted.For the current 
experiment, measurements of volume, weight, and dye analysis are 
the main causes of errors. For this purpose, three additional central 
point attempts (0,0,0) are required to estimate the average error 
in the value of each coefficient, based on the random variance. 
Calculations are summarized in Table 3.Thus, with 95% confidence 
(α=0.05), and for two variances (three attempts at the central 

point), the value of tv-α/2 as 2.92. The relation of the extraction 
efficiency of Red Bemacid Dye by the ionic liquid, as a function of 
the reduced variables X1, X2, X3 and X4 is given by equations(2) 
LI1 (3) LI2:

Y=76,71-1,34X1+6,74X2+7,04X3-0,62X4+1,61X1X2+1,79X1X3-
6,29X2X3+1,28X3X4-2,07X1X2X3+0,78X1X2X4	 Equ(2)

Y=92,61+0,09X1+4,05X2-2,20X3-4,69X4+0,48X1X2+0,42
X1X3+2,25X2X3+2,53X2X4+1,28X3X4+1,00X1X2X3 +3,78X2X3X4 
+0,48X1X3X4+0,53X1X2X4-1,05X1X2X3X4	Equ (3)

Table 3: Model adequacy tests and analysis of variance.

Characteristics Symbols
Values

LI1 LI2

Average yield at point (0,0,0) Y0 99,50 99,50

Random variance S²=σ 0,3496 0,0138

Square root of variance S 0,5913 0,1178

Risk Factor (arbitrarily chosen) α 0,05 0,05

Average error on coefficient value ∆ai 0,3961 0,0789

Remaining coefficients R 12 16

Model response to point (0,0,0) a0(y0,0,0) 76,71 92,61

Divergence of average return D 227,831 68,825

Error on the divergence of the average return ∆d 104,782 15,131

Average yield of the 16 experiments Ym 92,40 93,75

Residual Variance Sr² 52163,78 50042,36

Fisher’s test F 3,98 3,68

Figure 5: Cloud Point Extraction of Red Bemacid 
dye.

Factors influencing the extent of extraction
Figure 6 shows the surface response graphs of Red Bemacid 

extraction and the effects of the different factors on its efficiency

Figure 6: Response surfaces for extraction of red 
Bemacid by the two ionic liquids
(a,b) with Thiocyanate trioctylmethyl ammonium. 
(c,d) with Hydrogenophosphatetrioctyl methyl 
ammonium.
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Effect of surfactant concentration on extraction
Among the surfactants, Triton X-100 was chosen for its higher 

extraction efficiency as well as for its appropriate cloud point 
temperature relative to the other surfactants tested. Figure 6a-6c 
describes the effect of Triton X-100 concentration on the extraction 
efficiency of Red Bemacid dye. As observed at a fixed temperature 
of 25 °C and a fixed ionic liquid concentration of 100ppm, dye 
extraction efficiency increases with surfactant concentration.
The concentration of micelles increases with the concentration 
of surfactant, followed by greater solubilization of the dyes in 
the micelles. As a result, dye extraction efficiency increases with 
surfactant concentration. The optimal surfactant concentration 
of 10% by weight of Triton X-100 was chosen for the formation 
of hydrogen bonds between water molecules and ether groups in 
nonionic surfactants. Quantitative removal of Red Bemacid dye 
(>85%-90%) with LI1, LI2 respectively, was achieved using at 10% 
w Triton X-100 [30,31].

Effect of pH on yield extraction
For this study, the effect of a pH range of 4 to 8 on Red Bemacid 

CPE using factorial curves was studied. The effects of the pH of 
the solution on the extent of extractions of the Red Bemacid are 
shown in Figure 6b-6d using the Triton X-100-LI1 and Triton X-100-
LI2systems respectively. The extraction efficiency had a lower acid 
pH and increased with pH. In the event of a decrease in pH, the 
recovery of Red Bemacid decreases and, at high pH, the extraction 
efficiency of the dye becomes high (85% with LI1 and 95% with 
LI2). At lower pH, the dye studied was protonated and their ionic 
characteristics increased, resulting in less solubilization of the dye 
in the hydrophobic micelles. On the contrary, at high pH, the dyes 
were deprotonated, and their behavior resembled a hydrophobic 
molecule and solubilized easily in the micelles. As a result, the 
solubility of the dyes is greater at the basic pH, resulting in an 
increasing of dye extraction of 78-85% with LI1 and 87-95% with 
LI2 from Acid pH at Basic pH [20,32].

Effect of dye concentration on extraction

It is obviously observed that the extraction efficiency of Red 
Bemacid dye increases with the dye concentration for both cases 
(Figure 6a-6c). It is well known that micelle concentration increases 
with surfactant concentration, followed by greater solubilization 
of dyes in micelles. It can be said that when the concentration of 
the dye and its solubility in surfactant micelles vary in the same 
direction [33]. Therefore, the extraction efficiency of Red Bemacid 
is ascending. In our study, all (100%) Red Bemacid dye was 
eliminated by working at the maximum concentration (100ppm).

Effect of ionic strength in the extraction

The cloud point of micellar solutions can be controlled by adding 
salts, alcohols, nonionic surfactants and some organic compounds 
(salting-out) [34]. In the CPE technique, the addition of salt to the 
sample solution facilitates phase separation and increases the mass 
transfer of the analyte from the aqueous phase to the surfactant-rich 
phase. In addition, the presence of small amounts of inorganic salts 

causes a decreaseing in the cloud point temperature. Therefore, it 
is essential to take into account the side effects of the electrolyte, 
namely the release [35]. On the basis of these reasons, Na2SO4 salt 
was chosen and its effect on the extraction process was examined. 
From the results (Figure 6b-6d), the highest recovery of Red 
Bemacid was obtained with a Na2SO4 concentration of 10%). This 
effect could be explained by the additional surface charge when the 
concentration of Na2SO4 is very high, which modifies the molecular 
structure of the surfactant and, consequently, the micelle formation 
process [34]. Therefore, a Na2SO4 concentration of 10% (weight) 
was adopted as the optimum value.

Conclusion

The results obtained in this study indicate that the sodium 
salts decrease the CP and contribute to the increasing of the 
hydrodynamic size of the micelle in the order Na2SO4>Na2S2O3>NaCl.
It allows to obtain significant extraction yields without heating 
solution and to work at room temperature. It can be carried out 
using Triton X-100 as a surfactant, trioctyl methylammonium 
thiocyanate and triphenyl methylammonium hydrogeno phosphate 
as chelating extractants and sodium sulfate. From the experimental 
results, quantitative removal of Red Bemacid dye 100% efficiency 
to 100ppm of the dye was achieved using 10% by weight Triton 
X-100, 10% by weight Na2SO4 in basic medium (pH=8) to obtain 
the optimal analytical signal associated with the highest possible 
extraction efficiency.The results show that the dye can be removed 
significantly in a single CPE extraction under optimal conditions 
and the polynomial models developed here can provide a valuable 
basis for industrial scale applications.
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