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ABSTRACT

In present work efficiency of CeFeO; as photocatalyst for degradation of Coralene Dark red 2B (Disperse red 167)
was studied. Photocatalytic bleaching of Coralene Dark red 2B was observed spectrophotometrically. The influence
of variation of different reaction parameters such as concentration of dye, pH, and amount of photocatalyst were
observed. The optimum conditions for photocatalytic degradation have been established. The kinetics of degradation
of the dye follows first order kinetics. A tentative mechanism for degradation of dye by CeFeO; has been proposed.
The presence of hydroxyl radical as an active oxidising species has been confirmed.
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INTRODUCTION

Textile dyes are abundant source of coloured ocgeminpounds. During dye production and textile nfiacturing

process a large quantity of waste water contaitong of organic dyes are being discharged into maddies every
year. Bhilwara is known as textile city of Rajasthahere are nearly twenty major textile processinds which

use million litre of water every day and generaigehquantity of effluent containing dyes.

The discharge of dyes in industrial effluents hasdme a major concern. These dyes are significanice of
environmental pollution. [1] Waste water from téxtindustries is generally high in colour and oligacontent.
More than 10,000 different dyes have been usedxitile industry. [2] Azo dyes accounts for the nmayoof dyes
produced and are extensively used in textile ingU8j because their synthesis is simple and cfistéve. These
dyes have greatest variety of colours. Azo dyeshagacterized by one or more azo group. This azopgconvert
into toxic amines on degradation. Hence these dyedoxic, mutagenic and carcinogenic. [4] As thdges are
designed to resist oxidative degradation, they gassigh most stages of effluent treatment andnaltely released
into environment. [5] Many treatment methods haweerb reported for dye degradation such as flocaudati
coagulation [6], ultrafilteration [7], reverse ossi® [8], biodegradeation [9] etc. These methodsehidreir own
limitation in terms of high cost, specificity foredain group, disposal of sludge formed, and exeessse of
chemicals. All these result in secondary polluti@onventional methods cannot effectively removesdfrem
effluent hence study of alternative treatment tedbgfies is necessary. Photocatalytic degradatiaviges an
alternative method for waste water treatment in lkoogt, less time and easy operative method. Phualgtia
degradation being eco friendly and cost effectsva preferred method. [10] A lot of work has beernfgrmed on
various photocatalyst materials such as,Ii], ZnO [12], NiO [13], etc. Recently studiesatiag with ternary
oxide of rare earth element and transition elenasnphotocatalyst have been reported [14]. Terngiges have
been used as effective photocatalyst for carryimgaonumber of chemical reactions. Cekdfas been used for
degradation of Brilliant Blue G [15], gentian vibl§l6] and few other dyes. CeFg®as been prepared by
coprecipitation (16) and microwave process [17]talme dark red 2B (Disperse Red 167) has beenywided as
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a disperse azo dye in textile industry. In presandstigation the degradation of coralene dark2BdDisperse Red
167) dye solution was studied in presence of Cglas(hotocatalyst.

MATERIALS AND METHODS

All reagents of analytic grade were used as redewithout further purification. The CeFg@anoparticles were
synthesized by co-precipitation followed by caltioas. The synthesized particles were charactergaetiused as
photocatalyst for degradation of an azo dye comfark red 2B (Disrerse red 167). Metal nitrate€efium and
iron were used for synthesis of photocatalyst bgeaditrate group act as oxidising agent and hagke solubility in

water.

The commercially available monoazo dye was proctmat Sulzer processors private limited BhilwarajjRThe
chemicals Ce(Ng): 6H,0O ,Fe(NQ).9H,0, sodium hydroxide were obtained from Merck.

Cl
N N(C,H4OCOCH,),
O,N N’
H_
J—C2Hs
0

Fig|: Chemical Structure of (Coralene Dark Red 2B) Dispersered 167
Molecular formula C,3H2CINsO7, Molecular weight 519.93

METHOD

The cerium iron oxide particles were synthesized pbgcipitation of metal nitrates of cerium and irdFhe
Ce(NGy)36H,0 and Fe(NG).9H,O were respectively dissolved in distilled water@m temperature to produce
0.1 M aqueous solution. The ternary oxide CePe&s prepared by adding 1M NaOH drop wise to thatsol of
Ce(NGy)3:6H,0O and Fe(NG).9H,O with continuous stirring. The pH of solution wamnitored and complete
precipitation was obtaine at pH 9. The precipitass filtered and washed. This precipitate was kepven at 120

C for drying. After drying it was grounded in martand pastle. Subsequently, calcinations were pegd. The
powder was calcined at 600 for 5 hours.

