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| TiO,/Si0, nanocomposites powder are the most important materials due to their extensive application in the field of photocatalysis, were |
prepared by the sol-gel method with and without poly(vinyl pyrrolidone), carboxy methyl cellulose and hydroxyl propyl cellulose as

| additives. In this work, the influence of these additives on the properties, structure and photocatalytic activity under UV-irradiation for |

| removal of organic pollutant were investigated by IR spectra, scanning electron microscopy, energy dispersive analytical X-ray and X-ray |

| diffraction methods. The results suggest that these additives play an important role in decreasing of particles size and TiO,/SiO, with |

| |

| |

hydroxy propyl cellulose was the best sample.
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INTRODUCTION

It has been revealed that, in the last decade, TiO- to be the
best candidate for photocatalytic applications'”. Nano-sized
TiO; particles have a relatively large surface area per unit mass
and volume; therefore, these particles show high photocata-
lytic activity, which facilitates the diffusion of the surface,
generated charge carriers under light irradiation*’. Basically,
the photocatalytic process is initiated by the photogeneration
of hole/electron pairs in the semiconductor by absorption of
UV-light with energy equal to or higher than the corresponding
band gap for TiO; anatase E, = 3.2 eV°®. The organic substances
that come into contact with the surface decompose due to the
photocatalysis property of TiO, consequently prevent them
from building up’.

In recent years, numerous studies have shown that TiO,-
SiO, composites exhibit an enhanced photocatalytic activity,
which makes TiO,-Si0, composites particularly attractive for
catalytic applications®*'®, In addition to granular interface
effects, other physico-chemical and structural properties can
also influence wet ability properties of TiO,-SiO, composite
particles. Especially, morphological properties (surface rough-
ness, open porosity) are very important aspect to consider'”.

In this work, we have chosen a sol-gel method to prepare
TiO, photocatalysts. Since particle size is an important para-
meter for photocatalysis®*, we have investigated the effects
of carboxy methyl cellulose (CMC), poly(vinyl pyrrolidone)

(PVP) and hydroxyl propyl cellulose (HPC) as modifiers for
the size of TiO,-SiO; particles and for choosing the best additive
for photocatalytic activity. The advantages of the sol-gel tech-
nique are molecular-scale mixing of the components, high purity
of precursor and homogeneity of sol-gel products with high
isotropy of physical, morphological and chemical properties™.

EXPERIMENTAL

Titanium tetra isopropoxide (AR analytical grade, Merck
Chemical Company) were used as titanium sources for the
preparation of the TiO, phtocatalysts. Carboxy methyl cellulose
(CMC), poly(vinyl pyrrolidone) (PVP) and hydroxyl propyl
cellulose (HPC), HNOs, SiO, colloid solution and absolute
ethanol and deionized water were purchased from Merck
Chemical Company.

Preparation of samples: Four samples of TiO./SiO»
photocatalyst were prepared by using the sol-gel method.
Titanium tetra isopropoxide was dissolved in absolute ethanol
(with molar ratio titanium tetra isopropoxide/ethanol = 1/75)
then additive was added and stirring until complete dissolution
to this base solution (Table-1). Then, another mixture of
absolute ethanol, HNO;, deionized water and SiO, (with molar
ratio ethanol/HNOs/H,0/Si10, =43/0.2/1/30) was added dropwise
under vigorous stirring at room temperature. The obtained
transparent colloidal suspension was stirred (45 min), then
kept for 48 h to allow it be formed as a gel. The sample was
dried in air and treated at 500 °C for 2 h.




Vol. 25, No. 2 (2013)

Investigation of Photocatalytic Activity of TiO»/SiO, Nanocomposite 613

TABLE-1
FORMULATION OF SAMPLES
S Amount of CMC  Amount of PVP Amount of HPC
ample . . . . . .
in solution g/g; in solution g/g; in solution g/g,,
1 — _ _
2 4.5x10° - -
3 - 4.5x10° -
4 - - 4.5x10°

Photocatalysis: The solution of methyl orange (5 mg L")
in deionized water was selected as a pollutant solution for
photodegradation. This solution was set in the vicinity of nano
photocatalist powder (0.5 g powder in 1 L solution) and then
was kept for 24 h in the darkness, in order to eliminating the
absorption effect of the solution in the catalyst. Finally it was
placed under a 15 W UV lamp (Osram). The changes of methyl
orange was recorded by an UV spectrometer model Varian.

