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ABSTRACT

An attempt has been made to remove color from waste water containing
Red BG 46 (a cationic dye) by surfactant mediated cloud point extraction
(CPE) in batch mode using Triton X-114 as non-ionic surfactant. Most of
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 94.6-91.5 percent Red BG 46 ispossiblefor thefeed dye
concentration of up to 500ppm using pH 10, 0.6 % of Triton X-114 (W/
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V),and 0.4 (M) of salt (KCl) at 65°C.  © 2009 Trade SciencelInc. - INDIA

INTRODUCTION

Abovethecloud point temperature, aqueous solu-
tion of anon-ionic surfactant separatesinto two phases,
namely asurfactant rich phase, which hassmall volume
compared tothe solution and iscalled coacervate phase
and the other isdilute bulk aqueous phase containing
surfactant concentration dightly abovethecritical mi-
celle concentration (CMC)!™. The solute molecule
present in agueous sol ution of non-ionic surfactant is
distributed between the two phases above the cloud
point temperatured. This phenomenon is known as
cloud point extraction (CPE). Thisprocessis schemati-
caly describedin Figure 183

Severa authors proposed variousmechanismsfor
phase separation of non-ionic surfactantsabove cloud
point. Following are someof thewidely accepted hy-
pothesesfor cloud point phenomena: (1) micdlar inter-
actionswhich arerepulsive at lower temperature be-
comedttractiveat higher temperature*®; (2) dehydra-
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Figurel: Schematic of cloud point extraction process.

tion occursintheexterna layer of themicellesat higher
temperature™>®l. The dielectric constant of water de-
creases at € evated temperature and water becomesa
poor solvent for the hydrophilic part of the surfactant
molecul esleading to phase separation; (3) at higher tem-
perature, micelar aggregation number and micdlar sze
increases causing to phase separation”®., Inour labo-
ratory, CPE hasbeen successfully used for theremoval
of Red BG 46 dyeusng TX-114asthenorHonicsurfactant.
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Color removal from effluent isone of themost dif-
ficult requirementsfaced by textilefinishing, dye manu-
facturing, paper industries. Among thevarioustypes of
dye, Red BG 46 dyeisused intextile, wood and | egther.
Theeffluentsconta ning dyesarehighly colored result-
inginmajor environmental problems. Sothesecolored
wastes need to be treated before disposal™®.

Many investigatorshavestudied different techniques
for theremoval of colored dyefrom wastewater, e.q.,
(a) different membrane separation processeslikere-
verseosmosis (RO)1Y, nancfiltration (NF)™, micellar
enhanced ultrafiltration (MEUF)™2%3 and membrane-
wet oxidation™™: (b) adsorption onto (i) agricultural
solid waste™, (ii) different bentonites?®, (iii) various
typesof activated carbon*” and (iv) surfactant impreg-
nated montmorillonite 8, etc.: () severad oxidation pro-
cessed¥: (d) ozonations?!. Cloud point extraction
(CPE) may be an effective method for removing dye
from aqueous sol ution'®-22,

Inthe present work, cloud point extraction hasbeen
adopted to remove cationic dye (Red BG 46) from
wastewater using TX-114 asnonionic surfactant. The
effect of pH, temperature, concentrationsof surfactant
and salt on extraction of dye has been studied.

EXPERIMENTAL

|nstruments

Theabsorption of Red BG 46 was performed with
a160A shimadzu spectrophotometric UV-VIS. Thein-
strumenta parameterswerethoserecommended by the
manufacturer. A Metrohm 691 pH / lon meter with a
combined glass. Caomel e ectrodewas used for ad-
justment of test solution pH.

Reagents

All Chemicalsused water of anaytical gradeand
doubledistilled water wasused through out. A solution
of Triton X-114 was prepared by dissolving 12g of Tri-
ton X-114(Merck) inwater and dilutingto 100mL ina
volumetricflask. A stock solution of 500mg L of Red
BG 46 was prepared by dissolving 0.05g of the Red
BG 46inwater and diluting to 100mL inavolumetric
flask, Morediluted were prepared daily us ng thisstock
solution. A solution of potassium chloride (KCl) 2.0
mol L was prepared by dissolving 14.91g of KCI
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(Merck) inwater and dilutingto 200mL inavolumetric
flask. Doubly distilled water was used to prepare dl
thesolutions.

General procedure

Anaiquot of the Red BG 46, 0.6% of Triton X-
114 (W/V), 10mL of 2 mol L+ KCI were added to a
50 mL volumetric flask and diluted to the mark with
water. Theresultant sol ution wastransferred to a50mL
tube and equilibrated at 65°C in athermostat bath for
10 min. After compl ete phase separation, thetubewas
removed from thetemperature bath and cooled toroom
temperature. The concentration of Red BG 46inthe
dilute phase was measured by spectrophotometeric
method.

RESULTSAND DISCUSSION

Theabsorption of Red BG 46in agueous solution
showed a maximum absorption band at 531nm.
Therefore, all the measurements were carried out at
thiswavelength.

