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In the present study, a cloud-point extraction process has been developed to remove
crystal violet dye using two different non-ionic surfactants, Tergitol NP-7 and Triton
X-114. For different concentrations of dye and surfactant, cloud-point temperatures were
determined for Tergitol NP-7 and Triton X-114. The effectiveness of two different surfac-
tants, Triton X-114 and Tergitol NP-7, for the removal of dye from synthetic solution was
investigated. The effects of surfactant and dye concentrations, as well as operating tem-
perature on phase volume ratio, preconcentration factor, distribution coefficient, and ex-
traction efficiency were studied. The optimum dosage of surfactant can be 0.05 M for
both surfactants for removing crystal violet. The results showed that 97 % of crystal vi-
olet can quantitatively be removed by cloud-point extraction at 0.05 M surfactant con-
centration in a single extraction. The performance of Tergitol NP-7 was found to be more

effective than Triton X-114 for the removal of crystal violet using CPE.
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Introduction

Removal of dyes from wastewater is one of the
most significant problems faced by the dyestuff
manufacturing, textile dyeing, and printing indus-
tries'. Disposal of this untreated wastewater into
water bodies can cause serious health problems like
allergies and skin cancer. It will also give rise to
some environmental problems, as they will interfere
with photosynthetic activity and hence affect aquat-
ic life?. Crystal violet (CV), being a basic cationic
dye, is the brightest class of dye and has a very high
tinctorial value®. It is very difficult to remove be-
cause of its non-biodegradable synthetic nature and
high solubility in water®. It is basically used in the
histological stain and in Gram’s Method of classify-
ing bacteria, for ball-point pens, as a dermatological
agent, a veterinary medicine, an additive to poultry
feed to inhibit propagation of mold, intestinal para-
sites and fungus, etc., in inkjet printers, fingerprint-
ing, for dyeing paper, and DNA gel electrophore-
sis’. Many methods are in practice for color
removal, like membrane separation, coagulation,
flocculation, ozonation, oxidation, adsorption, pho-
tocatalysis®®. However, every method has some

“Corresponding author: Tel: +91-431-2503114;
Fax: +91-431-2500133; email: aagiri@nitt.edu

limitation, and they are also economically infeasi-
ble. For example, in the case of adsorption, activat-
ed carbon is expensive, while in membrane separa-
tion there are chances of fouling which decreases
the flux®.

Cloud-point extraction (CPE) is an effective
separation technique for the removal of dissolved
organic contaminants from effluents'®?!. Aqueous
solutions of non-ionic surfactants turn cloudy at a
definite temperature, and this temperature is re-
ferred to as the cloud-point (CPT). By allowing the
solution to settle at a temperature above the cloud-
point, phase separation takes place. The smaller
phase contains most of the surfactant and usually
sinks to the bottom, in some cases at the top, called
the surfactant-rich phase or coacervate phase, while
the more voluminous aqueous supernatant, also
called the dilute phase, has a surfactant content ap-
proximately equal to the critical micellar concentra-
tion (CMC)?. This is known as cloud-point ex-
traction (CPE). The dilute phase, which contains a
very low concentration of pollutant, can be dis-
charged into the environment. Cloud-point ex-
traction using non-ionic surfactant is an alternative
method for the removal of dyes from wastewater®.

The actual reason of phase separation is not
known. However, some researchers have proposed
different explanations for phase separation in CPE.
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Micellar interactions, which are repulsive at lower
temperature, become attractive at higher tempera-
ture?*. Dehydration occurs in the external layer of
the micelles at higher temperature. The dielectric
constant of water decreases at elevated temperature
and water becomes a poor solvent for the hydro-
philic part of the surfactant molecules, leading to
phase separation®. At higher temperature, the mi-
cellar aggregation number and micellar size increas-
es causing phase separation®. The main advantage
of CPE is that it uses a much less amount of surfac-
tant, which is non-volatile and disposable in nature,
while the other advantage is that it often uses water
as solvent?’. Although the CPE technique bears
many advantages over the traditional liquid-liquid
extraction process, that it is reversible, flexible, bio-
degradable, easy to handle, more efficient, safe and
non-toxic, very few works related to the separation
of pollutants have been performed®. The cloud-
point system can also be used for separation and
purification of metal ions, organic compounds, and
bioactive materials®. It is also used to preconcen-
trate copper, nickel, zinc and iron ions in environ-
mental samples and remove oil from soil as well as
heavy metals and toxic solutes like phenol from
polluted water®’. In order to make the cloud-point
extraction process more economical, the organic
compounds must be stripped from the non-ionic
surfactant to enable its reutilization'.