Set up of photocatalytic reactor: The photoreactor
system which is shown in Fig. 1 was chosen for photocatalytic
reduction studies of pollutant solution. This photoreactor
system consisted of a cubic borosilicate glass reactor vessel
with an effective volume of 1000 mL, a cooling water jacket
and a 15W UV lamp with a quartz cover positioned inside the
solution, as an UV light source was used. The reaction tempe-
rature was maintained at 25 °C using cooling water.
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Fig. 1. Schematic diagram of the photoreactor system: 1-Water entrance,
2-water exit, 3-glass jacket, 4-quartz cover, 5-UV lamp, 6-stirrer

XRD measurements were performed using a Philips x'
pert pero MPD diffractometer with CuK, radiation from
10-80 (20) at room temperature. FT-IR spectra were obtained
as KBr pellets in the range of 4000-500 cm™ using Shimadzu
FT-IR spectrophotometer. Morphology and microanalysis of
the samples was observed by a scanning electron microscope
(SEM, SEM-4100, Jeol). Ultraviolet-visible (UV-VIS) absor-
ption spectrum was obtained by means of Varian UV-VIS
spectrometer.

RESULTS AND DISCUSSION

Effect of additives on the microstructure: FT-IR spectra
of the TiO,/SiO, powders, with and without additives were
represented in Fig. 2. The wide absorptions band around 3700-
3100 cm™!, which can be attributed to the OH stretching vibration
of surface hydroxyl group®™~’. A great amount of propanol
appears during the hydrolysis of titanium tetra isopropoxide,
which leads to the appearance of hydroxyl bands (3700-3100
cm™). The intensity of bands in samples 1, 2 and 3, decrease
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Fig. 2. FT-IR spectra of the sample sols. (a) sample 1, (b) sample 2, (c)
sample 3, (d) sample

in sample 4, because the association of hydroxyl is restrained
by the steric effect of hydroxyl®. The absorption band around
1635 cm™ was stretching mode of physically adsorbed water
and hydroxyl group®- ¢,

The bands at 1117 cm™ in samples 1, 2, 3 and 4 can be
assigned to asymmetric stretching vibration of the Ti-O
bands™* and the bands at 1073 cm™ in samples 3 and 4 are
the asymmetrical vibration of the Si-O-Si bands®. The peak
at 602 cm™ can be assigned to symmetric stretching vibration
of the Ti-O-Ti group®*** and 1037 cm™ which may correspond
to Ti-O-C bending®. The Ti-O-C may result from the inter-
action between the Ti-O network and the organic polymers
(CMC, PVP or HPC).

SEM picture of sample 1 without any additive, contains
high agglomeration and it has the most range particle distri-
bution and largest size and it is scattered. Uniformity in sample
2 is better than sample 1, but worse than the others. When
PVP was added, TiO,/Si0, particle size decreases and particle
distribution becomes narrow with a monotonously in particle
size. Sample 4 which contains HPC has the most uniform
particle distribution with low agglomeration in comparison
with others.

Effect of CMC, PVP and HPC on the anatase phase:
XRD patterns of all samples have been shown in Fig. 3. As it
is observed, in XRD pattern of sample 1, without any additive,
anatase structure has not formed clearly (the base peak in range
of 20 < 20 < 30 is an evidence of anatase phase); but XRD
measurements of other samples, with additives, have revealed
that the samples 2, 3 and 4 possess an anatase structure and
any evidence of rutile and mixed phases have not been observed.
It has been reported that during improper heat treatment,
sol-gel samples of TiO, undergo a phase transformation from
anatase to rutile phase which in this situation have not any
self-cleaning ability. Samples 2, 3 and 4 have presented diffe-
rent proportions of anatase phase. According to XRD patterns,
anatase phase peak in sample 4 which contains HPC additive
is sharper than same peak in other samples that reveals sample
4 1is only in the anatase form and it is very good for self-cleaning
ability.
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Fig. 3. XRD patterns of sol-gel synthesized TiO»/SiO,. (a)Sample 1, (b)
sample 2, (c) sample 3, (d) sample 4

Effects of additives on the self-cleaning and photo-
catalitic activity: The effect of additives on photocatalytic
activity has been revealed in Fig. 4. The self-cleaning ability
and photocatalitic activity has increased with application of
additives. According to Fig. 4, sample 4 whit HPC has the
best self-cleaning activity in comparison with other samples.
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Fig. 5. Photodegradation rate of methylorange solution under UV radiation

Conclusion

Four samples of TiO,/SiO, nanocomposite with self-cleaning
and photocatalytic properties have been prepared by a sol-gel
method. The photocatalytic properties of the synthesized
nanocomposites were prepared for degradation of methyl

orange in water under UV-irradiation in a batch reactor and
their results showed that the photocatalytic activity of the
nanocomposites have been increased, respectively by CMC,
PVP and HPC. SEM pictures have revealed that the particle
size of TiO,/SiO, powder with HPC was smaller than other
samples.

REFERENCES

1. J. Winkler, In ed.: ed.: V. Verlag, Titanium Oxide, Hannover (2003).
A. Fujishima, T.N. Rao and D.A. Tryk, J. Photochem. Photobiol. C:
Photochem., 1, 1 (2000).

3. A. Mills and S. Le Hunte, J. Photochem. Photobiol. A: Chem., 108, 1

(1997).

