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ABSTRACT

The potentia of polyethylene glycol (PEG) of molecular weight 2000 as
additive for phenol adsorption from agueous solution using tamarind shell
ash was studied. Batch studies were carried out under varying conditions
of contact time, adsorbent dose and pH for sampleswith and without PEG
The results showed that for all the process conditions studied, the addition
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of PEG enhances the removal of phenol from its aqueous solution. The
amount of adsorption was found to decrease with pH and increase with

contact time and adsorbent dose.

INTRODUCTION

Sincethe past several decadesthereisagrow-
ing concern about wide spread contamination of sur-
face and ground water by organic pollutants. Many
industrial wastes contain organic pollutantswhich are
difficult to beremoved using conventional biological
treatment processes’l. These organic compounds
pose significant threatsto the environment and pub-
lic health because of toxicity, incremental accumula-
tioninthefood chain and persistenceinthe eco sys-
tem@. Phenolsasaclass of organicsaresimilarin
structure to the more common herbicidesand insec-
ticidesin that they areresistant to bio degradation.
Some phenolsare highly solublein water and their
presence in water supplies are noticed due to the
taste and odour. Phenolsare harmful to organisms at
low concentrations and have potential to harm hu-
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man health. Thus phenols are considered as hazard-
ouspollutants.

There are number of methodsfor removing phe-
nol from aqueous sol ution like oxidation®, precipita-
tion*, ion exchange®, solvent extraction'® and ad-
sorptiont™. Inthe recent times, extensiveresearchis
going onto developinnovativeand promisng adsorbing
materials for the treatment of contaminated waste
waters'®. Adsorption of organic compounds using
natural adsorbentsleadsto the search of more eco-
nomic, practical and efficient techniques. Number of
natural and waste materiaslikerice husk, tamarind
shell ash, fly ash, wood and saw dust, teawaste, ba-
gasse etc are emerging as potential adsorbents for
organic pollutantg®*3,

Number of additiveslike polyoxyethylene-23-lau-
ryl ether, polysorbate 80, Poly ethyleneglycol, poly-
vinylpyrrolidone (PVP), sodium carboxymethyl cellu-
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lose etc are used for enhancing the adsorption of vari-
ous materia son adsorbents.’+17, Inthe present work,
an attempt has been madeto utilizeawaste material
tamarind shell ashfor theremoval of phenol in aque-
oussolutions. Poly ethyleneglycol (PEG) isadded as
an additiveto enhance the efficiency of tamarind shell
ash as adsorbent.

MATERIALSAND METHODS

All thechemicasusedinthework wereof Analyti-
cal reagent grade. Thetamarindswereprocured from
locd market.

Tamarind shell ash

Thetamarind shellswere washed properly with
water to removethedirt, dried in sunlight and crushed.
Thecrushed shellswereburned in an éectric ovenfor
three hours at 400 °C temperature to obtain its ash.
The tamarind shell ash thus obtained was sieved
through a80 mesh size sieve. Thisashwas used as
the adsorbent for removal of phenol from itsaqueous
solution. The surface areaof the ash was measured
by BET method.

Phenol stock solution

The stock solution of phenol was prepared by dis-
solving 1 gm of phenol in 0.1 N 100 ml sodium hy-
droxide solution and diluted upto 1000ml with dis-
tilled water.

Adsor ption studies

Adsorption studieswereconducted using the batch
technique. Thestudieswere carried out by varying pa-
rameterslike contact time, concentration of adsorbent
and P withand without using PEG of molecular weight
2000. Theamount of residual phenol was determined
using double beam UV-Visible spectrophotometer
(electronicsindiamodd 1372). 4-amino antipyrinewas
used asacomplexing reagent with phenol and the ab-
sorbance of the col ored complexeswere measured at
500 nmAmax.

Various batches of adsorption study were pre-
pared by taking different amounts of ash (0.1, 0.3,
0.5,1,2,3& 4gm per 100 ml of phenol stock solu-
tion). The sampleswere stirred using amagnetic stir-
rer for one hour. The pH was maintained at 7. After
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one hour theresidual phenol content was measured
for each batch.

Similarly the adsorption studieswere carried out by
varying the contact time (0.5, 1, 1.5, 2.5, 3, 3.5 hours)
and pH®"°13 Al the studieswerecarried out with and
without PEG of molecular weight 2000 asan additive.
The concentration of PEG was kept uniform for all
batches as 0.6 gm per batch.

Adsorption isotherm

Freundlichisothermisexpressed as

g=k(Ce)'n

The congtantsfor Freundlich adsorptionisothermwere
determined to determinethe rel ationship between the
amount of phenol adsorbed and the equilibrium con-
centration of theadsorbate.k and 1/n arethe Freundlich
constantsrelated to adsorption capacity and adsorp-
tionintensity respectively of the adsorbent.

RESULTSAND DISCUSSION

Theadsorption characterigticsof tamarind shell ash
inpresence of PEG asadditivewerestudied by varying
pH, contact time and amount of adsorbent. The surface
area of the adsorbent was determined to be 55 m?/g.
Theresultsfor each study are discussed below. Theex-
perimentd datawasfitinto Freundlichisothermwith R?
vauesof 93.75and 92.94 for systemswith and without
PEG. Thehigher R? valueindicatesthe effectiveness of
PEG asadditivefor phenol adsorption. Thevalues of
Freundlich constantsaregivenin TABLE 1.

