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ABSTRACT KEYWORDS
In this work CuO/MgO/Fe,O, nanocomposite was synthesized by the sol- MgO/CuO/Fe,0,
gel pyrolysis method. Characterization of the samples was performed by nanocomposite;
the X-ray diffraction (XRD) and Fourier transform infrared spectrometry Photocatalytic activity;
(FTIR). The photocatalytic activity of CuO/MgO/Fe,O,, evaluated using Degradation;
the photodegradation of methylene Blue (MB) as a probe reaction under Methylene blue;
the irradiation of Xenon light. The dye photodecolorization process was Sol-gd.

studied considering the influence of experimental parameters such as
catalyst concentration, CuO/MgO/Fe,O, ratio and pH on methylene blue
adsorption rate. The maximum photocatalytic activity of the CuO/MgO
photocatalyst was observed to be calcined at 450°C for 3 h (the molar ratio
of Cuto Mg was 1:2) due to the sample with good crystallization and high
surfacearea. The complete photodecol orization of alx10°mol L* methylene
blue solution, at pH =10 and room temperature was achieved inlessthan 20
min. Experimental results show that CuO:MgO:Fe,O, (30:50:20) nanoparticles
possess high photocatal ytic activity at compression of universal catalysts.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION C,.H..N.Cl,isagreen crystal powder withametallic

luster, highly solubleinwater and ethanol with blue-green

Nowadays, the growing population hasled to the
increase mainly contamination of surfaceand ground
water. Organic dyesused in textileand food industries
aretheir important sources of the environmental con-
taminationsdueto their non-bio degradability and high
toxicity to aquatic creaturesand carcinogenic effectson
humans Mdachitegreen (M G) (Color Index No.42000),
also called basic green 4 or victoriagreen B, having
|UPA C name4-[ (4-dimethylaminophenyl)-phenyl-me-
thyl]-N,N-dimethylaniline with chemical formula

solutiong¥. Methylene blue (MB) (Color Index No.
52015) isaheterocyclic aromatic chemica compound
having ITUPAC name 3,7-bis(dimethylamino)
phenothiazin-5-ium chloridewiththemolecular formula
CH,;N.SCI. It hasmany usesin arange of different
fields, such ashiology and chemistry. At room tempera-
tureit appearsasasolid, odorless, dark green powder
that yieldsablue solutionwhen dissolvedinwater. The
international Nonproprietary Name (INN) of MB is

methylthionium chloride. Itisahighly toxic chemical
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primarily used as adye aslike as MG, In order to
decrease damage caused by organic dyepollutionto en-
vironment and humans, the use of photocatalyst to de-
grade organic compoundsin contaminated air or water
or to convert theminto harmlesschemicalshasbeen ex-
tensvely sudied. Inthismanner, metal oxidenanopartides
suchasZnO, TiO,!9, etc.!"*' has been widely used to
degrade non-biodegradabl e dyes by photocatal ytical
routes. Therefore, theresearchesfocused onincreasing
degradation rate of pollutants by combining inorganic
meaterid swith conductivepolymerstoredizesynergetic
and complementary behaviorsbetween the polymer and
inorganic materid 91°131, Many conducting polymersare
known as good hole conducting materia 4%, These
conductive polymersact asastabilizer or surface cap-
ping agentswhen combined with meta sor semiconduc-
tor nanoparticles's-"°l. ZnO isawide band gap semi-
conductor (3.37 eV) witha60 meV exciton binding en-
ergy, which permitslaser emission at room tempera-
turé?®!, Thislargeband gepissuitablefor theuseof ZnO
to collect high-energy photons(UV light)2. Duetothese
properties, it hasapotentia for wide range of optical
and dectronic gpplicationssuch asphotovoltaicdevices,
Solar cdls, transducers, etc.224, Conducting polyaniline
(PANI) isoneof the promising polymersstudied poly-
mer dueto high conductivity, smplesynthesisprocedure,
good environmentd stability>land alargevariety ap-
plicationssuch asindectro-chromic devices, light emit-
ting diodes, corrosion protecting paint and el ectrostatic
discharge protection?-2°1,

In the present work, CuO/MgO/FeO,
nanocomposite was synthesized by the sol-gel pyroly-
sismethod and photooxidation of MB ischosen asa
reaction model. Thepreparation of CuO/MgO adopted
asol-gel method inthe presence of as prepared Fe,O,
nanoparticles. The MgO/ZnO/Fe,O, nanocomposite
prepared, were characterized by X-ray diffraction
(XRD) and Fourier transform infrared spectrometry
(FTIR), and UV—Vis spectrophotometry.

