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ABSTRACT

Cloud point extraction (CPE) is carried out to extract Maxillone Golden Yel-
low (MGY') dye from aqueous sol ution using non-ionic surfactant, TX-114.
The effects of different operating parameters, e.g., concentrations of sur-
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factant, dye and salt, temperature, pH on extraction of both dye and surfac-
tant have been studied in detail. The extraction of dye increases with tem-
perature, surfactant concentration and salt concentration. It has been ob-
served that 95.3-90.01 percent MGY ispossiblefor the feed dye concentra-
tion of up to 500 ppmusing pH 11, 0.7% of Triton X-114 (W/V), and 0.6(M)
of salt (KCI) at 65 °C for 15 min. It is concluded that the cloud point extrac-
tion techniques for the dye removal may be an alternative to the present

dye removal processes.

1.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 1.

Severa authors proposed various mechanismsfor
phase separation of non-ionic surfactantsabove cloud
point. Following are someof thewidely accepted hy-
pothesesfor cloud point phenomena: (1) micelar inter-
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actionswhich arerepulsive at lower temperature be-
comedttractiveat higher temperature*®; (2) dehydra-
tion occursintheexterna layer of themicellesat higher
temperature®®l. The dielectric constant of water de-
creases at €l evated temperature andwater becomesa
poor solvent for the hydrophilic part of the surfactant
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Figurel1: Schematic of cloud point extr action process.
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mol eculesleading to phase separation; (3) a higher tem-
perature, micdlar aggregation number and micdlar sze
increases causing to phase separation'™®. In our labo-
ratory, CPE hasbeen successfully used for theremoval
of MGY dyeusing TX-114 asthenon-ionic surfactant.

Color removal from effluent isoneof themost dif-
ficult requirementsfaced by textilefinishing, dye manu-
facturing, paper industries. Among thevarioustypesof
dye, MGY dyeisusedintextile, wood and |eather. The
effluentscontaining dyesarehighly colored resultingin
magor environmental problems. So these col ored wastes
need to betreated before disposal .

Many investigatorshavestudied different techniques
for theremoval of colored dyefrom wastewater, e.qg.,
(a) different membrane separation processeslikere-
verseosmosis (RO)™M, nancfiltration (NF)™, micellar
enhanced ultrafiltration (MEUF)!*213 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™d, etc.: () severa 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 removecationic dye (MGY) from waste-
water using TX-114 asnonionic surfactant. Theeffect
of pH, temperature, concentrations of surfactant and
sdt on extraction of dye hasbeen studied.

2. EXPERIMENTAL
2.1. Instruments

The absorption of MGY was performed with a
160A shimadzu spectrophotometric UV-VIS. Thein-
strumenta parameterswerethoserecommended by the
manufacturer. A Metrohm691 pH/lon meter withacom-
bined glass. Calomel electrode was used for adjust-
ment of test solution pH.

2.2. Reagents

All Chemicalsused water of anaytical gradeand
doubledistilled water was used throughout. A solution
of Triton X-114 was prepared by dissolving 12 g of
Triton X-114(Merck) in Water and diluting to 200 mL
inavolumetric flask. A stock solution of 500 mg L of
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MGY was prepared by dissolving.05 g of theMGY in
water and dilutingto 100mL inavolumetricflask, More
diluted were prepared daily using thisstock solution. A
solution of potassium chloride (KCl) 2.0 mol L-*was
prepared by dissolving 14.91 g of KCI (Merck) inwater
and diluting to 100 mL inavolumetric flask. Doubly
distilled water was used to preparedl the solutions.

2.3. General procedure

Analiquot of theMGY, 0.7% of Triton X-114 (W/
V), 15mL of 2 mol Lt KCI were added to a50 mL
volumetric flask and diluted to the mark with water.
Theresultant solutionwastransferred toa50 mL tube
and equilibrated at 65° C in athermostat bath for 15
min. After complete phase separation, thetubewasre-
moved from the temperature bath and cooled to room
temperature. The concentration of MGY inthedilute
phasewas measured by spectrophotometeric method.

3. RESULTSAND DISCUSSION

Theabsorptionof MGY inagueoussol ution showed
amaximum absorption band at 439 nm. Therefore, dl
themeasurementswere carried out at thiswavelength.

