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ABSTRACT

Thedecolourisation of C.1. basic yellow 1 in aqueous mediumwas studied
using a 25W low-pressure ultra-violet (UV) lamp along with H,0O, as an
oxidant. It was observed that when H,O, was used with UV radiation, the
decolourisation rate became faster and 98.1% of colour removal was oc-
curredin20min at 20mg/L of initial dye concentration. It wasalso observed
that decolourisation is dependent on initial concentration of H,O,, initial
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concentration of dye solution, UV dosage and pH. The decolourisation
rate followed pseudo-first order kinetics with respect to the dye concen-

tration. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Theresidual colour present intextilewastewater is
oneof themgjor problemsfaced by thetextileindustry.
Basic dyesare some of the most widely used dyesin
India but normally are considered as a problematic
waste. In thiswork, the target compound C.1. basic
yellow 1isone of thedyes, which are utilized exten-
svelyinversatiletextile dyeing and paper industry.

Theremoval of colour from thetextilewastewater
isachieved by several techniques¥. Therearethree
methodsfor treatment of coloured materids, including
phys cal methodsemploying precipitation, adsorption,
and reverse osmosi's; chemica methodsviaoxidation
(using air oxygen; ozone, NaOCl, and H,O, as oxi-
dants) and thereduction(e.g., Na2S204); and biol ogi-
cd methodsind uding aerobic and anaerobic treatment?.
The disadvantage of precipitation methodsissludge

formation. The disadvantage of adsorptionisthat the
adsorbent needsto beregularly regenerated. Thisis
associated with additional costs and sometimeswith
very time-consuming procedures. Biological trestment
isineffectivein caseswhere complicated aromatic com-
pounds are present.

Advanced oxidation processes(AOPs) providea
promising trestment option for textile wastewater com-
pared to other treatment methods®*”. H,O,/UV pro-
cessisthe most widely used AOPtechnol ogy for the
treatment of hazardous and refractory pollutantsin
wastewaters, mainly because no dudgeisformed and
a high colour removal in a short retention time is
achieved®. UV/H, 0, isfrequently applied to degrade
refractory of organicsin agueousphase®. Theprocess
ingenera dependson thegeneration of OH radicalsin
solutioninthepresenceof UV light. Theseradicalscan
then react with the dyemoleculesto undergo aserious
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of reactionsinwhich the organic moleculeisfindly de-
stroyed or converted into as mpleharmlesscompound.

Mohey EL-Dein et al." reported that C. I. reac-
tive black 5 was decolourised by UV/H,O, process
whilean optimum molar ratio of H,O,/dye. Colonnaet
al." reported that UV irradiation in the presence of
H.0, leads to compl ete decol ourisation and minera
lisation of sulphonated azo and anthraguinone dyes.

Theam of thisstudy wasto evauatethefeasi bility
of decolourisation of C.I. BasicYellow 1 by UV/H,O,
process. The operating parameters such as hydrogen
peroxidedosage, UV dosage, initid dye concentration
and pH were determined to find the suitable operating
conditionsfor thebest efficiencies of decolourisation.
Besides, thedecol ourisation ratefollowed pseudo-first
order kineticswith respect to thedye concentration was
determined.

EXPERIMENTAL

Materials

Thedye, C.I1. basic yellow 1 was obtained from
Aldrich Chemica and used without further purification.
Hydrogen peroxide(30%w/w) was obtained from
Qualigens, Chennai. The pH of the dye solutionwas
measured with aPE-138 Elico pH meter; pH was ad-
justed to the desired value by using HCIl and NaOH
(Finechemicas, Chennal). Thecharacterigticof theClLI.
Basicydlow lisgiveninTABLE 1.

Photo-reactor and irradiation experiments

Experimentswere carried out in abatch mode cy-
lindrica glassreactor madeof boro-slicateglass, which
isshowninfigurel. Theeffectivevolumeof thereac-
tor was around 2 liters. Theinner tube was made of
quartz with a500W, 254nm UV lamp placedinsideit
to providetheirradiation source. Air was bubbled into
thereactor through theair diffusersin order tomix the
dyesolutionuniformly by usnganair pump.

A totd of 1000ml of dyesolutioninthereactor was
used for thetrestment. Theliquidinsdethecolumnwas
exposed to 500W UV lamp. 20mg/L of initia dyecon-
centration was sel ected. The selected amount of dye
wasdissolved inde onized water prior to use. Thedif-
ferentinitid H,O, dosages wereadded to dye solution
to preparethereaction mixture. Sampleswereperiodi-
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Figurel: Photochemical reactor

TABLE 1: Physiochemical characteristicsof C.I. basicyel-
low1

Cl Mw  Amax
no. (g/mol) (nm)

H3C
49005 318.87 412 Ci7H19CIN,S \CEN/M }N(C”ﬂz

|
CH3CI-

M.F structure

cally withdrawn from the reactor, and changesin ab-
sorbance were measured. For thedye studied in this
work theaction of UV aoneor H,O, inthe absence of
UV radiation was negligible after two days of treat-
ment.

