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ABSTRACT

Visiblelight-assisted photocatalyzed degradation of atextile dye, acid red 88(AR88) was carried out. The kinetics
of disappearance of the dye wasfollowed spectrophotometrically. Effect of various experimental parameters such
astheinitial dye concentration, amount of photocatalyst and the addition of oxidants such as peroxomonosul phate
(PMS) and peroxodisulphate(PDS) on the photocatalyzed degradation of AR88 was studied. In the presence of
oxidants, asignificant enhancement in the degradation rate was observed. A detailed mechanism of degradation of

the dye in the presence and absence of oxidants has been proposed.
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INTRODUCTION

In recent years, advanced oxidation processes
(AOPs) aregaining s gnificant attentioninthefied of en-
vironmentd remediation. Among theAOPs, titanium di-
oxideass sted photocataysisiswiddy usedfor Seriliza-
tion, disinfection, air and water purification, sdf-cleaning
and antifogging surfaces™. Water purification by photo-
catalysisisasuitableprocessasit guaranteescomplete
mineraization of pollutants, which other conventional
trestment technol ogieslikeadsorption, flocculaion, bio-
logical oxidetionetc., fail toassure. Photogenerated "OH
radical formed onTiO, surfaceisbelievedto bethere-
activeradica speciesresponsblefor the photocata yzed
degradation of pollutants?4.

Degradation of acid red 88 (AR88) by various
methods>* like biological degradation involving
Spingomonassp strain 1CX, adsorption by neutral alu-
mina, photocata ytic oxidationand ozonaionwerefound
to belesseffective. So, thefocusof the present inves-
tigation is to apply peroxomonosulphate and
peroxodisul phate as oxidants, thereby to enhancethe
photocatal ytic degradation ratesof AR88 under visible
light irradiation and comparethe degradation efficiency
of theseoxidants.

MATERIALSAND METHODS

Acidred 88, thetextile dyewith themolecul ar for-
mula C, H,.N_O,SNa which absorbs in the visible
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region(A, _ =506nm), isused asthesubstrate. TiO, pho-
tocatalyst (Degussa P25, Germany) having aspecific
surfaceareaof 57m?gtisused. Potass um peroxomono
sulphate, atriple salt with the composition 2KHSO,
KHSO,.K SO, from Janssen Chimica, Belgiumand
potassium peroxodi sul phate(M erck) wereused asre-
ceived. When preparing the molar solutions of oxone,
thefact that 1mol of oxonegives2mol of peroxomono
sulphatewas considered as shown by itschemicd for-
mula. All the experimentswere carried out at natural
pH except for theexperimentsinvolving pH variationin
which casethe pH of the medium was adjusted using
sodium hydroxide/perchloricacid.

Experimental procedureand analysis

Thephotoreactor employed inthisstudy isdiscussed
elsewherdl, A typica experimenta procedure adopted
inthe present investigation isdescribed below. By dis-
solving the appropriate amount of thedyein 70ml of
doubledigtilled water in aphotoreactor vessd, thede-
dred concentration of thedyewasmaintained. A known
amount of thephotocatayst, viz., TiO,, wasthen added
to thedye solution and prior to irradiation the aqueous
suspensionwasmixed continuously indark for 45min
to ensure adsorption/desorption equilibrium. Thecon-
centration of thedyein bulk solution under thiscondi-
tion wastreated astheinitia concentration for further
kinetic anaysisof the photodegradation process. Dur-
ingtheirradiation, 5ml aiquotswerewithdrawn at ap-
propriatetimeintervalsand the photocatal yst wasre-
moved immediately by centrifugation and filtration
through asyringefilter(0.45um, Sartorius). The de-
creaseinthe concentration of the dyewasdetermined
spectrophotometrically usingthe UV-VIS spectropho-
tometer (Shimadzu, modd: UV-1601) by followingthe
absorbanceof theclear dyesolutionat itsi__ (506nm).

RESULTSAND DISCUSSION

Preliminary experimenta resultsshowed no gppre-
ciablechangeinthe concentration of the dyewith (a)
dyeinlight (b) dyeand catalyst in dark. Irradiation of
thedyeinthe presence of TiO, photocatalyst |eped to
the enhanced decol orisation of thedye confirming the
photocata ytic process.

A graight linepassingthrough originon plottinglog
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OD vs.L irradiation timefor variousinitial concentra-
tionsof AR88, confined to first-order kineticsand from
thedlopesof theseplots, thefirst order rate constants,
k'(s?), werecalculated.

