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ABSTRACT

Photodegradation of agueous solution of Mordant red17 (MR17) azo dye
in UV/H,0,, advanced oxidation process was investigated in this study.
Results show that MR17 dye decolorization rate was mainly effected by
different parameters such as solution pH, H,O, concentration, initial dye
concentrations and presence of different inorganic anionssuchasNO,, CI-
, CO,” ions. The degradation percent of the dye decreased by the presence
of inorganic anionsin the order of CO,* > Cl- > NO, ions. While increase
the temperature of the solution medium from 283 to 318K led to increasethe
decolorizationrate of MR17 dyefrom 0.048t0 0.164 min™. Thelow value of
the apparent activation energy E_ (24.91 kJmol ) indicatesthat decoloriza-
tion process of MR17 dye is achieved easily using H,O,/UV process. This
results further proved by presence of 100% decolorization of MR17 dyein
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about 50 min and about 85.57% mineralizationin a 3.0 h photoperiod.
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INTRODUCTION

Dyesareusedindifferent fidldssuch astextile, tan-
nery, paper and pulp, in additionto food, pharmaceuti-
cal, and cosmetic industries!. Thewide use of dyes
hasresulted inanincreasein thevolumeand complex-
ity of thewastewater discharged to theenvironment. It
wasreported that thereisabig amount of dyesarelost
intheeffluent duringthedyeing process?. The greatest
environmental concern with colored substances such
asdyesinthe surfacewater istheir absorption and re-
flection of sunlight entering thewater. Thuscausingin-

terfereswith thegrowth of bacteriaand plantsand dis-
turbance the ecol ogy of the receiving watert®l. Also,
most dyes havelow biodegradability and toxic nature
such asazo dyes can originatetoxic by-productsinthe
environment®®, Mordant dyesareoneclassof azo-dyes
characterized by the presence of ahydroxyl group ortho
to theazo-group and are col ored aromatic compounds
which requirethe presence of ametal (mordant) such
aschromium to properly set their color on fabricsby
forming aninsol ublecompound. Synthetic mordant dyes
(chrome dyes), representing about 30% of dyes used
forwool, areespeciadly useful for black and navy shades.
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However, mordant dyesarevery hazardousto health
sinceimproper gopplication of dichromateor incomplete
reduction could lead to release of thetoxic chromium
(VI) satinto theenvironment®.

In the sametime, less attention was given to the
photodegradation of mordant dyes. Thusitisimportant
to treat wastewater containing Mordant red 17 asone
classof azo-dyesbeforedischarge®. Effluentscontain-
ing azo dyesarecommonly treated by the combination
of biologica oxidation and physica-chemicd treatment
methods™. However, thesetraditional methodsmainly
provide a phase transfer of the contaminants from
wastewater to solid waste (dudge)®. Ontheother hand,
the decol orization and minerdization of awiderange of
dyesto stableinorganic compounds, hasbeen carried
out by different advanced Oxidation Processes
(AOP9) such ashomogeneous ™ and heterogeneous
photocatalysi g1,

AOPsrefer toaset of different methodsleading to
the generation of highly oxidative speciessuch ashy-
droxyl radicals ("OH) which are capable of oxidizing
the pollutantsto such an extent that the treated waste-
water may bereintroduced into receiving streamg 419,
Thesdtrategiesfor generating thereactive'OH radicals
for these oxidation methodsinclude UV photolysisof
ozoneor hydrogen peroxide*®, Fenton or photo-Fenton
typereactions, and TiO, photocatal ysis™™.
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Thisstudy aimed toinvestigate UV/ H,O, process
for the photodegradation of the Mordant red 17 azo
dye. Also, to examinethe effect of severa parameters
such astheinitia concentrations of both thedye and
H.,O, and the presence of inorganic anions on the
degradation kinetics of the dye. The effect of
temperature of the solution medium on the
decol orization rate wasinvestigated. In addition the
effect of Mineralization of the dye was studied as
indicator of the decrease in the chemical oxygen
demand (COD).

