June 2010

Trade Science Ine.

ISSN : 0974 - 7451

Snviconmental Science

Volume 5 Issue 3

A Tndéian Journal

—= Qurrent Research Peapers

ESAIJ, 5(3), 2010[215-222]

Enhancement of photodegradation of mordant dyes by iron
powder and H,O, in presence of UV light

M.Taha Elmorsit?*, Yasser M.Riyad?, Zeinhom H.Mohamed?,
Sawsan A.Mahmoud?, Hassan M.Abd El Bary?
IChemistry Department, Faculty of Science, Jazan Univer sity, Jazan, 706, (K SA)
2Chemistry Department, Faculty of Science, Al-Azhar Univer sity, 11884, Cairo, (EGYPT)

Egyptian Petroleum Resear ch Ingtitute, Cairo, (EGY PT)

E-mail : taha_emor s @yahoo.com

Received: 6" April, 2010 ; Accepted: 16™ April, 2010

ABSTRACT

In this study different treatment methods such as H,O,/UV, Fenton and
photo-Fenton (Fe*/H,O,/UV) treatments, have been used to investigate
theremoval of the Mordant red 7 (MR7) azo dye from agueous solution. In
photo-Fenton treatment, iron (Fe) powder was used as a cheap source of
Fe?* ions. Complete decol orization of MR7 using H,O,/UV process, achieved
in less than 60 min. The photodegradation process was mainly effected by
different parameters such as initial dye concentrations, [H,O,], pH value
and presence of different inorganic salts such as carbonate, nitrate and
chloride ions. The decrease in the degradation percent was in the order of
Carbonate > chloride > nitrateions. In comparison, the photo-Fenton treat-
ment, using Fe° powder as a source of Fe?* ions, was more efficient in the
decolorization of MR7. It was found that complete decolorization of MR 7
obtained in about 30 min. Furthermore, mineralization of MR 7 wasinvesti-
gated using chemical oxygen demand (COD) experiment. The resultsindi-
cated that, 66.67% of the MR7 dye was mineralized using H,O,/UV process
in a 3.0 h photoperiod. While photo-Fenton treatment (in presence of Fe°
powder), was more efficient and resulted in compl ete mineralization of MR7
dyein about 2.0 h of photoperiod. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Advanced oxidation technologies(AOTSs) arethose
processeswhich involve powerful oxidizing agentssuch
ashydroxyl freeradicas(-OH) to efficiently oxidizea
wide range of organic pollutants in wastewater at
ambient temperature and pressure4, The chemical
reactionsinvolvedin AOTs arefaster than oxidation
that takes placein the environment. Hydroxyl radical

(-OH) hasstrong oxidizing potential (E°=+1.8V at
neutral pH to +2.7V in acidic solutions), that lead to
effective degradation of awide variety of agqueous
contaminants including azo dyes>". Presence of
pollutants such asazo dyesin wastewater isof particular
environmental concern sincethey can originatetoxic
by-productsin the environment’®®. Mordant dyesare
oneclassof azo-dyes characterized by the presence of
a hydroxyl group ortho to the azo-group and are
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colored aromatic compounds which require the
presence of ametal (mordant) such as chromium to
properly set their color onfabricsby forminganinsoluble
compound. Synthetic mordant dyes (chrome dyes),
representing about 30% of dyes used for wool, are
especialy useful for black and navy shades. However,
mordant dyes are very hazardous to health since
improper application of dichromate or incomplete
reduction could lead to release of thetoxic chromium
(VI) sdtintotheenvironment!?. Ingenerd, discharging
textile wastewaters contain a high concentration of
unfixed dyestuffs that may seriously affect aguatic
ecosystemsin addition to changing their color. Inthe
same time, less attention was given to the
photodegradation of mordant dyes. Thusitisimportant
to treat wastewater containing Mordant red 7 asone
class of azo-dyes before discharge*¥. Effluents
containing azo dyes are commonly treated by the
combination of biological oxidation and physical-
chemical treatment methods'?. However, these
traditional methodsmainly provideaphasetransfer of
the contaminants from wastewater to solid waste
(dludge)™. Onthe other hand, thedecol orization and
minerdization of awiderangeof dyesto stableinorganic
compounds, has been carried out by different AOTs
such as homogeneous!” and heterogeneous
photocatalysisi**s. AOPs refer to a set of different
methods|eading to the generation of highly oxidative
species such as hydroxyl radicals (OH) which are
capable of oxidizing the pollutantsto such an extent
that thetreated wastewater may bereintroduced into
receiving streamg617, Thestrategiesfor generating the
reactive -OH radicals for these oxidation methods
include UV photolysisof ozone or hydrogen peroxide,
Fenton or photo-Fenton type reactions, and TiO,
photocatalysig*#2Y. The main objective of thisstudy
wasto investigate the photodegradation of the M ordant
red 7 azo dye using both UV/ H,O, and photo-Fenton
trestment. A cheap source of Fe?* such asiron powder
(Fe°) will be used inthe photo-Fenton reaction. Al so,
to examinetheeffect of severd parameterssuch asthe
initial concentrationsof boththedyeand H,O, andthe
presenceof inorganic anionson thedegradation kinetics
of the Mordant red 7 azo dye. Mineralization of the
dye was studied as indicator of the decrease in the
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Figurel: Chemical structureof Eriochromered B azodye(C.I.
monosulphonicM ordant red 7, C20H15N4Na05S) [MR7 dye]

