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ABSTRACT

Batch experiments were carried out for the decolorization of azo dye AO7 in aqueous solution using methylene blue
immobilized resin Dowex-11, under artificial irradiation. The present experimental methodology was applied to
assess the individual & interaction effects of several operational variables (dye concentration, catalyst loading, pH
& light flux) and also the inhibiting effect of propanol on the decolorization rate has been studied. Based on the
optimal experimental data the decolorization kinetic study, the rate constant was found to be 2.50x102 min® &
graphically the semi log plot of dye concentration verses time was linear, suggesting pseudo first order kinetics. The
present work demonstrates easy & approachable experimental modeling for the treatment of an azo dye (AO7).

Keywords. Decolorization, AO7 (Acid Orange-7), Methyeledaeimmobilized resin Dowex-11.

INTRODUCTION

Modern world is associated with industrializatioechuse it serves as a vehicle for the developnentel as for
the economic growth. However this industrializatltmngs a lot of industrial wastes in to the enmitent. These
products contain both organic & inorganic contartiorawhich is persistent in nature (non biodegrael@highly
aromatic toxic compounds).The application of défar dyes like acidic, basic, reactive & direct dymstextile
industries creates water contamination. The kintéxfile waste discharge in water bodies altemtHeincrease the
BOD & COD & gives intense color to the water[IThis diminishes the water quality make it unhealth
undesirable to aquatic as well as for human coniomfhere by limiting utilization of the water bied.

Presently over 100000 different dyes are manufadtprocessed & formulized in textile industries eByaries by
their chemical nature among them azo dyes are th& midely used, further acidic azo dyes which an@nic

containing acidic groups along with one or mor@ gwups get easily dissolve in water & enrichittwhigh levels
of organic matter phosphorous & nitrogen. From aede it has been revealed that the dye consumjyothe

textile industries worldwide is in excess of kg/year of dyes are discharged by textile indus{@§ .since these
dyes are water soluble they easily incorporateth ithe body metabolism & are split in to toxic a@din amines
which produces problems like irritation ulcers, canetc & respiratory probleni3-4]

Regarding above mentioned health problems by theBetants a lot of research & studies has beeredonthe
adequate treatment of industrial & textile wastagous methods like coagulation & flocculation [Bjembrane [6]
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& bio films technologies [7], adsorption [ chemical oxidation [9]. However there are probtemelated with
complete destruction & further treatment of wastewavith these physicochemical & biological methoodescause
the post treatment dye wastes may contain someaoengs or moieties that could be toxic & mutagdaiaquatic
life. Therefore, the degradation of azo dyes uradrnative AOP (Advance Oxidation Processes) teldgies as
for example- Photo catalytic processes has beetogath which are capable of almost complete mileatibn &
for effective treatment of wide range of organidlytants.AOP is a catalytic process based on tineigeion of very
reactive species such as hydroxyl radicals thatssbectively, oxidizes wide range of organic pahis[10] .To
utilize visible light or solar light among AOPs pghohemical oxidation[11§ photo catalytic oxidation[12-13]
methods have been paid more attention in the re@sars .AOPs seems to be very promising way ofrireat of
wastewater from textile industry. In AOPs hetercgmrs photo catalysis’s found as an emerging deigtruc
technology leading to complete mineralization afasric pollutants [14-20].

Many visible light &UV light sensitive photocatalyg1-25] have been developed. The developmentisiifle light

photo catalyst is an impressive task in order tizatthe solar energy effectively. The presentkiiovestigates the
influence of an azo dye, (AO7) in presence of Wsiight induced methylene blue immobilized resiovizx-11.

The inhibitive influence of propanol has also bestudied.The main objective of the present workaoisséek
attention of researchers towards the efficientlftdse&cheap photocatalyst. Since Dowex-11 is anesohange
resin has been specially engineered with uniquegityr to optimize organic removal. Here immobilinat

technique is applied just to fill porosity with pbeensitized dye methylene blue so that the vislight

photocatalyst can be developed. Since methylene isla photosensitized dye so, as it absorbs phaftgnitable
wavelength it get excited& the ejected e- transfardo singlet state & through inter system crogéigC) e-

transfer to triplet state of methyelene blue. Fertélectronic interaction occurs between resinhyedene blue &
solution mixture & resultant is formation of holesgry reactive hydroxyl radicals & super oxide idi@) that

rapidly oxidizes the organic pollutants. The préatictentative mechanism of decolorization has bgigan as
follows:

Light Radistions

Dye —m—= Dye*!
5
Dye# =+  Dye”
D‘-"f_‘-*_: - I-E D}"E-_ _I'R (E;j
— _ = (M
IR (&) + O R +0
Dye® + 0OH ——————» Dye + °"OH
Dye/Dye +'OH —_— Product
Table-1
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e
=M
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Chemical Structure