EXPERIMENTAL

Chemicals

H.,0, (30% w/w), ferrous ammonium sulphate
ferrionindicator, mercury (11) sulphate, HNO,, NaOH,
and potassium dichromatewere purchased from BDH
Limited, Poole, England and used without further treat-
ment. Target pollutant used in thisstudy was Eriochrome
red G azo dye (C.I. mono sulphonic Mordant red 17)
azo dye(MR17 dye) purchased from Ciba-Geigy LTD
Basdl, Switzerland. Thechemical structureof MR17is
showninTABLE 1. All other reagentswereanalytica
grade and used as received. All solutions were pre-
pared with deionized (DI) water.

TABLE 1: Characteristicsof eriochromered G azodye(Mordant red 17 azodyeor MR 17).

Chemical Structure Molecular Formula A max (nm) Mw (g/mol)
HsC
NaSO;  OH =N
SN N
4 Cu7 H1sN4NaOsS 430 411.39
HsC
Methods Radiation source
Apparatus A 20W low-pressure mercury vapor lamp (maxi-

Photochemical reactor

The photoreactor used for the photodegradation
of MR17 dye was purchased from ACE glass. ACE
glass photoreactor comprised of a quartz tube sur-
rounded with awater cooling jacket andimmersedina
Pyrex cylinder as asolution container. The container
hasinletsfor feeding reactantsand portsfor measuring
temperature and withdrawing samples.

mumemissiona 254 nm) wastheUV irradiation source.
Thelamp was surrounded with awater-cooling jacket
to removetheheat and to maintain aconstant tempera-
ture. Thelamp tubewasimmersed inthereaction solu-
tion. Theincident photonic flux (light intensity) was
measured by the photolysis of ferrioxal ateasan acti-
nometer. Thevalue of theincident photonic flux was
determined as(l_=1.46x10° Ein./L min).
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Procedures

Experiments of photodegradation of MR17 dye
were performed as described el sewhere*®. Aqueous
solutionsof MR17 dyewere prepared in distilled wa-
ter by dissolving the necessary quantity of the dyeand
fed into the photoreactor. The content of the
photoreactor was mixed with magnetic stirrer and the
temperaturewas maintained at 25+ 2?C by circulation
of water through aninternd coolingtube. ThepH of the
solutionwasmeasured by an Orion pH-Meter and ad-
justed by using dilute nitric acid or aqueous sodium hy-
droxide. Thelamp was started to initiate thereaction
after 3 min of premixing and samples were taken at
regular timeintervas.

Analysis

Asmentioned previoudy*®, the changeinthe con-
centrationsof MR17 dye dueto the photodegradation
were determined and their UV-Vis spectrawere re-
corded with aPerkin ElImer UV-Vis spectrophotom-
eter. Qualitativeinformation related to the degradation
of both parent dye and intermediatesformed during the
photodegradati on processwas obtained by monitoring
the absorbancein the region between 200 and 800 nm.
In addition, decolorization of the dye was followed
quantitatively by measuring the decreasein absorbance
at__ =430nmfor thedyechromophore. Thedecol-
orization ratio, expressed as a percentage, (%) was
calculated by™*¥ thefollowing Equation:

Decolorization (%) =%x100% D

0
where Cistheinitial concentration of MR17 dyein the solu-
tionand C, isthefinal concentration of MR17 at timet.

Chemicd oxygen demand (COD), wasdetermined
by closed reflux method. Sampleswereoxidizedwitha
known excess of K,Cr,O, in 50% H,SO, solution.
Thentheexcess of K,Cr,O, was determined by stan-
dard solution of ferrousammonium sulfatein presence
of ferrionindicator.

