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Abstract

The nanometer particles of two F&,/TiO5’s with high photocatalytic activities were obtained through hydrothermal

treatment and impregnation method. The XRD result did not show the peaks assigned to the Fe components (for example

FeOs, FeO4, FeQ, and Fe metal) on the external surface of the anatase structure in {0¢/FH®, attained through
hydrothermal treatment. This meant that Fe components were well incorporated into shen@it@se structure. In addition,

it exhibited uniform anatase structure with particle size of below 50 nm. Thg Ee@ponent on the external surface of the
TiO, anatase structure was identified in the Fe-loaded Ti@pared through the impregnation method. In particular, the
FT-IR spectroscopy revealed that the,©g/TiO> particle attained through hydrothermal treatment had higher hydrophilic

property compared to the other catalysts. Together with the Fe component, they absorbed wavelength of above 370 nm. The

band slightly shifted to the right without tail broadness, which was the UV absorption of Fe oxide in.DgH®, particle

attained through hydrothermal method. This meant that Fe components were well inserted into the framework of the TiO

anatase structure. Despite the red shift in UV-Vis absorption, however,{&ié€bmposition on the £©,/TiO, catalyst was

not largely enhanced compared to pure FiO
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Very recently, many works have been focusing on
doping/mixing metals such as CdS,.B8, GaO0s,
ZnO, AgO, etc. [1-3] in TiO, anatase structures
exhibiting lower band gap energies to activate photo-
catalysts using UV light with longer wavelengths. In
particular, some studig4—7] have introduced Fe into
the anatase structure of TiOThese studies used a
sol-gel method where titanium tetra-isopropoxide or
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TiCl4 and Fe(lll) acetyl acetone acted as precursors.
The impregnation method providing Fe(lll) precur-
sors into anatase materials was investigated. Studies
showed that Fe/Ti oxide photocatalysts prepared by
sol—-gel resulted in a much basic hydroxyl group
than that obtained through the impregnation method.
They showed that the surface of catalysts prepared
by sol-gel was hydrophilic, which could be effective
in decomposing volatile organic compounds even
without noticeable increase in catalytic activity. This
was attributed to the low dispersion of the added iron
component on the external surface of the Jith ad-
dition, the amount of the incorporated Fe in the 7iO
anatase structure was not very reliable. Consequently,
properties of Fe/Ti oxide photocatalysts and their
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performance under near visible light have yet to be 2. Experimental
fully clarified, although their absorption was known
to have a tendency to shift to a longer wavelength.  2.1. Catalyst preparation

Hydrothermal treatment was also introduced in
this study. This method could be employed as an al-  The hydrothermal method for F®,/TiO, catalysts
ternative to calcination in promoting crystallization is shown inFig. L The impregnation method integrat-
under mild temperature. It has been widely applied ing Fe into the TiQ particle (prepared through the
to the synthesis of zeolites and ceramic powders hydrothermal method) was also presented for com-
containing various metal oxidd8,9]. It could also parison. Reagents used for the sol-mixture included
be used to control grain size, particle morphology, titanium tetra-isopropoxide (TTIP) (99.95%, Junsei
crystalline phase, and surface chemistry by regu- Chemical, Japan), and ferric nitrate (Fe(§&9H,0,
lating sol composition, reaction temperature, pres- Junsei Chemical, Japan) used as titanium and iron
sure, nature of solvent, additives, and aging time. precursors. Isopropyl alcohol (Wako Pure Chem.
In particular, the particles prepared through the hy- Ltd.) was used as a solvent, with distilled water (mole
drothermal method are expected to have larger sur-ratio of HoO/TTIP was 4:1) added for hydrolysis. As
face area, smaller particle size, and higher stability shown inFig. 1, this study considered the hydrother-
than those obtained by other methods such as themal method as a synthesis method. TTIP and iron
sol-gel method10,11] Among the oxides reported precursors were mixed with organic solvent in an
so far, Fe/TiQ prepared through the hydrothermal autoclave (model R-211, Reaction Engineering Inc.,
method has yet to appear in available literature. Korea) heated at 20@ for 1 h at a rate of 3C/min.
Therefore, this study examined the Fe component The weight percentage of the Fe:Ti precursor in gel
of Fe,O,/TiO2 incorporated into the Ti® anatase mixtures was kept to 10.0:100.0. During thermal
framework and synthesized through the hydrothermal treatment, TTIP was hydrolyzed by the OH group
method. The resulting characteristics were compared in distilled water until FeO,/TiO, crystallization
with samples prepared through the impregnation occurred. The resulting powder was washed with dis-
method. tilled water until pH 7 and then dried at 8C for 24 h.