Non-ionic surfactants are compatible with oth-
er types, and are excellent candidates to enter com-
plex mixtures, as found in many commercial prod-
ucts. They are much less sensitive to electrolytes,
particularly divalent cations, than ionic surfactants,
and can be used with highly saline or hard water.
They exhibit a very low toxicity level, and are used
in pharmaceuticals, cosmetics, and food products.
Non-ionic surfactants are found today in a large va-
riety of domestic and industrial products, such as
powdered or liquid formulations?'.

In the present study, an attempt was made to
compare the performance of two different non-ionic
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surfactants, Tergitol NP-7 and Triton X-114, to re-
move crystal violet from a synthetic dye solution by
the cloud-point extraction process. Among various
dyes, crystal violet (CV) is a well-known dye used
for various purposes, as listed earlier, which is why
it was selected for the present study. The cloud-
point of Tergitol NP-7 and Triton X-114 is relative-
ly low and the experiments could be conducted at
room temperature, which makes them the suitable
choice of non-ionic surfactants for the present study.
The effects of temperature, surfactant concentra-
tion, and dye concentration on various parameters
like phase volume ratio, preconcentration factor,
distribution coefficient, and extraction efficiency
were studied.

Experimental

Materials

Triton X-114 (Octyl phenol poly ethylene gly-
col ether, density at 298 K is 1.058 g mL™, mol.
wt.: 537 g mol™, 4_ : 223 nm) and Tergitol NP-7
(Nonyl phenol ethoxylate, density at 298 K is 1.044
g mL™', mol. wt.: 528 g mol™, 4__ : 235 nm), pur-
chased from Sigma Life Sciences India, have been
used as non-ionic surfactants. The critical micellar
concentrations (CMC) of TX-114 and Tergitol NP-7
at 298 K are 2.1-10*M and 7.3-10° M, respectively.
Crystal violet (mol. wt.: 497.979 g g”' mol™', densi-
ty: 1.198 g mL', 4 : 590 nm) of analytical grade
was purchased from Sigma Life Sciences, India.
The surfactants and dye were used without further
purification. JASCO UV spectrophotometer was
used for calibration and measuring dye concentra-
tion in dilute phase after phase separation. Water
bath, purchased from TECHNICO Laboratory Prod-
ucts, Chennai, was used for maintaining tempera-
ture for cloud-point extraction. The chemical struc-
ture of surfactants and crystal violet dye is given in
Figure 1, Figure 2 and Figure 3.

*H
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Fig. 1 — Chemical structure of Triton X-114
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CoHy QO(OCH 2CH2) OH

Fig. 2 — Chemical structure of Tergitol NP-7
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Fig. 3 — Chemical structure of Crystal violet

Methods

Determination of cloud-point temperature

The cloud-point of the aqueous surfactant solu-
tion was determined by heating 10 mL of such mi-
cellar solution in glass tubes. For heating the solu-
tion, a thermostatic bath was used. The rate of
temperature increase in the water bath was set at 1
K per min. The cloud-point was determined by vi-
sual observation at the temperature at which the
solution became obviously turbid. The solution was
heated above cloud-point and then separated into
two phases. On cooling, the solution became trans-
parent. The experiments were repeated for different
combinations of surfactant and solute concentra-
tions. All the cloud-points reported in this work are
the average of at least triplicate measurements, and
the variation of error is no more than 1 K.

