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Abstract- Photocatalytic ozonation is found to be one of mhest effective ways to degrade dye waste watertdehtalytic
ozonation facilitates ozone decomposition and hygroadical formation. For this study Carmine dywif azo) was used as dye
model. Carmine dye has UV max absorption (water)560 nm. The carcinogenic effects of dye include¢hama,
rhinoconjuctivitis, anaphylaxis, allergic contadgrmatitis, hypersensitivity and skin damage causech prolonged exposure
and consumption. The effect of various dye conedioins(50 ppm, 100 ppm and 200 ppm), catalyst ZA#dihg(0.125 g/l, 0.25
g/l, 0.5g/L),pH (5.5,7,8.5) and ozone flow rate@®)65 Iph) have been studied. The optimum parametere found to be 200
ppm dye concentration, 0.25 g/l ZnO catalyst logdimcidic pH of 5.5 and maximum ozone flow rate66flph. The reaction
kinetics and % COD reduction have also been ingatdtd. The reaction was found to follow first orligretics with rate constant
k equal to 0.0255 mih Photocatalytic ozonation process was found doice COD % of dye effluent by 60%. Samples of dye
were analyzed by UV-Vis spectroscopy. Photoca@i@tzonation method can be used to produce higlitguater which can be
reused and gives better management of waste water.

Index Terms- Advanced Oxidation Process; Photogiitalozonation; Carmine dye; Zinc Oxide catalyst;V-Mis
Spectrophotometer

1. INTRODUCTION removing colour but are costly and do not at timeset the
discharge criteria. Therefore some studies suggegtioying

Water pollution has been a main reason of condene s/ears advanced oxidative processes (AOPs) in isolatiomtsned or
for the mankind. Water pollution has taken a tolainty for preliminary assessment. Several methods argabie for
because of reasons such as industrial effluentsingpavgenerating OH radicals. These include both nonget@mical
contaminants such as toxic chemicals, nutrientshogens. and photochemical methods such as Ozonation aatelé\pH
Change in the chemical, physical, biological qyatit water is (>8.5), Ozone + hydrogen peroxides(,0, Ozone + catalyst
injurious for consumption of human beings and agulife. (Os/CAT), Fenton system UD,/FEY), OJUV, H,0,/UV,
Contaminants have a significant impact on ecosystévtore Os/H,O,/UV, Photo-Fenton/Fenton-like systems,
than 60% of the world dyes production is consumetektiles Photocatalytic oxidation (UV/TiO2) [16]. The toxigi
industries [3]. The presence of dye in water mayehather reduction and decolourisation of textile effluentnbining the
environmental negative effects such as reflectibsumlight, photocatalytic process with ozonation found to beryv
low quality of the treated water since the presesfoeesiduals efficient.

affect water properties such as pH, hardness, mto-soluble . ] N
salts that cause partial or complete blocking afcpss tube Photocatalytic ozonation controls the decompositibrozone

lines [5]. Textile industry effluents can be cliesi by extreme 2nd hydroxyl radical formation using catalyst. Giege of dye

fluctuations in many parameters such as high cdrations of t@kes place both by direct ozonation and radicahveays,
recalcitrant organic and inorganic chemicals ande afvolving the generation of hydroxyl radicals whican be

characterized by high chemical oxygen demand (C@By activated by UV light. The reaction between hyddexiions

total organic carbon (TOC), pH, salinity. Traditirphysical and ozone leads to the fqrmation of super—oxic.ieranadical
and chemical methods such as coagulation, adsorptim Oz @nd hydroperoxyl radical HO By the reaction between

exchange or ultra-filtration, though, can generalg used ©Zone and the super-oxide anion radical the ozoaiien
efficiently, result in the generation of solid wasthich needs "adical @ is formed, which decomposes immediately giving

further disposal [5].Such methods have been helpful OH radical [15].
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HO + Q — H02+02
30, + OH. + H—> 20H + 4Q

In this work we have carried out phocatalytic oz@ra of
carmine dye (non azo dye). Experiments were caoigdn a
batch quartz photo-reactor equipped with magnetices and
Ozonator. The irradiation source was a UV Mercurgpvr
Lamp (250W, Philips), which was placed in the inmggass
holder of the reactor. At the same time ozone igpbed
through ozonator at a flow rate of 65 Iph in reacReaction is
carried out with the help of UV light and ozone das time
limit of 2 hrs. Samples were withdrawn at regulamet
intervals and analyzed for dye degradation.
decolorization of Carmine dye was measured at rdiffetime
intervals by UV—-Vis spectrophotometer using abaace at

maximum wavelengthi(max) of the dye. Parameters such as

Effect of initial dye concentration (with and witlibcatalyst
loading), effect of pH, effect of catalyst loadingffect of
ozone concentration, reaction kinetics and cod c&olu were
studied.

