December 2009

Trade Science Ine.

Volume 4 | ssue 6

Snviconmental Science

A Tndéian Journal

—= Qurrent Research Peapers

ESAIJ, 4(6), 2009 [420-423]

Decomposition of phenol in aqueous solution using synthesized
anatase phase TiO,

H.Eslami Namin*, H.R.Rashidi, H.Hashemipur Rafsanjani, M.Ranjbar
Department of Chemical engineering, Shahid Bahonar Univer sity of Kerman, Kerman, (IRAN)
E-mail : hameded ami @yahoo.com
Received: 1% August, 2009 ; Accepted: 11" August, 2009

ABSTRACT

Phenol is used in the industry as a starting material for chemical synthesis.
This type of compounds can end up as pollutants in wastewater. In this
research Photocatalytic degradation of phenol in agueous solution was
studied using synthesized TiO, prepared by precipitation of TiCl, solution.
XRD and TEM techniques used for characterization of the prepared sample
and it is shown that prepared sample contain anatase phase TiO, with
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average crystallite size of 10 nm. The effects of operating parameters such
as catalyst dosage, pH of the solution and light intensity on
photodegradation process were examined to achieve the optimum condi-

tion for degradation of phenol.

INTRODUCTION

Asthestandard of livingisincreasing, thepollution
inall areasof air, water, and soil isincreasing. Thisis
dueto many factorssuch asthe growth of industrid for
the production of new materids, growth of population
worldwide, and hence, the consumption of moreand
more chemicalsfor different purposes. On the other
hand, the demand for better and hedlthy environment is
increasing anditisnow thepriority inhumanlife. Mgor
concern with water and wastewater pollutantsisthe
exigenceof organic congtituentsharmful to human, ani-
md, andingenerd tothelife.

In modern industries such as petrochemical and
chemicd plantsphenol compoundsarewiddy used and
have become common pollutantsin water bodies. Due
totheir gability and bioaccumulation, they remaininthe
environment for longer periods™.
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Phenol isoneof thewastewater compoundsthat is
hazardousfor theenvironment and human. Variousways
have been donefor treating thewastewater or polluted
water. Traditional wastewater trestment techniquesfor
phenol removal areactivated carbon adsorption, chemi-
ca oxidation and bio-logical digestion”. However each
technique has somelimitations and di sadvantages?.
Photocatal ytic Processisonesalternative, which ex-
pected to be ableto solvethisproblem. It wasreported
inthe severd researchesthat phenol could beremoved
by photocatalytic process®. Photocatal ytic processis
relatively new technol ogy in thewastewater treatment,
by using semiconductor ascatalyst such asTiO,. This
process has many advantages compared to the other
processes due to the inert product of the processis
harmlessfor environment4,

Themain objective of thisresearchisto study the
effect of operating parameterslike catalyst dosage, pH


mailto:hamedeslami@yahoo.com

ESAIJ, 4(6) December 2009

of solutionand light intensity on thedegradation of phe-
nol toachievean optimum conditionsand practica way
forindustria scale.

EXPERIMENTAL

Prepar ation of catalyst

NanocrystalineTiO, whichwasusedinthisresearch
prepared by precipitation of agueousTiCl, solution us-
ing ammoniaas preci pitation agent. Prepared TiO, was
aged for 6 h at above 90 °C and calcinated at 600 °C
for4h..

Characterization

The XRD patterns were obtained using
D,_Advanced Bruker powder diffractometer oper-
ating in reflection mode with CuKa radiation, and
diffracted of 0.02" 20. The Scherrer equation was
applied to estimate crystalline size'®l. Transmission
€l ectron mi crographswere obtained using Philips EM
208 microscope operating at accel erating voltage of
100 kV. The samplesfor el ectron microscope were
prepared by grinding and subsequent dispersing the
powder in methanol and applying adrop of very di-
|ute suspension on carbon-coated grid. The suspen-
sionsweredried by slow evaporation at ambient tem-
perature.

Material and methods

Phenol solutionwasobtained from Merck Chemi-
ca Co. waspreparedin 50 mg/L Concentrations. The
concentration of phenol was measured at 500 nm by a
Shimatsu spectrophotometer. pH adjustments in
samplesweredoneby using 0.1 N HCl acid (Merck,
37%) and 0.1N NHOH (Merck 25%)

Photor eactor

Experiments have been performed at room tem-
perature in a static batch photoreactor of ca. 0.5 L,
consisting of Pyrex cylindrica flask opentoair. A mag-
netic stirrer guaranteed oxygen from atmospheric air
and satisfactory mixing of reacting mixturewiththesus-
pension. Irradiation set was prepared by artificial light
using two UV-lamps (15 W. A=245 nm) intensity of
UV light wasadjusted by varying the position of lamps.
Thelight intensty wasmeasured by Lux- UV- IR meter
(Leybold Co.).
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Procedure

0.2 L of thereacting mixturewasprepared by dis-
solution of phenol indistilled water (50 ppm). Catayst
dispersedinthesolution. The suspensonwasfirs stirred
inadark for 60 min beforeirradiation. Thiswas suffi-
cient to reach an equilibrated adsorption concentration.
Thereforethistime hasbeen sdlected for theinitia pe-
riod to UV-irradiationto makesurethat theinitial deg-
radation initiatesat theequilibrium of adsorption. 3ml
of solutionwassampled at varioustimeintervds; itwas
centrifuged and then filtered through aMilliporemem-
braneFilter (poresize0.2m) prior to analyses.