Cloud-point extraction (CPE)

An amount of 50 mL of micellar solution con-
taining crystal violet dye and Tergitol NP-7 and Tri-
ton X-114 were taken. For different concentrations
of crystal violet, such as 25, 50, and 75 mg L', the
concentration of surfactant varied from 0.01 M to
0.1 M. Each set of samples was kept in the thermo-
static bath maintained at operating temperatures for
30 minutes. The heated solution was allowed to set-
tle for 1 hour. The volumes of surfactant-rich phase
and dilute phase were noted. Calibration of UV
spectrophotometer for crystal violet was carried out
by preparing dye solutions of known concentra-
tions. The concentration of crystal violet in dilute
phase was then determined by UV spectrophotome-
ter. The surfactant-rich phase concentration was ob-
tained from material balance calculations. The phase
volume ratio, preconcentration factor, distribution

coefficient, and extraction efficiency were then de-
termined for all solute and surfactant concentra-
tions, as well as operating temperatures.

Results and discussions
Cloud-point temperature

The cloud-point of a non-ionic surfactant can
be influenced by many factors, such as its own con-
centration, and the number of ethylene oxide units
in its molecules, as well as the additives, like elec-
trolytes*. To ensure the cloud-point extraction pro-
cess at the desired temperature, it is important to
have detailed information on the clouding behaviors
and cloud-point temperatures of surfactants. The ef-
fect of surfactant and solute concentration on the
cloud-points were analyzed in the present study.

Figure 4 and Figure 5 show the effect of sur-
factant and solute concentrations on the cloud-
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Fig. 4 — Effect of Tergitol NP-7 and dye concentration on
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Fig. 5 — Effect of Triton X-114 and dye concentration on
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points of Tergitol NP-7 and Triton X-114, respec-
tively. Initially, the CPT of Triton X-114 decreases
sharply with increasing surfactant concentration,
and then gradually increases with further increase in
surfactant concentration, both of which represent
typical clouding behaviors of non-ionic polyethox-
ylated surfactants®*. The decrease in CPT with in-
crease in surfactant concentration of Triton X-114 is
due to increase in micellar concentration, while the
phase separation results from increased micellar in-
teraction. CPT of Tergitol NP-7 increases gradually
with increasing surfactant concentration. The in-
crease in CPT is due to the structured water-surfac-
tant system present in the micelles, which breaks at
high surfactant concentrations. Even then, the mol-
ecules do not become free of the surfactant effect.
They require more heat to become separated, and
hence the CPT increases. Some of the water mole-
cules are not attached to any individual micelle in
particular, but to the micelle system, forming buf-
fers between micelles, and thereby decreasing mi-
celle-micelle interaction. More energy is required to
remove these ‘free floating” water molecules, and
hence CPT increases with surfactant concentration.

The cloud-point temperature increases with in-
crease in solute concentration for both Triton X-114
and Tergitol NP-7. The increase in cloud-point may
be due to the increased hydrophilic character of the
surfactant micelle**. As the solute concentration in-
creases, it requires more heat for the cloud forma-
tion, i.e. for the interaction between solute and sur-
factant, and to remove water molecules from the
external layer of micelle. Therefore, the cloud-
points of Tergitol NP-7 and Triton X-114 increase
with the concentration of crystal violet.

Effect of surfactant concentration on CPE

The surfactant and dye substrate can bind to-
gether, and there is an equilibrium relation between
them. Surfactant molecules can bind to the dye sub-
strate either monomeric or micellar (by one or more
of their molecules)®. In addition to the interaction
with substrate molecules, surfactants can sometimes
form ion pairs with them. Non-ionic surfactants at-
tack cationic crystal violet dye, and cause the for-
mation of dye-surfactant ion pair®.

