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ABSTRACT

In this study, an attempt was made to prepare the magnetic nanocomposites of ZnO/CoFe,O, by sol-gel process
followed hydrothermal method and used as photocatalyst for degradation of dye in water. The crystal phase, surface
mor phology, chemical composition and magnetic properties were investigated by XRD, FESEM-EDX and V3M,
respectively. The photocatalytic activities of the as-prepared sample have been evaluated by photodegradation of
Rhodamin B under solar light irradiation. The SEM image showed that the nanocomposites composed of rod-like
particles. The specific peaks of XRD pattern of nanocomposites correspond to the spinel cubic of CoFe,O and
hexagonal wurtzite of ZnO. The magnetic properties of ZnO/CoFe,O, nanocomposites exhibit a ferromagnetic
behavior, which is useful for the separation and it could be reuse after photocatalytic process. All of
nanocomposites exhibited higher photocatalytic activity than pure ZnO, and at 1:0.01 molar ratio of ZnO to
CoFe,0,, the obtained product showed the highest photocatalytic activity.
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INTRODUCTION

Semiconductor material has been widely used aphtalyst in as much as various organic polluteatsbe easily
degraded under UV or solar light irradiation [1]xt&nsively investigations were carried out worldevitb

decompose the organic pollutants using semiconduttpe photocatalyst like Ti©®and ZnO [2]. ZnO
nanostructures have been extensively studied amgdtalyst because of many interesting propertieh |s its
wide direct band gap of 3.37 eV, high exiciton ligdenergy at room temperature, favorable chensindlthermal
stabilities [3]. As a very important semiconducteaterial, ZnO can be used in many fields such &= sell [4],

sensors [5-6], sunscreen [7], and self-cleaning [8]

Some research works have revealed that nanoscalefas photocatalyst exhibit superior advantages TG

which is ascribed to the lower cost, higher quangffitiency, environmental friendliness and biodetable [9].
Moreover, ZnO has concerned because it generai®s ribre efficiently in detoxification process due tchas
more numbers of the active site with high surfezsctivity hereby increasing the reaction and miieation rates
[10]. However, the wide band gap limits its absmmptto the UV region which occupies less than 1@®&olar
spectrum [11]. Various effort have been made tdifgdhe band gap of ZnO to improve the photocataproperty
by combine with other elements [10, 12-17], metaties [18-21] sensitizing with narrow band gap samductor
[1-2, 9, 22-25] and grafting heteronanostructuile [9
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In other hand, spinel ferrites, including CeBg are an important magnetic due to interesting ptagsewith large
magnetic anisotropy, moderate saturation magnaiizatemarkable stability and mechanical hardn@sHerrites
materials have been widely used in many applicatisanch as in electronic devices, information gferanagnetic
resonance imaging and drug delivery technology.[B6pddition, the band gap of Cakrl.17 eV, which means
the CoFgO, nanoparticles can be considered as the low bapdsgemiconductor that enhance the visible light
responsive photoactivity [3;11]. They are seldoraduas photocatalyst independently due to the |lsatemce band
potential and poor property in photoelectric cosian [1]. Combining the two materials, ZnO and C2Bé, can
lead to visible light responsive photocatalyst &l &s magnetically active. In the presence of metig materials,
the nanophotocatalyst can be easily separated altected with an external magnetic field from aruegus
suspension which prevents the secondary polluticeated by the disposal of photocatalyst [27-28]e Th
modification ZnO semiconductor with Cof&® using several methods have been reported, for nosta
coprecipitation [11], two-step hydrothermal routghathe assistance of the template [3;29], combuosteaction
[30], collosol [31], sono-chemical route [23], aoohventional ceramic [32].

In this paper, we report the preparation of ZnO/&0F magnetic nanocomposite by sol-gel process followed
hydrothermal method and used as photocatalystdgradiation of dye in water. The photocatalytic\étitis were
evaluated by degradation of Rhodamin B under nbsotar light.