J. Ovenstone and K. Yanagisawa, J. Mater. Sci., 11, 2770 (1999).

H. Imai and H. Hirashima, J. Am. Ceram. Soc., 82, 2301 (1999).

S. Liu, N. Jaffrezic and C. Guillard, J. Appl. Surf. Sci., 255, 2704 (2008).

C. Euvananont, C. Junin, K. Inpor, P. Limthongkul and C. Thanachayanont,

J. Ceram. In., 34, 1067 (2008).

K. Guan, J. Surf. Coat. Technol., 191, 155 (2005).

X.Fu, L.A. Clark, Q. Yang and M.A. Anderson, J. Environ. Sci. Technol.,

30, 647 (1996).

10. M.M. Mohamed, T.M. Salama and T. Yamaguchi, J. Colloids Surf.,
207, 25 (2002).

11. C.U.L Odenbrand, S.L.T. Anderson, L.A.H. Anderson, J.G.M. Brandin
and G. Busca, J. Catal., 125, 541 (1990).

12. X. Gao and LE. Wachs, J. Catal. Today, 51, 233 (1999).

13.  G. Schmid, Nanoparticles, Wiley-Interscience, New York (2004).

14.  G. Colon, M.C. Hidalgo and J.A. Navio, J. Appl. Catal. A: Gen., 231,
185 (2002).

15. M. Itoh, H. Hattori and K. Tanabe, J. Catal., 35, 225 (1974).

16. J.R. Sohn and H.J. Jang, J. Catal., 132, 563 (1991).

17. T. Kataoka and J.A. Dumesic, J. Catal., 112, 66 (1988).

18. Z. Liu, J. Tabora and R.J. Davis, J. Catal., 149, 117 (1994).

19. M. Houmard, D. Riassetto, F. Roussel, A. Bourgeois, G. Berthome,
J.C. Joud and M. Langlet, J. Appl. Surf. Sci., 254, 1405 (2007).

20. K.L. Yeung, A.J. Maira, J. Stolz, E. Hung, N.K.C. Ho, A.C. Wei, J.
Soria, K.J. Chao and P.L. Yue, J. Phys. Chem. B, 106, 4608 (2002).

21. D. Farin, J. Kiwi and D. Avnir, J. Phys. Chem., 93, 5851 (1989).

22. Y. Tanaka and M. Suganuma, J. Sol-Gel Sci. Technol., 22, 83 (2001).

23. T.A. Egerton and L.R. Tooley, J. Phys. Chem. B, 108, 5066 (2004).

24. X. Deng, Y. Yue and Z. Gao, J. Appl. Catal. B, 39, 135 (2002).

25. Y. Nosaka, N. Ohta and H. Miyama, J. Phys. Chem., 94, 3752 (1990).

26. N. Xu, Z. Shi, Y. Fan, J. Shi and M.Z.C. Hu, J. Ind. Eng. Chem. Res.,
38, 373 (1999).

27. J.M. Nedeljkovic, M.T. Nenadovic, O.I. Micic and A.J. Nozik, J. Phys.
Chem., 90, 12 (1986).

28. M. Toyoda, Y. Nanbu, Y. Nakazawa, M. Hirano and M. Inagaki, J.
Appl. Catal. B, 49, 227 (2004).

29. Y. Li, N.H. Lee, D.S. Lee, D.S. Hwang, J.S. Song, E.G. Lee and S.J.
Kim, J. Langmuir, 20, 10838 (2004).

30. G.P.Lepore, C.H. Langford, J. Vichova and A. Vicek Jr., J. Photochem.
Photobiol. A: Chem., 75, 67 (1993).

31. K. Tanaka, M.EV. Capule and T. Hisanaga, J. Chem. Phys. Lett., 187,
73 (1991).

32. H. Hayashi and K. Torii, J. Mater. Chem., 12, 3671 (2002).

33. J. Ovenstone, J. Mater. Sci., 36, 1325 (2001).

34. A.C. Pierre, Introduction to Sol-Gel Processing, Kluwer Academic
Publishers, Boston (1998).

35. K.M. Parida and N. Sahu, J. Mol. Catal. Chem. A, 287, 151 (2008).

36. G. Zhao, Q. Tian, Q. Liu and G. Han, J. Surf. Coat. Technol., 198, 55
(2005).

37. H.Thoms, M. Epple, M. Froba, J. Wong and A. Reller, J. Mater. Chem.,
8, 1447 (1998).

38. M.P. Zheng, M. Gu, Y. Jin and G. Jin, J. Mater. Sci. Eng. B, 77, 55
(2000).

39. M.P. Zheng, M.Y. Gu, Y.P. Jin, H.H. Wang, P.F. Zu, P. Tao and J.B. He,
J. Mater. Sci. Eng. B, 87, 197 (2001).

40. P. Aberoomand Azar, S. Moradi, S. Samadi, S. Kamyar and M. Saber
Tehrani, Asian J. Chem., 22, 1619 (2010).

Nk

o o