chemical oxygendemand (COD).
EXPERIMENTAL

Chemicals

H.,O, (30% w/w), iron powder (nominal purity
95.0%), ferrous ammonium sul phateferrion indicator,
mercury (I1) sulphate, HNO,, NaOH, and potassium
dichromatewere purchased from BDH Limited, Poole,
England and used without further trestment. Target pol-
lutant used in this study was Eriochromered B (C.1.
M ono sulphonic Mordant red 7, C20H15N4Na05S)
azo dye (MRY7 dye) purchased from Ciba-Geigy LTD
Basdl, Switzerland. The chemical structureof MR7is
showninfigure 1. All other reagentswereanalytical
grade and used as received. All solutions were pre-
pared with deionized (DI) water.

Methods
Apparatus

Investigations of efficiency of MR7 dye
photodegradation were performed in laboratory setup
as described elsewheretl. ACE glass photoreactor
comprised of aquartz tube surrounded with awater
cooling jacket and immersed inaPyrex cylinder asa
solution container. TheUV irradiation sourcewasa20W
low-pressure mercury vapor lamp (maximumemission
at 254nm). Theincident photonic flux was measured
by thephotolysisof ferrioxaate (I, = 1.46x10°Ein. /L
min).

Photodegr adation experiments

Aqueous solutionsof MR7 dyewerepreparedin
distilled water by dissol ving the necessary quantity of
the dye and fed into the photoreactor. The content of
the photoreactor was mixed with magnetic stirrer and
thetemperaturewasmaintained at 25+ 2°C by circu-
lation of water through aninterna coolingtube. ThepH
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of the solution was measured by an Orion pH-Meter
and adjusted by using dilute nitric acid or aqueous so-
dium hydroxide. Thelamp was started to initiate the
reection after 3minof premixing and samplesweretaken
a regular timeintervals.

Analysis

Except wherenoted, andyseswasidentica tothose
previously described™. During photodegradation ex-
periments, MR7 dye concentrationswere determined
and their UV-Visspectrawererecorded with aPerkin
Elmer UV-Visspectrophotometer. Quditativeinforma:
tion rel ated to the degradation of both parent dyeand
intermediatesformed during the photodegradation pro-
cesswasobta ned by monitoring the absorbancein the
region between 200 and 800 nm. In addition, decol ori-
zation of thedyewasfollowed quantitatively by mea-
suring the decreasein absorbance at Amax = 472nm
for the dye chromophore. Chemical oxygen demand
(COD), was determined by closed reflux method.
Samples were oxidized with a known excess of
K.,Cr,0,in50% H_SO, solution. Then the excess of
K.Cr,O, was determined by standard solution of fer-
rousammonium sulfatein presenceof ferrionindicator.

During the photodegradati on experiments, remain-
ing % of dye?? wascalculated as:

. C,
Remaining (%) = (C—OJX 100 1)
where C, istheinitial MR7 azo dye concentration and
C, isthedyeconcentration at illuminationtimet.

