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Abstract

Fe-doped mesoporous titanium dioxide nanocrystalline photocatalysts were prepared by the sol-gel method. The as-prepared samples
were characterized with X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) amdsdrption—desorption measurements.
The photocatalytic activities were evaluated by photocatalytic oxidation of acetone in air. It was found that a small amount of Fe dopant
in mesoporous Ti@powders could obviously enhance the photocatalytic activity, and when the atomic ratio of Fe/Ti was in the range of
0.05-0.25%, the photocatalytic activity of the samples was higher than that of Degussa P25 and un-doped mesop@owdéri© This
was ascribed to the fact that a small amount of Fe dopant reduced the recombination of photo-generated electrons and holes in the mesoporou
TiO, powders during heterogeneous photocatalytic reaction.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction many photocatalytic reactions, usually, by the production of
free radical species at the semiconductor surface. They are
In recent years, in order to solve the increasingly seri- unstable, however, and the recombination of photo-generated
ous problems of environmental pollution, various advanced electrons and holes can occur very quickly, dissipating the in-
technigues are being applied in the fields of environmental put energy as hefb,6]. In fact, the photocatalytic efficiency
protection. Semiconductor heterogeneous photocatalysis is alepends on the competition between the surface charge car-
popular technique that has great potential to control aqueousrier transfer rate and the electron-hole recombination rate. If
organic contaminates or air pollutants. Among various ox- the recombination rate is so fast (<0.1 ns), that there is no
ide semiconductor photocatalysts, titanium dioxide has beenenough time for any other reactions to ocf2jr This results
proved to be the most suitable catalysts for widespread en-in that photocatalyst has no photocatalytic activity. In tita-
vironmental application because of its biological and chemi- nia, the photo-generated electrons and holes have relatively
cal inertness, strong oxidizing power, non-toxicity and long- long-life (around 250 ns), allowing these species to travel to
term stability against photo corrosion and chemical corrosion the crystallite surfacf,3]. It is found that different types of
[1-4]. radicals are formed on the surface of 3j@he most com-
The photocatalytic activity of semiconductor is due to the mon radical is OH radical, which is then free to carry out
production of excited electrons in the conduction band of other chemical reactions at the surfgép
the semiconductors, along with corresponding positive holes  To reduce the recombination of photo-generated electrons
in the valence band under UV illumination. These energet- and holes, and to extend the light absorption of2liio vis-
ically excited species are mobile and capable of initiating ible light region, many researchers used various preparation
method¢8-10], different carrier§l1,12]and surface modifi-
* Corresponding author. Tel.: +86 278 788 3610; fax: +86 278 788 3610. cations[13,14]to prepare highly active photocatalysts. It has
E-mail addressjiaguoyu@yahoo.com (J. Yu). been reported that transition metal ions doping can enhance

0254-0584/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.matchemphys.2005.03.007