C.I Number 15510
Synonym Orange Il
Molecular formula NafeH::.SN,O,4
Molecular Weight 350.32

Amax 483nm
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Fig.1. The IR spectra of Dowex-11 resin without grafting
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Fig.2. The IR spectra of Dowex-11 resin after immobilization by methylene blue dye.

since operating capacity is a critical feature aof anion exchange resin, here the new uniform parize
methylene blue immobilized resin Dowex-11 consijenffers 90-95% removal of organic material wheaw; 80-
85% removal after extended services, this was prdyerepeating the same experiment under optimadliions
(40mg/L dye concentration,2g/L catalyst loading, pH, and 10.4 mWocthlight intensity).Also the homogeneous
mixture separation can be done easily becauseeobelds like structure of the catalyst. Therefast freatment
processes is not a tedious task. This catalyss@s\aery good alternative to traditional techno&sgior industrial

application.
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Fig.3. Influence of variation in dye concentration on the decolorization efficiency in presence of 2g/L catalyst, 10.4AmWcm? light intensity,
pH-7.5.
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Fig.4. Influence of variation in catalyst loading on the decolorization efficiency in presence of 40mg/L dye concentration, 10.4mWcm?
light intensity, pH-7.5.
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Fig.5. Influence of variation in pH on the decolorization efficiency in presence of 40mg/L dye concentration, 2g/L catalyst, 10.4mWcm?
light intensity
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Fig.6. Influence of variation in light flux on the decolorization efficiency in presence of 40mg/L dye concentration, 2g/L catalyst, 7.5pH
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Fig.7. Relationship between 1+log Optical Density (AO7) and illumination time on photocatalytic decolorization of AO7.[AOQ7],=40mg/L,
2g/L catalyst loading, pH-7.5, 10.4mWcm? light intensity
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Fig.8. Plot showing differencein photodecolorization efficiency of AO7 in presence & absence of propanol at 40mg/L dye concentration,
2g/L catalyst loading, pH-7.5, 10.4mWcm2 light intensity

MATERIALSAND METHODS

The dye AO7 was collected from local dye suppli@&swas used without further purification .The main

characteristics of the dye is given in table-1.Bhcatalysts prepared from Dowex-11 resin 20-50 m@&isco
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Chemicals India, Mumbai), Methylene blue hydrated rhicroscopy (Loba Chemicals India), pH of theusioh
was maintained by NaOH & 430, of AR grade. Dye solution of the desired conceitratvas prepared using
doubly distilled water.

Process of Immobilization

Immobilization was done by preparing M/1000 concatitin of methylene blue in double distilled wagdter that
the resin Dowex-11 has added to the solution, theume was shaken & placed in dark for 3 days tbagenplete
immobilization of methyelene blue inside the paréshe resin. On fourth day the resin was filtemfrthe solution

& washed with double distilled water twice & usesl photo catalyst. The immobilization takes placeah be
identified by its characteristic IR spectrum (Figidr) shows the peaks of the resin (without grajftibgfore
immobilization and Figure-2 shows the peaks aftemobilization the bands at 2987, 2905, 1600-1436lonere
attributing to Ar-H, C-H, C=C and C=N respectivehgaks at 1270, 1220-1020 ¢rand others peaks show bending
of various groups. These peak shows that the imimaton of the photo sensitized dye (methyleneeplin the
resin has been taken place.

Experimental setup and procedur e of study

The photo decolorization reaction was carried bach photo reactor containing 50 ml of a modeltsah of AO7
& a defined amount of photo catalysts. The conegioin of model dye was equal to 10 mg/L to 70 m&/the
catalyst concentration ranged from 1 g/L to 3 gfhe solution in the reactor was continuously stirdeiring the
experiment. After 15 minute in dark to set equilibm, the reaction was illuminated with 10.4 mW=erungsten
lamp (philips). The lamp was positioned 10 cm abtheereactor. The irradiation intensity was meagwsing a
photometer (1L1400A). The experiment was performeambient (3TC) temperature. The reaction was carried out
with 3 different pHs (Fisher scientific Acumen) 3.5.5& 11.5 corresponding to initial dye conceritnat(40
mg/L).The solution was aerated throughout the érpatt. At specific time interval the samples ofwimin were
withdrawn & analyzed. The decolorization rate of A@as estimated on the basis of changes by Shirr@izu
Spectrophotometer. The FT-IR spectra of the resiore and after immobilization were recorded by@meJasco
Corp. /IR-610 over the range 599.7532 — 4000.60% cm

RESULTSAND DISCUSSION

Initially the experiment was carried out in lightlp (without catalyst) in order to determine theofmhstability of
AO7. The solution was placed in the same batchglesctor that was applied in the photocatalysigearment. It
was found that after 160 minute of illuminationtb& dye solution the measured optical density efsthiution was
almost constant, that means no degradation of ylee AD7 took place. Therefore, it can be stated thathe
presence of methyelene blue immobilized resin Detvexhe decolorization stated. To determine theafbf the
initial dye concentration, catalyst loading, pH iation & light flux variation on the effectiveness photo
degradation of AO7 the photo decolorization of mMabe was performed.

