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Abstract

Activated carbon fibers (ACFs) supported Jiphotocatalyst was successfully prepared by a molecular adsorption—deposition (MAD)
method followed by calcination in a stream of Ar gas. The photocatalyst developed was characterized by SEM, XRD, XPS, BET surface area
and UV-vis adsorption spectroscopy. SEM observation showegWa3 deposited on almost each carbon fiber with a coating thickness of
about 100 nm, and the space between adjacent fibers was remained unfilled to allow UV light to penetrate into the felt-form photocatalyst to
a certain depth. Anatase-form Ti@as uniquely developed even as calcination temperatures rose up 1€.90@ht contact of thin TiQ
coating to carbon fibers surfaces was supposed to suppress phase transformatigrirohTadatase to rutile, and to keep high crystallinity
of anatase. As confirmed by XRD and XPS examinations, the micrographic structure and surface properties of ACFs had not been damaged
by the deposition process and calcination at high temperatures.

The present photocatalyst showed high photocatalytic reactivity in photodegradation of highly concentrated methylene blue (MB) solutions.
The comparative experiments indicated the photocatalyst produced had a combined effect of photocatalytic reactivity of anatagse-type TiO
with adsorptive property of activated carbon fibers. In addition, the possibility of cyclic usage of the photocatalyst was also confirmed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction supported TiQ photocatalysts on various porous materials
were prepared by a pasting treatment [7], a sol-gel method
Anatase-type Ti@ has attracted much attention for its [8], or an ionized cluster beam (ICB) method [6].
potential application in decomposition of various environ- Granular activated carbons (GACs), widely used as an ef-
mental pollutants in both gaseous and liquid phases [1]. fective adsorbentin treating polluted water and gas, has been
The photocatalytic degradation systems using fine,TiO introduced as a support for Tiphotocatalyst in some stud-
powder under UV irradiation have been widely investigated ies, and photocatalytic reactivity and principles of enhancing
[2-4]. However, separation of the fine Tipowder from photodecomposition process by activated carbon have also
the solution after degradation is time consuming and costly been addressed in detail [9-12]. Activated carbon fibers
[5]. Development of TiQ photocatalysts anchored on (ACFs)are one kind of highly microporous carbon materials,
supporting materials with large surface areas, by which having a larger pore volume and a more uniform micropore
dilute polluted substances could be condensed, would besize distribution than granular activated carbons [13-15].
of great significance, not only to avoid the disadvantages of Generally, activated carbon fibers are considered to have
filtration and suspension of fine photocatalyst particles, but larger adsorption capacity and greater rates of adsorption and
to lead to high photodecomposition efficiency [6]. Recently, desorption process than granular activated carbons. However,
so far there have been only a few reports to study preparation
* Corresponding author. Tel.: +86 10 62533616; fax: +86 10 62561822. Methods and applications of activated carbon fibers sup-
E-mail addressxgdai@home.ipe.ac.cn (X. Dai). ported TiQ photocatalysts. Reported methods of depositing
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3 A piece of ACFs felt was first treated in boiling water

o L for 30-50 min, then dried and put into the reaction chamber
Sotollc which was evacuated at 403 K and—£0rorr for 2 h prior
1 to adsorption of a controlled amount of pure TiGlapor
\ at 293 K. For a certain period, the adsorbed Ziflm was

5 L gater reacted with saturated water vapor at 298K to yield a hy-
vapor L. .
droxylate titania coating. The system was then evacuated at

\ gasout 363K and 102 Torr for 30 min after the TiG) hydrolysis,
TiC14 y and the hydroxylate titania-coated ACFs were calcined at
Yapst \_2 \_3 ambient pressure in Ar gas at different temperatures for 1.5 h

7—F to form TiO, coating. By adjusting the vapor pressure of
) o TiCl4 and adsorption time, thickness of Ti@oating could

Fig. 1. Schematic diagram of MAD apparatus. (1) Quartz glass tube, (2)

heating device, (3) temperature controller, (4) thermal sensor, (5) vacuum

6

be controlled. The activated carbon fibers supported, TiO
valve, (6) vacuometer, (7) vacuum pump, (8) activated carbon fibers. photocatalyst will be expressed as FIBCFsN, wheren is
the amount of coated titanium dioxide in milligrams per unit
weight of ACFs. The valuewas determined from an ignition

