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ABSTRACT

The carcinogenic compounds are major constituent of industrial effluents.
Various approaches have been devel oped to remove organic dyes from the
natural environment. An alternate photocatal ytic process based on methyl-
eneblueimmobilized resin (MBIR) Dowex 11 wasused to treat Ponceau BS
textile azo dye. The effect of operational parameters such as catalyst dose,
concentration of dye, pH of the solution, light intensity and dissolved
oxygen on dye removal efficiency of Ponceau BSin water has been inves-
tigated. Kinetic analysis indicates that the photodegradation rate of azo
dye can usualy be approximated as pseudo-first-order kinetics. The dye
solution could be completely decolorized and effectively mineralized, with
average removal efficiency larger than 97% for a photocatalytic reaction
time of 2:40 hrs. The mechanism of degradation and FTIR spectraare also
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INTRODUCTION

Thetextileprocessingindustry isputting asevere
burden ontheenvironment, through there ease of heavily
polluted wastewaters. Azo dyesare animportant class
of synthetic organic compounds used inthetextilein-
dustry and aretherefore common industria pollutants.
Photocatal ytic degradation of wastewater of textilein-
dustries, paper industries, food industriesand chemica
industrieswhich aregeneraly non biodegradable. Vari-
ouschemica and physical processessuch asprecipita
tion, adsorption, air stripping, flocculation, reverse os-
maosisand ultrafiltration can be used for color removal
fromtextile effluents’3. Duetothe stability of modern

azo dyesadvance oxidation process (AOPs) isrecently
more devel oped techniquein photochemistry and this
technique are based on generation of reactive species
such ashydroxyl radicas (‘OH) that oxidized abroad
rangeof organic pollutantsquickly and non-sdlectivel y.
TheAOPsinclude heterogeneous photocatalysis sys-
temssuch ascombination of semiconductorsand light,
or semiconductor and oxidantg>®l. The study of works
inthisareaand listed the compounds degraded by pho-
tocatalysisby variousresearchers”.

The purification of wastewater with TiO, photo-
catayst in presence of UV radiation hasbeen known
to have several advantages, effective removal of or-
ganic compoundsdissolved or dispersed inwater and
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inexpensivecost’®. Thework on newly devel oped pho-
tocatalyst arealkali and akaline earth tantalite’s TiO,
and other photocatdyst in different applicationwith new
techniqueshavearisen asanew group of photocatalyst
materiasfor water splittingintoH,and O, and organic
molecular degradation under ultra-violet/vigblelightir-
radiation®. Degradation of methyl orange under UV
light (300nm) illumination using ZnO/ZnO, as photo-
catalyst!%. Anaerobic treatments of azo dyeAcid or-
ange 7 under fed batch and continues condition™Y.

Decolorization of textileindustry wastewater and
degradation of C.I. Reactive Orange 4 and its simu-
|ated dye bath wastewater by heterogeneous photoca-
talysig213. The photocatal ytic degradation of reactive
black 5 using different semiconducting oxides, TiO,,
UV-100TiO,, ZnO, and TiO /WO, four paralel black
light bluefluorescent tubeswere used asthe UV-light
source™., Degradation of Acid Green 16 using ZnO
irradiated with sunlight, herethe photodegradation effi-
ciency decreased with anincreaseininitia dyeconcen-
tration, optimum catal yst |oading wasfound to be 250
mg in 100 mI™*®, Enhanced the photocatalytic activity
for methyl orange degradation using SO,%/ZnO/TiO,
and aqueous ZnO as photocatalyst for decoloriza-
tion517, The degradationismorewith solar/ZnO pro-
cess than with solar/TiO, —P25 process at pH 913,
Thehistorical perspectiveof photodegradation of azo
dyes ponceau BS by chitosan capped CdS composite
nanoparticles and in aqueous phase
nanophotocataysts**?, Thestudy of photodegradation
of Ponceau-S, Sudan IV and textileimportance dye
with methyleneblueimmobilized resn Dowex 11 pho-
tocatal yst?+2, Thevisiblelight induced photocatayst
MBIR Dowex 11 isan impressivetask in order to uti-
lizethesolar energy effectively.

