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ABSTRACT

The use of nanophotocatalysts supported on adsorbents is receiving sub-
stantial attention. Supporting ZnO nanoparticles with zeolitesis found to
be one of the best solutions to increase the efficiency of ZnO-based
photocatalysts. This work was focused on simple preparation of a ZnO/
Clinoptilolite (CP) (Iranian Natural Zeolite) composite catalyst by the solid
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state dispersion (SSD) method and Comparison of ZnO nanoparticles and
ZnO/CP on the photocatal ytic degradation of Triton X-100. The degrada-
tion of Triton X-100 was systematically studied by varying the experimen-
tal parameters in order to achieve maximum degradation efficiency. The
obtained results demonstrated a high photocatalytic activity of nanosize

zinc oxide supported on Clinoptilolite.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Nanometer-sized zinc oxideasan important inor-
ganicfunction materia waswiddy usedin rubber, codt,
catayst, e ectronic engineering fid dg*3. Inthepast two
decades, zinc oxide has attracted much attention with
respect to the degradation of variouspollutantsdueto
itshigh photosengtivity!*7, sability and wideband gap®.
Zinc oxideisthought asalow cost aternative photo-
catalyst to TiO, for degradation of organicsin agueous
solutions¥. Asacontrast, ZnO, akind of semiconduc-
tor that hasthe similar band gap as TiO,, is not thor-
oughly investigated. However, the biggest advantage of
ZnOincomparison with TiO, isthat it absorbsover a
larger fraction of UV spectrum and the corresponding
threshold of ZnOis425nmi*%. Someresearcheshave

highlighted the performance of ZnO on degradation of
some organic compounds. ZnO nanopowder has been
reported, sometimes, to bemoreefficient than TiO, and
its efficiency has been pointed out to be particularly
nati ceableinthe advanced oxidation of pulp mill bleach-
ing wastewater!*12 the photooxidation of 2-
phenyl phenol and photocatal ysed oxidation of phe-
nol*3, Despitethe positiveattributes of ZnO, poor ad-
sorption properties, the rapid recombination of

photogenerated electron (e)/hole (h?, ) pairsand the
CH; CH,
H,
H3C+C -—<: >—(OCH2CH2)XOH
CH; CHy o

Figurel: Sructureof Triton X-100
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ZnO powdersareeasy tolose and not suitablefor re-
cyclingleadto great limitationin exploiting this photo-
catalyst for itsmaximum efficiency. To circumvent this
limitation, severd attempts have been madetoimprove
theefficiency of ZnO by using suitablesupportssuch as
glass, polymers, stainlesssted, quartz, pyrex, paper,
fabric, monolithsand zeolites*+*1. Among thesupports,
zeoliteshave more advantageousowing totheir specid
features such as high surface area, hydrophobic and
hydrophilic properties, tunablechemicd properties, high
thermal stability and eco-friendly naturd®®. Inthiswork
ZnO nanoparti cleswas supported on azeolite without
|osing photoefficiency and affecting theadsorption prop-
ertiesof zeolite. Thismixturewasused for degradation
of agueous non-ionic surfactant TX-100 asamodel
compound of organic pollutantsthat they are exces-
svely usedin many formulationsappliedin variousin-
dustrial areas such asdetergent industry, textilesand
metalurgy.

EXPERIMENTAL

Materials

TheZincoxidenano powder (particlesze, ca.20nm;
BET area, 50m?g, 99.5%) was obtained from
Nanoamor (USA), and theraw zeolitemateria wasan
Iranian commercid clinoptilolite (CP) (Afrand Tuska
Company, Iran) from depositsin theregion of Semnan.
According tothesupplier specification, it containsabout
50wt % CP (based on XRD interna standard quanti-
tative analysis) and the Si/Al molar ratiois5.78. The
concentration of Fe,0,, TiO,, MnO, and P,O; impuri-
tieswerereported to be 1.30, 0.30, 0.04, and 0.01 wt
%. Thenonionic surfactant Triton X-100(TX-100) was
obtai ned from the company Paxan (Iran) and used with-
out further purification. K,S,O,, isopropyl acohol was
from Merck. The pH of solution was adjusted to the
desired va uebetween 4.0 and 11.0 by using dilute so-

[ution of HCI or NaOH.
Preparation of ZnO-supported CP catalysts

Thesodiumform of zeoliteof clinoptilolitewas con-
verted into the H-form by repeated ion exchangewith
1M ammonium nitratesolution at 80°C, and subsequent
cddnationat 550°Cinair. Theresultant H-formof zeolite
was abbreviated and the solid state dispersion (SSD)
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method was used for preparing the Zeolite-based pho-
tocatdyst. Inthismethod, ZnO wasmixed with zeolite
using ethanol asasolvent with an agate pestleand mor-
tar; the solvent was then removed by evaporation.
Sampl es prepared by thismethod weredried at 110°C
and calcined in air at 450°C for 5 h to obtain ZnO-
supported zeolitecatdysts.

