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ABSTRACT

This study involves the photocatalytic degradation of amidoblack- 10B (AB - 10B) in water using nanosized silver
doped TiO,, with the use of solar light as the stimulating source. It has been investigated that, when the full range
of emitted photons is used, decolourization and complete mineralization of the solution is achieved with satisfactory
rates, depending on initial dye concentration. The rate of degradation follows first order kinetics. The
photocatalytic degradation of dye depends on concentration of dye, amount of catalyst, silver doped TiO,, pH of the
solution. The mechanism of the photodegradation process under visible light illumination involves an electron
excitation into the conduction band of the modified TiO, semiconductor leading to the generation of very active
oxygenated species that attack the dye leading to photodegradation Photocatalytic activity of Ag-doped TiO, was
also increased by using H,O, as electron scavenger.

Keywords: Amidoblack-10B, Photodegradation, Ag doped J\sible light.

INTRODUCTION

Dye pollutants produced from textile industries Bezoming a major source of environmental contatiuing1].
Among the different types of dyes used in textilustries, 60-70 % is azo compounds. These dyee hav
chromophore of N= N unit in their molecular struetand are lost in water during dyeing operatidhese soluble
azodyes when incorporated into the body are spiiit corresponding aromatic amines which can caageer in
human [2-3]Various physical and chemical processes such ggitai@n, adsorption on activated charcoal, reverse
osmosis are not destructive, but only transferdtyesfrom one phase to another. Among the varitnasapcatalysts
employed TiQ has attracted much interest in recent years fohighly active photocatalytic functions, like the
ability to decompose the chemical compounds as agkuper hydrophilic and antibacterial propeftes]. The
only drawback of Ti@ semiconductor is that it absorbs smaller portidns@ar spectrum in the UV region.
Therefore modification of Ti© photocatalyst for pollutant degradation usingbléslight is a demanding area of
research. Dye sensitization seems to be one ofidhée methods for dealing with this issue.

Several studies of photocatalytic degradation afsdigave been reported [4-8Dipti Vaya has investigated the
effect of transition metal ions such as Mo (VI) ddpZnO for photocatalytic bleaching of eosin Y[8pofarha
reported[10] the photocatalytic degradation of nmamw and diazodyes in wastewater on nanometer JiKeg
Krishnakumarf11] studied the solar photocatalytic degradatidracid black 1 with ZnOThe photocatalytic
bleaching of textile azo dye Reactive Yellow 86 hasen carried out in the presence of semiconddd@ys and the
progress of reaction was observed spectrophotarabiyriby Preeti Mehta[12]. The optimum conditiorw the
photobleaching of (Direct Yellow 12) has been dihbd by Menka Surana[13]The potential of Polyalthia
longifolia (PL) seed powder to adsorb methyleneelIMB) from aqueous solution has been investigéteough
batch experiments by Mundhe.[14]. Mirkhanizestigatedhat the photocatalytic degradation of azodyeslyzsd
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by Ag- doped TiQ photocatalyst is higher than ordinary pin this study surface modified TiQuith Ag, (Ag-
TiO,) particles were used for the photocatalytic degtiad of amidoblack-10B (AB -10B) using solartitg

EXPERIMENTAL SECTION

The commercial azodyes amidoblack-10B (80 % of dwaps obtained from sigma and was used without
purification (max=620nm). Ti@ powder which was in anatase crystalline form ofame area of about 50%g
was obtained from Merck. The dye solutions wemppred using double distilled water. The pH of $bkition
was adjusted with diluted HNQdr by NaOH. Solvents and other materials sucAgdO;, H,0O,, and NaCO;
were also purchased from Merck.

The silver doped photocatalyst (Ag-TLiQvas prepared adding a calculated amount of W@ solution of AQN@

(0.1 M). To this slurry a solution of (1.0 % W/V) sodium banate was added and the suspension dried at room
temperature and heated at ZDdor 6h [15]The visible light photo activity of Ag-Ti© can be explained by a new
energy level produced in the band gap of i@y the dispersion of metal nanopatrticles in ti@, matrix.

The photocatalytic experiments were carried outearsiimilar condition on sunny days between 11 a pon. An
open borosilicate glass beaker of 250 ml capacéyg used as the reaction vessel for sunlight expdsuan open
atmosphere. The suspensions containing dye angltbcatalyst were magnetically stirred in the dimk 30
minutes to achieve the adsorption equilibrium of-M#EB on the surface of the catalyst. All irradiatiexperiments
were performed under constant stirring. Samplese weithdrawn regularly for every 30 minutes and the
photocatalyst were removed by centrifuge. Then @gitem spectra were recorded and the rate of decaktion
was observed in terms of change in intensity abigdti®n maximumni.e., 620 nm for AB — 10B. The percentage of
decolourization was calculated as, % Decolourimatis 100 x (G-C)/C, Where G represents initial concentration
of dye, G - concentration of dye after irradiation.