RESULTSAND DISCUSSION

Figure 1 indicates the XRD pattern of prepared
TiO, catalyst after calcinations, it isimportant to note
that cal cination of prepared sampleincreasesitscrys-
tallinestructure and crystalite®. Itisunderstood form
XRD graphthat the catd yst contain only anatase phase
and accordingtothe Scherrer equationitsaveragecrys-
talitesizeisabout 10 nm. Thisresultsalso proved by
TEM graphof TiO, (Figure2) which showscrystallites
Sizeareabout 10 nm.
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Figurel: XRD pattern anatasephase TiO,which wasaged for
6hat temperatureabove907°C and calcinated at 400°C for 4 h.
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Figure2: TEM graphof TiO,
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In order to determinethe optimal amount of photo-
catalyst dosagefor decomposition of phenol, someex-
perimentswereperformed at thenaturad middie pH with
different catalyst weight. Light intensity for these ex-
perimentswas 30 W/m2.

It could beseen from Figure 1 that the degradation
rate appeared to increaserapidly with increasing the
catalyst concentrationfrom0.5to 3gr/l, probably due
to theincrease of active siteswith the suspension of
catayst loading. Themost effective decomposition of
Phenol was observed with the catal yst amount equal to
3 g/, any further increase of the catalyst concentration
result in decreasing therate of degradation. Thisphe-
nomenon may be explained by the light scattering,
caused by the light proof suspended catalyst!”€. In-
deed, withincreasngthe catdyst loading, thelight pen-
etration through the solution, and hence, the
photoactivated volume of the Suspension shrinks. In
such acondition, part of the catal yst surface probably
became unavailablefor photon absorption and phenol
adsorption, thusbringing little stimulation to the cata-
Iytic reaction(®9,
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Figure3: Effect of catalyst dosage on degradation of phenol

Figure 2 showsthe phenol removal efficiency asa
function of pH, the effect of pH on photodegradation
efficiency of phenol wasexaminedintherangeof 3-9in
anagueous TiO, suspension with theoptimum catayst
dosage. Theresultsshowed that pH of the solution had
direct influenceonthe heterogeneous photocataysspro-
cess Inakainesol ution photodegradati on efficiency was
morethantha inacidicsolution. Inadkdinemedium, high
level of hydroxide lonsinduced the generation of hy-
droxyl freeradicals, which camefrom the photooxida
tion of OH’ by holesformingonthe TiO, surface. Since
hydroxy! freeradical isthedominant oxidizing speciesin
the photocatal ytic process, the degradation of phenol is
thereforeaccd erated at higher solution®19,
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Also when phenol asahydroxide possessing ma
terial wassoluteinwater bodieswith akali pH, it was
converted to phenoxideion that more degradablethan
phenol. Conversely in acidic pH, phenol hasalittle
degradability!*12,
N
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Figure4: Effect of pH on degradation of phenol

Theinfluenceof UV light intensity on degrada-
tion processfor removal of phenol is presentedin
Figure 3. It isevident that degradation increaseswith
increasing thelight intensity becausethe UV irradia-
tion generates the photon required for the electron
transfer from the valence to the conduction band of
asemiconductor photocatal yst***4. Therate of deg-
radation increaseswhen moreradiation fallson the
catalyst surface and hence more hydroxyl radicals
produced.
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Figure5: Effect of light intensity on degr adation of phenol A)
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CONCLUSION

Nanocrystallinetitanium dioxidewas synthesized
by precipitation of aqueous TiCl,, sol ution. Prepared
TiO, aged for 6 h at temperature above 90 °C and
calcinated at 400 °C for 4 h. XRD and TEM tests
showed formation of anatase phase TiO, with aver-
age crystallite size of 10 nm. It wasused for photo-
catalytic degradation of Phenol under UV light. Sev-
eral experimentscarried out to analyzethe effect of
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operation parameterslike catalyst dosage, pH of so-
lution and light intensity on degradation process. Re-
sults of experimentsindicated that the optimum dos-
agefor catalyst was 3gr/l and any increasing in cata-
lyst amount | eads to decreasing the photocatal ytic
degradation dueto the decreasing thelight penetra-
tion. Itisunderstood that the reaction efficiency in
alkaline solutionismorethan acidic solutionand in-
creasing the pH of solution led toincreasein the deg-
radation progress. It was a so shown that intensity
of UV light hasimportant influencein degradation
processwhichitsincreasing resultsinincreasing the
degradationrate.
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