EXPERIMENTAL

Preparation of Fe O,

Atfirst stepthe Fe,O, nanoparti cleswere prepared
by chemical co-preci pitation procedure. Ferrouschlo-
ride (2.0 g), ferricchloride (5.2 g), and hydrochloric
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acid (12mol L, 0.85 mL) weredissolvedin 25 mL
puredeionized water. Themixturewasadded dropwise
into 250 mL NaOH solution (1.5 mol L) under vigor-
ous stirring with nitrogen gas passing continuously
through the sol ution during thereaction. After thereac-
tion, theobtained MNPspreci pitate was separated from
thereaction medium under themagneticfield, and rinsed
with 200 mL pure deionized water four times. Then,
the product was oven dried at 80 °C.

Synthesisof CuO/MgO nanocomposite

For synthesisCuO/MgO, first, 50 mL of 0.02 mol
L copper acetate solutionincluding 10 g L polyvinyl
pyrrolidone (PVP) asstructure director additivewas
sonicated for 30 min and then, enough volume of so-
dium hydroxide (0.3 mol L) wassowly added. Inthis
step, nano-structured Cu hydroxide wasformed. Sub-
sequently themixturewas additionally sonicated for 30
min, thenfiltered and washed with distilled water and
ethanol for threetimes. Thefinal obtained precipitate
wasdehydrated at 320 °C in a furnace for 2 h. At de-
hydration phase, nanostructured CuO wasformed. The
nanoparticleswere sonicated in ethanol for 30 minto
eliminateagglomeration. At fina step, themixturewas
filtered and dried at 110°C. The final product was ob-
tained in powder form.

For synthesis of CuO/MgO nanocomposite, a50
mL diquot contai ningmagnes um acetate solution (0.04
mol L1) and 2 g of CuO nanopowder and PVP (10gL-
1) was sonicated for 30 minand then, 7.5 mL of NaOH
solution (0.3 mol L) was slowly added. In thisstep,
nanostructured magnes um hydroxidewasformed. At the
end of theprocess of adding NaOH solution, themixture
wasadditiondly sonicated for 30 min. Toformthe CuO/
M gO nanocomposite, the obtained precipitate was de-
hydrated at 450°C in a furnace for 3h. The CuO/MgO
nanocompositewas sonicated in ethanol for 30 minto
eliminate agglomeration and thendried at 110°C. The
find product wasobtained in nanopowder form.

Preparation of CuO/MgO/Fe,O  catalyst

CuO/MgO/Fe O, catayst was obtained by mixing
CuO/MgO nanocomposite and Fe,O, nanoparticlesat
different proportionsin an aqueous suspension and this
was continuoudly tired for 2 h. After this, the mixture
wasfiltered and dried at room temperature.

Photocatalytic experiments
The photocatal yti c degradation experiments have
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been conducted using adesigned glassphotoreactor that
cooled by water circulation (Fgurel). Thereactionves-
sel (100 mL) was made of borosilicate glass andthe
quartz wasadouble-walled, withinlet and outl et tubes
for cooling. Theinlet tube extends down the annular
space and ensuresthe upward flow of coolant fromthe
bottom of the well upward to the outlet. The reactor
bottomisflat to dlow theuseof amagnetic stirrer. The
radiation sourcewas a450 W medium-pressure mer-
cury-vapour lamp. Methylene bluewasused asamode

pollutant to eval uate the photocatal ytic activity of the
prepared catalysts. Each of CuO/MgO and CuO/MgO/
Fe,O, catalysts (0.1 g) was suspended inasol ution of

MB (100 mL, 1x10°*mol L) at natura pH. Prior tothe
irradiation, thesolution magneticaly stirred for 30minto
ensurean adsorption/desorptionequilibriuminthedark.
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Figurel: Photochemical experimental setup
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The photodegradation wasinitiated by aUV lampin
roomtemperature. Aliquot amount samples(5mL) were
taken at equal times (20 min) and Centrifuged (2000
rpm, 2 min). The degradation of M B wasmonitored by
measuring the absorbance a A=664nm as a function of
irradiation time with a UV-Vis spectrophotometer
(GBC-Cintra6). In this study, the photocatalytic degra-
dationwascd culated asthefollowing formulae: Amount
degraded MB=C/C , where C,and Caretheinitial and
fina concentrationsof MB att=0andt.

RESULTSAND DISCUSSION

Characterization of synthesized catalysts

The synthesized catal ystswere characterized by
XRD and FTIR. XRD anaysis of CuO/MgO/Fe,O,
catayst (Figure2) exhibit only patternsassigned tothe
well crystalline hexagonal phase of CuO, MgOanda
small peak at 20=43 that can correspondto Fe,O,.

