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ABSTRACT

Photocatal ytic decolourization of dyes using AOP is a hew concern among researchers since it offers an attractive
method for decolorization of dyes and breaks them into simple mineral form. The oxidation using Fenton Reagent
has been found to be a promising treatment method for the effective decolorization and degradation of dyes. A
detailed investigation of photodegradation of Basic Orange-12 (BO2) using H,O./Fe"® have been carried out.
Results indicate that dye degradation is dependent on concentration of Dye (BO2), photocatalyst (Fenton reagent),
H,O, and pH of the experimental solutions. The optimum conditions for the photobleaching of dye had been
established. The kinetics of degradation of the dye in the dilute aqueous solutions follows first order kinetics. The
results indicated that the treatment of the dye by Photo-Fenton reagent was efficient at optimum conditions.
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INTRODUCTION

The world is facing the challenge of purificatiohveater and other resources. A lot of industrigseeglly textile,

dyeing and printing industries have generated enwitental problems like aesthetic pollution, eutiogtion and
perturbation of aquatic ecosystem. Waste wateggnating from dyes production and application irtdes pose a
major threat to the surrounding ecosystems beocafuieeir toxicity and potentially carcinogenic neg/1]. Apart

from the aesthetic problems relating to coloreduefit, dyes strongly absorb sunlight. It affects ghotosynthetic
activity of aquatic plants and seriously threatgrtime whole ecosystem [2].

Therefore, this problem of textile waste waterssealby residual dyes during the dyeing processseexle effort
to be studied and investigated. The limitations@fventional waste water treatment methods carnveeome by
the application of the so called advanced oxidapi@mtesses (AOPSs) [3].

AOPs are based on the generation of very reacpeeiass such as hydroxyl radicals (*OH), which havgtrong
oxidation potential [= + 2.80 V], second only to fluorine. Hydroxyl radls rapidly and non-selectively oxidize a
broad range of organic pollutants [4]. Common AQR#lve Fenton, Fenton-like processes, ozonatiagh h
voltage electrical discharge (corona) process, TiPRBoto catalysis, radiolysis, wet-oxidation andrivas
combinations of these methods [5-8]. Fenton’s dkitia one of the oldest AOPs, is relatively chezgsily operated
and maintained [9-12]. It has the advantages ofaladion and catalytic oxidation, as well as beatde to generate
oxygen in water. Fenton and Fenton type procesage proven to yield very good results either fomptete
mineralization of azo dyes or for their transforioatinto less complex structures that are mordyebgdegradable
[13-15].
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For the present investigation, water soluble azBlgsic Orange 2 (BO2), which is used for cottanylac, viscous
fiber, paper, leather and wood color, was used. B@is toxic and carcinogenic in nature. Thus itdnsidered
worthwhile to see how dye BO2 could be degradeaigineous medium by Fenton reagent. In this studyewert
an easy, fast and economical method for the phegoadiation of dye BO2 by Fenton reagent.
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Fig.1: Structure of Basic orange 2
EXPERIMENTAL SECTION

Basic orange 2 (Krishna Chemicals, Ankleshwar),ydnbus FeG (SDFCL) and HO, (30%, SDFCL), were used
in the present investigations. The dye solutionBakic Orange 2 was prepared in doubly distilledewalhe
photochemical degradation of BO2 was studied inpifesence of F&ion, H,0, and visible light. Stock solutions
of Basic Orange 2 (0.1243 g, 1.0 x°181) and FeCJ (0.0860 g, 1.06 x 1DM) were prepared in doubly distilled
water (500 and 500 ml, respectively). For the pblotmnical degradation of BO2, 25 ml of diluted stabje
solution (2.5 x 18 M) and 2.0 ml of diluted stock FeQ$olution (2.65x 18 M) was exposed to light from a 200-
watt Tungsten lamp. A water filter was used todaffithermal radiations. The pH of the solution wasasured with
a digital pH meter (Toshniwal, Ajmer) and adjusteithin a range of 3.0-6.5 by the addition of preisty
standardized hydrochloric acid and sodium hydrosioletions. A G-3 sintered glass crucible was usediltration
during the measurement of the optical density fi¢dint time intervals. Themax of the dye was determined using
a Shimadzu UV 1700 Pharmspec spectrophotometerligtiteintensity was measured using a SolarimeBL,
Kodaikanal).