RESULTSAND DISCUSSION

Effect of H,0,

Toinvestigate the effect of H,O, concentration on
the effectiveness of the photodegradation process, aque-
oussolutionsof MR7 dye (0.05mM) wereirradiatedin
the absence and presenceof H,O,asshowninfigure2.
It wasfound that while direct photolysisof MR7 day
solution wasvery dow, dark reaction (dye/H,O,/dark)
wasfound to have no measurabl e effect on the decol-
orization of the dye which wasin agreement with the
literaturd’®. However, MR7 dye photodegradation was
sensitized by the presence of hydrogen peroxidedueto
the generation of anon-sdlectiveand powerful oxidant,
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"OH radical 9%, Thus production of -OH radicals by
direct photolysis of added hydrogen peroxide accord-
ing?¥ to Eq. (1), lead to 96% decol orization of MR7
dyein50min.
H,O,+hv—2"OH )
In addition, the efficiency of the degradation pro-

cessdepends mainly onthe concentration of H,O,. Be-
causeof thelow molar absorptivity of H,O, at 254nm
(18.6-19.61/mol-cm)#, theoretically anexcessof H,0,
isneeded to produce more-OH radicals. However, it
was reported that the concentration of H,0, may ei-
ther enhanceor inhibit the photoreaction rate depend-
ing on concentration(?21, Thereforean optimum con-
centration of H,O, in the reaction course must be
reached. At afixed concentration of dye (0.05mM) at
pH =3.0and 25+ 2°C, the effect of theinitial concen-
tration of H,0, (2.5x10°, 2.5x10°%, 2.5x10" and
5x10t M) on the photodegradation processwas in-
vestigated. The photodegradation reaction rate (r) of
MR?7 dye using H,O, can be represented by the fol-
lowing differentia ratelaw:

_ _ didye]

T dt

Inthe case of high concentrationsof H,0, inthis

experiment, [H,O,] is considered constant and a
pseudo-first-order rate equation may be used to de-

= k[dye][H,0,] (©)

scribethedegradation kinetics:
dd
=‘% = KapplClyel @
[dye], | _
In (—[dye]oJ ==Kyt (5)

where[dye] istheinitial dyeconcentration (0.05mM),
[dye], istheconcentration of dyeéfter illuminaiontime
t, k (min?) isthetruereaction rate constant and kapp is
the apparent first-order rate constant. A reaction half-

0.693
lifecanbecaculatedas tv2 = | andtheinitid rate

app
(R, mgl*min') canbeca culated fromthehaf-lifeand
K, asfollows:

R, =Cyky, (6)

dyel,
Linear regression of first order plotsof '”Gdﬁ J

versustime providesk op from slopes. Theresultsin
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TABLE 1: Photodegradation kineticsdata [half-livestime
(t,), apparent rateconstant (kapp), thecoefficient of deter mi-
nation (R?) and initial reaction ratefor degradation of (2.5x10-
5M) MR 7 dyeusingdifferent concentration (mM) of H,O,

4 ty(min) = Riniia = Co X Kgpp

[H02), MM kepp ™) 11 (ks (mol L7 min'D R
025 00119 5824 208<107 09884
25 00674 1028 169x10°  0.9958
250 00397  17.46 9.93<107  0.9934
500 0021 3300 525<107 09815

figure 3indicated that the decreasein dye concentra-
tion asafunction of exposuretimewas mainly depen-
dent on the concentration of H,O,. The datawerein
good agreement with the pseudo-first-order kinetic
model providing apparent pseudo-first-order rate con-
stants (kapp, mint) for each experiment. Photodegra-
dation kineticsdata[half-livestime(t, ), apparent rate
constant (kapp), the coefficient of determination (R?) and
initial reaction ratefor degradation of (0.05mM) MR 7
dyeusing different concentrations (mM) of H,0O, are
presented in TABLE 1.