1.1 Carminedye properties:
Carmine is a non azo dye. Cochineal (the primaryaey is
purplish-red liquid. Carmine is made by precipitgticarminic

grade was purchased from S.D. Fine Chemicals (M)mixd
solution was prepared from Kl powder which was pased
from S.D. Fine Chemicals (Mumbai) for excess ozimapping.
Catalyst Zinc Oxide of analytical grade (99% pUritywas
purchased from NIMCO Chemicals (Mumbai). The iredidin
source was a UV Mercury Vapor Lamp (250W, Philips).
Ozone is supplied through ozonator (Le’ Pure, 408/ m
maximum ozone flow). UV-Vis spectrophotometer waedi
for analysis. The pH of solution was measured upiigneter.
Experiments were carried out in a batch quartz gheactor
equipped with magnetic stirrer and Ozonator. UV ddiey
Vapor Lamp was placed in the inner glass holdehefreactor.
Decolourization by Photocatalytic ozonation proesssvas
performed using a 500 ml solution containing spedif

Perce({gncentration of dye. Ozone was supplied at a flat® of 65

Iph. Reaction was carried out for time limit of 2sh The
suspension was stirred for 20 min in dark for ttiaimament of
equilibrium.

Samples were withdrawn at regular time intervalsd an
absorbance at maximum wavelengthnfjax) of the dye was
measured by UV-Vis spectrophotometer. The absogbasc
used to measure the % decolorization of dye. Efiéstarious
parameters such as dye concentration, catalysinigaand pH
and ozone flow rate was studied. The pH was vargxag 1M

acid from the primary extract onto an alumina hyelraNaOH solution. Ozone flow rate was varied usingmegter.

substrate, using aluminum or calcium cations. Caemis
insoluble in water and oil. It is stable if pH isltd above 6. It is
soluble in alkaline solution, where it is a bridgutrgundy/violet
color. Its molecular weight is 492.3864 g/mol. i®lecular
formula is GyH,jOi3. Carmine is Soluble
concentrated sulfuric acid; slightly soluble inathpractically
insoluble in petroleum ether, benzene, chlorofdtsnsolubility
in water is 1.30 g/L (1.30X10+3 mg/L) at®5and less than 1
mg/mL at 70 ° F. Carmine has pH of 4.8 (yellowda6.2
(violet). Carmine’s spectral properties show maximiuV
aposorption (water) at 500 nm.

Figl. Structure of carmine dye

2. MATERIALSAND METHODS:
Carmine dye, a typical non- azo dye, was selectethostudy
of effect of photocatalytic ozonation on dye effitteCarmine

in alcohol,

COD analysis of the optimum sample was performedgus
standard laboratory procedure.

2.1 Determination of chemical oxygen demand (COD)

COD is a measure of the oxygen equivalent of ttgamc
matter content of a sample that is susceptiblexidadion by a
strong chemical oxidant. This was analyzed by latowy
method. Organic and inorganic substances in thepleaare
oxidized by potassium dichromate in 50%sulfuricdasmlution
in reflux temperature. Silver sulfate is used asatalyst and
mercuric sulfate is used to remove chloride infeeenThe
excess dichromate is titrated with standard ferammsnonium
sulfate by adding ferroin indicator. The colour eha will be
sharp, changing from a blue green to a reddish hue.