TABLE 1: Freundlich congtants

k 1n R?
Without PEG 0.45 0.2 92.94
With PEG 0.58 0.23 93.79
Effect of pH

The adsorption of phenol from itsaqueous solu-
tion isdependent on the pH of the sol ution which af-
fectsthe surface charge of the adsorbent and degree
of ionization. The amount of phenol adsorbed de-
creaseswithincreasing pH value. Thiscan beattrib-
uted to the dependence of phenol ionization on the
pH vaue. Phenol being aweak acid will be adsorbed
toalesser extent at higher pH valuesdueto the repul -
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siveforcesprevailing at higher pH value. Alsointhe
higher pH, phenol formssatswhichreadily ionizeleav-
ing negative charge on the phenoalic group!*®. pH aso
affectsthe surface charge of the cell sused as sorbent.
At low pH values, the surface of the sorbent would
be surrounded by hydronium ionswhich enhancethe
phenol interaction with binding site of the sorbent by
greater attractiveforced®?l, In presence of PEG as
additive, the adsorption efficiency wasfound to be
morethanin casewithout PEG (figure1).
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Figurel: Effect of pH on phenol adsor ption with and with-
out PEG

Effect of contact time

Theequilibrium timerequired for the adsorption
of phenol on tamarind shell ash was found to be 3
hoursfor system without PEG and 2.5 hoursfor the
systemwith PEG. Thisindicatesthat the use of PEG
as additive decreases the time required for the ad-
sorption of phenol ontamarind shell ash (figure 2).

% adsarption of phendl

tamarind shell ash-1 gm/mL
initial phenol concentration - 0.5 mg/L
pH-7

PEG added- 0.6 mg/100 mL

a as 1 15 2 time(hrs) 23 3 35

Figure?2: Effect of contact timeon phenol adsor ption with
and without PEG
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Effect of adsorbent dosage

Theefficiency of phenol adsorption using tama-
rind shell ashisfound to increasewith increasein
adsorbent dosage for both the caseswith and with-
out PEG. In case of system without PEG, the opti-
mum amount of adsorbent concentration for 100 mL
of solution was found to be 3gm whereas for the
system with PEG as additive, the optimum amount
was 2gm (figure 3).

9 adsorption of phenol

contact time- 1 hour

initial phenol concentration - 0.5 mg/L
pH-7

PEG added - 0.6 mg/100 mL

a 05 1 15 2 25 3 55 4
Tararind shell ash gmA00 mL)

Figure3: Effect of adsor bent doseon phenol adsor ption with
and without PEG

REFERENCES

[1] H.B.Crauford, G.Cling; Water Treatment Plant
Design, American Society of Civil Engineers, Amei-
can Water Association, Mc Graw Hill, 457.

[2] M.Khotimchenko, V.Kovalev, Y.Khotimchenko;
J.Hazardous Materials, 149, 693-699 (2007).

[3] FHe L.Lei; JZhgjang Ulniv.Sci., 5(2), 198-205
(2004).

[4] Xian et al.; J.Zhgjang Ulniv.Sci., 6(6), 569-573
(2005).

[5] Carmonaetal.; J.Chemical Engineering, 117, 155-
160 (2006).

[6] Parkaet a.; Water Res., 40, 1763-1772 (2006).

[7] SH.Lin,M.J.Cherry; Waste Management, 22, 595-
603 (2002).

[8] KafiaMawlood Shareef; World Journal of Agricul-
tural Sciences, 5, 819-831 (2009).

[9] Adeyinka, A.Adeyinga, Liang Hu, Tina Greer;
Chem.Engg.Comm., 189, 1-11 (2002).

[10] B.M.Amarasinghe, R.A.Williams; Chemical Engi-
neering Journal, 132, 299-309 (2007).

e Snoivonmental Science
Au Tudian Yournal



98 A study on the efficiency of PEG as additive ESAIJ, 6(2) 2011

Current Researceh Paper
[11] M.AmirHossein, N.Dariush, V.Forugh, N.Shahrokh;  [16] M.Tonegawa, J.M.Bollag; J.Environ.Qual., 32(4),

American Journal of Applied Sciences, 2(1), 372- 1222-7, Jul-Aug (2003).

375 (2005). [17] Yimin Wu et a.; Water Research, 31(11), 2699-
[12] K.O.Olayinka, B.I.Alo, T.Adu; Journal of Applied 2704 (1997).

Sciences, 7(16), 2307-2313 (2007). [18] S.Rengargj, M.Seuny, R.Sivabalan; Journal of En-
[13] K.Sabrina, |.Siti Hasmah; International Conference vironmental Quality, 32, 1222-1227 (2003).

on Environmental Research and Technology, [19] A.H.Mahvi, A.Maleki, A.Eslami; American Jour-

ICERT, 238-241 (2008). nal of Applied Sciences, 1(4), 321-326 (2004).
[14] N.A.Daabis, V.F.Naggar, SA.Khalil, M.M.Motawi; [20] V.V.Goud, K.Mohanty, M.S.Rao, N.S.Jayakumar;

Pharmazie., 31(2), 125-129 (1976). Chem.Eng.Technoal., 28(7), 814-821 (2005).

[15] Shu-Ling Ko, Jeng-Yu Lin, Yung-Yun Wang, Chi-
Chao Wan; Thin Solid Films, 516(15), 5046-5051,
2 June (2008).

Snoivonmental Science
A Jndian ﬂo«/md



