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Abstract : Chemical vapor deposition (CVD), ion beam sputtering (IBS) and sol-gel method were used to
prepare TiO: thin films for degradation of hazardous organic compounds exemplified by 2-chlorophenol
(2-CP). The influence of supporting materials and coating methods on the photocatalytic activity of the TiO;
thin films were also studied. TiO; thin films were coated onto various supporting materials including steel
cloth (SS), copper cloth, quartz glass tube (QGT), and silica gel (SG). Results indicate that SS (37 ym)-TiO:
thin film prepared by IBS method improves the photodegradation of 2-CP. Among all supporting materials

studied, SS(37 ym) is found to be the best support.
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INTRODUCTION

In light of the increasing concern over the
contamination of environment by hazardous
chemicals, there is a great need to develop
innovative technologies for safe destruction of
toxic pollutants. The processes must be cost-
effective, easy to operate, and capable of achie-
ving total or near total mineralization. This has
prompted researchers to investigate innovative
chemical oxidation technologies. The oxidative
destruction of chemicals provides ultimate
solutions for the treatment of hazardous wastes.

TiO; thin film particulate systems have been
employed to photo-decomposition of organic
pollutants. In such a system, the thin films are
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excited with ultraviolet (UV) or visible light to
induce charge separation. The photogenerated
holes would then oxidize the organic pollu-
tants, Upon irradiation, the TiO; particles
generate electron/hole pairs with positive holes
(h") in the valance band (vb) and free electron
(¢) in the conduction band (cb),” the holes
migrate to the TiO, particle surface and are
reacted with the adsorbed water molecules to
generated hydroxyl radicals, which can oxidize
a host of organic pollutants.

Many researchers have studied the photo-
catalytic degradation of organic contaminants
using thin film particles with large band gap.” ™
In a slurry-based photocatalytic reactor system,
the rate-determining step in the degradation
process is considered to be the reduction of
oxygen by trapped electrons on the thin film
surface to produce reduced species such as
superoxide radical ions. The photogenerated
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electron-hole pairs can also recombine. If TiO>
is used as an aqueous suspension, the catalyst
must be removed following its deployment.
Post-treatment removal requires a solid liquid
separation, which raises the overall capital and
operational costs. Therefore, suppressing the
recombination of hole-electron pairs and
prolonging the life time of carriers are essential
for improving the efficiency of net charge
transfer at the thin film/electrolyte interface,
Alternatively, the catalyst such as TiO; may be
coated onto a suitable solid support matrix,
which would eliminate the need for solid-liquid
separation as a post-process. These TiO: thin
film systems can be prepared by several
methods and supports such as quartz glass,
glass bead, glass plate, glass fiber, sand, optical
fiber, thin oxide, silica-gel, titanium, and
stainless steel”® as a means to enhance of the
photodegradation of organic pollutants.

However, in spite of such an intensive effort,
it is still unclear which methods and supports
are most effective to improve the mechanical
stability and photocatalytic activity of the thin
film. The chemical vapor deposition (CVD),
ion beam sputtering (IBS) and thermal pyroly-
sis (TP) are but some of the common methods
for preparation of various thin films and
semiconductors. The molecular precursors on
the thin film surface are able to react at high
or room temperature in the gas phase or
molecular solid: However, only little report has
been made on the photodegradation of organic
pollutants by TiO; thin films or semiconductors
prepared by CVD or IBS method.”

The aim of this study is to investigate the
catalytic behavior of supported TiO» catalyst
prepared by the IBS and CVD method.” The
change in the photocatalytic activity of thin
film, TiO,, was exemplified by the oxidation of
2-chlorophenol (2-CP) under air saturation and
cooling condition. The photocatalytic efficiency
of the thin films coated on various supportive
surface such as stainless steel cloth (88S),
copper cloth, quartz glass tube (QGT), and
silica gel (SG) were also investigated.

MATERIALS AND METHODS

Materials

TiO, (P25) was supplied by Degussa Co.,
Ridgefield Park, NJ. Type 304 stainless steel -or
copper cloth(SS; 37 ym and 75 ym or Cu; 75
um, 40 7 cm’) was supplied by MSC industrial
supply Co., Plainview, NY, USA. P25 powder
has a primary particle size of 40 ym, a specific
surface area of 50 1.5 mz/g, and its crystalline
mode is 12% rutile and 88% anatase type.
Titanium tetraisopropoxide (TTIP), 2-chloro-
phenol and silica-ge 1 (Davisil™, 355250 ym)
were purchased from the Aldrich Chemical Co.
All chemicals were analytical grade and used
without further purification. The deionized and
double distilled water were used throughout
this study. The pH of solutions was adjusted by
high concentrated solution of NaOH or HCIO,.