Effect of pH

Theeffectsof the pH of the solution on the extent
of Red BG 46 extraction areshowninfigure2for dif-
ferent concentration of Red BG 46 (5, 8mg L), 0.12%
of Triton X-114 (W/V)and 80°C. Extraction of Red
BG 46islessinacidic pH. Hence, pH 10 was chosen
asadequate pH vauefor further studies.
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Figure 2 : Effect of pH on extraction of dyeusing TX-114.
Conditions: 50mL of solution containing different concentra-
tion of Red BG 46 (5, 8mg L), 0.12% of Triton X-114 (W/V),

Temp 80°C and time20 min.
Effect of Triton X-114 concentration

Theeffect of the Triton X-114 concentration on
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CPE efficiency of Red BG 46isshownin Figure 3. For
successful cloud point extraction of dye, itisdesirable
to useminimumamount 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 hasbeen observed from
thefigurethat extraction of the dyeincrease sharply
when TX-114 concentration increases from 0.03 to
0.8% (W/V). Beyond 0.6% (W/V), theextraction effi-
ciency isamost constant.
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Figure3: Effect of TX-114 concentration on the CPE effi-
ciency of Red BG 46. Conditions: 50 ml of solution contain-
ing different concentration of Red BG 46 (5,8mgL ™), pH 10,
Temp 80°C and time20 min.

Quantitative CPE efficiency was observed when
the Triton X-114 concentration was above 0.6% (W/
V). Thesurfactant concentration of 0.6% (W/V)was
chosen asoptimum.

Effect of equilibration temperature

The effect of the equilibration temperature (40-
80°C) onthe cloud point extraction wasalso investi-
gated. Thecritical micelle concentration (CMC) of
non-ionic surfactant decreases with temperature®.
Moreover, non-ionic surfactant appear relatively more
hydrophobic at higher temperatures, dueto an equi-
librium shift that favors dehydration of the ether
oxygens. Thisleadsto anincreasein thenumber con-
centration of micells. Therefore, the solubilization ca-
pability of the micellar solution increaseswith tem-
peratureleading to an increasein the dye extraction.
The effects of the operating temperature on the ex-
traction of Red BG 46 are clear from Figure4. The
extraction efficiency of dyeincreaseswith tempera-
ture. Quantitative CPE efficiency for Red BG 46 were
temperature above when minimum 65°C were used.
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Thusatemperature of 65°C was sel ected.
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Figure4: Effect of temper atur eon the CPE efficiency of Red
BG 46. Conditions: 50 mL of solution containing differ ent of
Red BG 46 (5,8mgL ™), 0.6% of Triton X-114 (W/V), pH 10
and time 20 min.

Effect of equilibration time

Optimal equilibration time are necessary to com-
plete reaction, and achieve easy phase separation as
efficient aspossible. The dependence of extraction ef-
ficiency upon equilibrationtimewas studied for atime
interval of 3-30min (Figure5). Anequilibrationtimeof
10 minwas chosen asan optimum value.
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Figure 5: Effect of equilibration time on the CPE efficiency
of Red BG 46. Conditions: 50mL of solution containing dif-
ferent concentration of Red BG 46 (5,8mg L), pH 10, 0.6%
of Triton X-114 (W/V)and Temp 65°C.

Effect of electrolyte

It hasbeen reported that dueto e ectrolyte salting-
out effect, saltsdecreasethe cloud point of the surfac-
tant and it is promotes the dehydration of the ethoxy
group on the outer surface of themicells. Thesdting-
out phenomenaisdirectly related to the desorption of
ionsfrom the hydrophilic partsof themicelles, increas-
inginter-attraction between micellesand consequently
|eading to the precipitation of surfactant molecules?®.
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Therefore, addition of € ectrolyteincreases phase sepa-
ration enhancing the micellar concentration in the
coacerate phase, | eading 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 el ectrolyte
was studied. Itisobserved from Figure 6, the extrac-
tion efficiency of Red BG 46 wasdlightly increased in
the presence of KCl and it wasamost constant above
0.4mol L of KCI. Thusa0.4mol L of KCI was se-

lected for further studies.
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Figure6: Effect of KCl concentration on the CPE efficiency
of Red BG 46. Conditions: 50mL of solution containing dif-
ferent concentration of Red BG 46 (5, 8mg L), 0.6% of

Triton X-114 (W/V), pH 10, Temp 65°C and time 10 min.

Effect of initial dye concentration

Theeffect of initial dye concentration on the ex-
traction efficiency using above optimum concentra-
tion was investigated. The results presented in
TABLE 1, show that up to 500 mg L* of Red BG
46 be removed (>90 %) by CPE procedure. from
Table observed that the extraction efficiency of dye
decreases with the feed dye concentration. At apar-
ticular operating temperature and surfactant concen-
tration, the surfactant concentration in both the di-
|ute and coacervate phase remains constant. Hence,
the dye solubilization capacity of the surfactant mi-
celles remains almost invariant in the coacervate
phase. Therefore, with the further increasein feed
dye concentration, excess dye remains unsolubilized
inthedilute phase, resulting in adecrease of the ex-
traction efficient.

TABLE 1: Effect of initial dyeconcentration onthe CPE
efficiency of Red BG 46

CPE efficiency (%)

Concentration (mg L™

94.6 5.0
94.5 8.0
94.2 15.0
94.3 20.0
93.0 25.0
92.8 50.0
93 75.0
93 150.0
92.9 200.0
91.5 500.0
CONCLUSIONS

Cloud point extraction of Red BG 46 can be suc-
cessfully used to remove color wastewater using TX-
114 asnon-ionic surfactant. The effects of pH, tem-
perature, and time, concentration of KCl, TX-114 and
Red BG 46 on theextraction efficiency have been stud-
iedindetall. It isobserved tha theextraction efficiency
increaseswith temperature, TX-114 and KCl concen-
tration. Fromthe experimental, it isobserved that for
dye concentration up to 500 mg L, >90 percent of
Red BG 46 dyeisremoved. Separated aqueous phase
still containssome of dye, probably solubilized inthe
micdleof thesurfactant.
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