EXPERIMENTAL

Photocatalytic studiesand design of photor eaction
chamber

We prepared photocatal yst by following materi-
alsDowex 11 resin 20-50 mesh (Sisco Chemicals,
IndiaMumbai), and M ethylene blue hydrates (Loba
ChemicaslIndia). For immobilization we prepare ap-
proximately M/1000 concentration sol ution of meth-
ylenebluein doubledistilled water and add Dowex

11 resininthissolution and shakewd | for immobiliza-
tion of pores of resin up to 4-5 days. All the process
carried out in dark place. Thenfilter prepared resin
from solution, wash thisresin by doubledistilled wa-
ter twiceand used it as photocata yst. Photochemica
degradation experimentswere carried out inglassre-
actor which containing sol utions of Ponceau BS dye,
Molecular FormulaC,H,,N,Na,O,S,, & __ 508 nm
(Figure 1) and photocatalyst. Solution of reactor is
continuoudy stirred by magnetic stirrer during theex-
periment and illuminated by halogen lamp (Philips,
India) abovethereactor which emittedirradiation com-
parableto visiblelight (Figure 2). Thelamp was sur-
rounded with auminium reflector inorder toavoid loss
of irradiation. Theintensity was measured by pho-
tometer (IL1400A) and pH of the solution was moni-
tored by Fisher Scientific Acumen 50.
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Figurel: Sructureof dyeponceau BS.
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Figure2: Experimental setup of photochemical reaction
chamber.

M echanism of degradation

The mechanism of Ponceau BS dye degradation
processunder UV-VigSolar light illuminationinvolves
an e ectron excitation and generation of very active oxy-
genated speciesthat attack the dye moleculesleading
to photodegradation. Methyleneblueimmobilizesresin
Dowex-11 isnewly devel oped photocatalyst, dueto
photosensitive nature of methyleneblue, whenlight ra-
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diationisirradiated onit, electronic transition occurs
fromvaenceband (VB) to conduction band (CB) and
through (ISC) dectronsreachinto tripl et state of meth-
yleneblue. After it intermolecular € ectronictrangtion
dart betweenresn, methylenebluedyemolecules, water
mol ecul es, ponceau BS dye molecul es and dissol ved
oxygen, resultant through chain process, holes, hydroxyl
radicals (¢OH) and super oxideions (O,) areformed
andthesearehighly oxidizingin nature, by the action of
holes, hydroxyl radicals and super oxideionson azo
dyes, aretransformed in Smpleorganic compoundslike
CO,and H,O etc.

Dye Light Radiations Dye*1
——

Dyer? — € 5 Dye3

Dye*3 + Im-R — > Dye' +Im-R (&)
Im-R(e)+ 0y — > Im-R+0y
Dye" + OH ———— > Dye+ 'OH
Dye/Dyet + OH —— » Products
Im-R=Immobilized Resin

We shuck out 10 ml solution of reaction mixture
withthehelp of asyringeat 10 mintimeinterval, and
filtered the catalyst particlesthrough Milliporesyringe
and changein concentration of dyesolutionisobserved
smply by Shimadzu-1600 UV /vis ble spectrophotom-
eter atAimax ., . Cadculatethedyeremovd efficiency
(X %) of dye solution by thisequation.
X% =(C,-C,/C)x 100
Where, C and C areoptical densitiesof dye solution
ainitid timeand at timet respectively.

Kineticstudy

Photocata ytic degradation of Ponceau BSwasob-
served at Amax = 508 nm. The optimum conditions
were obtained at initia dye concentration: 40 mg/L,
catalyst |oading: 2.0g/100ml, solution volume: 100m,
lightintensity: 10.4 mWcen?, pH: 7.5 and temperature
303 K. Theplot of 1+ logoptica density versusexpo-
suretimeisadgtraight line(Figure 3). Thisindicatesthat
the photocatal ytic degradation of Ponceau BSfollows
pseudo first-order kineticg?%, Therate constant (K)
for the reaction was determined using the expression.
Rate=K [Ponceau BS], K =2.303 x Slope. The rate
constant for thisreactionisK =1.62 x 102min™.
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Figure3: Kinetic study for ponceau BS- Photocatalyst sys-

tem (Initial dyeconcentration 40 mg/L, pH 7.5, catalyst load-

ing 2.0 ¢/100 ml, solution volume 100 ml and light intensity

10.4 mwWwc¢m?).