RESULTSAND DISCUSSION

The primary step inthese experimentswasthe de-
termination of themaximumabsorbance(,__ ) for MR17
dyeusing different concentrations. At pH 3 (at which
the experimentswerecarried out) thespectrum of MR17
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dye represents absorption bands at 430 and 260 nm.
Theband at 430 nm (attributed to n > * transitions of
N =N, C =N and C = O chromophore groups) is
respons blefor thecolor of thedye solutionandisthus
used to monitor therate of decolorization of the dye.
Absorbance band at 260 nm (> t* transitionin aro-
matic rings) represent aromatic character of the dye,
hence decreasesin the absorbance at thiswavel ength
correspond to loss of aromaticity of the dye during
photodegradation®

Theeffect of pH of thedyesolution on decoloriza-
tion efficiency

Changing the solution pH hasan important effect
onthestructure and characteristics of the dyes*®. Thus
the degradation of (0.05 mM) MR17 was studied at
variousinitia pHs(3, 5, 7and 9) toinvestigateitseffect
on the decol orization process as shownin Figure 1.
Theresultsindicatethat the decol orization efficiency of
MR17 dyeat the samedoseof H,O, under both acidic
and dkaineconditionswere different and appear to be
dependent on theinitial pH. It can be noted that the
largest decolorization rate with almost 100%
disappearance of the parent MR17dyeinthefirst 50
min of photolysiswasobserved a pH 3.0withaH,0,
concentration of 2.5mM.

Whileincreasingthe pH vaueto astrong alkaline
medium decreased the decol orization (%). Thelowest
degradation ratewas observed in dkalinemedium as
the decol orization (%) decreased from 100to 73.4%
at pH9 at the same concentration of H,0O, inthe same
photoperiod asshownin Figure 1. Thismay bedueto
theefficient generation of hydroxyl radica swith strong
oxidizing potential (E°=1.8V a neutrd pHt02.7V in
acidic pH) under acidic conditiong?-¢l,
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Figurel1: Dependenceof thedecolorization (%) on the pH
valueof MR17 dyeunder theconditions: [dye], =5x102mM,
[H,0,],=2.5x10°M and T = 25+ 2°C.
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Furthermore, decol orization (%) of MR17 dyewas
monitored by measurement of the pH withintheirra-
diationtime. The pH of the solution decreases slowly
at theinitial stage of the photooxidation, dropping by
lessthan onepH unit in acidic medium (from 5.00 -
4.61) whilethe neutral and alkaline medium lead to
dropping by morethan one pH unit (7.00- 5.15 and
9.00 - 7.40) except in the case of high pH (pH3) it
remains amost constant withinthe 60 min of irradia-
tion asshownin Figure 2. Thisslight dropinthe pH
indicates the formation of organic acid compounds
during the degradation processas aresult of degrada-
tion and cleavage of theazo group in the dye??. De-
creasing the pH values during the photodegradation
process using H,0O, was al so observed for different
dyessuch asReactivered 120, Reactiveblack 5, Re-
activeyellow 84 in aqueous solution®®. However, re-
maining thepH valuea most constant at initial high pH
(pH3), indicating that although the organic acid com-
pounds areformed during the degradati on process of
thedyethey arestill at such very small concentration
supporting themineralization of MR17 dyeunder the
present conditions. Since hydroxyl radicasare gener-
ated efficiently under acidic conditions?¥, also, there-
aultsindicated that MR17 degraded S gnificantly at pH3,
subsequent experimentswere performed at pH 3.

|-I—pH3 ApHS5 SpHT +pH

0 20 40 60

Time (min)
Figure2: Changetheinitial pH of the photodegradation
processof MR17 dyeduringtheirradiation time, under the
conditions: [dye] ,=5x10°mM,[H,O,] =2.5x10°M and T =
25+ 2°C.