Apparatus

The conditionsused inthe present sudy wasabaich
reactor(acylindrica Pyrex vessd of 2cm diameter with
capacity of 50mL.), 20cm distance between UV source
(high pressuremercury vapor lamp 400 w) and solu-
tionwith astirring speed of 80 rpmand 30 mintimefor
adsorption equilibrium. The quantitative estimation of
the surfactant was carried out usingaUV-Vis spectro-
photometer (model Jenway 6405) at &, =223nm.

RESULT AND DISCUSSION

Effect of 50Wt. % ZnO/CPon T X-100 photodegr a-
dation

Theeffectsof UV irradiation, ZnO and CP pres-
ence on the photodegradation of TX-100areshownin
figure 2. Thisfigureindicatesthat in the presence of
mixed photocatalyst (50 Wt. %ZnO/CP) and UV irra
diation 95.4% degraded at theirradiationtimeof 8 h
whileitwas83.2% for ZnO (without clinoptilolite) and
UV irradiation. Thiswas contrasted with 8.1% degra-
dation for the same experiment performedinthe ab-
sence of ZnO, and 4.6% when the UV lamp had been
switched on and thereaction wasallowed to occur in
the presenceof CP.

Effect of electron acceptor on TX-100 photode-
gradation

Theeffect of sulfateradical (SO4 ) asan oxidant
on thedegradation of Triton X-100 wasinvestigated
and compared with the (50 Wt.%ZnO/CP) (only),
S,0.7 (only), UV / 0%, UV /(50W1t.9%Zn0O/CP)
and UV/(50Wt.%Zn0O/CP) / S,0,” systems. Ascan
be seen from Figure 3 (50Wt. %6ZnO/CP) aloneinthe
absenceof sulfateradica and UV irrediation wasfound
to have no measurabl e effect on the degradation of the
surfactant duringof 120 minirradiationtime. A smilar
behavior wasa so observed inthe UV systemaone. In
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Figure4: Effect of SO,*concentration on the Degr adation of
Triton X-100 Conditions:[Triton X-100] : 30mg/L , ZnO/CP:
0.36¢g/L,pH =7,V: 25ml
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Figure6: Effect of pH. Conditions: ZnO/CP: 0.36 g/L [ 2082
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Figure8: Influenceof initial surfactant concentration onthe
photodegr adation. Conditions: S,0,*:1mM, ZnO/CP: 0.36 ¢/
L,PH: 7, Irradiation Time: 120min, V = 25ml
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Figure5: Effect of Timeon the Degradation of Triton X-100
Conditions: 30mg/L of Triton X-100; ZnO: 0.2¢/L; pH =6; V:
25mL
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Figure7: Effect of catalyst weight. Conditions: Triton X-
100=30mg/L;[S,0,*] =1mM; pH =7; Irradiation Time:
120; V: 25ml
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Figure9: Effect of disancebetween UV sour ceand solution
on photodegradation rate. Conditions: ZnO/CP: 0.36 g/L ;
Triton X-100=30mg/L;[S,0,7] =1mM; pH =7 Irradiation
Time: 120 min; V: 25ml
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Figure10: Temper atur eeffect, Conditions: ZnO/CP: 0.36 ¢/
L; Triton X-100=30mg/L ;[S,0,*] = 1mM; pH =7; Reaction
Time: 120 min; V: 25ml|

the caseof sulfateradical alone, thedegradationyield
was determined as approximatey 4% after 120 minfor
30mg/L. Thedegradation yield of surfactantin UV/
S,0,7 system without (50Wt. %ZnO/CP) was ob-
tained approximately 17 % after 120 min treatment
whichisprobably dueto the production of radical spe-
cies. The photocatalytic decomposition of
peroxydisulfate potass umunder UV radiationinvolves
theformation of anumber highly reactiveradica (OH,
SO, ) and the non-radical species (O,, SO,*). As
showninfigure3 UV/(50 Wt. %Zn0O/CP) system had
moresignificant effect on the degradation of surfactant
thantheUV/ S,0,7 system. Thisresultisexplained by
thefact that ZnO isexposedto UV radiation; an elec-
tron ispromoted from the valence band to the conduc-