| Isopropylalcohol |

-— TTIP
stiming [ Fe(NOs)3 9H20
~——— HCL (pH=3.0) | Isopropylalcohol |
l«—— H20 .
| «—— TiO, anatase type

. . Stirring
Final solution l<e—— Fe(NO3)3 9H-0
Stirring for 2 h ¥

Hydrothermal crystallization Final solution

at 200°C for 1 h (5°C/min, 15atm)

Stirring for 2 h ‘

| Evaporation of solvent at 70°C|

| Cooling to room temperature |

| Drying at 80°C for24 h |

| Washing by water until pH = 7|

| Drying at 80°C for 24 h | | Calcination at 500°C for 3 h in air|

(a) (b)

Fig. 1. Preparation of R©,/TiO, powder by different methods: (a) hydrothermal method and (b) impregnation method.
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On the other hand, during the impregnation method,

89

13LPM/Imin. Analyzed wavelengths of Fe and Ti

used TiQ anatase particle was prepared through were 259.94 and 334.94 nm, respectively. The BET

the hydrothermal method (60%g, 50100 nm) then
impregnated by 10.0wt.% TTIP and,8 solution.
Finally, the sample was again calcined at 3Q0for
3h to crystallize the Fe component.

2.2. Characterization of synthesized catalyst

Synthesized samples of F&,/TiO, catalysts were
identified through powder X-ray diffraction anal-
ysis (XRD, model PW 1830 from Philips) with
nickel-filtered Cu Kx radiation (30kV, 30 mA) at 2
angle of 5-70. The scan speed was “Ifin and

surface area of the sample was measured through
nitrogen gas adsorption with continuous flow method
using chromatography equipped with a TCD detec-
tor at the liquid nitrogen temperature. A mixture of
nitrogen and helium flowed as carrier gas from the
GEMINI2375 model from Micrometrics. The sample
was thermally treated at 30C for 1 h before nitrogen
adsorption, with nitrogen gas pressure set to 10 atm.
Particle size distribution of the samples was obtained
through dynamic light scattering (DLS) spectropho-
tometer (Bl 9000AT) after ultrasonic wave treatment
using 140 W in water for 2min. The zeta potential

the time constant 1s. The particle size and shape was measured to examine the stability and surface

of the FgO,/TiO, catalyst were observed through
the scanning electron microscope (SEM, model
JEOL-JSM35CF). Power was set to 15kV. Chemical
compositions were analyzed through ICP (induc-
tively coupled plasma-AES model, Leeman Labs
Inc., USA). Analysis was carried out with power
set to 1kW, pump rate to 1 ml/min, and coolant to

charge of the FgD,/TiO, photocatalysts prepared in
this study. Its value was obtained using a Zetasizer
4000 at a 90 angle in distilled water. Before mea-
surement, the sample was treated by ultrasonic waves
using 100 W in water for 10s. UV-Vis spectra were
obtained using a Shimadzu MPS-2000 spectrome-
ter equipped with a reflectance sphere. The special
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Fig. 2. Photoreaction system for CHGlecomposition and wavelength of the UV lamp (365 nm): (a) reactor and (b) wavelength of UV lamp.
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range was from 200 to 700 nm with BagQsed as 3 g catalysts were fixed on six Pyrex sticks 12cm in
a reflectance standard. The photoluminescence speciength and 0.8cm in diameter using 10wt.% silane
troscopy measurement was also tested to examinebinder (from Enpion Inc., Korea). UV lamps (model
the number of photo-excited electron hole pairs for BBL, 365nm, 8W, X, 15cm lengthx 1.5 cm diam-

all samples. Samples were measured at liquid nitro- eter, Shinan Co., Korea) were used for photoreaction.
gen temperature (8 K) using He—Cd laser source of The spectrum pattern is shown kig. 2b). CHCk
325 nm. FT-IR spectra were recorded through a Matt- concentration was fixed at 100 ppm, with the products
son 1000 spectrometer using the diffused reflectancein the photocatalytic decomposition analyzed using
method. The powder sample mixed with KBr was an FID-type gas chromatograph (GC). To determine
pressed into pellet form. To diminish the influence of exactly the products and intermediates, the GC was
H-O in the air, the pellet was kept at a temperature directly connected to the reactor of the CH@ecom-

of 200°C for 2 h in a dry oven prior to measurement.
The scan range was from 400 to 3600¢mwhere
50 scans were accumulated to get 4énresolu-
tion. Thermo-diagram was recorded on the TAS 100

position. The following are the conditions for GC:FID
as detector; HP-640 column; injection temperature of
200°C; initial temperature of 40C; final temperature

of 200°C; and detector temperature of 20D.