Effect of initial hydrogen peroxide (H,0,) concen-
tration

Photodegradation processismainly dependent on
the amount of "OH radicals. However, production of
"OH radicalsisafunction of theconcentration of H,O,.
Severd experimentswereperformedtoinvestigatethe
effect of H,O, concentration ontheeffectivenessof the
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photodegradation of MR17 dye. Aqueous sol utions of
MR17 dye (0.05mM) wereirradiated in the absence
and presence of H,O, as shown in Figure 3. It was
found that while direct photolysis (in the absence of
H.,0,) of MR17 day solution was very slow and re-
sulted in about 5% of dye decolorizationin 60 min.
Also, inthesame period of the experiment, dark reac-
tion (MR17dye/H,O,/dark) wasfound to have about
5% of dye decol orization whichwasin agreement with
theliterature®,

100 -

80 4

S
§ an s -+ Dye/UV
E a0 | -+- Dye/H202
2 -9 Dye/H202/UV
8 20 -
a
0 —h——h
0 10 20 30 40 50 60
Time (min)

Figure3: Dependencethedecolorization (%) of 5x10-2mM
MR17dyeonthepresenceof H,O, under theconditions: [dye]
=5x10?mM, [H,0,],=2.5x10°M, pH 3and T =25+ 2°C.

However, MR17 dye photodegradation was sen-
sitized by the presence of hydrogen peroxide dueto
thegeneration of anon-sd ectiveand powerful oxidant,
"OH radical 2. Thus production of *OH radicals by
direct photolysis of added hydrogen peroxide? ac-
cordingto Eq. 2, resulted in 100% decol orization of
MR17 dyeinthefirst 50 min.

H,O,+hv2"OH )

It wasreported that the dosageof H,O, isacritica
parameter of advanced oxidation processes (AOPs)i#7.
Also, theresults of thedecol orization of MR17 depends
mainly ontheconcentration of H,O,. WhenH,O, reects
with dyemolecules, theoretically anexcessof H,0, is
needed to produce more "OH radicals. However,
increase both the concentration of H,O, and “OH
radical sresult in competitive reactions, which would
inhibit the decol orization rate of MR17 according to
Eq. 3-71

*OH+H,0,->HO, +H,0 €)
HO, +H,0,- OH +H,0+0, 4
HO, +'OH - H,0+0, ®)
2HO,; > H,0,+0, 6)
2'0H > H,0, ()
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Thepreviousreactionsshow that “OH radicascon-
sumed by reactions(3), (5) and (7). Therefore an opti-
mum concentration of H,O, inthereaction coursemust
bereached. Asdescribed previoudy*, apseudo-first-
order rate equation can be used to illustrate the
photodegradation reactionrate (r) of MR17 dyeusing
different concentrations of H,O, (2.5x10°, 2.5x10?,
2.5x10* and 5x10*M). Linear regression of first-order
plotsof InC /C, versustime provide kap from dlopes.
TheresultsinFigure4 indicated that thedecreasein dye
concentration asafunction of exposuretimewasmainly
dependent onthe concentration of H,O,. Thedatawere
in good agreement with the pseudo-first-order kinetic
mode providing apparent pseudo-first-order rate con-
stants(kap . min't) for each experiment.

| +0.025 mm
m2.5mM

In[C,J/[C,]

.3 | 4250 mM
® 500 mM

1} 20 40 60
Time (min)

Figured4: Dependenceof thedecolorization (%) of MR17 dye
on the H202 concentration under the conditions: [dye]0
=5x10-2 mM, pH 3 and T=25+2°C.

Photodegradation kineticsdata[half-livestime (t
,.)» pparent rate constant (kapp), the coefficient of de-
termination (R?) andinitid reaction ratefor degradation
of (0.05 mM) MR17 dye using different concentra-
tions(mM) of H,O, arepresented inTABLE 2.

TABLE 2: Photodegr adation kineticsdata[half-livestime(t, ),
apparent rateconstant (kapp), the coefficient of deter mination
(R? and initial reaction ratefor degradation of (5x10°M) MR
17 dyeusing differ ent concentration (mM) of H,O,.