Characterization:-Power XRD was performed with Rigaku Micromax-007 idstrument using Cu & (A=1.54/)
radiation. The stoichiometry of The CeFRelias been established with the help of publishédadiion data file
JCPDS. All peaks can be indexed to the typical ysiostructure. (JCPDS card 22-0166).

Experimental Procedure: - The degradation of Coralene Dark Red 2B wasiatluth presence of photocatalyst
CeFeQ at different pH level, catalyst loading and dyen@entration. 1x 18 M dye solution was prepared by
dissolving 0.519 g of dye in 1000 ml of distillecdter. The initial absorbance of dye solution waseobed with the
help of UV-VIS spectrophotometer (Shimadzu, UV- Q7@harmaspec). The maximum absorbance Value 0.617
was recorded at 478 n{,). The reaction mixture was prepared by taking Dfdye solution (1x18& M), 0.05 g
of Cerium iron oxide in a round bottom flask. Tlo#at volume of the reaction mixture was made 10ynhdding
double distilled water. The concentration of dye the reaction mixture was 3x¥®l. To carry out the
photobleaching, the reaction mixture was irradiaiader light source (2 x 200 W Tungsten lamps). aivitters
were used to cut off thermal radiation. The pHlef solution was measured by pH meter (Systroni@§). IThe
progress of the reaction was observed at defiimite intervals by measuring absorbance using spaubtometer at
478 nm. The rate of decrease of colour with tima wantinuously monitored. After complete minerdiiza, the
presence of N@ NO; " ions and evolution of CQOwere tested by standard procedures. The pH ofethetion was
adjusted by adding 0.1 M NaOH and 0.1M HCI solwion

RESULTS AND DISCUSSION
The synthesized CeFg@as analyzed for its composition and crystal stmecby powder XRD. The XRD pattern
of CeFeQis shown in figure Il. The graph has been plottetiveen intensity andd2value (in degrees). All peaks

can be indexed to typical perovskite structure Q8 ard 22-0166). Any peak of impurity was not aleed. The
sharp and narrow peaks indicate high crystalliratibprepared CeFeQO
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Fig Il XRD of synthesized CeFe@

The photocatalytic degradation of Disperse red W88 observed at 478 nm. The optimum conditionstlier
photobleaching of dye were [Dye] = 3.0 x1KI, amount of catalyst 0.05g/100 ml of dye solutéom pH=8.

Table I: A typical run of photodegradation of Coralene dark red 2B

Time (min) abs 1+log abs

0 0.617 0.7903
10 0.549 0.7396
20 0.488 0.6884
30 0.427 0.6304
40 0.375 0.5704
50 0.332 0.5211
60 0.296 0.4713
70 0.264 0.4216
80 0.227 0.3560
90 0.196 0.2923
100 0.182 0.2601

The result of photocatalytic bleaching of Dispenesg 167 is graphically presented in Fig Ill.
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Figure lll: Plot of 1 + log abs verses time for aypical run
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It was observed that absorbance decreases withdtease in time of irradiation indicating that tihe is degraded
on irradiation in presence of photocatalyst Cef-eOgraph between 1 + log abs and time has beettegloThe

linearity of the plot indicates that the photocgtial bleaching of Coralene Dark red 2B follows istfiorder kinetics.
The rate constant of this photobleaching processdetermined using the expression.

Rate constant (k) = 2.303 x Slope 2.032x1¢'se¢’

The effect of variation in various reaction paraengthas been studied e.g. pH, concentration aflyeeamount of
photocatalyst. Control experiments (in absencehaftgratalyst, light) confirm the necessity of pluattalyst and
light for the photobleaching of dye.

Effect of amount of catalyst on the rate of decoldzation of the dye
Keeping all other factors identical, the concemratof catalyst was changed and its effect on thi rof
photochemical degradation was observed.