Rigaku thermal analyzer system. The following were
the experimental conditions: Rigaku, model TAS 100
as thermal analyzer; TGA range of 10 mg/FS; DSC
range of 10 mcal/FS; heating rate of 5K/min; Pt—-Rh
as thermocoupleq-Al,03 as reference; chart speed
of 1 mm/min; and argon environment.

3. Results and discussion
3.1. Characterizations of photocatalysts

Fig. 3shows the XRD patterns of E®,/TiO> fol-
lowing hydrothermal and impregnation treatments. In
general, the Ti@ photocatalyst with anatase structure
exhibited a higher performance for VOC decompo-
sition than other types such as rutile, brookite, and
amorphous. Based on this figure, the samples showed
awell-developed anatase structure, although only ther-

2.3. Analysis of product for CHCl3 decomposition in
the photosystem

CHCIl3 decomposition was carried out using a flow
reactor as shown ifrig. 2(a). For this experiment,
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Fig. 3. XRD patterns of synthesized Ti@nd FgO,/TiO;: (a) TiO,, (b) F&O,/TiO, prepared through the impregnation method, and (c)
Fe O,/TiO; synthesized through the hydrothermal method.
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Table 1
Physical property of Ti@ and FgO,/TiO> photocatalysts

91

Catalyst Synthesis method Composition in sol  Structure Composition in catalyst ~ Surface area Zeta potential
solution (wt.%) type (atomic ratio) (m/g) (mV)
TTIP:Fe(NQG)s Ti:Fe FelTi
Pure TiQ Hydrothermal method — Anatase - — 65.4 +24.0
Fe.0,/TiO> Hydrothermal method 100:10 Anatase 17.3:0.62 0.036 58.5 +41.5
Fe.O,/TiO2  Impregnation method 100 (weight calculated Anatase ~ 16.9:0.64 0.038 40.2 +38.5
in terms of TiQ):10
Experimental — - XRD ICP BET Zeta potential

method

analyzer

mal treatment at 200C was done for 1 h. In general,
26 values of FeOs, FesO4, FeQ;, and Fe metal are
assigned around 33.336.0°, 46> and 49 (two closed
circles), and 64, respectively. Peaks assigned to the
Fe component were not observed in the XRD pat-
tern of FgO,/TiO, synthesized through hydrothermal
treatment. This result may be attributed to the fact
that Fe component was well substituted into the Ti

size. In particular, crystallites were smaller in the sam-
ple including transition metals such as Ni and[E2].
Physical properties for these catalysts are given in
Table 1 In the ICP result, the amount of Fe incor-
porated into the catalyst was higher in,Bg/TiO>
attained through the impregnation method than that
synthesized through the hydrothermal method. Al-
though the BET surface areas of,Bg/TiO; catalysts

site. In the case of Fe-loaded sample prepared throughwere found to be smaller than that of pure %jO
the impregnation method, one peak assigned tosFeO they still exceeded 58ffg in the sample synthe-

[Fe(VI)] at 46° (closed circle) was observed after cal-
cination at 500C for 1 h. This result confirmed that

the hydrothermal method was very useful in dispers-

ing Fe component to Ti sites in Tinatase structure.
On the other hand, the width of the peak was slightly
broader in FgO,/TiO, compared with that of the pure
TiO, particle. In general, the width of the XRD peak

corresponded to the crystallite sizes of porous materi-

als. Given a broad width, the crystallites had smaller

sized through the hydrothermal method and registered
40 /g in the sample attained through the impregna-
tion method. Since the surface areas of®gTiO>
were smaller than that of pure TiGafter the incor-
poration of Fe, because that the surface of ;Tias
expected to be partially covered by the Fe compo-
nent. These aforementioned results confirmed that the
hydrothermal method was more efficient in prepar-
ing Fe.O,/TiO> compared with the impregnation

100 nm

{b)

Fig. 4. SEM photographs of synthesized,8¢/TiO,: (a) Fe.O,/TiO> synthesized through the hydrothermal method and (RDFEIO2

prepared through the impregnation.
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method. The zeta potential was also found to be high-
est in FgO,/TiO; attained through the hydrothermal
method, although those of all the catalysts were pos-
itive. Since the zeta potential value is generally pro-
portional to the crystal surface stability and used as an
index for stability, it can be concluded that the surface
of FeO,/TiO, attained through the hydrothermal
method is more stable than the other samples.