IR characterizations

The FTIR spectra analysis was employed by
Spectro Jasco Corp. /IR-610 over therange 599.7532
—4000.605 cm* FTIR instrument using KBr palets.
ThelR spectrum of Dowex-11 resin (Pure) show peaks
(Figure 4) in the region 3100-2950 cm* and 1600-
1450 cmt isattribute to =C-H stretching vibration and
aromatic—C=C- stretching vibration.
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Figure4: FTIR spectraof pureresin
TheFTIR spectraof MBIR Dowex-11 show peaks
(Figure 5) in the region 3100-2950 cm* and 1600-
1450 cmt isattribute to =C-H stretching vibration and
aromatic—C=C- stretching vibration, and another two
peaks in the region 3650-3400 cm* and 1550-1510
cnrt dueto >N-H stretching vibration and N-H bend-
ing. These peaksarise duetoimmobilization of pores
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of resnwith methylenebluedye.
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Figure5: FTIR spectraof methyleneblueimmobilized resin
Dowex 11.

RESULTSAND DISCUSSION

Effect of catalyst

The amount of the photocatal yst is most impor-
tant parameter that affectstherate of photocatalytic
degradation. We observeeffect of variationin amount
of photocatalyst from 1.0to 3.0 g/100 ml, concentra-
tion of dye40 mg/L, at constant pH 7.5and light in-
tensity 10.4 mwWcm2, Wefind out that the concentra-
tion of catalyst increasesrate of degradation alsoin-
creases, dueto availability of more catalyst surface
areafor absorption of quantaand interaction of mol-
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Figure6: Effect of catalyst loading on optical density (Tem-
perature303 K, solution volume 100 ml, I nitial dye concen-
tration 40mg/L, pH 7.5, and light intensity 10.4 mWcm2).

eculesof reaction mixturewith catalyst, resultant num-
ber of holes, hydroxyl radicalsand super oxideions
areincrease. Theseare principle oxidizing intermedi-
atein advance oxidation process, resultant increases
degradation efficiency. Effectsof catalyst loading on
optical density areshownin Figure6.

Effect of initial dye concentration

Theeffect of initial dye concentration on the deg-
radation efficiency was studied by varying the concen-
tration from 10 mg/L to 70 mg/L at constant photo-
catalyst (2.0 /200 ml) theresultsareshownin Figure
7. The concentration of dyeincreasestherate of deg-
radation decreases. Thiseffect may be caused by fol-
lowing reason- the dye concentration increase number
of photonsreach to catalyst surface decrease resultant
lessnumber of catalyst moleculesundergoesexcitation
and dueto this effect rate of formation of holes, hy-
droxyl radicalsand super oxideions(O,) isdecreases
so rate of degradation isalso decrease.

Thesurfaceareaof catalyst isfixed so asthe con-
centration of dye increases rate of degradation de-
creases because limited number of dye moleculesat-
tached at the active site of the catal yst and remaining
dyemoleculespersistin solution until earlier attached
mol eculeisdegraded and number of activesiteof cata-
lyst al so decreasesdueto lessavailability of photons
for excitation of catalyst molecules.
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Figure7: Effect of initial dyeconcentration on optical density

(Temperature 303K, catalyst loading 2.0 g/100 ml, solution

volume 100 ml, pH 7.5, and light intensity 10.4 mWcm?).