TiO2 photocatalysts on ACFs include anionized cluster beam loss of the photocatalyst TU¥DACFsn calcined at 700C for
[6], an impregnation method [16], and a coating treatment 5h in a stream of air.
by loading commercial Ti@powder on ACFs with polymer
binders [17]. Precipitation of titania coating on microporous 2.2. Instrumental analysis of ACFs supported FiO
carbon surface by a molecular adsorption—deposition (MAD) photocatalyst
method was once studied by Matsumoto et al. [18] to modify
carbon surface to improve its adsorptive properties for  Scanning electron micrographs (SEM) of the photocat-
gases. In this paper, this method will be introduced as a alyst were performed using a SEM apparatus (Cambridge
new way to prepare ACFs supported pi@hotocatalyst  S250 MK2, operated at 20 kV). X-ray diffraction patterns of
with the expectation of combining the effects of high original ACFs, hydroxylate titania-coated ACFs, and ACFs
adsorption capacity of ACFs and photocatalytic reactivity of supported TiQ photocatalysts calcined at different tempera-
anatase-type Ti@ tures were obtained by using an automatic X-ray diffractome-

In the present study, the preparation of activated carbonter with Cu Ka radiation (Rigaku D/max 2200PC, operated at
fibers supported Ti@photocatalyst and its characterization 40kV and 40 mA). Specific surface area analysis of the pho-
are addressed in detail. The effective photocatalytic reac-tocatalysts was carried out by Brunau—Emmet Teller (BET)
tivity of the photocatalyst produced has been demonstratedmethod using an Autosorb-1 (ASIMP Quantchrome, USA)
by its photocatalytic degradation of highly concentrated with nitrogen adsorptionat77 K. The measured samples were
mythylene bule (MB) solutions. The stability of the pho- evacuated at473 K and 1®Torr for 13 h prior to the adsorp-
tocatalyst prepared in the stirred solutions has also beention measurements. UV—vis adsorption spectroscopy mea-
discussed. surements were performed by using a UV-visible diffuse re-
flectance spectrophotometer (Shimadzu UV-2100) at 298 K,
with the aims of assessing the presence of quantum size ef-

2. Experimental fects, location of adsorption edges of the photocatalysts and
UV adsorption intensity.

2.1. Titanium dioxide coating by molecular XPS analysis of the photocatalyst calcined atd001.5 h

adsorption—deposition method was carried outusing an ESCALAB Markll Spectrophotome-

ter equipped with two ultrahigh-vacuum chambers in which
Viscose rayon-based activated carbon fibers in felt form the pressure during the measurements was aboutTdr.
(Zichuan Carbon Fibers Co. Ltd. in Hebei Province, China), An Al Ka X-ray source Iy = 1486.6 eV)was used for the
having a specific surface area of 9333gn?, were used excitation of electrons. The analyzer was operated at 50 eV
in this study. The reaction chamber was a quartz glass tubepass energy for high solution spectra. The carbon C1s elec-
sealed at both ends by vacuum valves, and the schematidron binding energy (B.E.) corresponding to graphitic carbon

diagram of MAD apparatus is shown fig. 1 was referenced at 284.60 eV for calibration purpose.
Table 1

Specific surface areaSdgT) of unmodified ACFs and the TUDACFs photocatalysts

Samples Unmodified ACFs TKDACFs-191 TiQ/ACFs-327 TiQ/ACFs-418
TiO, loading (mg gt) - 191 327 418

Sger (M2g) 9338 5929 4195 3214
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titania film

K\
\\
activated

Fig. 2. SEM micrographs of the TUDACFs photocatalyst and unmodified ACFs, (a) general view of the photocatalyst, {80TiO, coating on single
carbon fiber, 200R; (c) cross-sectional view of Ti9coating, 20,008 ; (d) surface of TiQ coating, 20,008 ; (e) surface of TiQ coating, 50,008 ;and (f)
single unmodified activated carbon fiber 4600
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2.3. Photocatalytic degradation of methylene blue (MB) position reaction process was monitored by sampling 2 mL
processed solutions at appropriate intervals for measurement

The aqueous solution of methylene blue with an initial of absorbance using a UV—-vis 9100 spectrophotometer.