HOLmM 8 (ol (mo Fpiny R
0.025 0.007 99 1.75E-07 0.9884
2.5 0.088 7.87 2.2E-06 0.9958
250 0.022 315 55 E-07 0.9934
500 0.007 99 3.5E-07 0.9815

It can be seen that thelargest degradationrate of the
dyewas observed withaH,O, concentration of 2.5mM
with apparent rate constant of 0.088 min™. Increasing
the concentration of H,O, to 500 mM lead to highinhi-
bition of thereaction asnoted by moredecreaseinthe
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rate constant to 0.007 min. Furthermore, the degrada-
tionrate constant of thedye at thelower H,O, concen-
tration (0.007 min?) wasthe same asthe degradation
retea higher concentration (0.007 min™). Atlower H,0,
concentration (0.025 mM), the decol orization rate de-
creasesduetothepresenceof insufficient ‘OH radicals.
Whileincreasing theconcentration of H,O,t0500mM,
resulted in high scavengingrateof high reective"OH radi-
calsby H,O, to producelessreactiveradicalssuch as
HO, (Eqg. 3). It is interesting to note that the
photodegradation processin the presence of H,O, is
moreefficient when usingtheoptimum doseof H,O, as
reported previously by numerousauthord?’. Sincethe
highest degradation ratewas observed by usng 2.5mM
H,O,, therefore, inall subsequent experimentsaninitial
H,O, concentration of 2.5 mM wasused.

Effect of dyeinitial concentration (C ) on eficiency
of the process

Effect of initial dye concentration on the
photodegradation ratewasinvestigated by irradiation of
solutionswithdifferentinitiad concentrations(0.1and 0.05
mM) of MR17 dye. pseudo-first-order kinetic model
was used to represent thedataasshown in Figure5.

In[C.JIC]

0 15 30 45 60
Time (min)

Figure5: Effect of initial concentration of theM R17 dyeon

photodegr adation under theconditions: [H,0,],=2.5x10°M,

pH 3and T=25+2°C.

Thekinetic datasuch asapparent rate constant (kapp,
min™), haf-livestime(t,), and the coefficient of deter-
mination (R?) for degradation of MR17 dyeare pre-
sentedinTABLE 3.

TABLE 3: Kineticsdatafor effect of initial dyeconcentra-
tions on photodegradation of MR17 dye using 2.5x10°M
[H,0,],pH 3and T=25+2°C.

[MR17 dye], MM Kgp(min-1)  t, (min) R?
0.1 0.0115 60.27  0.9944
0.05 0.0884 7.840  0.9888
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Resultsindicated that thelowest decolorizationrate
(50%) was observed at high concentration of dye (0.1
mM) inthefirst 40 minwith apparent rate constant of
0.0115 min* and haf-life of 60.27 min. However, us-
inglow initial concentration of the dye (0.05mM) re-
sulted inlarge enhancement in the degree of decolori-
zation to reach 93% which lead to increase the appar-
ent rate constant morethan 7 timesto be 0.0884 min*
and the half-life decreased to 7.84 min. Thisisdueto
the absorption of major illuminated light by dye mol-
ecules, a highinitid concentrations, which act asfilters
limiting the penetration of light through the sol ution'®
thus decreasing the generation of *OH radical savail-
ablefor photodegradation of MR17 dye?. Also, these
results suggest that oxidation occurs on the chro-
mophore rather than on the dye molecular skeleton.
Becauseof this, H,O,/UV would be moreeffectivefor
dilutesolutionsof MR17 dye.

Effect of inorganic anions on photodegradation
process

Toinvestigatethe effect of inorganic anionsonthe
decol orization of MR17 dye, experimentswere per-
formedin presenceof (1.145g/L) nitrate (NQO,), chlo-
ride (Cl") and carbonate (CO,?) ions. TABLE 4 pre-
sented theresultsof variesthedecol orization % at dif-
ferent timeswith the studied inorganic anions.

TABLE 4: Effect of (1.145 g/L) different inor ganic anions
(NO,, Cl-and CO,?) on thephotodegr adation of M R17 under
theconditions: [dye] =5x10°mM, [H,0,] =2.5x10°M, pH 3
and T =25+ 2°C, (control =absenceof anions).

