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ABSTRACT

An attempt has been made to remove color from waste water containing
Blue RGL 42 (acationic dye) by surfactant mediated cloud point extraction
(CPE) in batch mode using Triton X-114 as non-ionic surfactant. Most of
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the dye molecules get solubilized in the coacervate phase leaving adyefree
dilute phase. The effects of different operating parameters such as concen-
tration of surfactant, salt, temperature and pH on the removal of dye were
studied in details and a set of optimum conditions were obtained. It has
been observed that 94.5-91.02 percent Blue RGL 42 ispossiblefor thefeed
dye concentration of up to 500 ppm using pH 9, 0.015(M) of TX-114 and

0.1(M) of salt (KCI) at 65°C.

1.INTRODUCTION

Color removal from effluent isone of themost dif-
ficult requirementsfaced by textilefinishing, dye manu-
facturing, paper industries. Among thevarioustypes of
dye, Blue RGL 42 dyeis used in textile, wood and
|eather. Theeffluents containing dyesarehighly colored
resulting in major environmental problems. So these
colored wastes need to be treated before disposal.

At certaintemperature, agueous sol ution of anon-
ionic surfactant separatesinto two phases. Thefirst one
isasurfactant-rich phase containing ahigh concentra:
tion of surfactant, which hassmall volume comparedto
the sol ution and the second oneisthe agqueous phase
containing alow concentration of surfactant. Thistem-
peratureisknown ascloud point temperature (CPT) of
the surfactant™. The solutemolecul e present in aque-
ous solution of non-ionic surfactant isdistributed be-
tween thetwo phases above the cloud point tempera-
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ture?. Thisphenomenon isknown ascloud point ex-
traction (CPE).

Many investigatorshavestudied different techniques
for theremoval of colored dyefrom wastewater, e.g.,(a)
different membrane separation processeslikereverse
osmoss(RO)E, nandfiltration (NF)™ micdlar enhanced
ultrafiltration (MEUF)58 and membrane-wet oxida-
tion!™: (b) adsorptiononto (i) agricultura solid waste®,
(i) different bentonites?, (iii) varioustypesof activated
carbon®® and (iv) surfactant impregnated montmoril-
lonite, etc.: (c) severa oxidation processes'?: (d)
ozonationg*3. Cloud point extraction (CPE) may be
an effective method for removing dyefrom agqueous
solutionl+%,

Inthepresent work, cloud point extraction hasbeen
adopted to remove cationic dye (Blue RGL 42) from
wastewater using TX-114 asnonionic surfactant. The
effect of pH, temperature, concentrations of surfactant
and salt on extraction of dye hasbeen studied.
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2.EXPERIMENTAL

2.1. Instruments

The absorption of Blue RGL 42 was performed
with a160A shimadzu spectrophotometric UV-VIS.
Theinstrumenta parameterswerethoserecommended
by themanufacturer. A M etrohm 691pH/lon meter with
acombined glass. Calomd eectrodewasused for ad-
justment of test solution pH.

2.2. Reagents

All Chemicalsused water of anaytical gradeand
doubledistilled water was used throughout. A solution
of Triton X-114 (0.5mol L) was prepared by dissolv-
ing 27.94 g of Triton X-114(Merck) in Water and di-
Iutingto 100 mL inavolumetricflask. A stock solution
of 500 mg L of Blue RGL 42 was prepared by dis-
solving.05 g of the Blue RGL 42 (Maxilon) inwater
anddiluting to 100 mL in avolumetricflask, Moredi-
|uted were prepared daily using thisstock solution. A
solution of potassium chloride (KCI) 2.0 mol L was
prepared by dissolving 14.91 g of KCl (Merck) inwater
and diluting to 100 mL inavolumetric flask. Doubly
digtilled water was used to prepared the solutions.

2.2. General procedure

Analiquot of theBlueRGL 42, 1.5 mL of 0.5mol
L Trion X-114, 2.5mL of 2 mol L* KCl were added
to a50 mL volumetric flask and diluted to the mark
with water. Theresultant solution wastransferredto a
50 mL tube and equilibrated at 65°C in athermostat
bath for 25 min. After compl ete phase separation, the
tube was removed from the temperature bath and
cooled toroom temperature. The concentration of Blue
RGL 42 in the dilute phase was measured by
spectrophotometeric method.

3.RESULTSAND DISCUSSION

Theabsorption of BlueRGL 42 in agueous sol u-
tion showed amaximum absorption band at 606 nm.
Therefore, all the measurementswere carried out at
thiswavelength.

3.1. Effect of pH
Theeffectsof the pH of the solution on the extent
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Figure 1 : Effect of pH on extraction of dye using TX-
114.Conditions. 50 mL of solution containing different con-
centration of BlueRGL 42 (5,8 mgL?),0.025 mol L-*of
TX-114, Temp 75° C and time 30 min
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Figure2: Effect of TX-114 concentr ation on the CPE effi-
ciency of BlueRGL 42. Conditions: 50 ml of solution con-
taining different concentration of blueRGL 42 (5,8 mg
L), pH 9, Temp 75°C and time 30 min

of BlueRGL 42 extraction areshowninfigure 1. for
different concentration of BlueRGL 42 (5,8 mg L),
0.025mol L*and 75°C. Extraction of BlueRGL 42is
lessinacidic pH. Hence, pH 9 was chosen asadequate
pH vauefor further studies.

