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ABSTRACT

In thisinvestigation photocatalytic degradation of dye Metil Orange (MO)
in water was studied. Zinc oxide was supported on Clinoptilolite (Iranin
Natural Zeolite) using solid-state dispersion (SSD) method. The results
show that the ZnO / Clinoptilolite (SSD) is an active photocatalyst. The
maximum effect of photo degradation was observed at 10 wt.% ZnO, 90
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wt% Clinoptilolite. A first order reaction with K = 0.0119 min? was observed.
the photocatal ytic degradation reaction. The effects of some parameters
such as pH, amount of photocatalyst, initial concentration of dye were

dsoexamined. © 2013 TradeSciencelnc. - INDIA

INTRODUCTION

From theviewpoint of green chemistry, the photo-
cataytic decomposition of organic compoundsin waste-
water hasattracted agreat ded of attention™®. ZnOis
one of the most effective photocatal ystsbecauseitis
biologicaly and chemically inert and photostablewith
near-UV band gap energy. ZnO can beused asafine
powder or crystal sdispersed in water wastewater treat-
ment applications. However, theneed tofilter ZnO &f-
ter reaction makes such a process troublesome and
costs. Thus, in order to solvethis problem, many re-
searchershaveexamined somemethodsfor fixing ZnO
on supporting materialsincluding glass beads*12, fi-
ber glass®* 9, silicd’® and zeolite 19 When using
zeoliteas ZnO support, care should betaken that ZnO
doesnot |ooseits photo activity and adsorption prop-
ertiesof zeoliteisnot affected. Mattews*¥ showed the

photoefficiency of ZnOissuppressedwhenTiisinin-
teraction with the zeolite. In thiswork ZnO was sup-
ported onazeolitewithout loosing photoefficiency and
affecting theadsorption propertiesof zeolite. Thismix-
turewas used for degradation of Metal Orange.

EXPERIMENTAL

M aterial

TheMeétil orange (KimiaGoster Chem. Co., Iran)
showninFigure 1 asatarget dyeand Zinc Nitratewas
(Merk.Co.germany). And theraw zeolitematerial was
anlraniancommercid clinoptilolite(CP) (Afrand Tuska
Company, Iran) from depositsin theregion of Semnan.
According tothesupplier specification, it containsabout
90wt % CP (based on XRD internal standard quanti-
tative analysis) and the Si/Al molar ratiois5.78. The
concentration of Sio,, AL,O,, FeO, Fe,0,, TiO,, MnO,
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P,O, and Losson Ignition (LOI) impuritieswerere-
ported to be 70.16, 20.95, 0.82, 1.30, 0.30, 0.04,
0.04, 0.01 and 6.42 wt %. Another materials were
purchased from Merck (Germany). Doubledistilled
water were used for preparation of requisite Solutions.

/CH3 Ow /O
H3_N
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N=N
Figurel: Molecular structureof direct metil orange
Thedyeusedinthisstudy wasMO, Mw=327.8, 1
max = 628.48 nm, an anionic diazo direct dye, sup-

plied by KimiaGostar Company (Iran), without further
purification. other materia prepared from Merk Com-

pany.
Prepar ation of ZnO-supported CP catalysts

Preparation of ZnO - Supported Clinoptilolite Cata-
lysts Thesolid state dispersion (SSD) method wasused
for preparing the Zeolite-based photocatayst. Inthis
method, ZnO wasmixed with zeoliteusing ethanol asa
solvent using agate pestle and mortar; the solvent was
then removed by evaporation. Samples prepared by
thismethod weredried at 110°C and calcinedinair at
450°C for 2 hto obtain ZnO supported zeolite cata-
lysts.

Apparatus

For UV/photocatayst process, irradiation was per-
formed in abatch photoreactor of 4 literinvolumewith
six mercury lamps, Hitachi 8W (UV-C). A magnetic
stirrer was used to ensure complete mixing in thetank
(stirring speed=250 rpm) and air was dispersed at a
flow rateof 1lit.min? by usnganair diffuser to supply
oxygenfor the enhancement of photo— oxidation. Fig-
ure 2. UV-VIS Spectrophotometer, Perkin-Elmar
lambda25 wasempl oyed for absorbance measurements
using silicacdlsof path length 1 cm. XRD anaysisof
the samples was done using a D-500 diffractometer
(Smemens).BET surfaceareasof CPand ZnO/CPwere
measured in an all-glass high vacuum system by N,
adsorption at 77 k. The morphology of the resultant
was pure, and loaded ZnO was obtained with atrans-
mission el ectron microscope (SEM; JEOL JSM-5800
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Figure?2: Schematic diagram of the batch photocatalytic
reactor ( cross- section) (a), and UV lamp immer sed dir ectly
in aqueoussolution (b).