Preparation of TiO; Thin Films by CVD
and IBS Method

Detail steps for the preparation of TiO; thin
films by IBS method was reported elsewhere.'”

Thin film deposition was carried out by dc
reactive sputtering using a Sputtron 11 Balzers
equipment. In this particular deposition equip-
ment, titanium (metal titanium 99% from
Lesker) disk-shaped target (SS) is placed inside
a chamber in which a gas pressure of the order
of 0.1 Pa is maintained. A plasma discharge is
generated by an electron gun, and the Ti target
is connected to the negative dc bias source, so
as to be bombarded by positively charged ions
present in the plasma. Since it is desired to
deposit titanium oxides, an Ar/OQ. mixture is
used in the chamber. Oxygen can then react
with the titanium atoms impinging on the
support, whence the name of reactive sputte-
ring. The most significant effect of replacing
O: by H,O in the gas mixture is a change in
the proportion of O and O, species present in
the discharge. No trace of hydrogen could be
found in the deposited films.

The hot-wall low-pressure reactor setup for
preparation of TiO; thin film by CVD method
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was discussed previously.'”

Preparation of TiO, Thin Film by
Sol-Gel Method

TiO, thin film was prepared by photo-
reducing TiO, onto the supporter using P25
powder or titanium tetraisopropoxide solution
following a method similar to the one
described by Jung.'”

Thin Film Characterization

Structure characterization of the TiO. thin
films was done by X-ray diffractometer (XRD).
The 26 scans on the patterns of thin films
were recorded by a Rigaku D-Max B diffrac-
tometer equipped with a graphite crystal
monochrometer and using CuK , radiation. The
peak areas and full widths at half maximum
with reference to CuK, were calculated by
standard profile fitting on patterns collected
according to Bragg-Brentano geometry. The
element concentration on the surface of the
TiO,/Supporter, were measured by X-ray photo-
electron spectroscopy (XPS Model ESCA 750)
using an Al K, exciting radiations. The thin
films were loaded onto the holder in order to
obtain information on the external surface of
the particles. For each sample, a fast scan
detected the type of element on the surface,
and then slow scan was performed for each
element, O (1Is), Si (2s), and Ti (2p). The
calculated TiO, concentrations were used as the
TiO, external surface concentration. The binding
energy scales were referenced by setting the
hydrocarbon (CHy) peak maxima in the Ci
spectra to 284.6 eV. The precision of the
binding energy determined with respect to this
standard value was within +£0.3 eV. The
observation of surface morphology and average
grain size and distribution was performed by
means of AMRAY 1810 Model scanning elec-
tron microscopy (SEM).

Photoreactor and Light Source
The photoreactor consisted of a cylindrical
pyrex-glass cell with the size of 20 cm in

diameter and 30 cm in height inside-coated
mirror. The UV light lamp (100 or 200 W Hg
lamp purchased from Ace Glass Inc., NJ) was .
immersed into the solution with the cold
air-cooling jacket.lz‘m) The maximum energy
emission at the wavelength of 365 nm was
achieved after the lamp was turned on. At
cooling jacket, an energy densiy of 5.3 and 7.2
mW/cm® was measured at 100 and 200 W Hg
lamp, respectively.

An EG&G Gama scientific (San Diego, CA,
USA) Model GS 3100 spectroradiometer was
used to measure UV light intensity. A minia-
ture cosine receptor was connected to the spec-
troradiometer by using a fiber optical probe.
The light intensities measurement system was
calibrated with an EG&G Gamma Scientific
Model GS-5150 Deutrium lamp in a wave-
length range of 250~400 nm.

Procedure and Analysis

An aqueous solution of the sample (usuaily
1.0 L) was placed in a photoreactor cell. The
concentration of test solution was 50 mgL",
and 2-CP solution was adjusted by pH 9.0
excepting test solution of Figure 3 Prior to
irradiation, TiO, thin films were magnetically
stirred in dark for ca. 30 min to establish an
adsorption and desorption equilibrium between
2-CP and the thin film surface. At given
intervals of illumination, a sample was collec-
ted in a test-tube or vial. Each sample solution
was analyzed by HPLC (Hewlett-Packard series
1100 system) equipped with a UV detector
(Amex=210 nm) and C-18 Vydac”l column
(2-CP: 50 mm X 0.5 mm; Vydac Co., Hesperia,
CA). The eluent solvents for 2-CP were
acetonitrile and buffer solution (H3;PO4/
NaH,PO,, pH = 3.0), and that for organic acids
was 0.1% H3PO4.