TheFT-IR spectrum of MB isgivenin Figure 3a
Fgures3b and c give FT-IR spectraof CuO/MgO, CuO/
Fe,0, photocatayst. FT-IR spectrumin Figure 3b shows
the characteristic peaksof MB intheregion of 1000
1700 cmr. Thisindicatesthe adsorption of MB onthe
CuO/MgO/Fe,O, catayst. TheFTIR spectrumof CuQ/
MgO/Fe,O, photocatalyst after the complete degrada-
tionisshownin Figure 3d. Comparison of Figures3b

A
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Figure2: X-ray diffraction patternsof CuO:MgO:Fe,0, (30:50:20)
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and creved sthat the characteristic pesksof MB onthe
absorption spectraof CuO/MgO/Fe,0, presentin Fig-
ure 3b disappeared and the spectrum in Figure 3d is
amilar tothespectrum of thecatadyst givenin Figure 3b.
Thisreved sthat the dye molecules, adsorbed on Fe,O,
are being transferred to the CuO/MgO present in the
poreswherethey aredegraded onirradiation.

Photodecolorization process
I nfluence of catalyst composition

The photocatal ytic efficiency of 100mg of CuO/
MgO/Fe,0, materiasonthedecol orization of a1x10°
>mol L* MB solution wastested during 120min (Fig-
ure4). Inthe presence of the CuO, only 80 minwere
needed for thecomplete M B decol orization. Optimum
resultintheabsence of Fe,O, wasobtained using CuO/
MgO and the decol orization timewas reduced to 70
min. Theminimum time (20min) for thecompleteMB
decolorization was achieved using the Fe,O,/CuC/
MgO. Analyzingtheseresultsit ispossibleto say that
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the compl ete photodecol ori zation occursin lessthan
20 min, nearly 60minfaster than the CuO photoassi sted
process and showed the highest photoactivity among
all as-prepared samples.

Fgure5 showsthemechanigtic schemeof thecharge
separation and photocatal ytic reaction for CuO/MgO/
Fe,O, photocatalyst. Asillustrated in this scheme, the
photo-generated €l ectronsinject into the conduction
band of catalyst from that of the excited CuO/MgO/
Fe,O, photocatalyst. Also, the transfer of photo-gen-
erated gap d so occursfromthe catayst to thevaence
band of CuO/MgO/Fe,0,similarly. Suchan efficient
charge separationincreasesthelifetime of the charge
carriersand enhancesthe efficiency of theinterfacia
chargetransfer to adsorbed substrates. Thus, the pho-
tocata ytic propertiesincrease because the possbilities
of recombi nation between photo-generated e ectronand
holeare reduced through facilitating their separation.
Aswell known, the spherical catalysts powderswith
small size present asuperior activity duetothelarge
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Figure3: FTIR spectraof theM B beforedegradation (a) and after theitscompletedegr adation at presenceof M gO/CuO (b),

CuO/Fe,O,(c) and Fe,0,/CuO/MgO (d)
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Figure4: Photocatalytic decolorization of 1000 mL M B solution (1x10°mol L") using 100 mg of CuO:MgO:Fe,O
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Figure5: Themechanistic scheme of the char ge separ ation and photocatalyticreaction for CuO/M gO/Fe,O,system

surface-to-volumerétios.

Figure6 showsthe-Ln C/C of MB versusirradia-
tiontimet for thedifferent catalysts. An approximatelin-
ear relationship of -Ln C/C  versust indicate that the
photodegradation processes of MB tended to follow
pseudo-first-order kinetic model in the presenceof the
cataysts studied in thiswork. The apparent rate con-
stant for CuO:MgO:Fe,O, (30:50:20) was estimated
fromthedopeof -Ln C/C versusttobe6.4x10°min™.

I nfluence of thecatalyst amount

Theeffect of thecatayst concentration ontheMB
photodecol orization (Figure 7) wasinvestigated for the
CuO:MgO:Fe,0, (30:50:20) nanocompositesinceit
wasthe material with the best photoactivity for MB
decolorization. Figure 7 showsthat therate of MB de-
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col orizationisdependent onthe Fe,0,/CuO/MgO con-
centration. Thecomplete M B photodecol orization was
achieved within 20 min using 100 mg of
CuO:MgO:Fe,0, (30:50:20). Longer timesof 30 and
45 minwererequired when 50 and 150 mg were used,
respectively. Theseresultscan beexplained by twomain
reasons. first, and taking into account the 50 and 150
mg experiments, it must be considered that increasing
the catalyst concentration the number of dyemolecules
adsorbed will increase and the number of photonsab-
sorbed will increasetoo. Asaresult of the high density
of moleculesintheareaof illumination, thedecol oriza-
tion rate will beincreased. However for avery high
particles concentration (in this case 150 mg) the sus-
pensionsturbidity increases. In thissituationthelight
penetration decreases, asaresult of an enhanced light
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Figure 8 : Photocatalytic decolorization of a 1x10°mol L-* MB solution using different initial pH values (100 mg
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Figure9: Reproducibility of CuO:MgO:Fe,0, (30:50:20) asnanocatalyst for M B during athreecyclesexperiment

scattering effect, and consequently the
photodecol ori zation will belesseffective®3Y,