160 M. Zhou et al. / Materials Chemistry and Physics 93 (2005) 159-163

the photocatalytic activity of TiQd Among various transition  (as shown inTable ). The resultant mixed solution was
metal ions, most researchers found that th&"fped can stirred for 2.5 h and then aged for 24 h at the room temper-
enhance photocatalytic activifg,15]. ature. The aged wet sols were irradiated under infrared lamp
The well-known method to prepare metal ions doping about 48 h to get xerogel. The xerogel were calcined at 773K
TiO3 is based on the sol-gel process via hydrolysis mech- for 3 h in the furnace in air to remove organic substances.
anism, which has many advantages, such as, flexible con-
trol of pore structures and dopant concentration and a high2 2. Ccharacterization
level of chemical purity[16-18] Therefore, the sol-gel
method is widely used to prepare nano-sized; potocata- The X-ray diffraction (XRD) patterns obtained on a
lysts. Fé*-doped TiQ photocatalyst prepared by the sol-gel  giffractometer (type HZG41B-PC) using Cuadiation ata
method has been most extensively examife®-23] but  scan rate (@) of 0.05 s~ were used to determine the identity
most of researchers investigated their photocatalytic activ- of any phase present and their crystallite size. The accelerat-
|ty in agueous SOIUtion, while few works were focused on |ng V0|tage and the app“ed current were 15kV and 20 mA,
the gaseous photocatalytic reaction, such as the oxidation Ofrespective|y_ X_ray photoe|ectr0n Spectroscopy (XPS) mea-
acetone in air. In our previous workg4-27} we prepared  syrements were performed on a KRATOA XSAM800 XPS
mesoporous Ti@photocatalysts (films and powders) by the system with Mg Kx source. All the binding energies were
sol-gel method and used them to decompose acetone in aifyeferenced to the C1s peak at 284.8 eV of the surface adven-
Herein, the Fe-doped mesoporous Ti@nocrystalline pow-  titious carbon. The Brunauer-Emmett-Teller (BET) surface
der photocatalysts were prepared by the sol-gel method. Thegreg GeeT) of the powders was analyzed by nitrogen ad-
as-prepared powders were characterized with X-ray diffrac- sorption in an AUTOSORB-1 (Quantachrome Instruments,
tion (XRD), X-ray photoelectron spectroscopy (XPS) and N  ysa) nitrogen adsorption apparatus. All the samples and
adsorption—desorption measurements. The photocatalytic acp 25 \were degassed at 453 K prior to nitrogen adsorption mea-
tivity was evaluated by the photocatalytic oxidation of ace- syrements. The BET surface area was determined by multi-
tone in air and the effects of Fe-doping on the activity were point BET method using the adsorption data in the relative
also discussed. pressureR/P) range of 0.05-0.3. The desorption isotherm
was used to determine the pore size distribution using the
Barret-Joyner-Halender (BJH) method with cylindrical pore
[28]. The nitrogen adsorption volume at the relative pressure
(P/Pg) of 0.994 was used to determine the pore volume and
average pore size.

2. Experimental

2.1. Preparation
Fe-doped mesoporous TiO nanocrystalline pho- 2.3. Measurement of photocatalytic activity

tocatalysts were prepared by the following method. In order to ch terize the photocatalvii tivity of th
Tetrabutyl titanate (Ti(OgHg)s or TBOT) and di- n order to characterize the photocatalytic activity of the

ethanolamine were dissolved in ethanol. After stirring as-[:rep_areid szmp!eslagﬂ Pt25,)[/v? f_hoosde ?_ceto?e astampdel
vigorously for 2h at room temperature, a mixed soly- conaminate chemical. Fhotocatalytic oxidation ofacetone is

tion of water and ethanol was added drop-wise to the based on the following reactiga4,29]

above solution with a burette under stirring. The chem- cp.cocH, +40, — 3CO, + 3H,0 1)
ical composition of the starting alkoxide solution was
Ti(OC4Hg)4:CoHs0OH:H2O:NH(CoH4OH)2 = 1:26.5:1:1 The photocatalytic activity experiments on the as-prepared

in molar ratio. Finally different amount of ferric nitrate powders and Degussa P-25 for the oxidation of acetone in air
(Fe(NQG;)3) was added to the above precursor titanium sol. were performed at ambient temperature using a 15 L photo-
The atomic ratios of Fe to Ti, which hereafter was designated catalytic reactor. The catalysts were prepared by coating an
asRee, were 0, 0.05, 0.25, and 2.5 nominal atomic % (at.%) aqueous suspension of Ti@owders onto three dishes with

Table 1

Effect of Ree 0N the average crystallite size, BET surface areas and pore parameters of the as-prepared mesop @owdani©

Sample Rre Crystallite size (nrf Sget (M2 g 1)P Pore volume (mL g1)° Pore size (nnf)
Posg - 30.0 63.0 0.060 3.8

a 0 16.2 20.1 0.031 4.4

b 0.05 16.0 235 0.040 3.4

c 0.25 14.9 30.3 0.053 3.0

d 2.50 11.0 37.1 0.071 2.8

a Average crystalline size of Tiwas determined by XRD using Scherrer equation.
b The BET surface area was determined by multipoint BET method using the adsorption data in the relative #%3usnge of 0.05-0.3.
¢ Pore volume and average pore size were determined by adsorption volefg ai0.994.
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