The total organic carbon (TOC) of a sample
solution was measured at constant irradiation
time intervals using TOC analyzer (Tekmar-
Dohrmann, DC-190). The CI ion was analyzed
by ion chromatograph (Dionex Bio LC Chro-
matography) equipped with an electrochemical
detector and a Dionex PAX-100 metal-free
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anion column (25 c¢m long, 4.6 mm i.d.). The
eluent solution was a mixture of 80% H-O,
10% of acetonitrile and 10% 191 mM NaOH,
The flow rate was 1 mL/min or the injection
loop was 50 yL in volume.

The photocatalytic decomposition of 2-CP
was again estimated from the yield of carbon
dioxide, determined gravimetrically as BaCO;
and from the yield of carbon dioxide as
decreasing results of electric conductivity for
Ba(OH), solution and HCO3 in sample
solution was measured by ion chromatography.

RESULTS AND DISCUSSION

Figure 1 is an XRD pattern for TiO; thin
film coated on the surface of SS by IBS
method. The locations of (101), (004), (200),
(105), and (211) diffraction peaks show that the
film is polycrystalline structure TiO: stoichio-
metry with an anatase type, which is of
tetragonal Bravais lattice. Its tetragonal Bravais
lattice type was also verified by lattice constant
calculated from these peaks. Based on the full
width at half maxima of the XRD peaks, the
average particle diameter was calculated to be
about 2713 nm by using Scherrers's formula,
Because Ti0O: in anatase form is believed to be
the most efficient photocatalyst during the
chemical reaction,”™"" anatase structure is quite
necessary for all of our samples in this study.
In addition, according to the diffraction peaks
for the anatase, there are no extra detectable
peaks for TiO, rutile structure.

The parenthetic figure of Figure 1 shows
representatively the XPS pattern for TiO; thin
film coated on the surface of SS. Besides the
oxygen peak, there exist two Ti peaks at 458.4
eV and 464.1 eV for Ti (2P3») and Ti (2P1»),
respectively. This was resulted from different
atomic binding environment of Ti in the film,
and the 5.7 ¢V binding energy shift between
them indicates the formation of TiO..'" The
surface morphology of the thin film was exa-
mined by SEM. Figure 2 show a X 10° magnified
scanning electron microscopy image of TiO»
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Figure 1. XRD patterns for the TiO, thin films

on SS.

Figure 2. SEM micrograph for the thin film
coated on the surface of SS.

nanoparticles coated on the surface of SS by
IBS method. The TiO, particles are aggregated
togethe and the rough measurements fom this
image indicate that the size of particles is in
the nanoscale range.

Figure 3 shows the effect of pH on 2-CP
photodegradation using TiO; thin films coated
on the surface of QGT by CVD method. The
results show that oxidation is favored under
acidic or basic conditions.””"**” This implies
that different reaction mechanisms may be
operative and that photocatalytic oxidation is
affected by both H' and OH  ions. At high pH,
the number of hydroxyl ions on the TiO,
surface should increase due to abundance of
OH' ions, thereby increasing the population of
OH radicals. Hickling and Hill'” have sug-
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Figure 3. Effect of pH on 2-CP photodegrada-
tion TiO»QGT (40.08 7 cm’) thin
film prepared by CVD.

gested that at high pH, the adsorbed OH" group
can be readily converted to an - OH radical
upon irradiation (OH <~ - OH + ¢ ; Eo = +
2.0 Volt vs. NHE). At low pH, the hydroxyl
radicals are formed by oxidation of surface
water molecules in the process of irradiation
(H;O + hy < - OH; E¢ = +2.8 Volt vs. NHE).
Both E; values are lower than the anodic
valance band energy of TiO, (Eo = +3.2 Volt
vs. NHE) wupon irradiation, therefore the
generation of OH radicals may be thermo-
dynamically possible under both high and low
pH conditions. Moreover, the relatively low Eg
value at high pH for the formation of - OH
radicals suggests that the oxidation reaction
will be more favorable under the high pH
condition. Result also exhibits that 2-chlorophe-
nolate ions generated at the range of pH > pKa
(at high pH) increases. We have therefore
selected pH 9.5 as the default pH value in this
study.