EXPERIMENTAL SECTION

Materials

Cobalt nitrate (Co(Ng),.6H,0), Ferric nitrate (Fe(N§)ks.9H,0), Zinc nitrate (Zn(N@),.4H,O) citric acid, ethanol
(C,Hs0H), potassium hydroxide (NaOH) and Rhodamin B warnehased from the Merck. Solution was prepared
using distilled water.

Preparation of the ZnO/CoFe,O, Nanocomposites

First, the CoFg), spinel nanoparticles were prepared by sol-gel ntethMeasured amount of Co(NR6H,O and
Fe(NG)3.9H,0O with molar ratio 1:2 were dissolved in certaincamt of ethanol under stirring. The mixture was
added by citric acid solution using ethanol assthigent. The solution was kept under stirring aadtad at 74 for

1 hour. When the solution became viscous, the gslfarmed and later taken out and dried af ©0for 24 hour to
obtain the dry gel. The residual precursor wasimattat 500C for 2 hour to form CoR©, nanoparticles. Second,
the nanocomposite of ZnO/Cofen was prepared by hydrothermal method as follow piooe 20mmol of
Zn(NG) 2.4 HO and CoFgD, nanoparticles mixed into 40mL of distilled watethwa variation of percentage mole
ratio of Zri% CoFeQ,is 1:0.1,1: 0.05; and 1: 0.1(named by NCo-1, NCari NCo-3). Then NaOH (2M) solution
was added drop wis eto the mixture until the pH20The mixture was put into an autoclave and luefate3 hours
at 180 C. The obtained ZnO/Cok®, powder were filtered and washed with distilled watatil neutral pH, then
dried at70 °C for 2 hours. For comparison, ZnO wlas prepared by the hydrothermal method.

Char acterization

The phase identification and crystalline structanalysis were determined by X-Ray Diffraction usXBERT-
PRO Diffractometer system. Surface morphology were analyzed by Field EmisScanning Electron Microscopy
(FEI Inspect F50), the magnetization measuremente weerformed by OXFORD 1.2H Vibrating Sampler
Magnetometer.

Evaluation of Photocatalytic Activity

The photocatalytic activities of prepared samplesenevaluated by degradation of Rhodamin B dye usdir
light irradiation. Photocatalysts (20 mg) were atitte20 mL Rhodamin B solution (10 mg/L) and thiee &queous
suspension was stirred to obtain better disperdioadiation of sunlight is used directly for thaspension with
interval time 1 h. Thereafter, the sample solutanalyzed by a spectrophotometer at a wavelesigh®3 nm to
determine the amount of degraded Rhodamin B. Fopenison ZnO, CoR®, was also used for photocatalytic
evaluation. The photocatalytic degradation pergmntaas calculated using followed equation:

Ao A

Degradation % = X 100%

0
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RESULTSAND DISCUSSION

Structure and Mor phology of samples
Fig. 1 shows the XRD pattern of (a) pure Cgbgb) pure ZnO and ZnO/Cok®, nanocomposites obtained with
different contents of Cok@,; (c) NCo-1, (d) NCo-2 and (e) NCo-1.
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Figure 1. XRD Pattern of (a) CoFe;O,, (b) ZnO, (c) NCo-1, (d) NCo-2, () NCo-3 and theinsert showsthe specific peak of CoFe;O, at 20
of 35.7°