+
B

tion band. Thusa pairsisproduced (Eq. 1). The

€s
photocataly<t, zinc oxide, isawide band gap (3.37ev)
semiconductor, corresponding to radiation in the near

-UV range:
ZnO+hv —e; +hi, D
Thehighly oxidetive h*, canreact easily with sur-

face bound H,O to produce hydroxyl radicals or can
directly react with the surface sorbed organic molecules
(R)tofromR*.

hig +H,0y > OH+H" )
Surfactant + O'H — degradation product 3)
Surfactant + ZnO (h?, ) — oxidation product 4
Surfactant +ZnO (h_;) — reduction product (5)

When potassium peroxydisulfatewasadded tothe
UV/ (50 Wt. %ZnO/CP) system, surfactant degrada-
tionincreased from 51.2%t0 95.4% after 120 min (Fig-
ure3).

Acceleration of thedegradation rate Photocata ytic
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oxidation on ZnO occurs by photogenerated holesitis
well knownthat oxidation rateincreaseswhen recom-
bination processissuppressed. Peroxydisulfatehasbeen
shown to beamorereliable and cheaper el ectron ac-
ceptor effect of peroxydisulfate astheelectron accep-
tor wasexamined as showninfigure4. The degrada-
tion of Triton X-100 was remarkabl e accel erated by
adding peroxydisulfate:30mg/L Triton X-100andinthe
presenceof 0.36g/L (50Wt.%Zn0O/CP) wascompletdy
disappeared under the irradiation of 8 to 2h respec-
tively, in the absence and in the presence of 1mM

K,S,0,-
ZnO+hv—>h*+e (6)
h*+e— ZnO (recombination) (7
h* + Tx-100 — (Tx-100)* (8)
e+S0,—>S0, +80/7 ©

The SO, radical isastrong oxidant capableof min-
eralizing phenolic compounds such as butyl ated hy-
droxyanisolein water. The produced SO,* ionisnot
considered to beapollutant. Thedecreaseinthemin-
erdizationefficiency of surfactant withincreasing SO,>
concentrationismainly dueto scavengingthevauable
hydroxyl radicaswith SO,* ion asshownineg. (10).
OH+80,7—>0OH +30, (10)
Effect of illumination time

Thereationship between the photodegradation ef-
ficiency of Triton X-100 and theilluminationtimewas
investigated. Theresultisshowninfigure5. Ascanbe
seen from figure 5, it can be seen that the
photodegradation efficiency of Triton X-100increases
with the increase of the illumination time. The
photodegradation efficiency of Triton X-100increases
from 10.6% to 95.4% when theillumination timein-
creasesfrom 10to 150 min. Fromfigure4, it also can
be seenthat when theilluminationtimeislonger than 60
min, only small enhancement of photodegradati on effi-
ciency isobserved. When theilluminationtimeis 120
and 150 min, the photodegradati on efficiency of Triton
X-100i595.4% and 96%, respectively. Theresult does
not seemtolead to full degradation. Thepossiblerea-
sonisthat there are alarge number of small organic
mol ecules produced by photodegradation with thein-
crease of theirradiation time. Thesmall organic mol-
ecules adsorb on the surface of ZnO supported onthe
zeolite, resulting in the decreasein theamount of -OH
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radical sthat attack the nonionic surfactant, and there-
foreinfluencethe photodegradation efficiency of Triton
X-100. At thesametime, it had been reported that the
can becompletdy photocatd yticaly degraded withthe
increaseof theilluminationtime.

Effect of pH

The photodeagration processis pH depended and
theprocessexhibitsdifferent behavior with the chemi-
cal character of surfactant. Figure 6indicatesthe effect
of pH on the degradation efficiency of Triton X-100 by
UV/(50Wt. %Zn0O/CP)/S,0,* system isrange of 4-
12. Thedegradation of TX-100wasmoreenhancedin
therange of pH 7-10 than the other pH values. Asis
inferredinreaction (2), intheadkainesolutionsthefor-
mation of -OH on to photocatal yst surfaceisfavored;
thus, the photodegradati on efficiency increasesinthe
akadinesolutionsfor photodegradation of TX-100.The
lower rate of degradation at acidic and akaline pH
maybe attributed to dissol ution of ZnO.