The SEM photographs of samples are shown in
Fig. 4 Used pure TiQ sample attained through
the impregnation method showed relatively uniform
and spherical particles with a size of about 50 nm.
Fe.O,/TiO; (a) synthesized through the hydrothermal
method was about 50 nm. F@,/TiO, (b) attained
through the impregnation method had coagulated
particles of more than 100 nm.

To assign a reliable particle size distribution, dif-
ferential light scattering (DLS) test was done and the
result presented ifrig. 5. Pure TiQ particles were
sharply distributed around 30-45nm. On the other
hand, the Fe-loading Ti®®was largely distributed
around 30-90nm. The size distribution showed a
regular form of around 25-40nm in Fe-incorporated
TiO, attained through the hydrothermal method. In
general, the particle sizes of micro-porous materials
decreased with the addition of some transition metals.
Therefore, this result may be attributed to the presence
of Fe component in the Ti©framework[12].

FT-IR spectra are shown Fig. 6. The band around
1200 cnt! assigned to the Ti-O-Ti bending was ob-
served[13]. The band in FgD,/TiO, was weaker,

M. Kang et al./Catalysis Today 87 (2003) 87-97

in pure TiG. This result meant that the Ti—-O-Ti bend-
ing mode and the interaction between Ti and O de-
creased because of Fe substitution. Unlike the pure
TiO that is not found in the 3700 cnt band assigned

to the OH stretching band, F®,/TiO;’s synthesized
through the hydrothermal method exhibited more hy-
drophilic behavior compared with pure TiO

To confirm the effect of added iron on the titanium
dioxide anatase framework, the NHPD test was
performed and profiles shown fig. 7. These pro-
files consisted of two peaks: one appeared at a low
temperature range of 100-1%30 and the other at a
high temperature range of 350-40D. The low and
high temperature peaks corresponded to the weak and
strong acid sites, respectively. In case of puresTiO
and FeO,/TiO, prepared through the impregnation
method, only the peak assigned to weak acid sites
or H,O desorption was found while the second peak
around 400C was present in the £©,/TiO, sample
synthesized through the hydrothermal method. This
result explained the new acid sites on the Jigho-
tocatalyst framework generated by the addition of Fe
component. Therefore, the OH group affecting VOC
photocatalytic removal generated by these acid sites
was confirmed.

The amount of water adsorbed in photocatalysts is
compared inTable 2 It increased more in the case
of Fe,0,/TiO synthesized through the hydrothermal
method than the other catalysts. Ozawa presented
a useful equation to calculate the activation energy
of various thermal reactions, based on the shifts of

shifting more toward the longer wavelength than that the maximum deflection temperaturg, of DSC

20 30 40
815 3 230}
: £ 20f :
= = =
§10 S §207
5 5 5
£ 210} £
B 5 @ B10[
[m] [m] [m)

0 0 0

20 30 40 50 60 20 30 40 50 60 20 50 70 90

(@) (nm) (b) (nm) (c) (nm)

Fig. 5. Particle distribution of synthesized Bi@nd FgO,/TiO>: (a) TiO;, (b) Fe.0,/TiO, synthesized through the hydrothermal method,

and (c) FgO,/TiO; prepared through the impregnation method.
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Transmittance(a.u.)
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Wavenumber (em™7)

Fig. 6. FT-IR spectra of synthesized Hi@nd FgO,/TiO: (a) TiOz, (b) F&O,/TiO, synthesized through the hydrothermal method, and
(c) FeO,/TiO, prepared through the impregnation method.

thermograms given the changes in heating rates:

5
0.4567E
log¢$ + ——— = constant
m
4r . . .
% Here ¢ is the heating ratel,, the maximum deflec-
N tion temperatureE the activation energy, ang the
? constant gas.
i The activation energy can be derived from the slope
% 0.456 /R from the plot of logp versus 1Ty,. This
2
g Table 2
5 Desorption amounts of #D pre-absorbed on photocatalysts and
activation energy on Ti@and FgO,/TiO» photocatalysts
e ey i — — Catalyst Desorption Activation
0 100 200 300 400 500 600 amounts of energy
T rature (°C) H20 (mmol) (kcal/mol)
emperatu Pure TiQ 0.0062 14.40
Fig. 7. NHg-TPD curves of synthesized TiCand FgO,/TiO,: Fe.0,/TiOz by 0.0169 15.70

(a) TiOy, (b) F&O,/TiO, synthesized through the hydrothermal hydrothermal method

method, and (c) R@©,/TiO, prepared through the impregnation Fe.0,/TiO by 0.0027 8.90
method. impregnation method
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1.4

1.2 f o i —» Fe,0,/TiO, synthesized
] by hydrothermal method

1.0 Pt
TiO, with anatase structure

‘\. ~—I- Fe,O,/TiO; prepared by
...  impregnation method
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Fig. 8. UV-Vis spectra of synthesized TiGnd FgO,/TiO.

experiment is often used to discuss the hydrophilic Generally, when semiconducting material receives
property of a structure. This method was used by this energy from the outside, the electron from the valence
present study to determine the activation energy for band transfers to the conduction band and strongly ox-
dehydration. In the case of F@,/TiO, synthesized idizes some volatile organic compounds. Nonetheless,
through the hydrothermal method, the activation en- some photo-excited electrons are trapped in shallow
ergy needed to break the bond formed betwee@®@H  or deep traps and slowly recombine with holes in the
molecule and anatase framework increased. This re-conduction band. This recombination process has ra-
sult meant that F&,/TiO, synthesized through the diation and nonradiation recombination. The former
hydrothermal method was more hydrophilic than the can be detected through photoluminescence spec-
other catalysts. troscopy. Consequently, when the photoluminescence
Fig. 8shows the UV-Vis spectra. In general, the ab- emission value is high, the number of recombination
sorption of F&T in octahedral symmetry is known to  electrons should decrease and the photoactivity of the
appear above 430, 475, and 520 firh] while the ab- material for decomposing volatile organic compounds
sorption of TfH tetrahedral symmetry appears around should increase. As shown in this figure, the band is
370nm. In the case of £@®,/TiO, prepared through  present only in one type. Compared with pure FiO
the impregnation method, almost all bands assigned tothe band shifted to the right of the F@,/TiO,, and
the Fe ion octahedral symmetry were broadly shown as the value was almost the same as that of the base
long tails. This meant that the Fe component was phys- line regulation. At this point, the band shift meant the
ically connected to the external surface of the JiO decrease of sub-band gap or deep traps. The influence
anatase structure. On the other hand, in the sampleof the shift to the right on photocatalytic performance
attained through the hydrothermal method, the band was not clearly determined, however.
slightly shifted to the right without tail broadness. This
meant that the Fe component was well inserted into 3.2. Photodecomposition of CHCl3 on Fe,O,/TiO>
the framework of the Ti@ anatase structure.
Fig. 9shows the photoluminescence emission value  Photocatalytic oxidation of organic compounds
measured through the photoluminescence spectra.attracts considerable interest due to its versatile
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Fig. 9. PL (photoluminescence) spectroscopy of synthesizg® F&O,.

environmental applications or control and eventual vinyl chloride, andp-chlorobenzene. This study se-
destruction of hazardous wastes. In particular, some lected CHC} to determine the photocatalytic perfor-
specific compounds that are of interest include com- mance of FgO,/TiO,.

pounds containing chloride ion such as 4-chloro- Fig. 10(A) shows the performance of CHfHe-
phenol, pentachlorophenol, trichloroethylene (TCE), composition on FgO,/TiO, photocatalyst under UV

perchloroethylene (PCE), C&£l HCCls, CHyCly, light of 365 nm. CHC4 decomposition on pure TiD
100 100
oy 80 [ T 80 I-
c c
2 k=]
w L o0
= 60 = 60 F
= =
c o
(o] Q
o o
o s (3]
= 4 g w0
I T
© R 2 —o— 5.0 wt% Fe(NOg)s
20 P i (B} 20 + —8—  10.0 wt% Fe(NOs)3
—_— | —— 12.0 wi% Fe(NO3)s
——  15.0 wt% Fe(NO3)3
0 4 I i i L 1 L 0 2 L L i 1 A 1 x 1 "
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(A) Time (min) (B) Time (min)