concentration of 2.498 mmol/L for experiments was prepared

from distilled water and reagent-grade MB. Two pieces of

the prepared Ti@/ACFs in felt form, with a size of 90mm 3. Results and discussion

length, 55 mm width and 2 mm thickness, were symmetri-

cally placed on two sidefa @ 80 mmx 95 mm Pyrexreac-  3.1. Characterization of ACFs supported %O

tion cell, and exposed to a 24 W low pressure mercury lamp photocatalyst

(dominant wavelength: 254 nm) fixed along the axis of the

reaction cell. The distance between lamp tube and photocat-3.1.1. Specific surface areas and depositec, E@ount

alyst surface is about 12 mm. For each experiment operation,of the photocatalysts

400 mL of MB solution with the same initial concentration Three measured TEDACFs photocatalysts listed in

was transferred into the reaction cell and stirred by blowing Table 1have been calcined at 70Q for 1.5h. As shown

air at a flow rate of 90 mL min' which could also provide in Table 1 the specific surface are&&£T) of the photocata-

dissolved oxygen for photocatalytic reaction. When the MB lysts decrease with the increase of Fi@ntents, indicating

solution was put into the reaction cell, UV light was turned that TiO, coverage of carbon fibers becomes higher while the

on to carry out experiments of photolysis, photolysis and amount of the adsorbed TigVapor increases. The increased

adsorption of unmodified ACFs, and photocatalytic degra- TiO», coverage results in greatly reducing original surface

dation by the TiQ/ACFs photocatalysts. The photodecom- areas and micropore volume of carbon fibers. However, the

photocatalyst TIQ/ACFs-418 with a maximum content of

TiO, still has theSse of 321.4 nf g~1. Therefore, the Ti@

coverage in this sample is not so high yet becaus&the

value is determined by the unit weight of ACFs and coated

TiO», indicating that certain amount of carbon fibers is still

« Anatase exposed in this photocatalyst. For the photocatalytic degra-
2 Rutile dation of dilute pollutants, exposed carbon fiber surfaces will
+ Graphite service as centers of condensing substrates with a physical

adsorption process, and the condensed substrates would be
transferred to neighboring Tiarticles by surface diffusion
after the substrates around Bi@ave been degraded [11,19].

Calcined at 1000°C
ry

3.1.2. SEM and XRD analysis
TiO2/ACFs photocatalyst prepared by the molecular
,Calcined at 900°C adsorption—deposition method is in the form of 2 mm thick
felt. SEM micrographs irrig. 2 shows morphologies of the
photocatalyst calcined at 70Q€ and the unmodified ACFs.

Calcined at 800°C b A: TiO /ACFs-418
L]
' 158 B: TiO,/ACFs-327 A
14 C: TiO,_/ACFs-191
Calcined at 700°C r 2 /
. 13 | s
i 1.2 RN - ( b
* Calcined at 600°C =il \ \3
&)
c [ o
209k
hydroxylate titania-coated ACFs 3 08 _
0.7
Activated carbon fibers 06k
L N 1 . 1 s 1 " 1 N 1 . 1 N 1 05 [ 1 L 1 L L L 1 L 1
10 20 30 40 50 60 70 80 300 400 500 600 700
2 Theta [deg ] Wavelength /nm

Fig. 3. XRD patterns of unmodified ACFs, hydroxylate titania-coated ACFs, Fig. 4. UV-vis diffuse reflectance spectra of ACFs supported, iibto-
and ACFs supported Tiphotocatalysts calcined at different temperatures. catalysts.
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Fig. 2a shows TiQ coating has been immobilized onto al- flakes. The thickness of Tilayer can be estimated to be
most each fiber of ACFs. Although Tiroating has been  about 100 nm frontig. 2c. Fig. 2d and e show the surface
deposited on fibers at such a large scale, the/ROFs still morphology of TiQ coating with larger magnitudes. The sur-
retains the same spatial distribution of carbon fibers as in face of TiQ layer is not so homogenous, and especially rib
their unmodified state. Therefore, adequate UV irradiation and furrow structure is clearly shown on the layer surface.
can penetrate into the felt-form photocatalyst to a certain The rough surface of Ti@layer may contribute to increas-
depth to form a three dimensional environment for photo- ing the surface area of loaded TiQvhich could offer greater
catalytic reaction. This feature differentiates the present pho- chance to adsorb substrates onto JJgDdrface. The surface
tocatalyst from such current immobilizing photocatalysts as morphology of the present TiQayer is different from that
immobilized TiQ on the surfaces of glass substances [9], of the coating developed by an ionized cluster beam method,
silica gel [20], steel plate [21] and ceramic membranes [22], where the TiQ was deposited on the ACFs as small clusters
which could only provide two dimensional surface for pho- [6].
todegradation. As shown Fig. 2b and c, TiQ coating could In Fig. 3, X-ray diffraction patterns of unmodified ACFs,
be considered as a layer in spite of small deposited Pid- hydroxylate titania-coated ACFs, and ACFs supported TiO
ticles on the layer. Due to shrinkage of the hydroxylate titania photocatalysts calcined at different temperatures are com-
coating during calcination treatment and long grooves on car- pared. The broad diffraction peak at 43d the unmodified