To measure the structural variation, XRD pattersewebtained using an X-ray generator (Shimdazu XD-D
Shimadzu Corporation, Kyoto, Japan). Fig.1 showsqdRD patterns of silver doped TiO

Fig. 1: XRD Pattern of Ag-TiO, Photocatalyst
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Crystallite size of nanopatrticles can be calculdtg&cherer’s equation
D= 08cod.

Where D is the average crystallite size, 0.9 is shape factor of the graini is the wavelength of X-ray
(0.154051nm) for Cukradiation and is the FWHM of the diffraction peah,is the incident angle of X-ray. By the
diffraction data in Fig.1, the particle size of AiP,is about 36 nm. Scanning electron microscopy wasl us
observe the surface state and structure of theopatatlyst composites. Scanning electron micros¢§gM, JSM-
5200, Joel, and Tokyo, Japan) along with Energyatisive X-ray spectroscopy (EDX) was also usedefemental
analysis of the samples. The SEM image of 1.15Mg4i0, nanoparticles is shown in Fig 2.

Fig. 2: SEM Images of Ag-TiO, Photocatalyst

Fig. (c) At 500 nm Fig. (d) At 1 um

Some porous surfaces dispersed among cauliflokerdiusters of grains were observed. Fig. 3 shBBX
analysis on 1.15At % Ag-Tigzatalyst.
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Fig. 3: EDX Elemental Micro analysis of Ag-TiO; Photocatalyst
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The silver signals are found at around 3.00 Kewulgh the peaks of silver are in significant duétsacontent in
TiO, matrix; it can be the indicative of the silver pelgs in the catalyst. Degradation products of dyas
confirmed using GC-MS analysis carried out by th@i@C-trace ultraver 5.0, thermo MS DSQ equipmef,5F
MS capillary standard, non polar columnr8dength, 0.25 mm diameter.

RESULTSAND DISCUSSION

The degradation of AB — 10B catalyzed by modifie@® rwith Ag metal (1% w/w) in aqueous solution under
irradiation with solar light has been investigat€te synthesized Ag — TiQvere characterized by X-ray diffraction
(XRD), scanning electron microscope (SEM) and EOXe effect of various parameters such as amount of
photocatalyst, effect of substrate concentratidt, galcinations temperature and the presence ofrele acceptors

such as KO, were carried out. The kinetic of photo degradattd®\B —10B using nanosized Ag — biwvas also
examined. GC — MS was applied to the analysis @fritermediates coming from the photo catalyticrddgtion of

AB-10B.

Effect of catalyst concentration

An important parameter that can affect the degiadagte is the catalyst concentration. Fig.4 shtwveseffect of

catalyst loading on the degradation of AB - 10Bldt= 4.
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Fig 4 Effect ofcatalyst concentration on % degradation of AB-10B
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It has been seen that rate of photodegradatioeaser with catalyst loading (0.1 to 0.5g)Labove this loading,
increase in turbidity of the solution reduces tightl transmission through the solution. Many awmhbave
investigated the reaction rate as a function oélgat loading under different experimental conditd16]. The
enhancement of the removal rate is due to the aserén the amount of catalyst weight which increabe number
of dye molecules adsorbed, and the density ofgestiin the area of illumination [17]Hence it is concluded that
higher dose of catalyst may not be useful bothiégmnof possible aggregation as well as reducediation field
due to increase in light scattering. Thereforalyat dose (0.5 g't) was fixed for further studies.

Effect of pH

In order to study the effect of pH on the degramatfficiency, experiments were carried out atoasipH values
from 1.2-12 for constant dye concentrations (20 Mgand catalyst loading (0.5 g*). Fig. 5 shows the color
removal efficiency of AB-10B as a function of pH

Fig 5 Effect of pH on % of degradation
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The efficiency of degradation increases with insheg pH exhibiting maximum rate of degradation &t7(5.
Similar behavior was reported for the photocatelgfficiency of Ag-TiQ for degradation of azo dyesThe
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amphoteric behavior of most semiconductor oxidésénces the surface charge of the photocatal@t [Due to
the amphoteric behavior of most metal hydroxidesftilowing two equilibria are considered

M-OH+H —» M-OH,
M-OH __, MO +H'

Photocatalyst surface is positively charged iniacidedia, whereas it is negatively charged undealimle media.
Thus for azo dyes with sulphonic acid group in tlediuctures at low pH range, surface adsorptionatélyst is
more effective than photocatalytic degradationysfsd

In the alkaline solution, dyes are not absorbea ¢in¢ negative surface of photocatalyst effectivelgnce in the
pH range of 1-7.6, the formation of more hydroxadical would enhance the photodegradation of di@p [

Effect of concentration of dye

After optimizing the experimental conditions, at @t6, Ag-TiQ, (0.05 mg %), the photocatalytic degradation of
AB-10B was carried out by varying the initial contmtions of the dye from 20 mg™L the rate of
photodegradation decrease indicating eitherdreamse the catalyst dose or time span. Fig. Tlglslows that for
dye solution of 20 mg L, 97 % degradation was observed in 150 min, whei@a30, 40, and 50 mgt.of dye
solution, the degradation efficiency was 86 %, 8ard 64 % respectively.

