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ABSTRACT

Photo catalytic degradation of Chicago sky Blue 6 B (Direct Blue 1) (CSB-
6B) in recently devel oped photo catalytic reactor using recently developed
photo catalyst Methylene Blue Immobilized Resin Dowex-11. Thisis suc-
cessfully applied for degradation of dye pollutants of wastewater of textile
industries. The reactor is made of glass dlides (tubes) coated with a thin-
film of Methylene blue Immobilized Resin Dowex-11 with the help of suit-
able and non-reactive adhesive, the model dyes solution is continues re-
cyclesfrom reactor for 3 hour in arecircul ation mode under various condi-
tions (with/without catalyst, with/without light radiation, variationin: cata-
lyst amount, dyes concentration, light intensities, pH). The removal effi-
ciency was evaluated using UV/Visible spectrophotometer at 1. =618 nm
for dye CSB-6B). The degradation efficiency was very good and we ob-
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tained 99.9% transparent water in 3 hour at pH 9.
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INTRODUCTION

Azo-dyes; which contain one or more azo-bonds
arewidely used synthetic dyes and usually are major
pollutantsin waste water of textileindustries. Azo-
bondsare so strong and are therefore difficult to break
and hence these azo-dyes are non-biodegradablein
nature. Due to their toxicity and non-degradation
property, these dyesare categorized as environmen-
tally hazardous materials. The discharge of thiscol-
ored, toxic and non- biodegradabl e wastewater from
textileindustriesin the ecosystem has created abig

environmental problem. Duringthe last few years,
several studieshave been carried out for biological,
physical and chemical treatment of dyes containing
wastewater>4 the most common treatment methods
including adsorption, biologica degradation, chlori-
nation or ozonation, are commonly used technics but
these are not enough to remove these dye pollutent
from water streams of textileindustries. Recent de-
velopments of advance oxidation processwerefound
as an emerging technology leading to the total de-
col orization of most of organic dye pollutants>2.
Heterogeneous Photo catalysis can be successfully
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used to oxidize many organic dye pollutants present
in agueous systems. Advance oxidation processesare
all characterized by the same chemical feature: pro-
duction of radicalsthrough a multistep process, al-
though the different reaction systemsare used. A | ot
of studies have been reported on the photo catalytic
transformation of refractory organics. TiO,, ZnO and
some other such oxides have been used as photo
catalyst for many systemseither in suspended or in
supported formg*17,

Thefading of the dye solution was associated with
cleavageof azolinkagein dyemolecule. Azodyesare
characterized by nitrogen to nitrogen double bond (-
N=N-that areusually attached to two radica sof which
at least one but usualy both arearomatic groups (ben-
zene/naphthaenering) The color of azo dyeisdeter-
mined by the azo bonds and their associated chro-
mophore and auxochrome. Azo bondsof azo dyesmol-
ecules can beoxidized by theseradical ) thecleavage
of -N=N- bonds leads to the de-colorization of dye.

Elimination of dye pollutants of wastewater of tex-
tileindustries by photo catalyst in the presence of sun-
lightisthemost environment friendly treatment method.
Here we use Methylene Blue immobilized resin
Dowex-11 asphoto cata yst whichisan efficient photo
catalyst for degradation of dye pollutantsin the pres-
enceof visible/Sunlight irradiation. When methylene
blueimmobilized resin Dowex-11isirradiated by vis-
iblelight, it becomeactivates self and dueto intersys-
tem crossing el ectronictrangition occursform catalyst

N
NaOzS

HsCO
SO5Na

L)

to dye moleculedueto it dye molecule becomeexited
and rearranged, resultant degradation of dyemolecule
start and simultaneously hydroxideions and superox-
ideionsa soform they are a so have high capacity to
oxidized organic molecul es so rate of degradation of
dye moleculesis so high comparatively old traditional
technics and we get better resultin small interval of
time approx. 2 to 3 hour and we get 99.9% transpar-
ent water. We al so done acomparative experiments
with traditional and too costly photo catayst likeZnO,
TiO, and wefind out that they takes day long timefor
degradation of dye moleculesand efficiency of degra-
dationistoo lesswe get only 80 to 90 % transparent
water in morethan 12 hour study. Finally we choose
newly devel oped photo catalyst M ethylene Blue Im-
mobilized resin Dowex-11 asfuturecatayst and it may
be provebest at industrial level trestment of dye pol-
luted waste water. One another major pluspoint is
that sizeof catalyst particleislarge (sze~20-50 mesh)
sowecan easily separate from water by smplefiltra-
tion processwith the help of common household cloth/
Net. ZnO, TiO2arevery finepowder so very difficult
to separate from water.