Effect of catalyst weight

The effect of photocatalyst weight on the
photodegradation of the dyewas studied in therange
of 0.04-0.52¢g/L. A smdl but sgnificant rateasshow in
Figure7 thiscan beexplained intermsof availability of
active siteson the catal yst surfaceand the penetration
of UV lightinto thesuspension. Thetota activesurface
areaincreaseswith increasing catalyst weight. But at
the catalyst weight above optimum loading thereisa
decreasein UV light penetration dueto screening ef-
fect of excesscatalyst particlein the solution. Hence,
therate of photodegradation decreases at the higher
caayst loading.

Effect of surfactant concentration on the photo-
catalyticdegradation

Thephotocata ytic degradation of the surfactant was
carried out at different initial surfactant concentrations
ranging from 30to 120mg/L. Figure 8 showstherate
of photodegradation of the surfactant decreased at
higher concentrations. At higher concentration agreater
number of surfactant molecules of adsorbed virtualy
masking the surface of the catalyst particlesand pre-
venting the photonsinteracting with the catalyst.
Effect of distance between UV source and solu-

—= Full Paper
tion

Asshowninfigure9, changein distance between
UV sourceand sol ution, rate of degradation of surfac-
tant will change. In thiswork 10, 20, 30 and 40 cm
distanceswere studied. Results showed that whenthe
distance between solution and UV source was de-
creased, largeamount of light absorb by photocatalyst
and photodegradation processtimewas decreased from
120minto 90 min.

Effect of temperatureof reaction

Temperature effect was studied in athermal reac-
tor. The reactor was surrounded by a water jacket,
consisting of oneinlet and another outlet for the pas-
sage of water inlet and outlet isconnected to thermo-
stat bath) Haake Model F122). Water is pumped in-
sidecdl and after tap off itisreturn to thebath. Sothe
temperaturefixed and controlled. Experiment wasdone
aloneat dark. Although thetemperaturein achemical
reaction playsanimportant role, very littleinformation
concerning thetemperatureeffect on the heterogeneous
photocatal ytic degradation of pollutantsin agqueous so-
lutionsisavailable. Thisisdueto thefact that the het-
erogeneous photocatdytic reactionsare usudly not very
temperature-sensitive because the band-gap energy of
ZnOistoo high(3.2eV) to beovercomeby thethermal
activation energy. Figure 10 showsincreasingthereac-
tion temperature may increasethe oxidationrate of or-
ganic compoundsat theinterface, but it al so reduces
the adsorptive capacities associated with the organics
and dissolved oxygen(®2,

Effect of isopropyl alcohal

The photocatal ytic degradation of the surfactant,
Triton X-100 was carried out in the presence of ZnO
by the additional of isopropyl alcohol, aknown hole
scavenger®3. Even very low concentration of [PA
(10mM) hindered the degradation rate of the surfac-
tant to alarge extent and the degradation percent de-
creased from 55.5% to 46% with an increase of 1PA
concentrationto 20mM. Thedecreaseintheratewas
duetotheholesthat wereformed and weretrapped by
| PA which preventstheformation of hydroxyl radicals.
However higher concentration of 1PA (50mM) did not
stop the oxidation completdly, indicating that oxidants
other thanholesaread soinvolved. Direct oxidation by
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€l ectron vacancies may be suggested asreported by
Richard and Boul€?!.

CONCLUSION

The SSD method isan effective method for sup-
porting ZnO on CPA photocatalyst containing 50
%ZNn0O and 50% CP hasthe maximum photodegradation
efficiency of TX-100. Theoptimal degradation condi-
tions of TX-100 obtained from the present research
were:the dosage of catalyst 0.36 g/L, pH 7-10, the
amount of k,S,0, IMm.Under optimal degradation
conditionsof TX-100, the photodegradation percent
of TX-100was 95.4% when the solution wasirradi-
ated by the 400w high pressure mercury—vapour lamp
for 2h. Degradation of NP10EO was accel erated re-
markably by adding proxydisulfate. Therefore, when
peroxydisulfatewas added to the UV/ (50 Wt. %ZnO/
CP) system, surfactant degradation increased from
51.2%t0 95.4% after 120 min.
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