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Abstract

TiO, loaded on activated carbon fibers (ACF) was performed by using epoxy resin as the precursor of the link between them, followed
by calcination at different temperatures in Aimosphere, and detailed surface characteristics and photocatalytic activity for methylene blue
have been carried out. The pore structure of ACF was preserved well after loading withari@@les. From SEM and TEM images, it was
observed that Ti@loaded on ACF was in the form of small clusters, and the primary particles still kept in nanometer size. Upon calcination
at different temperatures, the residue of epoxy resin on the surface pfds@ited in the changes in UV—vis and IR spectra, which reflected
in the differences of photocatalytic activity. The sample calcined at@6G&hibited the best photocatalytic activity, and still maintained high
activity without any decrease when used repeatedly. Even at the sixth cycle, the amount of MB remova}/ieCFi€omposite was still
slightly higher than that for fresh P25 in suspension.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and activated carbon (A€)0-17] Among them, AC is most
commonly used support for Tgdn gas and water treatment
The heterogeneous photocatalysis has been proposed as afue to its porous structure and adsorption properties, and
advanced oxidation process for the mineralization of various the supported catalyst has made remarkable effects in the
environmental organic pollutants in gas and liquid phases kinetics of disappearance of the pollutants, each pollutant
[1-5]. TiO; is the most widely used photocatalyst due to being more rapidly photodegraded. This effect has been ex-
its good activity, chemical stability, commercial availability plained that by the adsorption of organics on AC followed
and inexpensiveness. However, in field applications, there areby a transfer to the Ti@surface where it is immediately de-
at least two obvious problems arising from using fine JiO graded[10,14] But, AC is usually in the form of granules
powders: (1) separation of photocatalyst from the reaction and powder, and the problem of filtering and recovery still
media is difficult and (2) particulate suspensions are not eas-exists.
ily applicable to continuous process. An alternative method  Activated carbon fiber (ACF), a new formulation of acti-
is immobilizing TiO, powders onto an inert and porous sup- vated carbon, is in the form of felt or cloth, with high BET
porting matrix such as silicgs], alumina[7,8], zeolites[9], surface area and uniform pore struct[&8]. It is preferable
in recovery catalyst from water than granular supports. But
* Corresponding author. Tel.: +86 546 8395024; fax: +86 546 8395190, (NEr€ are only a few reports about the Jildaded on ACF
E-mail addressguanrbo@yahoo.com.cn (R. Guan). and its photodegradation behavior for organic pollutants in
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water. Therefore, in the current work, ACF was selected as erence substance. When BBCF samples were calcined

adsorptive support for Tigloading. at different temperatures, the change of F78Drface groups
The TiO, loaded ACF (TiQ/ACF) was performed by us-  was characterized by diffuse reflection infrared Fourier trans-

ing epoxy resin as the precursor of the link betweern,aéd formed (DRIFT) spectroscopic analysis on a Nicolet FTIR

ACF, followed by calcination at different temperatures inin- Spectrometer Magna-760.

ert atmosphere. The photocatalytic activity of Zi@owder

strongly depends on its microstructural and physical proper- 5 3 peasurement of photocatalytic activity
ties[19]. In this sense, we studied the surface characteristics

and_ photocatalytic activities of T¥DACF samples calcined The photoreaction was conducted in a 350 mL cylindrical
atdifferent temperatures, and methylene blue (MB) was cho-,esse with a water-cooled quartz jacket. Irradiation was pro-
sen as the model pollutant. vided by a 500 W high-pressure mercury lamp with a major

emission at 365 nm, located in the centre of quartz jacket. A
magnetic stirrer was equipped at the bottom of the reactor

2. Experimental to achieve effective dispersion. Air was bubbled through the
) ) reaction solution from the bottom to ensure a constant dis-
2.1. Materials preparation solved Q concentration. To compare the photocatalytic ac-

o o ) ) tivity of TiO »2/ACF, the pure TiQ powders were also tested.
Titanium dioxide used in this stud)éwas Degussa P25, Thg amount of Ti@ powders was chosen as 1 g/L, which was
mainly anatase, witha BET surface of So/gland anaverage  gequate in our conditions without disturbing the UV light

particle size of 30 nm. Activated carbon fibers were produced gnering the reactor. The initial MB concentration was about
from rayon precursor, in the form of felt, having a BET sur- g5 ma/_ and the temperature of reaction solution maintained
face area of 749 fiig and a total pore volume of 0.25 éfy. at 30+ 0.5°C. The TiQ/ACF sample was used repeatedly,

They were washed with deionized water and dried atID5 54 each cycle lasted 3 h. Before the beginning of next cy-
before use. Diglycidyl ether of bisphenol A (DGEBA) pOXy  ¢je the remaining solution was replaced by fresh MB solution
resin and methylene blue {§H:5CIN3S) were reagentgrade ith 85 mg/L. The 4 mL samples were withdrawn at different

and purchased from Shanghai Reagent Corporation. intervals of time to determine the residual concentration of

The TIQ/ACF samples were prepared as follows. A \\g by ysing a spectrophotometer (UV762, Shanghai Anal-
59 TiO, was added to 120 ml acetone solution containing ysis Company) at 664 nm.

1.1820 g epoxy resin, and the resulting mixed suspension was
stirred vigorously with high-shear-dispersion machine allow-
ing the TiQ, particles to remain suspended in the solution.
The mixed suspension was added drop by drop on a 6.49g
ACF felt, then, it was dried at room temperature. Finally, it
was calcined at 400, 460, 500 and 580for 2 h in Nb atmo-
sphere, respectively. The sample dried at room temperature
was denoted agg, and the others were named&gg, Tas0,
Ts00 and Tsgg, according to the heat treatment temperature,
respectively.

3. Results and discussion
3.1. Pore size distributions

The pore size distributions for original ACF and
TiO2/ACF samples that were calcined at different temper-
atures are shown iRig. 1. All TiO »/ACF samples presented
a sharp pore distribution in the range of 0.6—0.7 nm, and a

o mall amount of macropor r he intr ion
29 Characterization small amount of macropores appeared due to the introductio

The BET surface area and pore volume of composite 0.08+ 208
TiO2/ACF were obtained by pNadsorption at 77 K using | ol
a micromeritics ASAP 2000. The pore size distribution was J T
calculated by density functional theory (DFT) method. TG
and DTA were carried outin a Netzsch STA409PC thermoan-
alyzer. The samples were heated infléw from 25to 700°C
at arate of 10C/min. X-ray diffraction patterns (XRD) were
performed on Rigaku Dmax-2000 diffractometer with G K 0.024
irradiation of wavelength 0.154 nm in the range 10-{2D) *} Pore Samatar (nm).
with a scan rate of 2min. The morphology of small Ti® ,.a?".-»'ég;fu;};;h e
particles on ACF was examined by scanning electron micro- 0'000'_:' RS M
scope (SEM, Hitachi S-4500 model) and transmission elec-
tron microscope (TEM, Hitachi-800). UV-vis spectra were
recorded on Shimadzu UV-2101PC instrument in the range rig. 1. pore size distributions of original ACF and F®CF samples. The
200-600 nm at room temperature in air, using Bag8®ref- inset shows the enlarged pattern from 0.4 to 2 nm for all samples.
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