EXPERIMENTAL

Materials

Azodye, Chicago sky blue6B (CSB-6B) wasused
asamodel compound. Chicago sky Blue6 B (Direct
Bluel).

-

OH NH,

l l SO3Na

SO3Na

OCH,

Sructureof Chicago sky blue6B

Thisisarecalcitrant azo dye found in textile
wastewater. Solution was prepared by dissolving a
defined quantity of thedyeindistilled water. (A _ =
618 nm.) (Dye content about 80 %.). For the prepa-
ration of catalyst we use an anion exchange resin
Dowex-11 (size ~20-50 mesh) and methylene Blue
C.1.: 52015 d so called Swiss Blue. Onegm dissolves
inanml of water. (A _ 668 and 609nm). (Dye con-
tent about 82 %.)

Photo catalyst
Used chemicals

We prepare Photo catalyst by following materias
Dowex-11 Resin 20-50 mesh (Sisco Chemicalsindia
Mumbai), Methylene Blue Hydrate For Microscopy,
(C.1.No52015) (LobaChemicalsIndia)

Prepar ation of photo catalyst
The photo catalyst was prepared by appropriate
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amount of the Dowex-11 resin add to methyleneblue
solution of suitable concentration and placethe con-
tainer indark for 2 daysfinally filter Dowex-11resin
from Methylene Blue solution and washed Dowex-11
resin by distilled water and useit for catalysisprocess
for severd times.

Role of methyleneblue

Methyleneblueisphotosensitized dyes. Whenmol-
eculeof MethyleneBlueimmobilizedin poresof resin
(fill in poresof resin). Methylene blue (MB) is photo-
sensitized dyesand becomesexited by absorbing pho-
tonsof light radiations. Infirst dectronic excitation, eec-
trontransfersinto singlet stateand throughinter system
crossing (ISC) electron can transfer totriplet state of
Methylene Blue. Further inter moleculeelectronicin-
teraction occurs between resin, Methylene blue and
solution mixtureand resultant isformation of holes, hy-
droxyl radicals and Supraoxideions (0), these are
highly oxidativein nature

Analytical methods

Changein dyesconcentration isobserved smply
by Shimadzu-160 UV/Visible spectrophotometer. We
pipette out 10 ml of solution by pipette at the time
interval of 15 minutes and observe changesin per-
centagetransparency of dyes solution. Dissolved oxy-
gen and temperature.(Y Sl 550A), as well as pH
(Fisher ScientificAccumet 50) ismonitored during the
experiments. Irradiationintensity ismeasured using a
photometer (IL 1400A).

Thereactor system

A photo cata ytic reactor (PCR) wasused to study
the degradation of azo dye Chicago sky Blue6 B (Di-
rect Blue 1). The system consisted of the PCR, alL
open reservoir equipped with astirrer to ensure com-
plete mixing, and aperistaltic pump to forcethe solu-
tion from the reservoir to the reactor The PCR was
made of 3t0 9 glassor more dide/tubes/cylinder with
different amount of catalyst coating. Reactor height is
30 cm. and glass tubes, beakers were choosing be-
causethiskind of sysemisVisblelight transparent and
easy modd s. Each glasstubeshad aninner diameter of
50 mm, an outer diameter of 90 mm, Water was di-
vided among the 3 or more glass tubes/cylinder and
forced to follow afixed routeinside each tube before

= Egotoxicology

leavingthereactor, resultinginincreasedirradigtiontime.
Tungsten lamp of 200 watt/Sunlight is used aslight
source; theintendgty of radiationisof 10.4 mW/cn. All
experiments were performed at room temperature.
Detailed reactor set up showninfigurel