3.1. Effect of pH

Theeffectsof the pH of the solution on the extent
of MGY extractionareshowninFigure2 for different
concentration of MGY (5,8 mgL™),0.12% of Triton
X-114 (W/V) and 80° C. Extraction of MGY islessin
acidic pH. Hence, pH 11 was chosen as adequate pH
vauefor further studies.
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Figure2: Effect of pH on extraction of dyeusing TX-114.Con-
ditions: 50 mL of solution containing different concentration
of MGY (5,8mgL™1),0.12% of Triton X-114 (W/V), Temp
80° C and time 20 min.
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3.2. Effect of Triton X-114 concentr ation

The effect of the Triton X-114 concentration on
CPE efficiency of MGY isshowninFigure3. for suc-
cessful cloud point extraction of dye, itisdesirableto
useminimum amount of surfactant maximum extraction
of dye. Therefore, the effect of the surfactant concen-
tration wasinvestigated in order to ensure maximum
extraction efficiency. It hasbeen observed from thefig-
urethat extraction of the dyeincrease sharply when
TX-114 concentration increases from 0.03t0 0.7 %
(W/V).Beyond0.7 % (W/V), theextraction efficiency
isamost constant.

Quantitative CPE efficiency was observed when
the Triton X-114 concentration was above 0.7 % (W/
V).Thesurfactant concentration of 0.7 % (W/V)was
chosen asoptimum.

100

i

1|
%1 s
85 4
0 |
| | —4—5mg L-1
i &
& mg L-1

®

i}

i

CPE efficiency of MGY (%)

o |
:r_"!
|
|

S

0 041 02 03 04 05 06 07 082 08 A
Triton X-114 (%)(W/V)

Figure3: Effect of TX-114 concentration on the CPE effi-
ciency of MGY. Conditions: 50 ml of solution containing dif-
ferent concentration of MGY (5,8 mgL %), pH 11, Temp 80°C
and time20 min.

3.3. Effect of equilibration temperature

The effect of the equilibration temperature (45-
80°C) on the cloud point extraction was a so investi-
gated. Thecritica micdleconcentration (CMC) of non-
ionic surfactant decreases with temperature??l. More-
over, non-ionic surfactant appear relatively more hy-
drophobic at higher temperatures, dueto an equilib-
rium shift that favors dehydration of the ether oxygens.
Thisleadsto anincreasein the number concentration
of micells. Therefore, thesolubilization capability of the
micel lar solution increaseswith temperatureleading to
an increase in the dye extraction. The effects of the
operating temperature on the extraction of MGY are
clear from Figure4. the extraction efficiency of dyein-
creaseswith temperature. Quantitative CPE efficiency
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for MGY weretemperature abovewhenminimum 65°C
were used. Thusatemperature of 65°C was sl ected.
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Figure 4 : Effect of temperature on the CPE efficiency of
MGY. Conditions: 50 mL of solution containing different of
MGY(5,8mgL1),0.7% of Triton X-114 (W/V), pH 11 and
time 20 min.

3.4. Effect of equilibration time

Optimal equilibration time are necessary to com-
plete reaction, and achieve easy phase separation as
efficient aspossible. The dependenceof extraction ef-
ficiency upon equilibrationtimewas studied for atime
interval of 5-30min (Figure5.). Anequilibrationtime
of 15minwaschosen asan optimum vaue.
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Figure5: Effect of equilibration timeon the CPE efficiency of
MGY. Conditions. 50 mL of solution containing different con-
centration of MGY (58mgL™), pH 11,0.7% of Triton X-114
(W/V) and Temp 65°C.

3.5. 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 micelesand consequently
leading to the preci pitation of surfactant molecules?®.

— a%a['yttaa[’ CHEMISTRY
A ndian W



302

Spectrophotometric determination of chromium (111)

ACAIJ, 8(3) September 2009

Full Peaper ===

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-
tionefficency of MGY wasdightly increesedinthepres-
enceof KCl and it wasamost constant above 0.6 mol
L1 of KCI. Thusa0.6 mol L of KCl was selected for
further studies.
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Figure6: Effect of K Cl concentration on the CPE efficiency

of MGY. Conditions: 50 mL of solution containing different

concentration of MGY (5,8mgL1),0.7% of Triton X-114
(W/V), pH 11, Temp 65°C and time 15 min.
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3.6. 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 upto 500 mg L of MGY beremoved (>90
%) by CPE procedure. from Table observed that the
extraction efficiency of dye decreaseswiththefeed dye
concentration. At aparti cular operating temperatureand
surfactant concentration, the surfactant concentration
in both the dilute and coacervate phase remains con-
stant. Hence, the dye solubilization capacity of the sur-
factant micellesremainsamost invariant in the coacer-
vate phase. Therefore, with thefurther increasein feed
dye concentration, excessdyeremainsunsolubilizedin
thedilute phase, resulting in adecrease of the extrac-
tionefficien

TABLE 1: Effect of initial dye concentr ation on the CPE €ffi-
ciency of MGY.

