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ABSTRACT

Cloud point extraction (CPE) iscarried out to extract reactive orange 12 from
agueous sol ution using non-ionic surfactant, TX-100. The effects of differ-
ent operating parameters, e.g., concentrations of surfactant, dye and salt,
temperature, pH have been studied in details. The developed method may
be useful to design a cloud point extractor of a desired efficiency.
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INTRODUCTION

The presenceof dyesin water isunpleasent, dueto
toxicity, coloration of natura waters, mutagenic effects,
andtheir carcinogenicity™®. Theeffluentscontaining
dyesarehighly col ored making seriousenvironmental
problems and therefore need to betreated beforedis-
posdl.

So, considerable attention hasbeen given for re-
moval of the colored wastesfromwater. Many investi-
gatorshave studied different methodsfor theremoval
of dyesfromwastewater, e.g. (i) membrane separation
processeslikereverse osmosig®, nanofiltration, ad-
sorption onto solid surfaces such asactivated carboni®,
bentonits¥, ozonation?.

Cloud point extraction (CPE) isanother method
for removal of dyesfrom agueous solution which has
initially described by Wtanabe and co-workerg! for
the preconcentration of metal ionusingaligand asa
carier inthepresenceof an extractant. Later, thismethod
has been gpplied asan effective method for theremova
of dyesfrom agueous solution2,

Inthelast decade, significant interest onthe use of
aqueousmicellar solution hasbeenfoundinthefield of
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separation science'*®. At certain temperature, cloud
point temperature, aqueous sol ution of anonionic sur-
factant becomesturbid. Above the cloud point tem-
perature, aqueoussol ution of anonionic surfactant sepa:
rateinto two phases, namely surfactant rich phaseand
theother isdilutebulk solution phase containing surfac-
tant concentration dightly abovethecriticad micdlecon-
centration (CMC)*, The dye molecules present in
aqueous sol ution of nonionic surfactant aredistributed
between the two phases above the cloud point tem-
perature™®. Thisphenomenonisknown as CPE.

In the present study, CPE method wasused tore-
moveanionictoxic dye, Reactiveorange 12 (RO), from
wastewater using TX-100 asnonionic surfactant. The
effectsof temperature, concentrationsof surfactant, sdt,
pH, incubation time, and interferences on extraction of
RO have been studied.

EXPERIMENTAL

Materials

Triton X-100 (Iso-octyl phenoxy polyethoxy etha
nol) containing approximately 10 ethoxy unitsper mol-
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TABLE 1: Effect of interferent ionsand dyesthe CPE effi-

—— Fyll Peper
TABLE 2: Removal of RO in water samples

ciency of RO RO added Extraction
. Sample ) g
Inter f Ratio (mgL™) efficiency (%)
nterferences interfer enence ) 10 96.58%+1.2
+ + 2+ 2+ + - -
N, Ba",Cd™,Ca”, NHy, I, Br', F, Domesticwastewarer g 96.48%1.16
HPO,*, CH,COO', Zn*", NO,, &%, 1000 (20mL )
PbZ. SO,2 Bi* 20 95.51%:+1.19
A 10 97.18%+1.32
Ag ’_Al R - 800 Domestic waste water
SCN’, NOg, Mg , C|O4 ,Cu 600 (12 mi ) 15 96.20%+1.35
Mn*? | Li* 400 20 95.9206+1.23
Co", Fe* 200 10 97.45%:+1.03
Direct yellow 150 River water (20 ml ) 15 96.52%+1.27
Direct Red 50 20 96.35%:+0.30
ecule, density at 20°C, 1.06g/mL; mol. Wt, 628; &, _, 10 97-14;’/°i1 38
226nm, supplied by Merck, hasbeen used asnonionic ~ River water (10 mi) 15 96.11%:+1.29
20 95.67%:+1.18

surfactant. Thedyeusedinthisstudy isGY whichisan
anionicdye (mol. Wt, color, yellow; 2. __ , 426nm) was
obtained from Merck. Therest of thechemicalswere
used asreceived.

Procedure

Each experiment iscarried out usinga50ml volu-
metric flask containing an aiquot of the RO solution,
TX-100, 0.1M; KCI, 0.5M at pH =1 in a constant
temperature bath (65°C) for 40 min. After 10 min cool-
ing in an ice-bath a viscose phase of surfactant was
formed and the phase separation completed. The con-
centration of dyein aqueous solution befor and after
extraction wasdetermined spectrophotometrically.