Figure 4 show the results of the photocatalytic
degradation of 2-CP by TiO: thin film coated
on stainless steel cloth (SS) and copper (Cu)
supports by the IBS method. It is seen that
generally the 2-CP concentration decreases
with irradiation time. These results also indi-
cate that stainless steel support is slightly
advantageous compared to copper support.
Moreover, finer stainless steel (37 um) size
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Figure 4. Comparison of 2-CP photodegrada-
tion by TiO; thin film coated on the
surface of three different support by
ion beam sputtering method.

yields better 2-CP degradation than coarse
mesh (75 pm). The photocatlytc activities in
terms of 2-CP degradation follows the
decreasing order: SS (37 ym)>S8S (75 ym)>
Cu (75 ym). These results also have shown
that thin films used in this study are superior
to TiO, suspension method discussed under
identical experimental conditions.

The presence of Cu, detected by XPS in the
surface layer of TiO; thin film coated on the
copper cloth substrate, was in the forms of
Cu(OH), and Cu,O, which ratio changed with
heating temperature. Thus, the substrate of
copper can not be used for the preparation of
TiO; thin film by CVD or sol-gel method
because the Cu oxides, particularly CuyO,
decreased the photoefficiency of TiO; to some
extent.” However, these phenomena have not
been observed in the substrate of SS. More-
over, increase in specific surface area is
brought by the crystallite in the thin films: the
nano-size grains can provide large surface area
that is key to the improvement in the
photocatalytic activity. The uniformity of the
distribution and size of TiO; nano-crystallite in
the thin films provides large surface area and
enhances the activity of photocatalysts. There-
fore, nearly stoichiometric and conducting TiO:
thin film prepared with H>O are better catalysis
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Figure 5. Comparison of 2-CP photodegrada-
tion by TiO-QGT (40.08 7 cm’) in
film prepared by three different
method.

than semi-insulating thin films. And the
catalytic performances show some dependence
on the nature of the supports used for TiO:
immobilization.

Figure 5 shows the results of 2-CP degradation
by thin film TiO, prepared on the surface of
QGT by different coating method, namely,
sol-gel method by TiO, (P25) and TTIP, or
CVD method by TTIP. There is no significant
difference between sol-gel and CVD method
and between P25 and TTIP as far as the photo-
catalytic activity of TiO; thin film is concemned.

Figure 6 show the results of 2-CP degrada-
tion by TiO, thin film prepared by IBS or
CVD method. These results show that IBS thin
film brings a little faster rate in 2-CP degrada-
tion than CVD. Results also show that thin
film TiO; is much efficient than P25 suspen-
sion in degrading 2-CP.

Results in Figure 7 show that silica-gel (SG)
thin film prepared by CVD method is less
photoactive than TiO; thin film supported on
SS by IBS and CVD. Results show that the
2-CP degradation follows the order: TiO;-SS
(37 ym)-IBS > TiO,-QGT-CVD > TiO;-SG-
CVD ) 0.1% P25 (suspension). Specially, 99%
of 2-CP were destructed within 60 min by
TiO,-SS-IBS thin film.

The surface of semiconductor plays an im-
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Figure 6. Comparison of 2-CP photodegrada-
tion by Ti0»-SS (37 um, 40 7 cm’)
thin film prepared by different

methods.
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Figure 7. Comparison of 2-CP photodegrada-
tion by TiO»-SS (37 um, 40 7 cm’)
thin film prepared by IBS and CVD
methods.

portant role on the photocatalytic efﬁciency.lﬁ)

It was expected that the crystal structure of

TiO; nanoparticles coated on the supporters

such as silica-gel, quartz glass tube and stain-

less steel cloth would act as electron scaven-
gers, increasing consequently the photodegrada-
tion efficiency due to the decrease in the
electrons and positive hole recombination rate.

Stainless steel cloth were proven to have

potential as a supporting material for TiO thin

film. TiO; catalyst supported on SS is excepted
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to have photocatalytic activities comparable to
those supported on the surface of SS and QGT
reveals some unique properties, which has not
been observed with silica-gel supported catalyst.

