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Abstract: A magnetically separable, visible light improvedOT nanophotocatalyst was successfully
synthesized with Ti@as a shell, Si©as an intermediate coating and permanent magneg,GCpas a core
material. The characterization was carried out g XRD, FESEM, VSM, UV-Vis. The band gap energy
calculated by Tauc plot approach for FiCoFeO4/SiO, nanophotocatalyst was 2.72 eV. The photocatalytic
activity was studied with the hydrogenation of olitenzene under irradiation of an 8W UV-lamp witlalpe
wavelength of 253.4 nm. In the photodegradatiorcgse almost complete nitrobenzene degradation easer
after 105min. Further the TiOhanophotocatalyst recovered under external magfietd has shown better
degradation efficiency.
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Introduction:

In the present work, Cok@,/SiO, was synthesized by sol-gel auto combustion and Th®,/CoFeQ,/SiO,
photocatalytic composite prepared by sol-gel hydiisl process to achieve the desired magneticafisrable
and visible light improved photocatalyst. The plwat@alytic efficiency of synthesized nanophotocatblyas
been evaluated by the degradation of a Nitrobendgee

Experimental:
Preparation of CoFe;0,/S Oy

The CoFgO,/SiO, nanoparticles were prepared by using sol-gel aatobustion method.

The preparation includes two steps. TEOS was used source for Silicon dioxide. First, solution Aasv
prepared by mixing 1.2 mL, 4.8 mL, 8.4 mL of TE@®anol and water respectively. The TEOS was taken
20 wt% of Cobalt nitrate (Co(Ng 6H,0) and Ferric nitrate (Fe(N29H,0O). Acetic acid was added to keep
pH 2. Then solution was stirred continuously fdr at 60 °C. Solution B was prepared by dissolvirigd, 1.5

g of cobalt nitrate, ferric nitrate in DI water.gB8of citric acid was dissolve in water and addedhitoates
solution under stirring. Ammonia was added to kpep7. The solution A and B were mixed to prepare a
homogeneous transparent solution and evaporatéd &€ for 3 h with continuous stirring. The solutivas
heated at 100 °C for 24 h to form dry gel. Consatydy increasing the gel temperature to 250 °@Guffle
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furnace auto-combustion takes place in self prap@gananner. Finally, CokR0,Si0O, nanoparticles were
formed.

Preparation of TiO,/CoFe,04/SiO.:

The TiOG/CoFeO,/SiO, nanophotocatalyst was prepared by sol gel hydslysethod. For that 200 mg of
prepared CoR©,/SiO, nanoparticles was taken in 1:10 ratio of water etti@dnol mixture. 3 M HCI was added
to keep pH 6. The total suspension was sonicate@Gamin and stirred for 1 h at room temperatufdien
mixture of 10 ml titanium isopropoxide and 30 mLhatol were added drop wise added to the above
suspension. The complete solution was stirred forimum 8 h to make sure the covering of 7iGn
CoFe04/Si0O,. The formed grey coloured precipitate was sepdrbtecentrifugation many times in ethanol.
The prepared precipitate was dried and calcinatd8@°C for 5 h.

Photocatalytic Activity Experiment:

The photocatalyst solution was prepared by addi®$ @ of composite in a 50 mL of nitrobenzene (60
mg/litre) aqueous solution. The mixture was stifed50 min in dark to reach adsorption equilibriuffter
stirring, the mixture was kept in photoreactor (EletHML-COMPACT-LP-MP-812) having UV light source
of 8W lamp of 253.7 nm peak wavelength and at &gagetime interval 4 mL suspension taken out. Feite
using filter paper and analyzed by UV-visible spacteter.