3. RESULTSAND DISCUSSIONS:

3.1 Effect of initial dye concentration:

To study the effect of dye concentration on thee raf
decolorization, various dye concentrations arenalée dye
concentrations of 50 ppm, 100 ppm and 200 ppm strddied
for decolorization purpose. For 50 ppm dye coneiatn, the
% decolourisation at 60 min was found to be 100%. FOO
ppm dye concentration, the % decolourisation atr®0 was
found to be 100%. For 200 ppm dye concentration
maximum 100 % decolourisation takes place at 12@snmhs
the concentration of dye increases the time reduwe max %

the

dye (C,H,,0,, molecular weight 492.3864g/mol) of analytical
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decolourisation increases. 50 ppm dye concentragioows
max % decolourisation in less time (fig .2).

With the increase in dye concentration, the timguied for
complete decolorization and the amount of ozoneswption
increases. When the dye concentration increasesttount of
dye adsorbed on the active sites per molecule ef algo
increases. At high dye concentration the dye mddscmay
absorb a significant amount of UV radiation

Also at increased dye concentration, dbeolorization
takes place slowly as the ratio of ozone molecuteslye
molecules in the solution decreases. This happetsuse
when there is increase in dye concentration, the akdation
by-products increases due to which ozone consumptio
increases. These may be the possible causes @fadecin the
rate of dye decolorization with increase in dyeamariration.
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40 -
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30 45
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Fig2. Effect of initial dye concentration (Dye cemtration = 50 ppm, 100 ppm, 200 ppm; pH = 5.5;@zflow rate = 65 Iph)

3.2 Effect of catalyst loading:

To study the effect of catalyst loading on the raik
decolorization, the dye concentrations of 50 ppd@ fpm and
200 ppm were studied at the catalyst loading ofg/.5
Catalyst Zinc Oxide (ZnO) was used for this systd@ime rate
of percentage decolonization increased with Zntagesn the
range 0.5-1.5g/L. The 50 ppm solution that

decolorized completely in 30 mins was now found tpenetration and have a UV screening effect,

completely decolorize in 15 mins. Similarly, theO1gpm and
200 pm solution were now found to decolorize cortgbein

half the time taken without ZnO catalyst loading,,iwithin 30
mins and 90 mins respectively (fig 3).The remowaicentage
of carmine increased with ZnO dosage. The decabar rate

of Carmine increased with ZnO dosage in the ran§el05g/L.
Photo generated holes and hydroxyl radicals ardymed and
the yield of holes and radicals increases with Zah@3age.
Hence, the proportion of hydroxyl radicals thatelkt Carmine
and the reaction intermediates increases with ZmSage.

ingiallHowever, adding a large amount of ZnO may reduce UV

ininigpit
decolorization [18, 19]. This study also found the UV
screening effect of 0.5g/L ZnO was associated wighhighest
decolorization rate. The decay of the absorbancthatUV
band is considered to indicate aromatic fragmeobldeization
in the dye molecule and its intermediates[17].
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Fig3. Effect of catalyst loading (Dye concentratm@00 ppm; catalyst loading = 0.125 gm, 0.25 gra,gin; pH = 5.5; Ozone

flow rate
3.3 Effect of pH:

Experiments were carried out at pH values of (5.5)-8sing
200 ppm Carmine dye concentration and 0.5¢/L Znia fate
of % decolorization increased with increasing pHieTstock
solution with pH = 5.5 (acidic) was found to aclge¥00%
decolorization in 120 mins. Whereas, the solutiith pH = 7
(neutral) and pH = 8.5 (basic) were found to dedpéo
completely within 90 mins and 60 mins respectivély 4).

The interpretation of pH effects on the efficienoy dye
decolonization process is a very difficult task cginit has
multiple roles. Because of the amphoteric behawabmost
semiconductor oxides, an important parameter gavgrthe
rate of reaction taking place on semiconductorigarsurface
is the pH of the dispersions, since; it influentles surface-
charge properties of the catalysts. The extenthotgratalysis
increased with increasing pH. The formation of loygt

= 65 Iph)

radical from OH- is favoured at high pH. The desein the
decolorization at acidic pH may be due to dissolutf ZnO at
low pH. the decolorization at acidic pH may be dige
dissolution of ZnO at low pH.