I nfluence of the pH

pH isan important parameter inthe wastewaters
characteristicsof industrid and playsanimportant role
in photocatal ytic processes. The effect of the pH, on
the Degradation rate, can be explained mainly by the
modification of thee ectrical doublelayer of thesolid
electrolyteinterface, which affectsthe adsorption—des-
orption processes and the separation of the
photogenerated e ectron-hole pairsinthesurface of the
catalyst particles®! Normally, in agueous solution, the
surfaceof theCuO/MgOisnegdiveyindkdinemedia
and positively charged in acidic media, Therefore, the
MB photodecol orization efficiency, isexpected toin-
creaseswith pH because of the el ectrostatic interac-
tionsbetween the M B cationsand the negative catal yst
surface. Accordingto theseactuditiestheinvestigation
of the pH effect on the M B decol orization processwas
studied. In acidic mediathe adsorption of MB onto the
CuO/MgO surfacewasvery low. Thiscan berefered
to the positive charge of both, CuO/MgOand MB in
thispH. Inan oppositemanner, for dkaispH’s a great
amount of MB was adsorbed and observed aviolet
solid colorationthat apparently correlated with the dye
protonation/ deprotonationprocess®3. At theneutra pH
anintermediate adsorption was observed. Concerning
the adsorption results, the photodecol ori zation was car-
ried out at pH 3-10, during 80 min (Figure 8) in the
presence of CuO:MgO:Fe,0, (30:50:20). At pHS 3-5
thetimerequested for the compl ete decol orization pro-
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cess was larger than or equal to 70 min. Compared
with the20 minthisvalueishigherif needed at pH 7
and lower if compared with the 10 min necessary for
pH 10. However at pH 10 it must be, remembered that
at thestartingirradiation timethe percentageof theMB
adsorbed was still very high, upto 80 %. After 10 min
of irradiation the sol ution was compl etely decol orized
but the catalyst remained violet. Increasing theirradia-
tiontimethecolor of the, catalyst did not change any-
more. Thisfact can be associated with a strong ad-
sorption/interaction between theviolet dyeformand
thecatalyst surface, at dkainepH vaues®. Thestrong
adsorption leadsto amajor decrease of theactivesites
and consequently adecrease of theabsorbed light on
thecatalyst’s surface. This could be the reason why the
initia rateof decolorizationislowerinadkainesolutions
thaninneutral pH. Asaresult the optimum pH, among
those studied and under the experimental conditions
tested, appearsto bethe neutral pH.

Reproducibility of the photocatalysts

Figure 9 showsthereproducibility of CuO/MgO/
Fe,O, ascatalyst for MB during athree cycles experi-
ment. Each experiment was carried out under identical
conditions of 1x10°mol L* of MB, 100 mg of
nanocatalyst, pH of 10, irradiationtimeof 30 minand at
room temperature. After each degradati on experiment,
the concentration of M B wasadjusted back toitsinitial
vaue. It showsthat the phase structure of photocatayst
remained cons stent, but the efficiency decreased after
each reuse. Thedrop inthe photoactivity of reused pho-
tocatalyst may bedueto the adsorption of theoriginal
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compound and/or by-products (adsorbed species) on
theactivestesof thecatd yst surface, thereduction of the
number of availablephotoactivestesresultedinthedrop
inthephotoactivity!®. Asseenfrom Figure 9, asmall
and gradua decreaseintheactivity of nanocataystswas
observed at thefirst two cycles. But, decreasing of the
activity wasseenintenseafter thefirst and second cycles.

CONCLUSION

Different densitiesof copper acetate had been sol-
uteand itseffectson these dengitiesfor M B color ma-
terial degraded, hydroxide sodium solutein different
densitiesasatitrant and itseffect on M B degradation
efficiency, too. Light degradationin spectrawasexam-
ined in many times and the resultswere written under
thefigures. In different timesthe spectrashowed the
degradation percentage by irridation timeincrease. The
MgO/CuO/Fe,0, nanocompositerate optimizationwas
donein many samples. Photocatal ytic degradation for
optimization of catalystic valuewas examined for its
effect. The optimization of MB color degradation by
CuO:MgO:Fe,0, (30:50:20) nanocomposite were ex-
aminedindifferent molesand irradiationtimesfor hav-
ing thebest results. Theeffect of indicator PH variety
of matylen blue color at the presence of CuO/MgO/
Fe,0, was examined on the samples for absorption
spectra. Thischange caused thedisorder of irradiation
timeincrease or decrease. Thedegradation percentage
of MB color by nanoparticles of CuO, CuO/MgO,
CuO/Fe,0,, CuO/MgO/Fe,0, was also examined.
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