bon fiber surface shown rig. Z, the resulting TiQ layer on ACFs is attributed to the reflections from both (100) and
carbon fibers shown iRig. 2b and c is split into numerous (10 1) planes of graphite [18,33]. While the calcination tem-
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Fig. 5. (a) XPS survey spectrum for the surface of ACFs supportegd fli@tocatalyst, (b—d) XPS spectra of individual lines of Ti2p, Ol1s and C1s measured
at high resolution, respectively.
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peratures rise up to100Q, this typical peak still appears in 100 e
the XRD patterns of the photocatalysts prepared. This char- oo [ N\
acteristic indicates micrographic structure of ACFs has not .
been damaged with Tigldeposition and calcination at high
temperatures. 70
XRD patterns of ACFs supported TiQphotocatalysts e g |
show that all of the photocatalysts have developed unique;@5
anatase-type Ti® when the calcination temperatures &
are lower than 1000C. As the calcination temperature 40

—n— Photocatalysis: T|021‘ACF5—41BV i
--#-- Photocatalysis: TiO2/ACFs-327
—~— Photocatalysis: TiO2/ACFs-191

=¥~ Photolysis & Adsorption of ACFs
o -+ - Photolysis

increases, the photocatalysts show sharper diffraction s

peaks, which indicates the improvement in crystallinity - \

of anatase-type structure. However, when heat treatmeni I ' \

temperature even increases to 900 separation of 103, 10F . e a

004 and 112 diffraction peaks of anatase-formisnotclearly —oL__. o+ . + . . | .\. l
0 30 60 90 120 150 180

detected yet. Therefore, the improvement in crystallinity of
anatase is not so pronounced for the present photocatalysts.
At the same time, the anatase-type structure is still kept Fig. 6. Changes in relative concentration of MB with UV illumination time:
even after the photocatalyst is calcined at 180@or 1.5 h. comparison of photolysis, photolysis and adsorption of ACFs, and photo-
The phenomena mentioned above can be attributed to two®aalytic degradation by the TKACFs.

following facts that thin TiQ layers are tightly contacted resolution are shown ifiig. Sb—d. As shown ifFig. 5b, bind-

to the cgrbon fibers surfaces, and carbon surfaces llocateqng energies of Ti2p, and Ti2p), are 464.3 and 458.6 eV,
under TiG layers can suppress phase transformation of \osnectively, which can been assigned to tHe [TiOz)with
TiO, from anatase to rutile structure at high temperatures a peak separation of 5.7 eV between those two peaks [25,26].
[23.24]. The obtained O1s spectrum shownFig. 5 has following
three chemical states of oxygen corresponding to Ti—O bind
3.1.3. UV-vis adsorption spectroscopic measurement of TiO2 (B.E. =529.7 eV), C-0O bind of carbon fibers (B.E.
and XPS analysis =532.7 eV) and hydroxyl groups (B.E. = 531.6 eV), which
Fig. 4 presents the UV-vis diffuse reflectance spectra of canbe compared to the published data [26—28]. The hydroxy!
the ACFs supported TiPphotocatalysts calcined at 700 groups on the surface of Ti@an be attributed to reaction of
with different TiO, contents. The increase of absorbance in adsorbed HO with TiO, and formation of Ti—-OH, such as
the UV region starts at around 400 nm for these three spectraH2O + Ti-O-Ti— 2Ti—OH [3]. The surface hydroxyl groups,
All of the spectra clearly show the characteristic absorption acting as an electron donor for photo-generated ¢an be
edge of anatase-form TiCat about 380 nm. The adsorption oxided into hydroxyl radical$QH)which can attack almost
edge without blue-shifting to a shorter wavelength region in- all of organic pollutants [29]. The high resolution of C1s spec-
dicates small particle quantum size effect is not present for trum inFig. 5d has been resolved into four individual compo-
the produced photocatalysts. Carbon, with the color of black, nent peaks representing graphitic carbon ang ¢24-C and
exhibits strong adsorption in whole range of wavelength em- CH,,, B.E. = 284.6eV) as the major peak, ether/hydroxyl