Procedures

For the photodegradation of MO, asolution con-
taining known concentration of dyeand photocatalyst
wasrepared and it was allowed to equilibrate for 30
mininthedarkness. The suspension PH valueswere
adjusted at desired level using dilute KOH and H2S04
(the pH valueswere measured with pH meter (Sarto-
rius PT-10Pand Py-P12 PH meter). After thet, thelamp
wasswitched ontoinitiatethereaction. Duringirradia-
tion, agitation was maintained to keep the suspension
homogeneous, and the suspension was sampled after
an appropriateilluminationtime. The concentration of
dyein each degraded samplewas determined with a
spectrophotometer (UV/VIS Spectrophotometer,
Perkin - EImer lambda25) at Amax=628.48 nmanda
calibration curve. By thismethod conversion percent
of MO can beobtained in different intervals. The de-
gree of photodegradation (X) asafunction of timeis

givenby:
LT
R @)

Where C, and C are the concentration of the dye at
t=0andt, respectively.

RESULTSAND DISCUSSION

UV-Visspectra

Theabsorbances of MO sol utions during the pho-
tocataytic processat initial and after 2hirradiationtime
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versesare shown in the Figure 3. The spectrum of
MO inthevisibleregion exhibitsamainband witha
maximum at 628.48 nm. The decrease of absorption
pesksof MO at Amax =628.48 nminthisfigureindiates
argpid degradation of thedye. Compl ete discoloration
of dyewas observed after 3h under optimum condi-
tions.
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Figure3: Uv-Visspectraof M O (40 ppm) in aqueousphoto-
catalyst (10wt % ZnO/CP) disper sion with concentr ation of
20 ppm, irradiated with a mercury lamp light at PH=7,
T=298K, at: t=0,30, 60, 90, 120
Effect of UV irradiation and photocatalyst em-
ployed

Particles

Theeffectsof UV irradiation, ZnOand dinoptilolite
on photodegradation of MO are shown in Figure 4.
ThisFgureindicatesthat, inthe presenceof mixed pho-
tocatalyst (10% ZnO and 90% clinoptilolit) and UV
irradiation 94% of dyewas degraded at theirradiation
time of 2.5 h while it was 52.7% for ZnO (without
clinoptilolit) and UV irradiation. Thiswas contrasted
with 9.8% degradation for the same experiment per-
formed in theabsence of ZnO, and the negligible0.30
% when the UV lamp had been switched off and the
reaction wasallowed to occur inthe darkness. These
experiments demonstrated that both UV light and a
photocatayst, such asmixed photocata yst (10% ZnO
+ 90% clinoptilolite) are needed for the effective deg-
radation of MO. Thisisdueto thefact that when ZnO
isilluminated with thelight of <390 nm, electronsare
promoted from the val ence band to the conduction band
of thesemi conducting oxideto givedectron-holepairs.
Thevadenceand (h) potentia ispositiveenoughto gen-
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erate hydroxyl radicalsat the surface, and the conduc-
tionband (e ;) potential isnegative enough to reduce
molecular oxygen. Thehydroxyl radical isapowerful
oxidizing agent and attacks organic pollutants present
at or near thesurface of ZnO. It causes photooxidation
of dye according to thefollowing reactiong-13:

Zn0 + hv - ZnO (ez + hig) )
hvs + HyOpeasy — H™ + "OHggs (€)
h;E + DH(ads} — .OH(adsJ (4)
€cs t Ozaas) > Ojaas ©)
H,0 — H* + OH- -
Y- + ‘
O3aasy + H™ — 'HO, (7)
2 'HO, — H,0, + 0, (8)
H,0, + Zn0 (e;;) = ‘OH + OH- + Zn0 9
OHg45) + dye = degradation of the dye (10)
hjs + dye - dye™ - oxidationof the dye (1)
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Figure4: Effect of UV light and different photocatalystson
photocatalytic degradation of MO.[M O] =40 ppm, ZnOand
photocatalyst (10wt. % ZnO/CP) concentration=20 ppm, T=
298K,PH=7
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Figure5: General mechanism of the photocatalysis
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Themechanismisassumed upinFigure5.

Effect of thecomposition of thesupported photo-
catalyst

Theeffect of theratio of ZnO/CPonMOremoval is
showninfigure6. Theeffectivedecompositionof MO
after 120 minirradiationtimwasobserved whenthe pho-
tocatalyst contained 10% ZnO and 90% CP, prepared
by usingthe solid state dispersion (SSD) method.