The adhesion of TiO; on its support was of
good quality with the exception of silica gel
since no detachment of TiO; could be observed
during several photocatalytic tests. This adhe-
sion was induced by heating the sample at the
range of 550~650C in vacuum state. As a
consequence, there is a migration of some
cations (e.g., Na“, Si*") from the support such
as silica gel to the TiO, layer.m Since these
ions dissolved in the lattice of TiO; thin films,
it constitute the recombination of hole-electron
centers and inhibitors. Hence, this could explain
why silica-gel decrease the photocatalytic
activity of TiO, thin films. However, the SS
and QGT, which by contrast is much more
inert and stable under heating, allowing the
preparation of more stable thin films. It has
been also found that the thin films coated on
the surface of SS or QGT retained a constant
photocatalytic activity when after mere rinsing
of the thin films in deionized water and reused.
This indicates that deposited TiO; thin films is
not deactivated during the photoreaction either
by inhibition or loosening or poisoning of the
photocatalyst and can be re-utilized in sub-
sequent runs.

The structural characterization of TiO; thin
films prepared by IBS, CVD, and sol-gel method
and its effect on the photochemical properties
were studied with an attempt to understand the
photocatalytic degradation of 2-CP. The photo-
catalytic efficiencies have been dramatically
enhanced in the order of decrease of heating
temperature when TiO; thin films were pre-
pared by IBS (257C), CVD (450~5507), and
sol-gel (600~6507C) method. A relation between
the photochemical behavior of TiO; coating
and its structure can be established with respect
to the effect of heat-treatment tempera-
ture.”'>">*” The great enhancement of the
photocatalytic properties above 400 was a
result of crystallization of TiO,, while the poor
photo-effect bellow this temperature was

attributed to its amorphous structure in the case
of thin film preparation by the sol-gel method.
Moreover, it is well known that there is shrin-
kage of the gel under heat-treatment Intuitively,
the thickness of TiO: coating decreased with
increasing heating temperature. Though, no
attempt was made to observe the TiO; thin
films coated by IBS and CVD method have
been greatly enhanced than one coated by the
sol-gel method.

The sputtering technique provides good
prospects for the preparation of immobilized,
TiOs-based photocatalyst. A highly efficiency
is obtained in the mineralization of 2-CP for
the catalysts prepared in mixed Ar-H>O atmos-
phere. At room temperature and in similar
irradiation condition, the efficiency of the
understoichiometry in TiOz, with weight per-
centage of about 0.1 is slightly lower than for
that of more stoichiometric TiO. photocatalysts
prepared with H,O as the reactive gas. The
adsorption of . could compete with the
adsorption of organic pollutants such as 2-CP
or organic intermediates produced in the pro-
cess of photodegradation to enhance the deg-
radation rate.

Figure 8 shows the effect of incident radia-
tion intensity on 2-CP photodegradation. As
expected, an increase in the intensity of
incident radiation leads to an enhancement of
the efficiencies of photodegradation on organic
pollutants such as 2-chlorophenol. Especially,
99%-2-CP has been removed within 50 min
when TiO; thin films coated on the surface of
QGT illuminated by 200 W UV lamp (A max =
365 nm, 7.2 mW/cm3) under air cooling and
saturation condition. Whereas, it has been taken
90 minutes in case of the illumination of 100
WUV lamp at the same experimental condi-
tions. The kinetic results on the photodegra-
daion of 2-CP aquatic solution using TiO»- SS
thin films prepared by CVD method were 2.62
%107 and 3.18X10° mM - mim" at 100 and
200 WHg lamp, respectively.

The UV absorption by TiO; thin films can
be described by the Lambert-Beer equation
with respect to rates of reaction of the positive
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Figure 8. Effect of light intensity on 2-CP
photodegradation by  TiO»-QGT
(40.08 7 cm’) thin film prepared by
CVD method.

holes and electrons. An increase in the inten-
sity of incident radiation leads to an increase in
the amount of light absorbed. However, the
rate of recombination of e-h’ pairs is also
enhanced at higher light intensity. Therefore,
even though the quantum yield nearly is not
increased with increasing intensity of illumi-
nation,'w) the relative number of h' ions is
increased with increasing intensity of incident
radiation because the recombination of e-h’
pairs is suppressed by dissolved oxygen as an
electron acceptor.

Figure 9 shows concentration for the 2-CP

degradation, chloride ion (CI') and total carbon

dioxide ([CO:], + [HCOs]) products as a func-
tion of illumination time by Ti0»-SS thin film.