3.2. Effect of triton X-114 concentr ation

The effect of the Triton X-114 concentration on
CPE efficiency of BlueRGL 42isshowninfigure2. for
successful cloud point extraction of dye, itisdesirable
to useminimum amount of surfactant maximum extrac-
tion of dye. Therefore, the effect of the surfactant con-
centration wasinvestigated in order to ensure maxi-
mum extraction efficiency. It has been observed from
thefigurethat extraction of the dyeincrease sharply
when TX-114 concentration increasesfrom 0.005 to
0.015M. Beyond 0.015M, the extraction efficiency is
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Figure3: Effect of KCI concentration onthe CPE efficiency
of BlueRGL 42. Conditions: 50 mL of solution containing
different concentration of blue RGL 42 (5, 8 mg
L1),0.015mol L1 TX-14,pH 9, Temp 75°C and time30 min
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Figure4: Effect of temperatur e on the CPE efficiency of

BlueRGL 42. Conditions: 50 mL of solution containing

different of BlueRGL 42(5,8mgL 1), 0.1 mol Ltof KClI,

0.015mol L1of TX-114, pH 9and time30min
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Figure5: Effect of equilibration timeon the CPE efficiency
of BlueRGL 42. Conditions: 50 mL of solution containing
different concentration of BlueRGL 42 (5,8mgL1),pH 9,
0.1mol L1 of KCI, 0.015mal L of TX-114and Temp 65°C

dmost constant.
Quantitative CPE efficiency was observed when
the Triton X-114 concentration was above 0.015 mol
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L-1. The surfactant concentration of 0.015 mol L-*was
chosen asoptimum.

3.3. Effect of electrolyte

It has been reported that dueto e ectrolyte salting-
out effect, saltsdecreasethe cloud point of the surfac-
tant and it is promotesthe dehydration of the ethoxy
group ontheouter surface of themicells. The sdting-
out phenomenaisdirectly related to the desorption of
ionsfromthehydrophilic partsof themicelles, increas-
Inginter-attraction between micellesand consequently
leading to the preci pitation of surfactant molecules.
Therefore, addition of €ectrolyteincreases phase sepa-
ration enhancing the micellar concentration in the
coacerate phase, leading to sol ubilization of moredye.
However, theeffect of potassium chlorideisimportant
because the cost of the eventual process dependson
theamount of heat needed to obtain the separation of
phases.

Theeffect of potassium chloride asan e ectrolyte
wasstudied. It isobserved fromfigure 3, the extraction
efficiency of BlueRGL 42 wasdightlyincreasedinthe
presenceof KCl and it wasamost constant above 0.1
mol L of KCI. Thusa0.1 mol L of KCl wasselected
for further studies.

3.4. Effect of equilibration temperature

The effect of the equilibration temperature (50-
90°C) onthe cloud point extraction was also investi-
gated. Thecritica micedleconcentration (CMC) of non-
ionic surfactant decreases with temperature”. More-
over, non-ionic surfactant appear relatively more hy-
drophobic at higher temperatures, dueto an equilib-
rium shift that favors dehydration of theether oxygens.
Thisleadsto anincreasein the number concentration
of micells. Therefore, thesol ubilization capability of the
micellar solution increaseswith temperatureleading to
an increase in the dye extraction. The effects of the
operating temperature on the extraction of Blue RGL
42 areclear fromfigure4. theextraction efficiency of
dyeincreaseswith temperature. Quantitative CPE effi-
ciency for BlueRGL 42 weretemperature abovewhen
minimum 65°C wereused. Thusatemperature of 65°C
was sel ected.

3.5. Effect of equilibration time
Optimal equilibration timeare necessary to com-
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TABLE 1: Effect of initial dye concentration on the CPE
efficiency of blueRGL 42

Concentration (mgL™)

CPE efficiency (%)

50 94.5
8.0 95.6
15.0 96.7
20.0 96.6
35.0 97.7
50.0 95.8
100.0 97.3
150.0 94.5
200.0 94.6
500.0 91.02

plete reaction, and achieve easy phase separation as
efficient aspossible. The dependence of extraction ef-
ficiency upon equilibration timewas studied for atime
interva of 5-30min (Figure5). Anequilibrationtimeof
25 minwas chosen asan optimum value.

3.5. Effect of initial dyeconcentration

Theeffect of initial dye concentration on the ex-
traction efficiency using above optimum concentration
wasinvestigated. Theresultspresented in TABLE 1.
show that up to 500 mg L of Blue RGL 42 be re-
moved (>91 %) by CPE procedure. from Table ob-
served that the extraction efficiency of dye decreases
with thefeed dye concentration. At aparticular operat-
ing temperature and surfactant concentration, the sur-
factant concentrationin both thedilute and coacervate
phaseremains constant. Hence, the dye solubilization
capacity of the surfactant micellesremainsalmost in-
variant inthe coacervate phase. Therefore, with thefur-
ther increasein feed dye concentration, excessdyere-
mains unsol ubilizedin thedilute phase, resultingina
decrease of theextraction efficien.

4. CONCLUSIONS

Cloud point extraction of Blue RGL 42 can be suc-
cessfully used to remove col or wastewater using TX-
114 as non-ionic surfactant. The effects of pH, tem-
perature, and time, concentration of KCI, TX-114 and
Blue RGL 42 on the extraction efficiency have been
studied indetall. It isobserved that the extraction effi-
ciency increaseswith temperature, TX-114 and KCl
concentration. From the experimental, it isobserved
that for dye concentration up to 500 mg L, >91 per-
cent of BlueRGL 42 dyeisremoved. Separated aque-

ous phase gtill contains some of dye, probably solubi-
lized inthemicdleof thesurfactant.
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