Figurel: Schematic diagram of theexperimental setup: (1)
light lamp; (2) stirrer; (3) Thermometer; (4) Glassreactor
(beaker); (5) water bath; (6) magneticstirrer. Beaker coated
with M ethylene Blueimmobilized Resin Dowex-11 by non-
reactiveadhesive (a) Dyessolution without catalyst coated
reactor showsno changein color (b) shows(degradation of
dyesmolecules) changein color by theaction of photo cata-
lyst (c), solution become colorlessthis showsthe complete
degradation occur sby theaction of methyleneblueimmabi-
lized resin dowex-11 (20-50 mesh) in three hour irradiation
timeduration. 7. Reactor pump and connectingtubetoreser-
voir and reactor beaker.

RESULTSAND DISCUSSION

Probablechemical reaction of thisdegradation

Methylene BluelmmobilizeResn Dowex-11. This
isnewly devel oped photo catayst. Thedyesimmobi-
lizeinporogity of resinisMethylene Blue. Methylene
Blueisphoto sensitivein nature, whenlight radiationis
irradiated onthisdyes el ectronictransition occursfrom
valance band (VB) to conduction band (CB) through
intersystem crossing (1SC) electron reach intotriplet
state of Methylene Blue. After it intermolecular elec-
tronictrangtion gart betweenresin, Methylenebluedyes
mol ecul es, water mol ecules, dye (CSB-60 molecules
and dissolved oxygen, resultant through chain process,
holes, hydroxyl radicalsand Supraoxideions(o) are
produced and these are highly oxidizing in nature, by
theaction of holes, hydroxyl radica sand Supraoxide
ions (0") onAzo dyes, aretransformed in simple or-
ganic compounds like CO,, H,O, SO,, N,, etc. The
mainfactorsinfluencing the photo cataytic degradation
of Azodyesisvariationin catadyst loading, variationin
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concentration of dyes, variationin pH of the solution,
variationinlightintensity, variaionin dissolve oxygen.

Discussion on results

Photo cata ytic destruction of the (CSB-6) solution
was measured using UV/Visible spectrophotometer at
(A ., =618nm.). After 3-hour photo catal ytic experi-
ment at pH 9

Thetransparency isincreasesby 24, 40, 48, 85 and
95 and 99.9% after 30 minute, 1h,1.5h, and 2 h, 2.5h
and 3hrespectively. Theincreaseintrangparency islikey
dueto the degradation of the CSB-6. Thetemperature
wasdmost congtant during theexperiments(30°C), while
thedissol ved oxygen concentration ranged from 6.0to
6.9mg/L (71-82% saturation). The highest removal rate
of CSB-6B isobserved a pH 9. In The First 24 hour
experiment, thereactor operated with uncoated cylinder
tube/didesand the200 watt UV/Visblelight/Sunlight.
During thisexperiment, no variationintransparency is
detected. Next, theM ethyleneblue Immobilized Resin
Dowex-11 thin-filmfixed in/on reactor cylinders/tubes/
didesand thereactor operated withthe UV/VIS/Sun
light for 3hour. Duringthistime, significant variationin
transparency isobserved. Thus, theremova of CSB-
6B detected on (pH 9) can only be aresult of photo
catdyssand not aresult of adsorptiononthe Methylene
blue lmmobilized Resin Dowex-11 surface. Therate of
removal/degradation isreduceto much below pH 2.5
and above pH 13, amost dyes degraded and 99.9%
transparency indicated fast rate of degradation of dyes.
Thisrepresentshigher removd efficiency thanreported
inpreviousstudiesphoto catayst TiO,and ZnO. Inthis
study werecover (99.99%) transparent water from tex-
tileindustrieswastewater containing non-biodegradable
dyes/azo dyes successfully. Degradation of dye CSB-
6B using animmobilized M ethylene blue Immobilized
Resin Dowex-11 isachieved successfully. Thedye CSB-
6B degraded completely after 3 h at pH 9 and show
99.9% transparency. Effect of These parametersonthe
rateof degradation are(1) Variationin catalyst loading,
(2) Varidionin dyesconcentration, (3) Variationin pH,
(4) Dowex-11 ariationinlightintensity, (5) effect of dis-
solveoxygen. All thesatsare obsarved morethan 3 hour.