The mechanism between crystal violet dye sub-
strate and non-ionic surfactants may be character-
ised by the Piszkiewicz model with some modifica-
tions*. According to this model, the dye substrate
molecule associates with ‘n’ number molecules of
surfactant to form a micelle, where ‘n’ is called the
cooperativity index and is a measure of the associa-
tion of additional surfactant molecules to an aggre-
gate in the whole surfactant concentration range. If
the value of the cooperativity index is greater than
unity, the interaction between dye substrate and sur-

factant molecule is positive; and if the value is less
than unity, the dye substrate-surfactant interaction is
negative; and if the value is equal to 1, the interac-
tion is non-cooperative.

The aqueous solution of non-ionic surfactants
containing crystal violet was transformed from sin-
gle isotropic phase to two isotropic phases when the
temperature of the solution exceeded the CPT. The
dilute phase and the coacervate phase were then an-
alyzed. The effect of surfactant and solute concen-
trations on design parameters were determined in
the present work.

Phase volume ratio

The phase volume ratio, R, is the ratio of the
volume of the surfactant-rich phase (V) to that of
the volume of the aqueous phase (V). Figure 6
shows the effect of Triton X-114 and Tergitol NP-7
on phase volume ratio at a temperature of 313 K,
and a dye concentration of 50 mg L. From the fig-
ure, it is observed that the phase volume ratio in-
creases with increase in surfactant concentration at
a particular operating temperature and dye concen-
tration for both surfactants. The increase in phase
volume ratio with surfactant concentration at a con-
stant feed of dye may be due to the increased capa-
bility of the surfactant to solubilize the dye. At low-
er concentration, surfactant molecules exist as
monomers. In this case, Triton X-114, less than or
equal to 0.02 M, does not have the ability of phase
separation. At higher surfactant concentration, i.e.
above 0.02 M, there would be more micellar inter-
action, and hence all the solute molecules present in
the mixture settled along with the surfactant in the
coacervate phase. As the concentration of surfactant
increases, the volume of coacervate phase also in-
creases, thus decreasing the volume of dilute phase,
which results in increased phase volume ratio, R .
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Fig. 6 — Effect of Tergitol NP-7 and Triton X-114 on phase
volume
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Figure 6 also shows more phase volume for Tergitol
NP-7, in comparison to the Triton X-114. The high-
er the phase volume ratio is, the greater is the sepa-
ration achieved for a constant feed concentration.
The increase in phase volume is due to the interac-
tion of more surfactant micelle with the dye in the
coacervate phase after phase separation. As the con-
centration of surfactant increases, the number of
micelles will increase, leading to greater solubiliza-
tion.

Preconcentration factor

The preconcentration factor, f, is the ratio of
the volume of bulk solution before phase separation
(V) to that of the surfactant-rich phase after phase
separation (V). The preconcentration factor is an
indication of the ratio of solute concentration in the
feed to that in the surfactant-rich phase. For higher
value of preconcentration factor, the separation of
solute will be lower, and vice versa. From Figure 7,
it is clear that the preconcentration factor decreases
with an increase in concentration of Triton X-114
and Tergitol NP-7. Tergitol NP-7 has lower volumes
of preconcentration in comparison to Triton X-114.
Because of the high solubility of solute, it is observ-
ed that the preconcentration factor decreases with
an increase in surfactant concentration at constant
operating temperature and dye concentration®*’.

Distribution coefficient

The distribution coefficient or equilibrium par-
tition coefficient, K, or Kp, is the ratio of the con-
centration of solute in the surfactant-rich phase (C)
to the concentration of solute in the dilute phase
(C,). It is the measure of the difference in solubility
of a component in two immiscible phases at equi-
librium. If the distribution coefficient is higher, then
phase separation will be very easy. The distribution
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Fig. 7 — Effect of Tergitol NP-7 and Triton X-114 on precon-
centration factor

of solutes depends on the specific solute-solvent in-
teraction. If the interaction is greater, the distribu-
tion coefficient will be higher.