Results and Discussion:
XRD:

The fig. 1 represents the XRD patterns of the sasgrepared by sol gel autocombustion and sol gel
hydrolysis process. The fig. 1 (a) shows the XRBgpas of pure Ti@(Degussa, P25) according to the JCPDS
# 21-1272. The peaks in the pure TXRD pattern indicate the presence of both anadagerutile phase. The
fig.1 (b) shows the spinel phase of CgbB£SiO, without calcination. The peaks are not detectehl&iO, as it

is in amorphous form. The fig. 1(c) shows the XR&ttgrn of TiQ/CoFeO,/SiO, nanophotocatalyst. The
patterns observed for Cofe®/SiO, supported Ti@implies fig. 1 (c) that there is formation of aasé crystal
phase which is most active phase. The particlecsiiilated from the Schrerrer equation [2] usiigXpeaks

for TiO,/CoFe204/Si@was found to be approximately 47 nm.

UV-vis Spectrum:

Fig. 2 shows the UV-vis spectra of the samples. @ to absorption spectrum of Li(egussa, P25) the
TiO,/CoFe0,/SiO, showed enhanced absorption efficiency in visiblege. The sample was calcinated at 450
°C which has improved the visible range absorptmensiveness due to doping of the T\@th the magnetic
core of CoFgD,. It is because of the electron on cobalt iondiffased on the Ti@orbital that has improved
the absorption in visible region. The band gap uwated from the Tauc plot graph approach of the
TiO,/CoFe0,/SiO, was 2.72 eV fig. 2 (a) which was much lower thiaa TiO, (Degussa, P25) 3.2 eV[1]. This
proves that magnetic core has decreased the banehgagy between the conduction band and valernue $@
that nanophotocatalyst can excite under very lootgihenergy that is under visible light irradiation
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FESEM and EDX:

Fig. 3 (a) shows the FESEM images of the J@0FeO,/SiO, which has the average particle size of 47 nm
same as calculated from XRD data. Further fig. B daows the good clumping of Ti@oFeO,/SiO,
nanophotocatalyst. The EDX data in fig. 3 (b) shtivespresence of Ti, Co, Fe and Si in the nanogiatadyst.
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Fig. 3 (a) FESEM image and (b) EDAX spectrum of TIOZ2/CoFe204/5i02.

VSM Analysis:

Fig. 4 (a) shows the change in the magnetizatiah thie applied field at room temperature. Due ®odbating

of the TiQ on the CoF#,/SiO, the nanophotocatalyst has decreased magnetizationpased to
CoFe04/Si0,.. The SiQ covering on the surface of ColBg has avoided the effect of magnetization on
photocatalytic activity of the TiDand vice versa. The remanence magnetism on thevegrof the external
magnetic field tends to zero[3], which implies thla¢se particles are able to separate from treasddr by
applying external magnetic field and can be reuseady times with enhanced photocatalytic activity.

Photocatalytic Activity:

There is a presence of anatase,[80®on irradiation of UV light the nanophotocataigsconsidered to undergo
photoexcitation. The photodegradation occurs madug to the hole generation on semiconductor which
oxidizes the adsorbed surface molecules and akdegiron to flow. Also forms free radicals (Qltb oxidize
organic molecules in the mixture solution. Fig.b} $hows the light absorbance spectrum changequafoas
nitrobenzene solution in the influence of FCoFe04/SiO, under UV irradiation. Initially the adsorbanceerat
of photocatalyst was very high as the light absacbaof nitrobenzene at 268 nm falls very fast. hadiation
time increases the nitrobenzene degradation ratelysldecreases. Finally at 105 min almost all o th
nitrobenzene has degraded from the aqueous salulioa nanocatalyst then seperated from solution via
external magnetic fields and again tested for plhegoadation which has the same degradation ratieaa®f

the fresh nanoparticles.
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Fip. 4 {a) Hysteresis loops of samples. Fig. 4 {b) Photodcgradation curve for nitrobenzence.
Conclusion:

We successfully prepared novel magnetically sepafi./CoFeQ,/SiO, photocatalyst.

The nanophotocatalyst has degraded the pollutamsfast which proves that it has enhanced phaabydat
activity and separable under magnetic field. Theosamposite has low band gap energy and henceigiide
light improved nanophotocatalyst
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