Effect of catalyst
Theamount of the photo catalyst affectstherate

of photo catalytic degradation. We observe effect of
variation in amount of photo catalyst on therate of
degradation at constant pH 7.5. Wefind out that as
concentration of catalyst increasesrate of degrada-
tion aso‘ increases. Increase in the rate of degrada-
tionwithincreasein amount of catalyst isdueto avail-
ability of more catalyst surface areafor absorption of
guantaand interaction of molecules of reaction mix-
turewith catalyst, result isthat number of holes, hy-
droxyl radicasand supraoxideions (0 areincreased.
Theseare principleoxidizing intermediatein advance
oxidation processand increasestherate of degrada-
tion. Effect catayst loading on rate of degradationis
graphically showninfigure2
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Figure2: Effect of catalyst loading on photo catalytictrans-
formation (Temperature: 303K, solution, Volume: 200 ml,
initial dye concentration: 40 mg/l, pH 7.5, UV lamp: 10.4
mwWcm?2)

Effect of initial dyesconcentration

We observetheeffect of changein dyes concen-
tration on photo catal ytic degradation and find out that
asconcentration of dyesincreasestherate of degrada
tion decreases. Thiseffect may be caused duetofol-
lowing reason
1. Astheconcentration of dyesincreases number of

photonsreaching to catalyst surface decreasesre-

aultisthat lessnumber of catalyst moleculesunder-
goesexcitation and duetothiseffect rate of forma-
tion of holes, hydroxyl radicalsand supraoxideions

(0) is decreased so rate of degradation also de-

creased.

2. Catalyst surface areaisfixed so asthe concentra-
tion of dyesincreasesrate of degradation decreases
because limited number of dyes moleculesattach
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a theactiveste of the catalyst and remaining dyes
molecules persistin solution until earlier attached
moleculesare degraded and number of active site
of catalyst also decreases due lessavailability of
photonsfor excitation of catalyst molecules. Com-
petitions between dyes moleculesto attach to the
activesteal so effect rate of degradation. At higher
concentration number of dyesmoleculesarealso
high so morewill bethecompstition for attachment
to activesiteof catalyst between thedyesmolecules
and resultisreduction in therate of degradation.
Rate of degradation of dyesshowngraphicallyin
figure3
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Figure3: Effect of initial dyeconcentration on transfor ma-
tion (Temperature: 30°K, solution volume: 200 ml, pH 7.5,
UV lamp: 10.4mwW cm2)

Effect of pH

We observethat effect of pH on rate of degrada-
tion of dyesmoleculesisvery interesting. Theresults
showsthat rate of degradationisvery lowinhighacidic
pH range, if pH islower than 3.5 rate of degradationis
very less, aspH increasesrate of degradation alsoin-
creases when pH reaches to basic range the rate of
degradationincreasesfast, in pH range 7.5to 9 rate of
degradationisvery good. Onfurther increasing pH the
rate of degradation also start to decrease after pH range
10 or aboverate of degradation islessand decreases
aspH increases. So we concludethat rate of degrada-
tioninbascmediumishigher thanacidic medium. The
increaseinrate of photo cata ytic degradation may be
duetothemoreavailability of “OH ionsinpH range 7.5
to 9whichwill generate more-OH radicasby combin-
ing with the holeswhich areformed dueto electronic
excitationin catalyst. Formation of hydroxyl radicals

= Egotoxicology

areresponsiblemorefor the photo catalytic degrada-
tion than supra oxide ("O). At higher pH the rate of
degradation decreases. Thiseffect isdueto competi-
tion between -OH groupsto attach to the active site of
catalyst, sorateof attachment of “OH group decreases.
Resultisthat formation of hydroxyl radicals (OH) de-
creases and dueto thisreason rate of degradation also
decreases.