From Figure 8, the distribution coefficient in-
creases with the concentration of Tergitol NP-7 and
Triton X-114 at constant solute concentration and
operating temperature. As the surfactant concentra-
tion increases, the system can extract more solute to
the surfactant-rich phase, and thereby increase the
concentration of solute in coacervate phase for a
constant feed dye concentration. The increased sol-
ute concentration in coacervate phase leads to high-
er distribution coefficient at higher Tergitol NP-7
and Triton X-114 concentrations. The results show
that Tergitol NP-7 gives a better distribution coeffi-
cient than Triton X-114 for the extraction of crystal
violet.

Extraction efficiency

For cloud-point extraction, the efficiency of
dye extraction is defined as the ratio of the amount
of dye in coacervate phase to that in feed. In other
words, the recovery efficiency of solute, #, can be
characterized as the percentage of solute extracted
from the bulk solution into the surfactant-rich phase.
po = S GV

C -V

o t

-100 (1)

where, C, is the initial concentration of solute in the
micellar solution, C,, is the concentration of solute
in dilute phase, V, is the total feed volume, and V' is

the volume of surfactant-rich phase.

The extraction efficiency of dye increases with
surfactant concentration at constant solute concen-
tration. As the concentration of surfactant increases,
the number of micelles for the extraction process
will also be higher, which results in better phase
separation, and thus increase in efficiency. With up
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Fig. 8 — Effect of Tergitol NP-7 and Triton X-114 on distribu-
tion coefficient
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to 0.04 M concentration of Triton X-114, the in-
crease in efficiency is rapid (i.e. 26.18 to 87.85 %),
and gradual after that (i.e. 95 to 99 %) for a partic-
ular concentration of solute (50 mg L™"). More than
95 % efficiency is obtained at 0.04 M concentration
of both surfactants for a dye concentration of 50
mg L' (Figure 9). Even at a concentration of 0.01
M, Tergitol NP-7 could extract more than 85 % of
the dye molecules from the solution, which sug-
gests that Tergitol NP-7 is more efficient than Tri-
ton X-114 at low concentrations of surfactant. For a
same degree of polyoxyethylation, polyoxyethlene
nonylphenols (Tergitol NP-7) have lower CMCs
than polyoxyethylene octylphenols (Triton X-114)%.
The difference in alkyl group size leads to such a
large difference in CMC and hence supports the fact
that Tergitol NP-7 is more effective than Triton
X-114.

Table 1 — Variation of phase volume with dye and surfactant
concentration at 313 K

Effect of dye concentration on CPE

Initially, at a particular operating temperature
and concentration of surfactant, extraction efficien-
cy of dye decreases with concentration of crystal
violet. The extraction efficiency decreases with the
concentration of crystal violet up to a surfactant
concentration of 0.04 M (Table 1). Then the effect
of dye concentration on extraction efficiency is neg-
ligible because the maximum amount of solute is
extracted with that particular surfactant concentra-
tion and the efficiency reaches 99 %. At lower con-
centration of surfactants, more dye molecules will
be present in the dilute phase with an increase in
solute concentration, thus decreasing the efficiency.
For Triton X-114 as well as Tergitol NP-7, a surfac-
tant concentration of 0.05 M may be considered as
the optimum dose for efficient CPE of crystal violet
dye up to 50 mg L!. The introduction of dye mole-
cules to the aqueous solution of non-ionic surfactant
will increase the critical micellar concentration of
that particular surfactant. Therefore, with the in-
crease in dye concentration, the number of micelles
in the solution will decrease, which results in more
of unsolubilized dye molecules in the dilute phase
after phase separation. Due to this, the extraction
efficiency decreases with an increase in dye con-
centration for a constant surfactant concentration
and operating temperature®,

Effect of operating temperature on CPE

The phase volume ratio decreases with increase
in temperature at constant dye concentration (Table
2). As the operating temperature increases, micellar
interaction will be greater, which leads to the dehy-

Table 2 — Variation of preconcentration factor with dye and
surfactant concentration at 313 K