X-ray diffraction patterns of samples are showfig1. The XRD pattern of Cok®, (fig. 1a) exhibit clear specific
peaks at @ of 30.2, 35.7, 37.2, 43.3, 53.6, 57.7, and 62,7 corresponding to (220), (311), (222), (400), (422)
(511), (440) planes (ICDD #01-076-7254). The srmafurity was observed a®2of 33.Fcorrespond to B©s In

the insert on the Fig. 1. shown the expanded regid@oFeO, around B of 35.7in nanocomposites. It can be seen
that the peak intensity increase as increasingdahéents of CoR®,in nhanocomposites. This indicates that relative
intensities as well as the angular positions of ¥iRD peaks associated to both single-phased mistesie
systematically changing as the ferrite contentaéases [23]. Fig. 1b) show The wurtzite structureZo®© with
specific peaks at @f31.8, 34.5, 36.2, 47.8, 56.6 , 62.8, and 68can be indexed to (100), (002), (101), (102),
(110), (103), (200) planes. The XRD pattern of remmoposite shows peaks almost match only one peak of
CoFeO,. The specific peak at 35,%hat corresponds to 311 plane indentifies the m@seCoFg0, in
nanocomposite and not influence any changes oeryfséal structure.

FESEM analysis of CoR®,and ZnO/CoFg, nhanocomposite are represented in Fig. 2. NCo-1clwasen because

it shows the best photocatalytic activity compateslothers. It is evident from FESEM analysis thatparticle size

of CoFeO, have a spherical shape and have a low aggregat€s.nzorphology is represented in Fig. 2 (c-d).
Particles have rod-like shape and uniform. Theesponding EDX analysis of the samples is showfign3.
respectively. Figure 3-a shows the element corgghibit the Co, Fe, O peaks only which reflects ak@mic ratio

of the respective nanoparticles. Analyis EDX (Feg@-f) of the NCo showed absence Cgleelement in the
nanocomposite. It is estimated that this happermause of the uneven spread of elements and the rhmou
ofCoFeQ,very small.
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Figure 3. EDX spectra of CoFe,O, (a) and NCo-1 (b)

Magnetic Properties

Magnetic properties of the synthesized photocatalere studied at room temperature as shown indFighe
magnetic hysteresis loop clearly indicates that €O nanoparticles are more magnetically active than
nanocomposites (Fig. 4A). From magnetic saturatimioe (MS), these particles showed the strong feaignetic
properties. In the other hand, nanocomposites Nie a lower ferromagnetic properties (Fig. 4Bjs idue to ZnO

is diamagnetic reduce the magnetic properties dfegdy. However, the nanocomposites containing magnetic
behavior have profit due to separate easily frapid by the application of external magnetic fiafter applied and
can be used for the next application and of cowgeids the hazardous disposal of photocatalystshéo
environment.
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Figure 4. M agnetizationhyster esisloops of A) CoFe;O, and B) ZnO/CoFe,0,(NC-1 a, NC-2 b)

Evaluation of Photocatalytic Activity
Degradation percentage of Rhodamin B in the preseot pure ZnO and Copk®,; and ZnO/CoF®,

nanocomposite under solar light irradiation arevshin Fig.5.1t clearly seen that the degradatioroP&Rhodamin
Bin the presence of NCo-1 reaches 98.76 %. It lsezes 30.21% higher when compared to degradatigruie
ZnO. The enhancement of the photocatalytic actiwitynO/CoFgO, nanostructure may due to the formation of
heterojunction in ZnO semiconductor interface cahamce charge separation of photo-generated edhs and
improve the photocatalytic efficiency. CabR nanoparticles are known as a p-type semicondugctdr raetal
doped-ZnO (metal = Co, Fe) is a n-type semicondugtioFeO, with a band gap of 1.17 eV has a smaller work
function when compared to the work function of Z(&2 eV) that the Fermi energy level of ZnO is lowkan
CoFe0,. A negative shift in the Fermi level of ZnO andsjive shift in the Fermi level of ZnO are expecteiden
the band edges of the Cgbx at the interface shift to appropriate the Fermelauntil equilibrium is reached. At
the interface, an inner field is formed that caubeselectron move from ZnO region to CgBgleaving the ZnO
region with positive charges and the Cgbgregion with negative charges. When the G@zeZnO heterojunction
was excited by higher or equal photon energy tobilwed gaps of ZnO and Cakx, the electrons in the valence
band (VB) moved to the conduction band (CB) gemegatqual amount of holes in VB. This process tienssthe
photogenerated electrons from the CB of G@rédo the CB of ZnO. Conversely, the photogeneratad transfer
takes place from the VB of ZnO to the VB of CeBg This suggests that the photogenerated electrmhdi@es in
the heterojunction were efficiently separated. €keess valance band electrons then migrate toutti@ce of ZnO
and react with the trapped O2 to produce superedtigal anions,O2+«—, which on protonation genera@sl.
Similarly, the holes that were transferred to tlug-€0, react with the trapped by surface hydroxyl gro(ggsH20)