CPE efficiency (%)

Concentration (mg L™

95.3 5.0
95.0 8.0
96.7 15.0
94.3 20.0
96.0 25.0
95.2 50.0
94.8 75.0
94.0 150.0
94.6 200.0
90.0 500.0
4.CONCLUSIONS

Cloud point extraction of MGY can be success-
fully used to remove color wastewater using TX-114
asnon-ionic surfactant. The effects of pH, tempera-
ture, and time, concentration of KCI, TX-114andMGY
on theextraction efficiency have been studied in detall.
It isobserved that the extraction efficiency increases
with temperature, TX-114 and KCI concentration.
From theexperimental, it isobserved that for dye con-
centration up to 500 mg L%, >90 percent of MGY dye
isremoved. Separated aqueous phase still contains
some of dye, probably solubilized inthemicelleof the
surfactant.

REFERENCES

[1] W.Kimchuwanit, S.Osuwan, J.F.Scamehorn,
JH.Harwell, K.J.Haller; Sep.Sci.Technol ., 35(13),
1991 (2000).

[2] M.J.Rosen; Surfactants and Interfacial Phenom-
ena, John Wiley & Sons, New York, (1978).

[3] M.K.Purkait, S.DasGupta; S.De Separation and
Purification Technology, 51, 137 (2006).

[4] V.DeGiorgio, R.Piazza, M.Corti, C.Minero;
J.Chem.Phys., 82, 579 (1984).

[5] R.Carabias-Martinez, E.Rodriguez-Gonzalo,
B.Moreno-Cordero, J.L.Perez-Pavon, C.Garcia-
Pinto, E.Fernandez L aespada; J.Chromatogr.A, 902,
251 (2000).

[6] P.Nilsson, H.Wennertrom,
J.Phys.Chem., 87, 1377 (1983).

[7] C.D.Stalikas; Trends Anal.Chem., 21(5), 343
(2002).

[8] B.Lindman, H.Wennerstrom; J.Phys.Chem.,
95(15), 6053 (1991).

B.Lindman;

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 8(3) September 2009

R.W.AIi et al.

303

[9] W.L.Hinze, E.Pramauro; Crit.Rev.Anal, 24, 133
(1993).

[10] K.Treffry-Goatly, C.Buckley, G.Groves; Desalina-
tion, 47, 313 (1983).
[11] S.Chakraborty, M.K.Purkait, S.DasGupta, S.De,
J.K.Basu; Sep.Purif.Technol, 31, 141 (2003).
[12] M K.Purkait, S.DasGupta, S.De; Sep.Purif. Technol,
37, 81 (2004).

[13] M.K.Purkait, S.DasGupta, S.De; J.Colloid Interface
Sci, 270(2), 496 (2004).

[14] A.D.Dhale, V.V.Mahgjani; Waste Manag, 20, 85
(2000).

[15] C.Namasivayam, D.Kavitha; Dyes pigments, 54,
47 (2002).

[16] J.Arvanitoyannis, |.Eleftheriadis, E.Tsatsaroni;
Chemosphere, 18, 1707 (1989).

—— Fuyl] Paper

[17] N. Kanna, M.M. Sundaram, Dyes Pigments, 51,
25. (2001).

[18] JH.Bae, 1.Song, Y.W.Jeon; Sep.Sci. Technol, 35(3),
353 (2000).

[19] M.Neamtu, A.Yediler, |.Siminiceanu,
M.Macoveanu, A.Kellrup; Dyes Pigments, 60, 1
(2004).

[20] F.Zhang, A.Yediler, X.Ligang, A.Kettrup; DyesPig-
ments, 60, 1 (2004).

[21] M.K.Purkait, S.Banerjee, S.Mewara, S.DasGupta,
S.De; Water Res, 39, 3885 (2005).

[22] M .K.Purkait, S.S.Vijay, S.DasGupta, S.De; Dyes
pigments, 63, 151 (2004).

[23] Y.Al-Degs, M.A.M.Khraisheh, S.J.Allen,
M.A.Ahmad; Sep.Sci.Technol, 36(1), 91 (2001).

[24] L.M.Coelho, M.A.Z.Arruda; Spectrochim.ActaB,
60, 743 (2005).

— a%a['yttaa[’ CHEMISTRY
A ndian W