Phase volume Phase volume Preconcentration factor|Preconcentration factor
Surfactant at25mg L' CV at 50 mg L' CV Surfactant at25mg L' CV at 50 mg L' CV
concentration - - concentration - -
(M) Torgiol | rxenig | TN 1xi1g (M) Toriol | rxenng | TEOL | g
0.01 0.040 0.000 0.068 - 0.01 23.00 0.00 15.62 -
0.02 0.048 0.046 0.099 0 0.02 20.67 26.32 11.11 -
0.03 0.097 0.092 0.131 0.119 0.03 19.05 11.90 8.62 9.43
0.04 0.121 0.139 0.168 0.153 0.04 18.26 9.43 6.94 8.47
0.05 0.167 0.152 0.204 0.163 0.05 17.05 7.50 5.88 7.14
0.06 0.207 0.175 0.250 0.196 0.06 16.14 7.00 5.00 6.09
0.07 0.232 0.225 0.282 0.229 0.07 15.32 6.10 4.54 5.37
0.08 0.265 0.246 0.316 0.266 0.08 13.76 5.43 4.16 4.76
0.09 0.285 0.279 0.333 0.291 0.09 12.51 4.80 4.00 4.42
0.10 0.322 0.288 0.359 0.329 0.10 10.10 4.20 3.78 4.03
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Fig. 10 — Effect of operating temperature and surfactant
concentration on distribution coefficent at a dye
concentration of 25 mg L

dration from external layers of micelles, resulting in
a reduction in volume of coacervate phase. Hence,
the phase volume ratio decreases with operating
temperature. Table 3 and Table 4 suggest that the
operating temperature has a great impact on the dis-
tribution coefficient as well as the preconcentration
factor. The feed volume remains constant at 50 mL.
Due to the reduction in volume of surfactant-rich
phase, the preconcentration factor increases with
operating temperature. Figure 10 shows that the dis-
tribution coefficient increases with operating tem-
perature for a particular dye concentration®**?. As
the temperature increases, the micellar interaction,
which was repulsive at lower temperatures, becomes
attractive, and hence the micellar aggregation num-
ber increases. This leads to increased solubilization

Table 3 — Variation of distribution coefficient with dve and
surfactant concentration at 313 K
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Fig. 11 — Effect of operating temperature and surfactant
concentration on extraction efficiency at a dye
concentration of 25 mg L™

of dye in the surfactant-rich phase, and thus in-
creased solute concentration in coacervate phase,
which leads to a higher distribution coefficient.

As shown in Figure 11, the efficiency of ex-
traction increases with operating temperature for
Triton X-114 as well as Tergitol NP-7. However,
the impact of operating temperature is greater on
Triton X-114 than on Tergitol NP-7. CMC of
non-ionic surfactants decreases with temperature*!.
Because of an equilibrium shift that favors dehy-
dration of ether oxygen, these non-ionic surfactants
become hydrophobic at higher operating tempera-
tures*?. Hence, the efficiency of extraction of crystal
violet increases with operating temperature because
of the increased solubilization of dye resulting from
increased micellar size and aggregation number.

Table 4 — Variation of extraction efficiency with dye and sur-
factant concentration

Distribution coefficient | Distribution coefficient % Efficiency at % Efficiency at
Surfactar}t at25mg L' CV at50 mg L' CV Surfactar}t 25mg L' CV S50mg L' CV
concentration - - concentration - -
(M) Torgiol | opxeng | TTEON | rxig o | Tereiol |y | TEEO | g
0.01 16.58 0.39 6.45 0.38 0.01 94.31 30.90 86.53 26.18
0.02 28.09 091 10.31 0.58 0.02 96.56 54.96 91.18 57.90
0.03 49.01 21.73 24.66 13.41 0.03 98.02 95.68 96.08 87.85
0.04 72.23 37.48 35.95 27.23 0.04 98.64 97.55 97.24 95.83
0.05 80.66 55.62 46.75 42.62 0.05 98.77 98.67 97.88 97.30
0.06 91.61 80.91 76.35 60.47 0.06 98.90 99.01 98.67 98.08
0.07 100.03 118.78 81.22 73.22 0.07 99.01 99.14 98.75 98.41
0.08 110.63 141.21 121.14 103.96 0.08 99.11 99.32 99.14 98.88
0.09 124.95 163.28 129.64 123.65 0.09 99.22 99.40 99.21 99.05
0.10 185.64 179.87 148.77 133.58 0.10 99.47 99.60 99.32 99.12
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Table 5 — Variation of phase volume with temperature and
surfactant concentration at dye concentration of