lllumination time /min

ployed. groups (C-O, B.E. = 286.2¢eV), carbonyl groups=(%
XPS analysis represents a valuable insight into the sur-B.E. = 287.1eV) and also carboxyl groups (COOH, B.E.
face structure of ACFs supported Ti@hotocatalyst. The = 288.2eV). The curve-fitting results of C1s spectrum are

photocatalyst employed with XPS analysis was calcined in a approximately in agreement with the previous data [30,31].
stream of Ar gas at 80T for 1.5h. From the general XPS In addition, the asymmetric C1s spectrum with long tail and
electron spectrum shown ifig. 5a, the data imply that the  FWHM of the peak as 1.5eV are also corresponding to a
photocatalyst surface contains only expected elements: tita-complete graphite lattice structure of ACFs [32]. Therefore,
nium, oxygen, carbon, phosphorus and nitrogen, all of which it suggests that the support, activated carbon fibers, has main-
come from the Ti@ coating and carbon fibers surfaces. Spec- tained its original surface properties and graphite lattice struc-
tra of individual lines of Ti2p, O1s and C1s measured at high ture even after high temperature treatment.

Table 2
Comparison of MB removal rates at illumination time of 150 min
Type of operations Photolysis Photolysis and adsorption Photocatalysis
of ACFs
TiO,/ACF-191 TiQ/ACF-327 TiQ/ACF-418

Removal rates (%) 17.85 68.2 81.75 91.3 99.1
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3.2. Photocatalytic degradation of methylene blue

To evaluate the actual photocatalytic activity of the ACFs
supported TiQ photocatalysts calcined at 70@or 1.5h,
comparison of three MB removal processes, namely, pho-
tolysis, photolysis and adsorption of unmodified ACFs, and
photocatalytic decomposition by the TH@ACFs photocata-
lysts, was carried out, and the results are showkFign6and
listedinTable 2 It can be found that methylene blue, a widely
used organic color in dyeing and textile industries, can be de-
graded at a certain degree under UV irradiation, as shown
with the curve of photolysis. The curve of photolysis and ad-
sorption of the unmodified ACFs exhibits that the unmodified
ACFs show a saturated adsorptive capacity for MB although
the adsorptive capacity is very large due to the I8ghr of L, oo N L,
the ACFs. As shown ifrig. 6andTable 2 the removal rates o 1 2 3 4 5 6 7 8 9
of photocatalytic degradation of MB with the prepared pho- UV irradiation time /hr
tocatalysts are much higher than that of the photolysis and _ ) ) ) ] ) )
adsorption of the unmodified ACFs, although Sag of the E;]g(;tgaecgr:zggg(::.relanve concentration of MB with cycling operations of
photocatalysts are much smaller than that of the ACFs. Ob-
viously, photodecomposition of adsorbed MB enhances the
adsorption rate of MB by keeping the adsorptive capacity of Therefore, for the TIQ/ACFs photocatalysts employed, in-
the support unsaturated. From other side of view, continued creasing TiQ coating amount would make the photodegra-
adsorption of MB by reborn carbon surfaces has provided dation rate higher although ti8ger of the photocatalyst will
the substrate for the photocatalysis of Fi@yer. These two ~ be lower.
mutually enhanced processes showfig. 7, adsorption of To confirm cyclic usage is possible for produced ACFs
the ACFs and photocatalysis of the deposited;Ti@ve been ~ supported TiQ photocatalysts, the photocatalyst B0
combined as the novel properties of the Z#MCFs photocat- ~ ACFs-418 was selected. The change in relative concentra-
alyst. In addition, the photodegradation rates of MB shown tion of MB with cycling operation is shown ifig. 8 The
in Fig. 6are increased with the increasing amount of loaded Photocatalytic reactivity of the present photocatalyst is just
TiO2. In fact, an optimized Ti@coating amount should ex- slightly reduced in stirred aqueous solution, indicating that
ist to lead to the highest photocatalytic efficiency because cyclic usage of the photocatalyst is possible and its stability
TiO» coating amount and th&et for the TiO/ACFs pho- in treating polluted water is satisfactory. At the same time,
tocatalyst are two mutually constrained factors in increasing it also proves that the final removal of MB from solutions is
photocatalytic efficiency although enhancing either of them caused by the photocatalytic degradation other than the ad-
will benefit to improving the photocatalytic efficiency. Three sorption process that will lead to saturated adsorption of MB
curves of the photocatalysis are consistent to this analysis.On the photocatalyst.