Analytical methods

AbsorbanceintheUV and visblerangeweremea
sured with aShimadzu-1061 UV-visible spectropho-
tometer. Periodicaly, H,O, concentration was deter-
mined cal orimetrically usng potassumtitanium oxaate
solution at 398.9nm™3, and no depl etion of thereagent
wasfoundinany case.

RESULTSAND DISCUSSION

In the photochemical reactor, the decolourisation
of dyesol utionwas conducted usingthe UV/H,O, pro-
cessunder initia hydrogen peroxide concentration. In
thisprocess, UV irradiates the hydrogen peroxideto
produce the strongest oxidizing freeradicalssuch as
hydroxyl and peroxyl radica's, which attack the organ-
Ics instantaneously as soon as the reaction starts, to
degradethe dye solution. Besides, thedecol ourisation
rateexpressionof C.1. basicydllow 1 canbesmplified
asapseudo-first order kinetic modd asfollows®,
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Figure?2: The percentage decolourisation of C.I. basic
yellow 1vs. irradiation timeasafunction of initial hydro-
gen per oxideconcentration for 20mg/L of initial dyecon-
centration and 500 W of UV input power
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Figure 3: The percentage decolourisation of C.I. basic
yellow 1 vs.irradiation timeasafunction of variousUV
input power for 20mg/L of initial dye concentration
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Figure4: The percentage decolourisation of C.I. basic
yellow 1 vs.irradiation time asa function of initial dye
concentr ation. Theoper ating conditionswer e450mg/L of
initial hydr ogen per oxide concentration and 500W of UV
input power

-dC, /dt=k ,_C )

obs TA
Where k . denotes a pseudo-first order kinetic constant, C,
the concentration of dye solution and t represents time.

Effect of initial H,O, concentration
Experimental studies were carried out with the
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500W lamp along with H,O, of different doses. The
results show that the dye sol ution oxidation dependson
theinitial concentration of H,O,. TheincreaseinH,O,
concentration from 90mg/L to 450mg/L significantly
shortened thetime necessary to decol ourise the solu-
tion. Theresultsareshowninfigure2. It wasinferred
that 450 mg/L. H,O, wasthe optimum doseinthispro-
cess. If morethan thisdose of H,0, isused thenless
reactive hydroperoxyl radicasare produced (reaction
2) and moreover OH" will readily dimerisetoH,O, ac-
cording toreaction (3)1**l. These hydroperoxyl radicals
arelessreactive and do not appear to contributeto the
oxidation process. It is also reported that these
hydroperoxyl radicalsundergo achain termination re-
action*! (reaction 4) and in agueous solution, H,O,
dissociatesto form the HO, anion and O, in achain
reaction(*,

H,0,+OH*>HO,+H,0 2
OH*+OH* 5 H,0, ©)
HO,"+ OH*—H,0+0, (4)
OH*+H,0,- 0, +H*+H,0 ©)
HO,"+H,0,— O,+OH +H,0 6)

Theexigtenceof an optimum doseof H,O, hasbeen
described by severd investigatorsearlier whilework-
ing on photo-oxidation of other organic compounds.
Galbriath et d .9 pointed out that thereisan upper limit
to theamount of H,O, that can be added abovewhich
peroxide scavengesthehydroxyl radicals. Shu et a .17
investigated the decol ourisation of C. I. acidred 1 and
C. 1. Acid Yellow 23 by the UV/H,O, process. They
found an optimum dose of 9.8 mmol dm*H.0O, for a
23.56x10 of acid red aqueous solution. Similar ob-
servations on optimal dose of H,O, have been re-
ported by variousresearch groups*&2.

Effect of UV light power

Experimentswere carried out under various UV
input powers, i.e. 300, 400 and 500W, respectively.
The quantity of H,O, added in each experiment was
450mg/L and 20mg/L of initid dyeconcentration. It was
observed that with increasing UV power therate of
decol ourisation dsoincreased. Theoretically, the higher
decol ourisation rate form by the higher UV powers
owing to thefaster formation of freeradica formation.
Asshowninfigure3, thedecol ourisation efficiency was
98.1, 93.7, and 89.4% at 30min of reaction timefor
UV power at 300, 400 and 500W, respectively.
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Figure5: The percentage decolourisation of C.I. basic

yellow 1vs. pH asafunction of initial hydrogen peroxide

concentration for 20mg/L of initial dyeconcentration and

500w of UV input power

Effect of initial dye concentration

In our study, the dye concentrationswere chosen
intherangeof typical concentrationintextilewastewa:
ter. Thedecolourisation of C.1. basicyellow 1 by UV/
H.,O, processisshowninfigure4 for different initial
dye concentrationwithin 20.0-80.0mg/L, while450mg/
L of the H,O, concentration and 500W of UV power.
The decrease of the decol ourisation with theincrease
of theinitia dyeconcentration hasbeen observed. From
thefigure, thelower concentration of dye solution ac-
complished the better decol ourisation that dmost 98.1%
and 86.5% of decol ourisation was observed by 20 and
40mg/L concentration of dye solution at 20min. Re-
versely, 66.3% and 52.4% of decol ourisation was ob-
served by 60 and 80mg/L concentration of dye solu-
tiona 80 min.