Ozone decomposition is directly affected by theusoh pH.
Hydroxyl radicals have a greater oxidative powed are less
selective than molecular ozone, leading to a dserea
decolorization and an increase in mineralizatiomigher pH.
Ozone decomposes quickly at high pH and forms hgdro
radicals, and this shift is fast at alkaline pHues. Since
oxidation potential of OH radicals is higher thdratt of the
ozone molecule, the decomposition reaction is fastéasic
condition. At high pH value, ozone decomposes tm-no
selective hydroxyl radicals. Photocatalytic ozomatallows for
the effective formation of hydroxyl radicals alscadow pH [7,
8]. The highest % COD reduction is obtained at joi/ and
hence acidic pH (5.5) is selected as optimum pat@me
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Fig4. Effect of pH (Dye concentration = 200 ppmtagst loading = 0.25 gm; pH = 5.5, 7, 8.5; Ozolesvfrate = 65 Iph)

3.4 Effect of Ozone Flow rate:
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Fig5. Effect of ozone flow rate (Dye concentratio®00 ppm; Catalyst loading = 0.25 gm; pH = 5.5p@z flow rate = 30, 45,
65 Iph)
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The effect of ozone flow rate was studied in thegeof 30-65
Iph. The ozone flow to the system was varied usag
rotameter. It was observed that highest % decaddtioiz takes
place at the maximum ozone flow, i.e., 65 Iph. Qzdlow
rates of 30 Iph and 45 Iph do not result in 100%otterization.
The % decolorization achieved using 30 Iph andptbi$ only
70% and 80% respectively (fig 5). It can be obseérteat
depletion of carmine concentration along time iases when
increasing of flow rate. Breaking of dye molecutesurs by
ozonation and hydroxyl radical formation which aetivated
by UV light.

4. REACTION KINETICS:

The kinetics of decolorization of Carmine dye for
concentration of 200 ppm under optimized conditih$ g/L
ZnO catalyst loading, acidic pH = 5.5 and max ozthowe rate
of 65 Iph) was studied. The results (fig 6) shovattthe
photocatalytic ozonation of dye can be describedheyfirst
order kinetic model, In (gC) = kt, where @ is the initial
concentration and C is the concentration at any,tim The
logarithmic plots of the concentration data gawaraight line.
The rate constant k was found to be 0.0255 minkk K value
obtained for Carmine dye under the process of pabadytic
ozonation is  consistent  with first-order

25 7

In Co/C
Lr

ot

k =0.0255 min -1

0 20 40

B0 B0 100

Time (min)

Fig6. Plot of In Co/C vs time (min)
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5. COD REDUCTION::

70 ~

% COD reduction

Time (min)

60 80 100 120

Fig7. % COD reduction vs time (min)

The % COD reduction by photocatalytic ozonatiorCafmine
dye solution of 200 ppm under optimized conditi¢ds g/L )
ZnO catalyst loading, acidic pH = 5.5 and maximurore
flow rate 65 Iph is shown in figure 7.

Ozone flow rate of Percent cod reduction was fouad
increase with time. At the end of 120 mins; a réidmcof 60%
COD value was obtained. The reduction of COD ré¢dlebe
extent of decolorization of an organic species.

6. CONCLUSION
Advanced Oxidation Processes are promising altemnatf
traditional treatment processes for the treatmehteatile
effluent. Photocatalytic ozonation has proved to \mry
efficient in dye decolorization. In the present dstu the
efficiency of photocatalytic ozonation process amntine dye
solution using ozone and by suspending it in agsieonedia in

presence of UV light has been studied. The effdciniial
concentration of the dye effluent, effect of zindde catalyst
loading, effect of pH and effect of ozone flow rdi@ve been
investigated. Also, the reaction kinetics and the G®D
reduction for photocatalytic ozonation of Carminge chave
been studied. The dye decolorization rate decreasith
increase in dye concentration and increased withease in
ZnO catalyst loading. Photocatalytic ozonation glanth ZnO
catalyst helped to achieve controlled decompositbrmzone
and hydroxyl radical formation. Therefore decolatian
occurred using both direct and indirect attackoat pH. The
highest % decolorization took place at the maximomone
flow rate, i.e., 65 Iph.

The kinetics of decolorization for the photocatalydzonation
process was found to be of first order kinetic miodibe rate
constant k was found to be 0.0255 thinThe process of
photocatalytic ozonation of Carmine dye solutiosutted in
60% COD reduction.
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