It can be seen that thelargest degradation rate of
the dye was observed with aH,O, concentration of
2.5mM with apparent rate constant of 0.0674 min'.
Increasing the concentration of H,O, to 500mM inhib-
ited the reaction as noted by more than a 3-fold de-
creaseintherate constant to 0.021 min'. Furthermore,
the degradation rate constant of the dye at the lower
H,O, concentration (0.0119 min') was close to the
degradation rate at higher concentration (0.021 min't)
indicating the high scavenging rate of ‘OH radicalsby
H,O,. Previousreports® haveindicated that consump-
tion of ‘OH radicalsor production of lessreactiveradi-
cas(suchasHO,) takeplaceat very high concentra-
tionof H,O, dueto self-scavenging, competitivereac-
tionssuch asreaction with HO, and dimerizationto
H,0, according tothefollowing equations:

'OH+H,0,-HO, +H,0 Y
HO, +'OH 5 H,0+0, ®)
2'0H—H,0, ©)

On the other hand, dueto the presence of insuffi-
cient -OH radicals at lower H,O, concentration
(0.25mM) the degradation rate constant of the dye
decreased t0 0.0119 min™. Itisinteresting to note that
the photodegradation processin the presence of H,O,
ismoreefficient when using theoptimumdoseof H,O,
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TABLE 2: Photodegr adation kineticsdata [half-livestime
(t,), apparent rateconstant (kapp), thecoefficient of deter mi-
nation (R?)] for degradation of (25x10°M)MR 7inthepres-
enceof (1.145¢/L ) differ ent inor ganic anions(control = ab-
sence of anions)

1 t 4 (min) =

Anions Kapp (min") I (kaoy R?
Control 0.0637 10.90 0.9948
NOs 0.0422 16.40 0.9876
cr 0.0332 20.90 0.997
COs* 0.0202 34.30 0.9935

asreported previoudy by nnumerous authors®. Since
the highest degradation rate was observed by using
2.5mM H,O,, therefore, inall subsequent experiments
aninitial H,O, concentration of 2.5mM was used.

Effect of pH

Figure4 presentsthepH effect ontheMR7 degra-
dation under UV light irradiation in the presence of
H,0O,. Aqueoussolutions of MR7 dye (0.05mM) were
irradiated at variousinitial pH (3, 5, 7and 9) toinves-
tigatetheeffect of initial pH on photodegradation pro-
cess. It wasfound that the degree of decol orization of
thedyewasdepending onthevaueof pH. Theresults
indicate that the decol ori zation efficiency of MR7 dye
at the same dose of H,O, under both acidic and alka-
line conditionswere different and appear to be depen-
dent ontheinitial pH. It can be noted that at pH of 3.0
thelargest degradation ratewas observed withaH,O,
concentration of 2.5mM with 92% di sappearance of
the parent MR7dyein thefirst 40 min of photolysis.
Whileincreasing thepH vaueto astrong akalineme-
dium decreased the photodegradation rate. Thelowest
ratewas observed in akaline medium asthe % disap-
pearance decreased from 92 to 60% at pH9 at the
same concentration of H,O, inthe same photoperiod
asshowninfigure4. Thismay bedueto hydroxyl radi-
casaregenerated efficiently with strong oxidizing po-
tential (E°=1.8V at neutral pH to 2.7 V in acidic
solutions under acidic conditions?. Furthermore,
photodegradation of MR7 dyewas monitored by mea-
surement of thepH withintheirradiationtime. ThepH
of the solution decreasesslowly at theinitial stage of
the photooxidation, dropping by about onepH unit (from
5-4.2, 7-5.9 and 9-8.08) except in the case of high pH
(pH 3) it remainsamost constant within the 60 min of
irradiation asshowninfigure5. Thisdight dropinthe
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Figure2: Photodegradation of 5x102mM M R7 dyein the
presenceof 25mM H,0O,at pH 3and T =25+2°C
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Figure4: Effect of pH on MR7 dyedegradation under the
conditions: [dye]0=5x10"mM, [H,0O,] =2.5x103M and T =
25+2°C
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Figure6: Effect of initial concentration of the MR7 dyeon
photodegr adation under theconditions: [H,0,], =2.5x10°M,
pH3and T =25+2°C
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Figure 8 : Effect of photo-Fenton treatment on the
photodegradation of MR7 dyeunder theconditions: [dye] =
5x10*°mM, [H,0,] ,=2.5x10°M, iron dosage=0.11g, pH 3
andT=25+2°C
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MR7 dyeunder theconditions. [dye]0=5x10°mM, pH 3and
T=25+2°C
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crease the chemical oxygen demand (COD) during
photodegradation by H,O,/UV and photo-Fenton pr ocesses,
under theconditions: [dye],=5x10°mM, [H,O,] = 2.5x10°
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pH indicatestheformation of organic acid compounds
during the degradation processas aresult of degrada-
tion and cleavage of theazo group in the dye®?. De-
creasingthepH va uesduring the photodegradation pro-
cessusing H,O, was also observed for different dyes
such asReactivered 120, Reactiveblack 5, Reactive
yellow 84 in agueous sol ution®, However, remaining
thepH valueamost constant at initia high pH (pH 3),
indicating that a though the organic acid compoundsare
formed during the degradation process of the dyethey
aredtill at such very small concentration supportingthe
mineralization of MR7 dye under the present condi-
tions.