25mg L
Phase volume Phase volume
Surfactant at 313K at 323 K
concentration - -
(M) Tle\;lg,ig"] TX-114 TIe\IrI%gol TX-114
0.01 0.04 0.00 0.03 0.00
0.02 0.04 0.04 0.04 0.39
0.03 0.09 0.09 0.07 0.09
0.04 0.12 0.13 0.09 0.12
0.05 0.16 0.15 0.13 0.13
0.06 0.20 0.17 0.17 0.15
0.07 0.23 0.22 0.20 0.19
0.08 0.26 0.24 0.23 0.21
0.09 0.28 0.27 0.26 0.23
0.10 0.32 0.28 0.27 0.25

Table 6 — Variation of preconcentration factor with tempera-
ture and surfactant concentration at dye concen-
tration of 25 mg L

Preconcentration factor | Preconcentration factor
Surfactant at 313 K at 323 K
concentration - -
™) Torgiol | rxaig | TSN 1x1g
0.01 23.00 0.00 27.73 0.00
0.02 20.67 26.32 25.67 27.78
0.03 19.05 11.90 20.87 13.77
0.04 18.26 9.43 19.20 11.01
0.05 17.05 7.50 18.02 8.33
0.06 16.14 7.00 17.44 7.35
0.07 15.32 6.10 16.25 7.12
0.08 13.76 5.43 14.90 6.00
0.09 12.51 4.80 13.67 5.57
0.10 10.10 4.20 12.35 4.81

4. Conclusion

Cloud-point extraction was successfully imple-
mented to remove crystal violet from synthetic dye
solution using Triton X-114 and Tergitol NP-7 as
non-ionic surfactants. The clouding patterns of
Tergitol NP-7 and Triton X-114 with respect to sur-
factant and solute concentrations were analyzed.
The effect of dye concentration, surfactant concen-
tration, and operating temperature on various design
parameters of CPE was evaluated. The phase vol-
ume ratio was found to increase with surfactant

concentration, whereas it decreased with operating
temperature. It was observed that the phase volume
ratio was inversely proportional to the preconcen-
tration factor, with respect to surfactant concentra-
tion and operating temperature. The concentration
of solute present in the surfactant-rich phase in-
creased with operating temperature and surfactant
concentration, which resulted in a higher distribu-
tion coefficient as well as extraction efficiency.
From the experimental results, it was observed that,
for dye concentrations of 25 mg L™ and 50 mg L',
quantitative recoveries (>97 %) were obtained in a
single extraction. It was concluded that the removal
of dye from aqueous solution was more effective by
cloud-point extraction with non-ionic surfactants.
From the performance of Tergitol NP-7 and Triton
X-114, it was confirmed that Tergitol NP-7 could
extract more crystal violet even at very low surfac-
tant concentration than Triton X-114. The cloud-
point extraction procedure described above is safe,
rapid, effective, and inexpensive. Moreover, the
cloud-point extraction strategy can easily be adopt-
ed for large-scale samples.
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Nomenclature

CPE — cloud-point extraction

CPT — cloud-point temperature (K)

TX-114 — Triton X-114

R, — phase volume ratio (-)

V. — volume of surfactant-rich phase (L)

v, — volume of dilute phase (L)

£ — preconcentration factor (—)

v — volume of bulk solution before phase separa-
tion (L)

K, — distribution coefficient (-)

C, — concentration of solute in surfactant-rich phase
(mgL™)

C, — concentration of solute in dilute phase (mg L)

C — initial concentration of solute in micellar so-

lution (mg L")
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