Effect of pH
We observeeffect of pH on rate of degradation of
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dyemoleculesisvery interesting. Theresultsshowsthat
rate of degradationisvery low inhighacidic pH range
lower then pH 3.5. Aswell as pH increases rate of
degradation a so increases when pH reachesto basic
rangetherateof degradation increasesfagt, inpH range
7.5t0 9 very good rate of degradation. On further in-
crease pH therate of degradation also start to decrease
after pH range 10 or abovetherate of degradationis
lessand continually decreasesas pH increases at con-
stant catal yst amount 2.0g/100ml, dye concentration
40mg/L and light intensity 10.4 mWcm2. So we con-
cludethat rateof degradationin basic mediumishigher
than acidicmedium.

Theincreaseinrate of photocata ytic degradation
may be dueto moreavailability of ‘OH ionsinpH range
7.5to 9will generate more e«OH radica sby combining
with the holeswhich areformed dueto e ectronic exci-
tationin catalyst. Formation of hydroxyl radicasismore
respons blefor the photocata yti c degradation than su-
per oxideions. At higher pH therate of degradation
decreases. Thiseffect may cause dueto competition
between -OH groupsto attach active site of catalyst,
sorate of attachment of “-OH group decreases. Result-
ant formation of hydroxyl radicals (¢OH) decreasesand
rate of degradation a so decreases (Figure 8).
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Figure8: Effect of pH on optical density (Temperature 303

K, catalyst loading 2.0 g/100 ml, solution volume 100 ml,

initial dye concentration 40 mg/L, and light intensity 10.4

mwWcm).

Effect of light intensity

Light intensity increasestherate of degradation of
dye mol ecules al so increases up someextent after it

= Egotoxicology

no change observeinrate of degradation. Thelight
intensity increases number of photonsincreasesto
reach the catal yst surface, so number of exited cata-
lyst moleculesincreasesand resultant increasethe hy-
droxyl radicals and super oxideionsand rate of deg-
radation of dye moleculesincrease. After some extent
of increaseinlight intensity thereisno effect on rate of
degradation. This may cause that maximum number
of photonswhich required for excitation areavailable
infix rangeirradiating light intensity after it, if wefur-
ther increaselight intensity no any considerable change
observed in rate of degradation becausethereisno
requirement of more photonsfor excitation. Because
all catalyst moleculesbecomeexitedinfix light inten-
sity range. Effectsof light intensity on optica density
areshowninFigure9.
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Figure 9: Effect of variation of light intensity on optical

density (Temperature303K, catalyst loading 2.0 g/100 ml,

solution volume 100 ml, initial dyeconcentration 40 mg/L,

and pH 7.5).

o

Effect of dissolved oxygen on rateof degradation

We observed theeffect of dissolved oxygenonrate
of degradation, asdissolved oxygenincreasein dye so-
lution rate of degradation a so increase. We observed
that when oxygen gasis passed through reaction mix-
turetherate of degradation also increaseswhen nitro-
gen or any other non reacting gasispassed through this
solution no effect is observed on rate of degradation.
Thiseffect may cause dueto moreavailability of oxy-
genfor formation of super oxideionsand hydroxyl radi-
cals. Thesearehighly oxidativein natureand increase
therate of degradation of dyemolecules.
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CONCLUSIONS

After long observation we concludethat thedterna-
tive photocatayst (MBIR Dowex 11) hasvery good po-
tentid of degradation of azo dyesintosmplemineraize
products. Photodegradation efficiency of the dyewas
very lesswhen photolysiswas carried out in absence of
thecatalyst and negligiblein absenceof light. We ob-
sarvetheeffect of different parametersgiveninorder-

e Variationin dyeconcentration: Asconcentration
of dyeincreasetherate of degradation of dye de-
Ceases.

e Variationinamount of catalyst: Asincreasecata-
lyst dosetherate of degradation of dye molecules
asoincreases.

e Variationin pH: Inacidicrangeof pH therate of
degradationisvery lessaspH increasesrate of deg-
radation al so increases and between pH range 7.5
to 9rate of degradation isgood on further increases
inpH therate of degradation again after to decreases.

e Variationinlight intensity: Onincreaselightin-
tensity therate of degradation of dyemoleculesaso
increasesuptolimit after certainlight intensity there
isnofurther change

o Effect of dissolved oxygen: Rate of degradation
increases up to some extent on increasesthe dis-
solvesoxygenin dyesolution.
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