Effect of pH

Sincethe dyesto beremoved can beat different
pHsin coloured effluents, we have studied the effect of
pH on the rate of decolourisation reactionin the pH
range between 1 to 11. Comparative irradiation ex-
perimentswere performed following the evolution of
the absorbency with time. The dye solution was ad-
justed to thedesired pH by addition of HCI or NaOH.
Thedifferent concentrations of acid or base havebeen
chosen in order to add the minimum quantity of these
gpeciesto avoid the volume change of thereaction mix-
ture. The decol ourisations of dye solution asafunction
of thepH are showninfigure5. The decol ourisation
rateincreasesfrom pH 1 to 3 and then remainsa most
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constant up to pH 5. After thisvalue, aremarkable de-
crease was observed.

Theseobservationsat different pH canbeexplained
by taking into account thefollowing parameters.
(1) Intheacidic pHsconcomitant with acidification of
thewastewater by HCI, increasing amounts of conju-
gated base were added to the wastewater. Theanion
Cl-isableto react with hydroxyl radicalsleading to
inorganicradical ions(reaction 7).
Cl-+°*OH — CIO*" H k=4.3x10° Imol* s @

Theseinorganicradica anionsshow amuch lower
reactivity than*OH, so that they do not takepart inthe
dye decol orization. Thereisalso adrastic competition
between the dye and the anionswith respect to *OH.
Similar results havea ready been reported .

(2) AtakainepH, theconjugatebaseof H,O, increases
(reaction 8).
H,0,—HO2 +H*pK =116 (8)

HO, hasahigher cross-section (240mol cm™?) at
254nm than H,O, (18.6mol cm™), which favorsthe
absorption of light by thereactive and should normally
increasethe*OH production (reaction 9)12,

HO, +H*+hv— 2°OH 9

Inakaline medium, H,O, undergoes decomposi-
tion leading to dioxygen and water, rather than produc-
ing hydroxyl radicalsunder UV radiation. Therefore,
theinstantaneous concentration of *OH islower than
expected.

HO, +H,0,~H,0+0,+0OH- (10)

Furthermore, the deactivation of *OH ismoreim-
portant when the pH of the wastewater ishigh. The
reaction of *OH withHO, isapproximately 100 times
fadter.

*OH + HO, -H,0 +0,* k=7.5x10° Imol* s* (1)
*OH +H,0,H,0 + HO, k=2.7x10" Imol* s* (12)

Thereactivity of O,” and HO,® with the organic

pollutantsisvery low! %,
(3) Thesdf-decomposition rateof hydrogen peroxide
isstrongly dependent on pH. In practice, H,0, issup-
pliedin dlightly acid condition (pH=5) because of its
high salf-decompositionrateat high pH. Thefirst order
reaction rate constants of thisself-decompostion were
determined to be 2.29x102 and 7.40x10°min* at pH
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Figure6: Theobservedfirs order rateconstant asafunc-
tion of initial dyeconcentration. Theoper ating conditions
were450mg/L initial hydrogen per oxideconcentration and
500w of UV input power

=7 and 10.5 respectivel yi".

2H,0,5H,0+0, (13)
(4) Inmogt cases, hydroxyl radica sreact with dyethrough
hydrogen abstraction mechanism (reaction 14)17.

*OH +RH »'R+H,0 (14)

Inthedeprotonated form, dye exhibitslow reactiv-
ity dueto the absence of alabile hydrogen atom. In-
deed, inthemoleculeof C.I. basicyellow 1, thenitro-
genatom carriesan H alomand thislabileH atom makes
themoleculeof C.I. basicyellow 1 especialy vulner-
able to attack *OH radical§?!. The decrease of the
colour removal rate at high basic solution (pH higher
than 10) isprobably dueto the dissociation of the N-H
bonds.

Onthewhole, our resultsdemongiratethat themaxi-
mum decol ourisation(98.1%) wasoccurred at pH 3.

Kineticsof decolourisation

Thekineticsof disappearanceof C.1. basicyellow
lisrepresented infigure 6. First-order kinetic model
wasutilized asfollows:

InC /C=kt (15)
where C, C, tand k aretheinitial dye concentration, dye con-
centration in t, decolorization time (min) and the global reac-
tion apparent rate constant(min®), respectively.

Thelinear fit betweentheln C /C and irradiation
timeunder pH 3 and different concentrationsof initial
dye solution can be approximated as pseudo-first or-
der kinetics.
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CONCLUSIONS

Theexperimentd resultsshowed that the UV/H,O,
process was a feasible pre-treatment method for
decolourisation of C.1. basic yellow 1 under the suit-
able operating conditions. Thedecolourisation of C.I.
basicyellow 1 wasdetermined at different operational
conditionssuch asUV dosage, hydrogen peroxidedos
age, initial dye concentration and pH. The 98.1% of
dyedecol ourisation can beachieved within20min, while
UV power of 500 W, H,0, concentration of 450mg/
L, 20mg/L of initia dyeconcentration and pH 3.0. The
decol ourisation ratefoll owed pseudo-first order kinet-
icswith respect to the dye concentration.
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