Table Il : Effect of amount of catalyst on rate ofdecolorization of Coralene Dark Red 2B

Catalyst in g/ 100 ml of dye solution| kx10 sec*
0.02 0.32
0.03 0.51
0.04 1.43
0.05 2.03
0.06 1.98
0.07 1.94
0.08 1.92

The result reveals that the rate of photobleaclihglye increases with the increase in the amountabdlyst
CeFeQ up to 0.05g/100 ml of dye solution and beyond this rate of reaction become almost constant. The
increase in amount of catalyst in the reaction unixis accompanied by enhanced generation of @ldals as the
surface area of catalyst increase. *OH radicahigxremely strong oxidant ¥€2.80 V) which degrade the dye
molecule. Furthure increase in photocatalyst atfb08g has negligible effect on dye degradatiore @&mount of
catalyst increase with same concentration of dyehér dye molecules are not available for adsonptTherefore
additional catalyst particles are not involved atatytic activity and rate of reaction is constant.

Effect of variation in hydrogen ion concentration a the rate of decolorization of the dye

In this study, photodegradation was performed fé¢m@int pH from 4.5 to 11.0. It has been observed pH 8 is the
optimal pH for degradation of Disperse red 167. ¢¢eall subsequent experiments were carried outa.pAfter
pH 8 there is an adverse effect on the rate oti@amcreasing pH further. The observation cariglained on the
basis that as pH of solution increase s more Okt are available. These OMill generate *OH radicals by
combining with the hole semiconductor photocataly$te pH of reaction mixture has a significant effen the
surface properties of CeFe€atalyst hence photocatalytic activity.

Table Ill: Effect of pH on rate of decolorization of Coralene Dark Red 2B

pH | kx10* sec¢'
4.5 0.63
5.0 0.87
5.5 1.02
6.0 1.34
6.5 1.55
7.0 1.79
7.5 1.91
8.0 2.03
8.5 1.21
9.0 1.01
9.5 0.72

Effect of variation in dye concentration on the rae of decolorization of the dye

The effect of dye concentration on the degradatibisperse red 167 was studied at different commadons
varying from 1.&10°to 7.0x10° keeping all other factors identical. The resulteads that initially rate of reaction
increase with increase in concentration of dye. Thghest rate of reaction was observed for<3@F M dye
solution. Further the rate of photobleaching of dgereases with the increase in the concentrafitineodye. The
reason behind it is that the increase in the initimcentration of the dye lies in consistencyhaf hydroxyl radicals
concentrations for all the dye molecules and tloeesthe rate of decolorization increase. Dye mdéscadsorb on
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catalyst surface and degradation occurs. On inicrgale concentration of dye, keeping catalyst domestant,
catalyst surface gets saturated. Simultaneousyngat colour of dye doesnot permits light to reaubiqatalyst. As
a result rate of degradation decrease.

Table IV: Effect of dye concentration on rate of deolorization of Coralene Dark Red 2B

Dye concentration | kx10' sect
1.0 1.01
2.0 1.49
3.0 2.03
4.0 1.62
5.0 1.31
6.0 1.11
7.0 0.82

Mechanism

Photocatalysis is initiated by absorption of photath energy equal or greater than the band gaenficonductor
CeFeQ. CeFeQ absorbs light in visible region. Electrons fromerae band shift into conduction band. Thus a
hole (") is generated in valence band. The photogenetatiedis strong oxidizing agent and electron in aatidn
band acts as reducing agent.

CeFeQ+ hv - CeFeQ”
h* (vb) + e~ (ch)

These electron hole pairs migrate to catalyst sarf@ghere radicals are generated.
h*+ OH - *OH

h*+ H, O > OH*+H "

€+ O ags) 2 0;°

02-.+ H +—> HOZ.

OH?* (hydroxyl radical) G* (superoxide radical) HO (peroxide radical) are strong oxidizing species matt with
dye molecules to oxidize them. Simultaneously ampéecule absorb radiation of suitable energy astdegcited to
its first singlet state followed by intersystemssimg to triplet state.

Dye, + hv = 'Dye (single state)

ISC
Dye; — *Dye, (triplet state)
3Dye, + radicals— colourless end products

The participation of OMwas confirmed using scavenger 2-propanol. Theafteaction was drastically reduced in
the presence of 2-propanol. The formation of,CRO;, NO, ™ in degraded reaction mixture shows there is a
complete mineralization in this precess. The emdipcts are harmless to the environment.

CONCLUSION

Cerium iron oxide is effectively utilized as phoatalyst for degradation of textile dye CoralenekdRed 2B
(Disperse Red 167) in aqueous solution. It is fothmat degradation is dependent on various reagi@ameters
such as pH, dye concentration, amount of catalyst.optimum condition for degradation is at pH 8%0g CeFe@
/ 100 ml dye solution and 3xf® dye concentration. Overall findings suggest nieeexploit this photocatalyst for
wastewater treatment of textile effluent.
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