RESULTS AND DISCUSSION

Control experiments (in absence of photocatalyght) confirm the necessity of photocatalyst, lightfollow the
photocatalytic path for the photobleaching of dye.

The photochemical degradation of Basic Orange 2akasrved atmax = 445 nm. The results for a typical run are
given in Table 1 and graphically represented in Big

The optical density of Basic Orange 2 solution dases with an increase in the time of irradiatindicating that
Basic orange 2 is consumed on irradiation. The pfoR + log OD against time (Fig. 2) was linearlldaing
pseudo-first order kinetics. The rate constant determined using the expression k = 2.303 x slepty an
optimum rate constant of k = 4.606 x“1€e¢.

Table 1
Time (min.) | 2 +log O.D.
0.0 151
5.0 1.45
10.0 1.39
15.0 1.33
20.C 1.27
25.0 1.21
30.0 1.15
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KINETICS OF PHOTODEGRADATION
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Fig.2: Typical photochemical degradation of Basic @nge 2 observed akmax = 445 nm under the optimized conditions of [Bas Orange
2] =2.5x10F M, H,0,=2.0 mL, [F€7] = 2.65 x 10" M, light intensity = 80.0 mW cm? and pH =5.0.

Effect of variation in pH

The effect of pH on the rate of photocatalytic bleag of dye was observed. The photodegradationpgeermed

at different pH values from 3.0 to 6.5. The rexfltFig-3 reveals that the rates of photobleachifglye basic
Orange 2 increases with an increase in pH up toatér which it decreases with increasing pH. At¥5.0 , Fe™
decomposes D, into water and oxygen, instead of forming hydrosadical which is the reactive chemical species
for the photobleaching process. Thus, all subsecqgiperiments were carried out at pH 5.0.

pH VARIATION
5
4.5 /’9\\
4
a5 » AN
T Z
3 /
225
g 2 /
15
1
0.5
0
2.0 3.0 4.0 5.0 6.0 7.0
pH

Fig.3: Effect of pH on the photochemical degradatio of Basic orange 2 observed atmax = 445 nm under the optimized conditions of
[Basic Orange 2] = 2.5 x 1®M, H,0, = 2.0 mL, [F€°] = 2.65 x 10 M, light intensity = 80.0 mW cn?.

Effect of Dye (Basic Orange 2) concentration

The effect of the dye concentration on the degradaif Basic Orange 2 was studied at different eot@tions
varying from 1.0 x 18 M to 4.5 x 10°M keeping all other factors identical. The res#iig¢ 4) reveals that the rate
of photobleaching of dye decreases with the inerémshe concentration of dye. It can be explaioedhe basis of
these data that as the concentration of the dyecisased, the dye itself may act as a filter far incident light ,
preventing sufficient intensity of light from rddang the dye molecules in the solution . Hence thg
photobleaching of dye decreases.
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DYE CONC. VARIATION
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Fig. 4: Effect of dye concentration on the photocheical degradation of Basic orange 2 observed amax = 445 nm under the optimized
conditions of pH = 5.0, HO, = 2.0 ml, [F€? = 2.65 x 10 M, light intensity = 80.0 mW cm?.

Effect of Ferric lon concentration

Keeping all other factors identical, the conceiratof catalyst was changed and its effect on tae rof
photochemical degradation was observed. The rek#ig.5 reveals that the rate of photobleachindyef increases
with the increase in the concentration of Fens up to 2.65 x IOM. The increase in F&ions in the reaction
mixture are accompanied by enhanced generationObf radicals, consequently increasing the rate of
photdegradation. After the optimal Beadditions, the higher dose of ‘Beesulted in a brown turbidity that causes
the recombination ofH radicals and Féreacts withOH as a scavenger. Therefore, on further increhserate
becomes almost constant.

FeCl3 CONC. VARIATION
5
45 A *
2 / ——
g 3
7] /
L25 4
5 2
—
=< 1.5
~ 1
0.5
0 T T T T
0 1 2 3 4 5 6
[ Fecig] x 104 M

Fig.5: Effect of F&* ion concentration on the photochemical degradationf Basic orange 2 observed atmax = 445 nm under the
optimized conditions of pH = 5.0, HO,= 2.0 ml, [Basic Orange 2] = 2.5 x 10M, light intensity = 80.0 mW cm?.