Decolorization (%)

Time (min) - - CO?%
Control NO7; Cl

0 0.00 0.00 0.00 0.00
5 34.00 29.77 3151 16.28
10 55.00 46.51 42.92 26.98
15 72.50 66.05 64.38  41.40
20 84.00 75.81 76.71 46.98
25 91.50 83.72 86.30 6186
30 93.50 90.70 89.95 69.77
40 96.50 96.28 9452  79.53
50 100.00 100.00 96.80 86.98
60 100.00 100.00 98.17 90.23

It wasreported that presence of inorganic anions
in the photodegradation sol utions may induce or re-
ducetherate of photooxidation*”. Thekinetic data

Homogeneous photodegradation of dye aqueous solution with H,0,/UV process
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(TABLE5) showed that the rate of photodegradation
of MR17 wasdiffer inthe presence of different inor-
ganic anions. Presence of NO, ionslead to slight de-
creaseinthe photodegradation rate as shown by in-
creasethe half-life(t,,,) of degradation processfrom
7.88 (intheabsence of NO,) to 8.45 min. Although
previous reports®! showed that the presence of
NaNO, had negligibleeffect on the photodegradation
process. Thismay beattributed to the scavenging of
"OH radicalsby NO, decreasing the availability of
"OH radicalsfor the photodegradation process. Fur-
thermore, presenceof Cl-ionssignificantly decreased
the decol orization rate constant of dyeand thet, , in-
creased from 7.88 to 10.19 min. However, therate
decreased dramatically from 0.088 min in the ab-
sence of CO,* t0 0.040 min'* due to the addition of
CO,* ionswhichlead toincreasethet, , by 2.2 fold
(from 7.88t0 17.33 min). This behavior may be at-
tributed to"OH radica scavenging by CO_*ionf*2.

TABLE5: Photodegr adation kineticsdata [apparent ratecon-
stant (kapp), half-livestime(t ) and thecoefficient of deter mi-
nation (R?)] for degradation of (2.5 x10°M) MR17 in the

presenceof (1.145g/L) different inorganicanions(control =
absence of anions).

Anions  Kapp (Min™)  t% (min)=1In (2/Kap,  R?

Control 0.088 7.88 0.988
NOsy 0.082 8.45 0.992
cl 0.068 10.19 0.990
COs* 0.040 17.33 0.989

Since the experiments were performed at pH 3
under H,O,/UV, carbonateionswere present mainly
asH,CO,. Presenceof bicarbonateionsinthe course
of photooxidation may decreasethedecolorizationrate
dueto scavenging of ‘OH by HCO, asshowninEq. 8.
HCO, + OH'—» CO, +H,0 ®)

Production of CO,’- whichislessreactivethan hy-
droxyl radical™ lowered thelevelsof *OH duringthe
course of the reaction hence decreasing the decol ori-
zationrateasshownin TABLE 4. Ingenerd,, the pres-
ence of inorganic anionsinthewastewater tendstoin-
hibit the photodegradation of MR17 dyeasshownin
TABLEDS.

Effect of temperatureof aqueousmedium

Effect of temperatureon MR17 dye degradation
wasinvestigated. Figure 6 represent the effect of tem-
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perature on the decolorization rate of MR17 dye at
273, 298, 308 and 318K. Apparently, temperature
showed significant pogitiveinfluence ontherate of deg-
radation of thedye. Theresultsobtained in Figure 6
indicate that the decol orization rate of the MR17 dye
increaseswith theincreasein thetemperature. Thus
when the temperature increased from 283 to 318K,
the decolorization rateincreased from 0.04810 0.164
min™. Thisincreasein the decol orization rate may be
dueto both increasethe reaction activity of *OH radi-
ca g% and theincreasein collision frequency of mol-
eculesin the solution!, which enhancesthereaction
between MR17 dyemoleculesand *OH radicals.

¢T=283 K @T=208K
AT=308K mT=318K

IN[C/IC]

0 20 40 60
Time (min)

Figure6: Effect of temperatur e on photodegradation of the
MR17dyeunder theconditions: [H,O,] =25x10°M, [dye] =
5mM and pH 3.