The degradation efficiency(X) was given by formgleen in equation (1):

Co-C
Y =
Ce

C, = Initial Concentration
C = Concentration of AO7 attime t

Effect of initial dye concentration

The effect of initial AO7 concentration on photogdedation efficiency is shown in figure-3 when it
concentration exceeds optimum level degradationedsed. The presumed reason is that lower contientfap to
40mg/L) hydroxyl radical, super oxide ions were figignt to attack dye molecules, but with incredse
concentration (above 40 mg/L) of the dye, more &enmdye molecules are adsorbed on the surface afiiadyst as
a result of which catalyst surface available toegate hydroxyl radicals, super oxide ions were sufficient
enough to attack dye molecules, thereby photo detjen efficiency decreases.
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Effect of catalyst loading

A series of experiments were performed to asseimom catalyst loading by variation in amount ofadgst
dosage (1g/L to 3 g/L) at pH-7.5 with dye conceitra(40mg/L). From figure-4 it can be concludettipaoto
degradation efficiency increases by increasinglysttdoading. Increase in degradation with increaseatalyst
loading was due to increase in humber of activessitvhich in turn increased hydroxyl radical, hdesuper oxide
ions but when we keep on increasing catalyst l@adimove 3gm no change has been observed, this endyébto
increase in catalyst loading above optimum levelited in decrease in light penetration & aggregatf particles
may also reduce effective surface area of catédystbsorption of reactant.

Effect of pH

pH value is one of an important factors influencihg rate of degradation, in the photo catalytmcpsses. It is also
an important operational variable in actual wastgew treatment.Figure-5 shows that when pH range& D the
photo degradation efficiency was very good, & itlasv in acidic pH range increase in rate of photalggic
decolorization in neutral to alkali range (pH-7.5¥9may be due to more availability of Gbins by combining with
holes, which are formed due to electronic excitatiocatalyst. These hydroxyl radicals were congideesponsible
for the photocatalytic bleaching.

Effect of light flux

The effect of light intensity on rate of photodedation efficiency is shown in figure-6 from expeant it has been
found that as light intensity increases the ratdegfradation of dye molecules also increases thistm due to due
to increase in number of photons reaching catalygiaice area so increase in number of excitedysatadolecules
resulted in increase in number of holes, hydroadicals and super oxide ions)(but this increase in degradation
rate was up to certain extent & after it no chaage observed in rate of degradation this is becawmseémum
number of photons which are required for excitatoa available in fix range irradiating light ins#ty &after it if
further increase in light intensity no considerabf@nges are observed in rate of degradation ,becallicatalyst
molecules become active (excited) in fix light gty range after it if we increase light intendityany range the
rate of degradation remains unchanged.

Kinetics of photocatalytic degradation.

From figure-7, the semi log plot of dye concentmativerse time was linear suggesting that the ptetgradation
reaction follows pseudo first order kinetics (2.50%min™). When initial concentration exceeded optimum leve
degradation decreased. Moreover, as initial dyeeaination increased, path length of photons ewgesolution
decreased & at low concentration, number of photdsorption by catalyst increased, hence rate gifadiation is
proportional to substrate concentration in accordamith apparent Pseudo First order kinetics.

The rate constant was determined using the expresskK=2.303x Slope.

Addition of propanol

Alcoholssuch as ethanol & propanol are commonly used tacjudydroxyl radicals. As it was observed from the
experiment (figure-8) that decolorization efficignzf AO7 was decreases in presence of propandiérratio 2:5)

in comparison to dye solution in absence of propafidis enables us to draw the conclusion thatllsamaount of
propanol inhibit the photocatalytic decolorizati®@hence OH radicals also play a major role in phoabalytic
oxidation of AO7 dye.

CONCLUSION

The result of our study showed that recently dgsetbphoto catalyst MB immobilized resin Dowex-11ilcobe

efficiently used to decolorize carcinogenic orggmdutants like azo dyes (AO7) present in wastewakhe results
revealed that the degree of degradation of AO7 atasously affected by the initial dye concentratipii, catalyst
loading & light flux. From optimal condition 40mg/[Z.5 pH, 2g/L catalyst loading & 10.4 mW¢rtight intensity

the inhibitive effect of propanol has also beerdigd, & it was concluded that hydroxyl radicalsyptamajor role in
oxidation of the dye (AQ7). The degradation of the, follow the pseudo-first order kinetics withspect to the
concentration of AO7. No obvious decline in effiodg of the catalyst was observed after 5 respenteles and this
shows the stability and reusability of the catalyst
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