Effect of H,O, concentration

Keeping all other factors constant, the concemtnatof H,O, was changed and its effect on the rate of
photobleaching was studied. The result reporteHigné reveals that the rate of photobleaching of thcreases
with the increase the amount 0f®} upto 2.0 mL. Further increase in®} has negligible effect as,B,acts as a
scavenger ofOH radicals to produce per hydroxyl radic&,H) which has much lower oxidation capacities than
‘OH radicals.
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Fig.6: Effect of H,O, concentration on the photochemical degradation d8asic orange 2 observed atmax = 445 nm under the optimized
conditions of pH = 5.0, [F&%]= 2.65 x 10°'M, [Basic Orange 2] = 2.5 x 18 M, light intensity =80.0 mW cni?

Effect of Light Intensity

A linear relationship was observed between the catestant and light intensity (Fig-7), which indes that a
decrease in the light intensity decreases the ghreaction. This may be attributed to the insegnumber of
photons reacting with Béions and, as a result, there is an increase imtmber of hydroxyl radicals and a
corresponding increase in the rate of reaction.
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Fig.7: Effect of light intensity on the photochemial degradation of Basic orange 2observed amax = 445 nm under the optimized
conditions of [Basic Orange 2] = 2.5 x TOM, H,0,= 2.0 mL, [F€7] = 2.65 x 1¢* M, and pH =5.0

MECHANISM
On the basis of experimental observations, whigchobmrate the existing literature, a tentative naatém has been
proposed for photodegradation of Basic Orange R thi¢ photo-Fenton reagent.

FE" + H0 + hv— F&" + «OH + H' . (1)
Fe" + H0, + hv— F&* + «OH + H' .. (2
F&" + H0,_, FE" + «OH + OH .. (3
*OH + H,0,_, *OH + H,0O .. (4)
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Fe* + «OH— F€" + OH
Fe" +«OH— FE" + O, + H'
*OH + *OH— H,0,

Basic Orange 2 + *OH Products

. (5)

.. (6)
. (7)
. (8)

The aqueous solution of ferric ions on exposurkigtat dissociates water into a proton and *OH raldand ferric
ions are reduced to ferrous ions (Equation 1). @Hesrous ions will decompose,®, into a hydroxyl ion and a
hydroxyl radical, while ferrous ions undergo oxidatto ferric ions (Equation 3). Ferric ions gerieraOOH
radicals due to dissociation 0@ in the presence of light (Equation 2). The incogtion of *OH with HO, also
produces *OOH radicals (Equation 4). Ferrous ioflsumdergo oxidation to ferric ions by the addiiof «OH
radicals, while ferric ions are reduced to ferromss by the incorporation of «OOH radicals, prodigcH+ ions
(Equation 5, 6). *OOH radicals are highly unstainlewater and undergo facile disproportionation eatthan
reacting slowly with the dye molecules. The paptétion of the hydroxyl radical as an active oxidigispecies was
confirmed using the hydroxyl radical scavenger @ganol, which drastically reduced rate of photoddgtion

(data not shown).

The two possibilities for the consumption of «OHlials include, firstly, the dissociation of,® into «OOH and
water or combining to form ¥, molecules (Equation 7), and, secondly, a reactiith Basic Orange 2 to give the
colorless degradation products (Equation 8).

The main advantage of using the photo-Fenton reagete cyclic regeneration of the consumed’Fens on
illumination. The amount of ferrous salt requiredphoto- Fenton process is small as compared toanthen using
the Fenton reagent, where ferrous ions must bedaddlerwise the reaction will stop after convensaf ferrous
ions to ferric ions. This is an important advantagethe photo-Fenton process for industrial use fumther
separation of the ferric ions is not required aftestewater treatment. The whole process is pgedr(Fig.8)

H + OH'

F82+ Hgog

hv

HOO < OH'

S Ho o0, °

Where S= Dye and P = End Products
Fig.8: A Schematic representation of Photo-Fenton i&mistry
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