Sincehydroxyl radical sare generated efficiently
under acidic conditiong¥, dso, theresultsindicated that
MR7 degraded significantly at pH3, subsequent experi-
mentswere performed at pH 3.

Effect of initial dye concentration

Production rate of ‘OH radica sfromthedirect pho-
tolysisof H,O, isstrongly dependent on theincident
light. Thushighly absorbing sol utionssuch asdyes may
act asfilterslimiting the penetration of light through the
solution®Y, Therefore, different concentrations (0.1 and
0.05mM) of MR7 dyewereused in order to determine
theeffect of theinitial dye concentration on the effec-
tiveness of photodegradation process. Figure 6 pre-
sentstheresultsof % remaining of different concentra-
tions (0.1 and 0.05mM) of MR7 dyeversustime. The
resultsindicatethat at thefirst 40 minasignificant de-
creaseinthedecolorization rate resulted at high con-
centration (0.1mM) of MR7dyewith 50% remaining.
However, thelargest enhancement in the degree of de-
col orization was observed with adye concentration of
0.050mM with only 7% of MR7 dyeremaining. It was
reported that at high concentration of dye most of the
UV light will be absorbed by the dye molecul esinstead
of H,0O,, thus decreasing the generation of ‘OH radi-
casavailablefor photodegradation of MR71%2, Al so,
theseresultssuggest that oxidation occurson the chro-
mophore rather than on the dye molecular skeleton.
Becauseof this, H,O,/UV would be moreeffectivefor
dilutesolutionsof thedye.

Effect of inorganicanions
Presenceof inorganic anionsinthe photodegradation
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solutionsmay induce or reducetherate of photooxida-
tion®3, Photodegradati on experimentsfor agqueous so-
lutionsof MR7 dyewereperformedin presenceof dif-
ferent inorganicanions. Theresultsof photodegradation
inpresenceof (1.145¢g/L) nitrate (NO,), chloride (CI")
and carbonate (CO,?) ionsarepresented infigure 7.
Thekinetic data (TABLE 2) showed that the rate of
photodegradation of MR7 wasdiffering inthe pres-
ence of different inorganic anions. Presence of NO,
ionsleadto dight decreaseinthe photodegradationrate
asshown by increasethe half-life(t,,,) of degradation
process from 10.90 (in the absence of NO,)) to 16.4
min. Although previousreports® showed that the pres-
ence of NaNO, had negligible effect on the
photodegradation process. Thismay beattributed to
thescavenging of -OH radicalsby NO, decreasingthe
availability of -OH radicalsfor the photodegradation
process. Furthermore, presence of Cl-ionssignificantly
decreased the decol orization rate constant of dyeand
thet, , increased by about 50% (from 10.90 to 20.90
min). However, therate decreased dramatically from
0.064 min* intheabsence of CO,* to 0.020 min™* due
totheaddition of CO,* ionswhichleadtoincreasethe
t,, by 3.4fold. Thisbehavior may beattributedto-OH
radical scavenging by CO_ion*.