Fig. 10. CHC} conversions with reaction time of TiOand FgO,/TiO; catalysts: (A) on various catalysts and (B) on,B¢/TiO;
synthesized through the hydrothermal method. (a).Tedd (b) FgeO,/TiO, synthesized through the hydrothermal method, and (c)
Fe.0,/TiO2 prepared through the impregnation method. Reaction conditions: £etfticentration of 100 ppm, catalyst weight of 3.0g,
UV-light intensity of 365 nm with 24 W/, and batch reaction system.
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photocatalyst was less than 90% after 120 min. 100
In the case of Fg,/TiOy, the final conversion
of Fe-incorporated Ti@ was almost the same as
that of pure TiQ. The decomposition decreased
on Fe-loading Ti@, however. On the other hand,
Fig. 1QB) shows the effect of the Fe component on
CHCI3 decomposition on Fe-incorporated Bi@ho-
tocatalyst. It showed that CHgEZHecomposition was
enhanced by up to 10wt.% of Fe concentration but
decreased with an increase in the Fe component. This
result could be attributed to the increase o05®Ggor
FeQ; components on the external Tidramework
that partially covered the TiQsurface. 0
On the other hand, CHgldecompositions of TigQ
and FgO,/TiO were also done in a continuous pho- Time (h)
tosystem Shov.vn Ifig. 11. Both TIO; and FQOy/TIOZ Fig. 11. CHC} conversions on photocatalysts in a continuous
were synthesized through the hydrothermal method, g iem: (a) Tig, (b) Fe.0,/TiO, synthesized by hydrothermal
with CHCI3 conversions about 60% after 10h. The method, and (c) F®,/TiO, prepared by impregnation method.
CHClz conversion was about 30% onf&&,/TiO; pre- Reaction conditions: CH@I concentration of 100 ppm, catalyst
pared through the impregnation method. These resultsWeight of 3.0g, UV-light intensity of 365nm with 24 Wfn O,
showed that CHQIdecomposition on the I):c@y/TiOZ gas of 150ml, and continuous reaction system.
catalyst was not largely enhanced compared with pure
TiO,, despite the red shift in UV-Vis absorbance. recombination time between the electron and the hole
These results are presented in a model shown inthat affected photocatalytic performance was shown
Scheme 1The TiQ; band gap may be small as a in Scheme 1 The addition of the Fe component
result of the red shift in UV-Vis absorbance through (the shorter band gap energy) did not significantly
the addition of the Fe component. The simultaneous affect photocatalytic performance. Nonetheless, the

80

60

40

CHCl4 conversion (%)

20

CB(TiO,)
CB(Fes0g3) (3.2eV)
+
(2.38V) : L
VB
VB = \
- B
Red shift
CB(Fe/TiOy)
......... . S
! i Theref
Easily e is : ' More fast erefore N
transferred | *', recombination [, > Photoactivity

was not enhanced.

Scheme 1. A possible model of F®,/TiO, from results of the UV-Vis spectra and photocatalytic performance.
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conversion of CHGE on FgO,/TiO, synthesized

conducting material not largely affected by photo-

through hydrothermal treatment was slightly higher activity.

than that on Fe-loading Tigparticle prepared through
the impregnation method.

4. Conclusion

The nanometer particle £®,/TiO» with high pho-
tocatalytic activity was successfully obtained through
hydrothermal treatment. The following were the main
results:

1. The Fe component was well incorporated into the
TiO, anatase structure during hydrothermal treat-
ment.

2. Fe-incorporated Ti© catalyst exhibited uniform
anatase structure with particle size below 50 nm af-
ter synthesis at 200C for 4 h in isopropyl alcohol
without any treatment.

3. FT-IR spectroscopy and DSC analysis confirmed
that the FgO,/TiO; particle attained through the
hydrothermal treatment had higher hydrophilic
property than the other catalysts.

4. Despite the red shift in UV-Vis absorbance, CHICI
decomposition on the E©,/TiO, catalyst was not
largely enhanced compared with pure 7iO

5. The conversion of CHglwas slightly higher on
Fe.O,/TiO, synthesized through hydrothermal
treatment than Fe-loading Ti(particle prepared
through the impregnation method.
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