Effect of photocatalyst amount

Experimentswerecarried out with variousamounts
of catalyst powder, C.. ,,(0.286-1.143g/1) at constant
C,res(5<10°M) and pH. The corresponding k’ values
obtained under theseexperimenta conditionsareshown
infigure 1. It can beseenthat therate constant for the
degradation of AR88 increased up to 0.857g/l and it
decreased on further increasein catalyst amount. The
increase in the decolorisation ratein theformer case
may duetotheincreasein effective surfaceareaof the
catdyd that resulted in thedecompaosition of morenum-
ber of AR88 molecules. However, decrease of rate
constant above 0.857g/I may be attributed to the scat-
tering of light on TiO, particles™*2. Hence, an opti-
mum titanium dioxide amount of 0.857¢/l wasused for
adl studies.
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Figure 1: Effect of titanium dioxide amount on the degrada-
tion rate of acid red 88; C, ., = 5x10°M
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Figure2: Ratecongantsfor thephotcatalysed degrada-
tion of acid red 88 at different dyeconcentrations.C,,,=
0.857¢g/l
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Effect of initial concentrationsof ARS8

Photocata ytic experimentswerecarried out at vari-
ousinitia concentrationsof AR88(3x10°-9x10°M)
and at constant C_. (0.857g/l) at natural pH(~6.2).
Theplot of rate congtant (k') vs.C, .. for variousinitia
concentrations of acid red 88 is shownin figure 2.
These results show that the rate constants decreased
withincreaseintheinitial dyeconcentrationsandthis
trend can be explained by considering theformation of
hydroxyl radicalsonthe TiO, surface. Asthedye con-
centration increases, theformation of *OH fromTiO,
surface decreased sinceit isthe dyethat absorbsthe
entering photon than the photocatalyst and in low dye
concentration, the reverse effect was observed™*9,
Hence, thenumber of hydroxyl radicasformed onthe
TiO, surface determinesthe decol orisation rate of the

dye.
Effect of pH

Semiconductors show different surface properties
with different pH. Since the heterogeneous photoca-
taysisisasurface phenomenon, study of the effect of
pH of thereaction mediumisquiteessential to know
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optimum pH at which highest degradation of thedyeis
poss ble. By maintaining other experimental parameters
congtant (C, .., = 5x10°M and C__,=0.857g/l), the
pH of the dye solution was varied between 3.0 and
11.0. We obtained asimilar trend that wasreported by
Saquib and co-workerd™. At pH=1.5, the dye was
compl etely adsorbed on the photocatal yst surfaceand

prevents the photocatal ytic degradati on process'*€l.
Variation of PMS

PMSisapowerful oxidising agent(E°=1.84V)*7
similar to peroxodisul phate and undergoesradiolytic
and photolytic reactiong*®*9. In order to understand
theeffect of PM S on the photocatal ytic degradation of
acid red 88, the concentration of PMS(C,,, ) wasvar-
ied from 0.5to 2.0mM, keeping the concentration of
the dye(5x10°M) and amount of TiO, (0.857g/l) con-
stant. Theplot of k' vs.C, . for theaddition of various
concentrationsof peroxomonosul phateisshowninfig-
ure 3. It can be seen that the rate constant increased
withincreasein C,, . upto 0.75mM and attained apla-
teau on further increasein C,. to 1.0mM and then
decreased for added concentration to 2.0mM C_, ..
Theincrease of dye degradation 0.75mM isdueto the
increased formation of “OH and SO, radicasthat at-
tacks the dye effectively. The decrease of k’ values
above 1.0mM might be dueto the quenching reaction
(Egn. 1) of "OH or SO,” by peroxomonosulphateit-
sdf whichresultsintheformation of lessreactive SO,

HSO, +°*OH or SO, — SO, +OH~ or SO, > +H*(1)
Variation of PDS

Peroxodisulphate (S,0,*), which can be decom-
posed to SO,* by UV light (A<250 nm)!#>24 and by
e, wasfound to undergo light induced photocata-
lytic decompositionin presenceof TiO, and ZnO pow-
derswith concomitant oxygen evolution.

Theeffect of PDS on the photocatal ytic degrada
tion of thedyewas studied at various concentrations of
PDS, C,,.(0.5-5.0mM) keeping C,_..(5x10°M)
and amount of TiO, constant. It is observed that the
rate congtant increaseswithincreasein C (Figure 4).
Itisa so noted that therate of minerdization of thedye
waslessthan that inthe presence of PMS, for all the
vaiaioninC_..
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Themechanismof minerdization of thedyeby PMS
may begiven asfollows:

— S0, oH

HOOSO3_ + e-CB (2)
L » 50,2 + OH"

HOOSO;™ +htyvg—122 5508 +H* ©)

2(SO57) - 2HSO;, +0, @

Themechanisminvolving S0 for theminera-
ization of thedyeis:

52082' Tl 5042_ + 504.7 ®)
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