According to theapparent kinetic rate constants at
different temperatures, the apparent activation energy
E, for the decolorization of MR17 dye by H,O,/UV
wascomputed with Arrhenius Equation:

k=A exp(— %) 9

Taking thenaturd logarithm of both sidesyidlds:
Ink =InA - E, (i)
RIT

where, Aisthe pre-exponential (or frequency) factor;
E, isthe apparent activation energy (Jmol ™), Risthe
ideal gas constant (8.314 Jmol*KY) and T isthere-
action absolute temperature (K). TheArrhenius plot
of Inkversus /T for MR17 (Figure 7) hasalinear
relationship and alow to obtain E_ fromitsslope. The
apparent activation energy E_, obtained from the
Arrheniustypeplotin Figure 7 wasfoundto be 24.91
kJmol. Generally, thereaction activation energy of
ordinary thermal reactionsisusually between 60 kJ

(10)
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mol-* and 250 kJ mol-4%3, the result impliesthat the
decol orization of MR17 dyein agueous solution by
H,O,/UV process requireslower activation energy
(E) and canbeeasily achieved.

1.8 -
T 2.6 1
-3.3
3.1 3.2 5.4 3.4 3.5 3.6
11T x 10°

Figure7: Thearrheniusplot of In k versus /T of thedecol-
orization of MR17 by H,O,/UV processunder theconditions.
[H,0,],=2.5x10°M, [dye] ;)= 5mM and pH 3.

Mineralization of MR7 azo dye

Theextent of themineralization of thedyewasde-
termined on the basis of chemica oxygen demand
(COD) messurements. Theminerdization efficiency was
caculated by Eq.11.

COD,-COD,
CcoD,
where COD correspondsto theinitia value of COD and COD,

isthe value of COD obtained at timet.

Chemica oxygendemand (COD) istheamount of
oxygen equivaent to theamount of organic andinor-
ganic matter present in thesample. Decreasing COD is
evidencefor the oxidation and/or decreasein the car-

Mineralization (%) = x 100 (1)

100

80

60 -

40 -

Mineralization (%)

20

0

0 50

100 150 200

Time (min)
Figure8: Mineralization of MR17 dyeasindicated by de-
crease the chemical oxygen demand (COD) during
photodegr adation by H,O,/UV process, under theconditions:
[dye],=5x10?mM, [H,0,] ,=2.5x10°M, pH 3and T=25+2°C.
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bon content in the sample, henceindicative of theex-
tent of mineralization. The extent of degradation of
MR17 dyewas determined by measuringthedecrease
in COD va ues dueto the photodegradation of MR17
dyeusingH,O,/UV over a3.0 h photoperiod asshown
inFigure 8. Theresultsindicating that the H,O,/UV
process was very efficient and mineralizes about
85.57% of MR17 dyein period of 3.0 h.

CONCLUSION

Theresultshaveshown that UV/H,O, treatment is
very effective and can be a suitable pre-treatment
method for thedegradation of MR17 dye. Usnga20W
low-pressure mercury vapor lamp in presence of
2.5x10°M H,0, lead to about 100% decolorization
inthefirst 50 minand 85.57% minerdization of MR17
dye in about 3.0 hr. Also, the results indicated that
presenceof inorganicanionssuchasNO,, Cl-andCO >
ionsinhibited theremoval of thedyefrom solution. The
decreasing order of dyeremoval inpresenceof inorganic
anionswas, CO,% > Cl->NO; ions. Thedecolorization
ratewasfound toincrease by increasing thetemperature
of aqueous mediumfrom 283to 318K. Thelower value
of E, obtained fromthe sl ope of thelinear relationship
of Arrhenius Equation indicated that the decol orization
of MR17 dyeinagueoussolution by H,O,/UV process
requires lower activation energy and can be easily
achieved. Theinvestigationsshould becontinuedinorder
toidentify theeva uation of theintermediatesduringthe
oxidation process.
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