RESULTSAND DISCUSSION

Thecritica micellar concentration (CMC) of TX-
100is2.8x10* & 25xC. Themicedlar molecular weight
isintherange of 60,000-90,000 and amicellehasa
radiusof about 4.3x10° m (at 25°C)1*4l. The operating
temperaturesused inthisstudy arein therange of 60-
80°C, which ensuresthe occurrence of the cloud point
and phase separation. Theefficiency (in percentage) of
cloud point extractionisdefined as,

Efficiency of extraction of dye=(1- C /C )x100
whereC and C, aretheinitia concentrationand dilute
phase concentration of the dye, respectively.

One at the time method was applied to optimize
someimportant CPE parameters such as pH, surfac-
tant concentration, salt concentration, equilibrium tem-

peratureandtime.
Effect of surfactant concentration

For successful CPE of dye, it isdesirableto use
minimum amount of surfactant for maximum extraction
of dye. Figure 1 showstheeffect of the concentration
of TX-100 on the extraction of dye at 65C. It was
observed fromfigurel that at afixed temperatureand
dye concentration, the extraction efficiency of dyein-
creaseswith surfactant concentration. The concentra-
tion of themicellesincreaseswith surfactant concentra-
tion, resulting inmore solubilization of dyesinthemi-
celles. Therefore, the extraction efficiency of dyein-
creaseswith surfactant concentration.

Effect of temperature

Theeffect of the operating temperature on the ex-
traction efficiency of dyeisclear fromfigure2. The
exctraction efficiency of dyeincreaseswith tempera-
ture up to maximum amount at cloud point of TX-100
(65°C), and beyond thistemperaturetheefficiency de-
creasesgradually.

Effect of pH

Sincetheefficiency of extraction processisstrongly
dependent on pH, which affectsthe degree of ioniza-
tion of the dye, comparative experimentswerecarried
out over the pH range 1-10 at 80°C and contact time
of 10 mininawater bath. The pH influencestheion-
ization state of ionizable organic moleculesand since
this dye exposes negatively charged group, it iscon-
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Figure3: Effect of pH on the CPE efficiency of RO
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Figure5: Effect of equilibriumtimeon the CPE efficiency of
RO

ceivablethat at low pHSs, itsextractionisfavored. It
was observed that the maximum uptake of dyetakesat
pH =1.0(Figure3).

Effect of salt concentration

Theeffect of dectrolyte(postassuim chloride, KCl)
ontheextraction efficiency of dyeissummarizedinfig-
ure4. Itisabsorved from thefigure4. Theextraction
efficiency of dyeincreaseswhen KCL concentration
increasesfrom 0.0 to 0.5M and beyond this concen-
tration theefficiency of extractionwill beconstant.

Itiswell known that duetoits salting-out effect,
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Figure2: Effect of temper atureon the CPE efficiency of RO
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Figure4: Effect of salt concentra[ti(;n K Cl on the CPE €ffi-
ciency of RO
potass um chloridedecreasesthe cloud point of thesur-
factant and it promotesthe dehydration of ethoxy group
ontheouter surface of themicelles*. Therefore, addi-
tion of KCL increases phase separation, enhancing.

Themicellar concentration inthe coacerrate phase
aswell asthe concentration of the solubilized dyes.
Hence, the extraction efficiency of both the dye and
surfactant increase with the salt concentration.

However, thissalting out effect of KCL reachesa
limit at about 0.5M, beyond which the extraction pro-
filesremainundtered.

Effect of equlibriumtime

Theeffect of theequilibrium timewasd so studied
whichisshown infigure5. Maximum extraction effi-
ciency wasabserved at 65°C after 45 min.

I nterferencestudies

Theinfluence of someionsand dyesonthe deter-
mination of RO was studied. Variousamounts of other
specieswere added to a solution containing RO and
the recommended procedure was applied. An error of
less than or equal to +5% in the absorbance reading
was considered tol erateable. Theresults presented in
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TABLE 1 show the good sdlectivity of the procedure.
The interference effects of the two dyes (Direct red
and Direct yellow) in solution of RO were studied.

Application toreal samples

Inorder totest thereliability of the proposed meth-
odology, it was applied to theremoval of concentra-
tionsof RO in domestic wastewater and Maroon river
samples. For this purpose, variousamountsof RO (10
or 12 or 20mg L) were spiked to the sample. Then,
spiked samplesweretreated under the general proce-
dure. Theresults presented in Table 2 show that good
extraction efficiency are obtained and confirmtheva
lidity of the proposed method for real samples.

CONCLUSION

A methodisproposed for cloud point extraction of
RO, ananionic dye, using TX-100asnon-ionic surfac-
tant. Themethod can be successfully used to remove
RO fromwastewater. It isobserved the some parmeters
(temperation, pH, salt concentration) are effectiveon
extractionefficiency.
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