in CoFe0O, to yield *OH radicals. These *OH radicals is hjghtactive to degrade organic molecules and can
enhance the photocatalytic activity of the samflee as-prepared Coy&—ZnO nanostructure combined the
catalytic and magnetic properties, which coulddmated from the reaction mixture easily using semal magnet
at the end of the reaction and recycled without lfscatalytic activity [23].

The percentage degradation of Rhodamin Bwas destess its CoR©), content increases up to molar ratio value
of 1:0.1. This phenomenon may be attributed to Iiodih semiconductors, ZnO and CgBg are active under UV-
Vis irradiation. This results in an increase incélen population in the CB of ZnO in which electsoare injected
not only from the sensitizer but also excited frammown VB. ZnO can transfer its photogenerateceidb the
sensitizer increasing the hole concentration inBeof sensitizer. This accumulation of charge ieasr increases
the probability of electron—hole recombination whian significantly reduce the photocatalytic dttief coupled
system. Since holes are left behind in the valdéaeel of narrow band gap semiconductors they catopboode it

if not engaged in redox reactions [34].
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Figure5. Plot of degradation % of Rhodamin B upon radiation timein the presence of ZnO, CoFe;O,4, NC-1, NC-2, NC-3 and without
photocatalyst

The maximum degradation observed for the NCo-1 weasl as the optimized composition value for théntping
further photocatalytic degradation parameter. Fighows effect of variation of photocatalyst loayin the
degradation % of Rhodamin B using NCo-1. The viEmebf photocatalyst loading was conducted fronb@ZA to
1 g/L. Based on the curve can be seen that atdlystocatalyst loading the photocatalytic activitach of 99.21%.

It is not much different if compared with 0.75 dtading with degradation percentage of 98.99% dufirhours
irradiation.
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Figure 6. The Effect of variation of photocatalyst loadingon the degradation % of Rhodamin Busing NCo-1

Reusability of ZnO/CoR®, nanocomposite as photocatalyst was evaluated pfibtocatalyst was recycled after
filtered, washed and dried. The dried photocatalyste used for degradation of Rhodamin B, emplowimgilar
experimental conditions. The result of degradatiffitiency was shown in table 1. Photocatalyst bitliemarkable
photostability as the Rhodamin B percentages ai@89% and 99.49% in the first and second runs ecspely for

3 hours. These results demonstrates that the ptatgst was found to be very stable and did nat s catalytic
activity significantly therefore the synthesizedftatalyst were reusable.
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Table 1. Degradation % of Rhodamin B in the presence of initial and recycle of NCo-1

Time (hour) ngradatlon (%)
initial | recycle
0.5 58.15 54.69
1 82.6¢ 70.9%
1.5 91.75 92.96
2 95.21 96.12
RS 99.0¢ 97.3¢
3 99.68 99.49
CONCLUSION

Nanocomposite photocatalysts of ZnO/Cgbgnere prepared using sol-gel process followed hydnobal method
successfully. XRD analysis indicates conformity hwitubic spinel of CoR©®, and wurtzite structure of ZnO.
Additions of CoFgO,to the construction ZnO managed to increase théophtalytic activity in the visible light
region so as to degrade the Rhodamin B under $igtrirradiation. Their magnetic properties indiedhat the
ZnO/CoFg0O,nanocomposites are potential as are usable phatgsat
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