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, asshownin Eq.
(10);

HCO, +OH —» CO, +H,0 (10)

Production of CO,~whichislessreactivethan hy-
droxyl radical® |owered thelevelsof ‘OH during the
course of the reaction hence decreasing the decol ori-
zationrateasshowninfigure7. Ingenerd, the pres-
ence of inorganic anionsinthewastewater tendstoin-
hibit the photodegradation of MR7 dye as shownin
TABLE 2.

Effect of photo-fenton reaction

Catalytic decomposition of H,O, by ferrous (Fe*)
ioninabsenceof UV light (Fenton’s reaction) or in pres-
enceof UV light (photo-Fenton reaction) lead toin-

creasethe production of *OH radicalsaccording to the
followingequation;
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Fe*+H,0,— Fe*+ OH +OH (11)
Fenton system usudly carried out by iron saltsasa
source of Fe?"®. However, a source for Fe** in the
Fenton reaction could be Fe° powder that reactswith
hydrogen peroxide (Eg. 12) to produce Fe** which
initiatesthe Fentonreaction (Eq. 11).
Fe°+H,0, > Fe* + 20H- (12)
Toinvestigatethe effect of increased production of
"OH radicals on the photodegradation of MR7 dye,
experimentswere performed us ng Fenton and photo-
Fenton conditions in presence of Fe° powder as a
source for Fe?* ions. It was reported that acidic me-
diumleadstoincreasethe production of *OH radical§,
therefore, the experimentsaredoneat pH 3. There-
sultsof photodegradation of MR7 dyeusing H,O,/UV
process, Fenton (H,O,/Fe°/dark) and the photo-Fenton
(H,O/Fe°/UV) conditionsareshowninfigure8. It was
found that at thefirst 30 min, thedegradation of MR7
dye by Fenton’s reaction resulted in about 44% re-
moval and degradation of MR7 by theH,O,/UV pro-
cessresulted in 86% removal. On the other hand, the
photo-Fenton reaction resultedinthe highest efficiency
for degradation of MR7 dye with about 99% disap-
pearancein thefirst 30 min, indicating that the domi-
nant decol orization mechanismisthe photo-Fentonre-
action. Furthermore, preliminary investigation of com-
plex formationwas performed by following thechange
intheoriginal color of the dye during the addition of
H.,0, to Fe powder during experimentsunder Fenton
and photo-Fenton conditions. Therewasno changein
theorigind color of thedyeto indicate complex forma-
tion under the conditionsof theexperiment. Further ex-
periments should be performed to investigate the po-
tentid contribution of complex formationtotheremova
of MR7 dye under these conditions.

Mineralization of MR7 azo dye

Chemical oxygen demand (COD) istheamount of
oxygen equivaent to the amount of organic andinor-
ganic matter present in thesample. Decreasing COD is
evidencefor the oxidation and/or decreasein the car-
bon content in the sample, henceindicativeof theex-
tent of minerdization. Theextent of degradationof MR7
dyewasdetermined by measuring thedecreasein COD
valuesdueto the photodegradation of MR7 dyeusing
H.,0O,/UV and photo-Fenton processesover a3 h pho-
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toperiod asshown infigure 9. Theresultsindicating
that the H,O,/UV process mineralize about 67% of
MR7 dyein period of 3 h, whilethe photo-Fentonre-
action wasmoreefficient leading to 100% mineraliza-
tion of thedyeinonly 2.0 h.

CONCLUSION

Theresultshave shownthat both UV/H, O, process
and photo-Fenton treatment can be a suitable pre-
treatment method for the degradation of MR7 dye.
Completemineralization of MR7 dyewasachievedin
about 2.0 hr by photo-Fenton reactionin the presence
of Fe® powder as a continuous source for Fe** ions.
Among the different processes contributing to the
removal of dye, the increasing order of dye
decol orizationwas. photo-Fentonreaction>H_,O,/UV
> Fenton’s reaction. Also, the results indicated that
presenceof inorganicanionssuchasNO,;, Cl-and CO,*
ionsinhibited theremova of thedyefrom solution. The
decreasing order of dyeremoval inpresenceof inorganic
anionswas. CO,* > Cl->NO; ions. Theinvedtigations
should be continued in order toidentify theevauation
of theintermediates during the oxidation process.
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