cIc, 1%
8 8 8 8 8 3 8 8

—_———— - -

=
o (=]
T

Photocatalytic degradation

Q2 4. Conclusions
. 00z, Hz0, CT, NG, SO ’

Our works described in this paper showed that activated
carbon fibers supported Ti@hotocatalyst could be prepared
by means of the molecular adsorption—deposition method fol-
lowed by calcination at high temperatures. The amount of de-
posited TiQ could be adjusted by controlling the TiGlapor
pressure and adsorption time. Titanium dioxide was found to
be loaded on almost all carbon fibers with a thickness of
about 100 nm. The space between adjacent carbon fibers re-
mained unfilled after coating of Tig&bn ACFs, thus allowing
UV light to penetrate into the felt-form photocatalyst to form
~ a three-dimensional environment for photocatalytic degra-

- Methylene blue dation. In particular, the typical features of the photocata-
@il lyst prepared, felt-form and remaining space between carbon

Fig. 7. Schematic diagram for the adsorption and photocatalytic degradationfl_bers' would make it very_s_mtz_ible for conflguratlng an eﬁ_l-
of MB on the TiO,/ACFs. cient photoreactor for purification of polluted water and air.

€Oz, H20, CT, NG5, SOi~

Micropores
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The unique anatase-form Tj@ould be developed evenasthe [9] T. Torimoto, Y. Okawa, N. Takeda, H. Yoneyama, J. Photochem.
calcination temperature rose up to 9@ Tight contact of Photobio. A: Chem. 103 (1997) 153. _
thin TiO, film to carbon fibers was supposed to suppress the [10] C:H. Ao, S.C. Lee, J. Photochem. Photobio. A: Chem. 161 (2004)

X . ) 131.
phase transformation of Tigdrom anatase to rutile form, and [11] H. Yoneyama, T. Torimoto, Catal. Today 58 (2000) 133.

to keep high crystallinity of anatase. The deposition of IO [12] s. Nagaoka, Y. Hamasaki, S. Ishihara, M. Nagata, K. lio, C. Naga-
on carbon fibers and calcination at high temperatures had not  sawa, H. Ihara, J. Mol. Catal. A: Chem. 177 (2002) 255.

damaged the micrographic structure and surface propertied13] J.J. Freeman, F.G.R. Gimblett, R.A. Roberts, K.S.W. Sing, Carbon

of ACFs, which would be advantageous for ACFs to keepits 25 (1987)559.
high adsorption capacity. [14] K. Kaneko, Y. Nakahigashi, K. Nagata, Carbon 26 (1988) 327.

. . [15] G.G. Jayson, T.A. Lawless, D. Fairhust, J. Colloid Interf. Sci. 86
The developed photocatalyst exhibited high photocat- (1982) 397.

alytic reactivity in photodegradation of highly concentrated [16] M. Anpo, Y. Ichihashi, M. Takeuchi, H. Yamashita, Res. Chem.

mythylene blue solutions. The comparative experiments in- Intermed. 24 (1998) 151.

dicated that the photocatalyst produced had a combined efjl7] M. Nozawa, K. Tanigawa, M. Hosomi, T. Chikusa, E. Kawada, Water

. L . Sci. Technol. 44 (2001) 127.
fect of photocatalytic reactivity of anatase-type 3i@ith [18] A. Matsumoto, K. Tsutsumi, K. Kaneko, Langmiur 8 (1992) 2515.

adsorpt?ve propgrty of a'Ctivated carbon fibers. Additionally, [19] T. Torimto, S. Ito, S. Kuwatata, H. Yoneyama, Environ. Sci. Technol.
the cyclic usage is possible for the prepared photocatalystas 30 (1996) 1275.
confirmed by photodegradation of methylene blue solutions. [20] Z. Ding, X.J. Hu, G.Q. Lu, P. Yue, P.F. Greenfield, Langmiur 16
(2000) 6216.
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