Graphicd representation of variationinpH isshown
infigure4.
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Figure4: Effect of pH ontransformation (Temperature: 303

K, solution volume: 200 ml, initial dyeconcentration: 40 mg/

[, UV lamp: 10.4 mW cm2)

Effect of light intensity

We observetheeffect of light intensity on rate of
degradation. Wefind out that aslight intengity increases
therate of degradation of dyesmoleculesa soincreases
up to certain extent and after it no changes are ob-
served inrateof degradation. These changesin rate of
degradation of dyesmoleculesby variationinlightin-
tendty isduetothereasonthat aslight intenity increases
number of photonsreaching the catalyst surface also
increases so number of exited catalyst moleculesin-
creases and result isincreasein the number of holes,
hydroxyl radicalsand Supraoxideions (o) and rate of
degradation of dyesmoleculesalso increases.

We observethat after some extent of increasein
light intensity thereisno effect onrate of degradation
on further increaseinlight intensity. The causeisthat
maximum numbersof photonswhich arerequired for
excitation areavailableinfix rangeirradiating light in-
tensity and after it if wefurther increaselight intensity
no considerable changes are observedin rate of deg-
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radation becausethereisno requirement of more pho-
tonsfor excitation. Becauseall catayst moleculesbe-
comeactive (exited) infix light intengty rangeafter it if
weincreaselightintensity to any range, therate of deg-
radation remainsunchanged. Graphical representation
of lightintengty variationisshowninfigure5
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Figure5: Effect of variation of light intendity on transfor ma-
tion (Temperature: 303 K, solution volume: 200 ml, initial
dyeconcentration: 40mg/l, pH 7.5.)

Effect of dissolved oxygen on rateof degradation

We observed the effect of Dissolved oxygen on
rate of degradation, as dissolved oxygen increasein
dyes solution rate of degradation also increase. We
observed that when oxygen gasis passed through re-
action mixturetherateof degradationincreasesbut when
Nitrogen or any other non-reacting gasispassed through
thissolution no effect isobserved onrate of degrada-
tion. Thiseffectismay be dueto moreavailability of
oxygen for formation of supraoxide (‘O) and hydroxyl
radicd. Thesearehighly oxidativein natureand increase
therate of degradation of dyesmolecules.

Kineticsof transfor mation

The Langmuie- Hinshelwood kineticsmodel can
formally describethe Photo cataytic transformation of
variousorganic moleculesby meansof illuminated photo
catalyst. Thismodel was used to describe the photo
oxidation kinetics of the dye by agreat number of re-
searchers. The photo cata ytic transformation of Chi-
cago sky blue6B dye containingimmobilized resn obeys
apparently pseudo-first order kineticsat low initial dye
concentration. Thedyeisadsorbed onto the catalyst
surface to be effectively oxidized dueto the fast re-
combination of electron-hole pair. In Langmuir-

Hinshelwood pseudo-first order kineticsmodd therate
of reaction is proportional to the surface coverage.
Therefore, theinitial rater (mgl*min) of decoloriza-
tion canbewritten as:
r,=-dc/dt=k KC/1+KC
Wherer® = initial rate of reaction, k = constant for photo cata-

lyst, K = rate constant for adsorption, C = concentration of
bulk solution at adsorption equilibrium, ¢ = concentration of

bulk solution at any timet, t = timein minutes.

The above equation can berearranged in thefol -
lowinglinear form:
Ur = UkrKC + 1/kr
Decol orization of the dye solution obeys pseudo-first
order kineticswith respect to the dye concentration.
From the experimental results, it hasbeen confirmed
by thelinear plot obtained by plotting optica density of
thesolutionwithtimeasshowsinfigure6
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Figure6: Kineticsplot of photocatalytic transfor mation of

Chicago Sky Blue6B (Temperature: 303K, solution volume:

200 ml, initial dye concentration: 40 mg/l, pH 7.5, Light in-

tensity; 10.4 mwW cm?,

Proposed mechanismfor transformation

When aphoto catal yst absorbsaphoton of energy
equal to or greater than itsband gap width, an electron
may be promoted from the valence band to the con-
duction bandleaving behind an dectronvacancy or hole
inthevalence band. On the other hand, the dye mol-
eculesareexited tofirst exited singlet stateinthe pres-
enceof solar radiation. Then theseexited singlet mol-
eculearetransferred to thetriplet state through inter-
system crossing. Thentheseexited singlet moleculeare
transferred to thetriplet Satethroughintersystem cross-
ing. Thetriplet dyesdonateits el ectronsto the photo-
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catayst and the dye becomes positively charged. The
dissolved oxygen of the solution will pull an electron
from the conduction band of photocatalyst. Theposi-
tively charged molecules of thedyewill immediately
react with hydroxyl ionsto form-OH radicalsand su-
peroxideionsthese-OH radicalsand superoxideions
will oxidizethe dye molecule (Chicago sky blue 6B)

= Egotoxicology

into the product. The probable mechanismfor degra-
dation of CSB-6B

Dye+Im-R+hv Dye"+Im-R(e)
Im-R(e)+0O, ——» IMm-R+0O,
Dye*+OH- ——» Dye+OH:
Dye*+OH: —— Product

[Wherelm-R=Immobilized-Resin|

M echanism of photocatal itical degradation of Chikago sky blue-6B

OH NH,

NH,
NaOsS N= NHN N SO3Na
Oe H,CO OCHs Oe

SOsNa SOzNa
hv/catalyst
NH, NH;
NaO3S N—N O Q N—N SO3Na
O e HsCO OCH3 Oe
SO3Na SOsNa
H OH / catalytical electron transfer
O—H
NH, OH NH,
HO3S SO3H
OCHg OO
H3CO
SO3H SOzH
Rearrangement
NH> OH NH,
HO3S NH, SO3H
@g wr CIO)
SOzH OCH3 SOgH
3 HsCO 3
+ oul - SO3H + OH —SO3H
NH, OH NH, OH
HO3S l l NH, HO3S l l NH,
SOzH SOzH
remova by meansof anove photocata ytic reactor with
CONCLUSION thin-film of Methylene blueimmobilized resin dowex-

This study focused on the eval uation of CSB-6B

11 prepared. The system operated in arecirculation
mode under various conditions (with/without cataly<t,
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with/without UV/VISradiation, different amount of

catalys, different dyesconcentration, different lightin-

tengties, different pH conditions, and different dissolve
oxygen percentage.) Changesin transparency of solu-
tionsfrom dark colored non-transparent solution to

99.9% transparent sol ution shows success of experi-

mental set up of instrument with applying Methylene

blue Immobilized Resin Dowex-11 photo catalyst.

Theseresults show that new reactor set up using Meth-

ylenebluelmmobilized Resin Dowex-11 photocataly-

gsprovidesapromisingtechnology toimprovethequa-
ity of effluent from textilewastewater trestment plants.

After long observationwe concludethéat thisphoto cata-

lyst (MethyleneBlueimmobilized Resn Dowex-11) with

new reactor has good potential of degradation of Azo
dyes dyesinto simplemoleculesand purify textileef-
fluent (wastewater) which containslargeamount of non
fixed dyesmostly Azo dyes. TheseAzo dyesarenon
bio degradable.

We observetheeffect of different parametersgiven
inorder

1. Effect of variationindyesconcentration: - Ascon-
centration of dyesincreasestherate of degradation
of dyesdeceases.

2. Vaiaioninamount of catalyst: - Asconcentration
of catalyst increasestherate of degradation of dyes
moleculesasoincreases.

3. VariationinpH: - Inacidicrangeof pH therate of
degradation is very less as pH increases rate of
degradation dsoincreasesand between pH ranges
7.5to 9rate of degradationisfaster onfurther in-
creasein pH therate of degradation decreases.

4. Vaiaioninlightintensty: - Onincreasnglightin-
tensity therate of degradation of dyes molecules
increasesupto certainlimit after it thereisno fur-
ther changesin therate of degradation.

5. Effect of dissolved oxygen: - Rate of degradation
increases up to some extent onincreasingthedis-
solved oxygenin dyes solution.
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