To comment onthisresult, we proposethat the-OH
(hydroxyl radical) onthesurfact of ZnOisessily trans-
ferred onto the surface of zeolite. Thismeansthe or-
ganic pollutants. Which have already been adsorbed
on the nonphotoactive zeolite. Have a chance to be
degraded dueto the appearance of -OH, resutinginthe
enhancement of the photodegradati on performance of
ZnO-zeolite. Experimenta resultsshow that about 10
wt % of ZnO with respect to zeoliteisthe best condi-
tion to achieve the synergism between ZnO and CP.
Thissynergiceffect may bedueto thefact that the pres-
enceof zeolitemaintainsthe moleculesof dyenear the
photocatalyst (local concentration effect) asdepicted
in Figure6. Theenhanced photocatal ytic activity over
the compositeZnO + CPrefl ectsthe beneficial adsorp-
tion propertiesof CPR. If theamount of ZnOinthecom-
position of the photocatal yst decreases (Lessthan 10
wt %), therate of -OH production will not be enough.
Inthiscondition afew of the dye moleculesthat have
been absorbed on the surface of zeolite can react with
‘OH. if theamount of ZnOincreasesin thecompostion
of the photocatalyst (morethan 10 wt %), the rate of
dyeabsorptionwill not beenough. Inthisconditionfew
of the-OH can react with dye molecules.
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Figure6: Effect of composition of photocatalyst (wt % ZnO — . . N e j
in mixtureof ZnO and clinoptilolte) on photocatalytic degra- ) i - e
dation of M O. [M O] =20 ppm. Concentration of photocata-  Figure7: SEM imagesof (a) puer ZnO particlesand (b) ZnO
lyst=40 ppm, T= 298K , PH=7, irradiation= 120 min particlesloaded on thesurfaceof CP
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Characterization of photocatalysts

Asisknown, the poresize of CPis0.4-0.7 nm™.,
Figure 7. shows the SEM images of pure ZnO
nanoparticesand ZnO particlesloaded on the surface of
CP. Ascanbeseen. Theparticlesizeof pureZnOisThe
photodegradation efficiency increaseswith anincrease
intheamount of photocatalys, reachesthehigher vdue
of catalyst amount (40 ppm) and then decreases. The
most effective decomposition of MO wasobsaerved with
40 ppm of mixed photocatalyst. Thereason of thisob-
servationisthought to bethefact that when dl dyemol-
ecules are adsorbed on photocatayst, the addition of
higher quantitiesof photocatal yst would have no effect
on thedegradation efficiency. Another causefor thisis
supposedly an increased opacity of the suspension,
brought about asaresult of excessof ZnO particles™.
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Figure8: XRD patern of 10wt. % ZnO/CP prepared by the
(SSD) method after calcinationsin air at 450°C for 5h (CP),
raw ZnO after calcinationsin air at 450°C for 5h and ZnO/
CP after calcinationsin air at 450°C for 5h

Torevedl theinteraction between theZnO and the
zeolite, thecrystal structuresof theraw zeoliteand the
ZnO —zeolite calcined at 450 °C after 5 hwere mea-
sured, asshownin Figure 8. Itisclear that the XRD
partterns of ZnO- zeolite consist with theraw zeolite
very well ascalcined at 450°C for 5 h, and no diffrac-
tion peakscorresponded to typical ZnO, including ana-
taseand rutil, can be observed. And similar resultshave
also been reported by other researchers!-2 Itimplies
that theframe structure of zeoliteafter ZnO loading has
not been destroyed.

Effect of pH

ThepH isone of themainfactorsinfluencing the
rate of degradation of some organic compoundsin
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Figure9: Effect of pH on photodegradation efficiency of MO
at the=40ppm, photocatalyst (10% irradiation time of 150
min).[M O] =20 ppm, concentration of photocatalyst (10 wt.
% ZnO/CP) = 40 ppm, T = 298K
the photocatal ytic process*>19. It isalso animpor-
tant operational variablein actual wastewater treat-
ment. Figure 9. showsthe photodegradation of MO
at different pH from 6.5t011.5, which clearly shows
that the best resultswere obtained in acidic solution,
(pH =6.50or 7, X =100%). The ZnO surfaceis pre-
sumably positively charged in acidic solution and nega-
tively charged in akaline solution (18, For the dbove
reasons, for dyesthat have asulfuricgroup intheir
structure, whichisnegatively charged, theacidic so-
lution favors, thusthe photodegradation efficiency in-
creases. Thereisaso the photocata ystic degradation
of MOinacidic solution, whichisprobably dueto the
formation of ‘OH asit can beiferred from the reac-
tions (12)-(15)20-

ecg T Oz(aas) > 0544 (12)
O3(aasy + H™ = "HO, (13)
2 HO, — H,0, + 0, (4
H,0, + 0(ez,)~ OH+ OH- + 0, (15)

Kineticsof photocatalytic degradation of MO

Several experimentd resultsindicated that thedeg-
radation ratesof photocatlyic oxidation of variousdyes
over illuminated ZnO fit by the first-order kinetic
model 29,

Figure 7 showsthe plot of In([dye] /[dye]) versus
irradiationtimefor MO. Thelinearity of plot suggests
that the photodegradation reaction approximately fol -
lowsthe pseudo-first order kineticswith arate coeffi-
cient K=0.0009 min‘.
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CONCLUSIONS

1 TheSSD method isan effective method for sup-
porting of ZnO on Clinoptilolite.

2 Photocatalyst containing 10% ZnO and 90%
clinoptilolite hasthemaximum on photodegradetion
efficiency of MO.

3 Thephotodegradation conversion of MO decreases
with anincreaseintheinitia concentration of MO.

4 pH isoneof themain affecting factorsand the op-
timum pH was obtained about 6.5 or 7.

5 Kineticsof photocatal ytic degradation of MO is
pseudo-first order with K=0.0009 min'™.
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