Fig6 Effect of dye concentration on the % of degradation
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The possible explanation for this behavior is @the initial concentration of the dye increasies,path length of
the photons entering the solution decreases anibwnconcentration the reverse effect is observiaereby
increasing the number of photon absorption by #ialgst in lower concentration[20].

Effect of H,O,concentration

The effect of varying the ¥D, concentration was investigated. Increase gidttoncentration (from 5 mM to 1.5
mM) increased the degradation of AB-10B dye. Anréase in KO, concentration up to 1.5 mM leads to an
important rise in the dye degradation rate. Th&nopn amount of HO, is (1.5 mM), and the percentage of
degradation is increased to 94 % within 90 mirg. Fishows the effect of @, concentration on degradation of the
AB - 10B.
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Fig 7 Effect of H202 on the % of degradation
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This behavior is due to the hydroxyl radicals gared upon photolysis of hydrogen peroxidgicated by the
following equation.

H202 + hr — 20H

This radical is a very powerful oxidizer, able ®act with inorganic as well with aromatic organ@mpounds
causing the degradation of dye.

Fig. 0 : Kinetic analysis of AB-10B under
optimized conditions
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Kinetic study
Fig. 8 shows the kinetics of degradation of AB-1fi8 an initial concentration of 20 mgLunder optimized
conditions for the dyes.

The results show that the photocatalytic degradatibthe dye in Ag-Ti@ can be described by the first-order
kinetic model, In Co/C= kt, where,@s the initial concentration and C is the concatitn at any time t. The semi-
logarithmic plots of the concentration data gavstraight line. The correlation constant for thieefi line was
calculated to be % 0.9976 for AB-10B. The rate constants were dated to be 0.0072 mriin

I dentification of AB-10B dye degradation inter mediates.

For identification of intermediate products, 200afilaqueous solution of AB-10B dye containing AgTi(5g LY
was irradiated with solar light for 2 h and the fuatalyst was removed by filtration. The filtratas extracted
using chloroform and was subsequently dried @rydrous sodium sulphate. The solvent was remoneer
reduced pressure to get the residual mass, whishawalyzed by GC-MS. Irradiation of AB-10B dye wgif\g-
TiO, results in the formation of naphthalene type maes such as 2-napthol, coumarin, as the primagyadiation
products obtained by the oxidative cleavage ofdy® molecule in the vicinity of azobond along wththalic acid
and benzene dicarboxylic acid as intermediatesepserted[21] This is accompanied by the formation of low
molecular acids such as formic acid which evenyuddicompose to give carbondioxide by photo-kollaetion.

Efficiency of theturn over frequency

Photocatalysis is a clean technology, which noyrddles not involve any waste disposal problem. @dtalyst can
be recycled. Ag-Ti@can be used at least thrice without significargngfe in the efficiency[22] The economy of
the photocatalytic process depends upon how mamstia catalyst can be reused without sacrificmgfficiency

and the type of regeneration it requires. The plhegoadation efficiency of turn over frequency wexamined and
it was found that the turn over frequency was tbtmbe 97 % as that obtained with the fresh gstalnder the
same experimental conditions. The used catalystregsnerated to get Ag-1 first by treating withlingi distilled

water till a colorless wash liquid was obtained #meh drying it in a hot air oven at a temperatfrabout 100 °C.
The decrease in turn over frequency may be at&iub the deposition of photosensitive hydroxidestloe

photocatalyst surface blocking its active sites.

CONCLUSION

The results of degradation experiments show thatquiatalyst can effectively degrade the dye intotoxic forms
using sunlight. Experimental results indicated thatdegradation of dyes is facilitated in thesgnce of catalyst
Ag-TiO,. The initial rate of photodegradation increasdthncrease in catalyst dose up to an optimumitgad
Further increase in catalyst dose showed no effést.the initial concentration of dyes was increhdbe rate of
degradation is decreased. However in the poesef hydrogen peroxide, the degradation effigeiscalso
increased. The photocatalytic degradation of dysved pseudo first order kinetics. This methodss ane of the
cheapest and an ecofriendly method for degradafialye.
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