Although the appearance of chloride ion
emergence lags behind the 2-CP, all of the
chlorinated intermediates were destroyed within
about 160 minutes in the batch mode. The
formation of chloride ions is slower than the
degradation of 2-CP. About 82% of 2-CP have
been degraded, but only 70% of chloride ions
are observed after 60 minutes. It is also noted
that CI' remains detectable 150 minutes after
the complete degradation of 2-CP. The differ-
ence in the 2-CP degradation and dechlorina-
tion suggests the formation of some chlorinated
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Figure 9. Changes of [2-CP], [2CO;], and
[CI] during 2-CP photodegradation
by TiO»-SS (40 7 cm’, 37 ym) thin
films prepared by IBS method.

intermediate. This agrees with the above
analysis of reaction products where chlorinated
intermediates have been determined as the
major reaction products.

These results also indicate that the total
carbon dioxide appears after complete disappea-
rance of 2-CP and chlorinated intermediates.
The rate of the evolution of total carbon
dioxide is much slower than that of the
formation of chloride ions, which suggests the
formation of non-chlorinated products. For
example, although 100% of chlorinated inter-
mediates have been degraded, the products of
total carbon dioxide is only about 42% at 150
minutes of photooxidation. However after 240
minutes, about 63% of total carbon dioxide
have been released. It has been suggested that
some major organic acids such as tartaric,
glyoxalic, succinic, maleic, oxalic, acetic and
formic acid as part of reaction products.'”*”
This clearly indicates that the photocatalytic
oxidation process with TiO;-SS thin films
prepared by CVD and IBS methods is effective
in completely mineralizing 2-CP to carbon
dioxide and chloride ions within 300 min under
the present experimental conditions. However,
it is interesting to note that UV photolysis
alone only yields about 2% carbon dioxide, and
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the photolysis by Ti0.-SS thin films/UV
system yield about 95% carbon dioxide under
similar experimental conditions.

Figure 10 gives plots of the reciprocal initial
rates, 1o vs. the reciplocal initial 2-CP concen-
tration, {2-CP]o. The rate of 2-CP degradation
- can be described by the Langmuir-Hinshelwood
equation.'z‘zo) Figure 10 shows the linear pot of
the Langmuir-Hinshelwood equation with

1/ro = /k + 1/kK[2-CP)o

Results from regression analysis for the
Ti0-SS (IBS), yields a rate constant (k) of
2.90x 107 mM min" and the adsorption coef-
ficient (K) is 6.43 mM'. The good fit with the
Langmuir-Hinshelwood relationship (r=10,99)
indicates that the degradation of 2-CP is likely
to occur at the surface of TiO,-SS thin films.
Table 1 gives the pseudo first order rate
constants (k, mole min") and half period (ti»,

min) for 2-CP photodegradation (ka.cp), chloride-
production (ky) and total carbon dioxide-
generation (ksco2) in the presence of 100
WUV alone and TiO> plus 100 WUV using
various TiO; thin films, i.e., Ti0,-8S (IBS),
TiO2-8S (CVD), TiO,-QGT thin film (CVD)
and P25 suspension, respectively.

It is noted that, in the presence of UV alone,
the 2-CP photodegradation rate is almost the
same as the rates of formation of chloride ions;
this implies that the initial step of the direct
photolysis reaction may mainly be the
dechlorination.”” However, when the TiO; thin
films or pure TiO: are added to the same
system, the dechlorination rates constants are
about half that of the 2-CP degradation, which
indicates that reaction other than dechlorination
occurs.

Apparently, the non-dechlorination reactions
occur during the photocatalytic oxidation of
2-CP yielding chlorinated intermediates. The
decrease in the reaction rate with increase in
reaction time can be attributed to the increase
in concentration of bicarbonate ion. Bicarbo-
nate ion (HCQOs) is known - OH radical
scavenger. In this experiment, bicarbonate ion
was found to be the primary inhibitor for 2-CP
degradation.

CONCLUSION

From the structural analysis of TiO: thin
films prepared by sol-gel CVD and IBS
method, it is confirmed that the film is
polycrystalline structure TiO; of the anatase
type which is believed to be the most efficient
photocatalyst. The average grain size of the

Table 1. Summary of kinetic results of photodegradation of 2-chlorophenol

UV alone Ti0,-SS(IBS) Ti0,-SS(CVD)  TiO-QGT(CVD) P25

k Tin k Tin T k T k T
2-CP 135x0% 456 290x10° 23 2.62x10° 25 228x10° 38 2.04x10° 42
cr 126x10% 500 147x10° 42 135x10° 47  116x10° 61 1.05x10° 6l
S'CO; <10 631x107% 152 6.08x10" 158 5.18x107 163 486x10°% 175

note) Ti0,-88:40 rem’(37 um), TiO-QGT; 84 rom’, P25: 1.0 gL'l. k in mM min", Tin in min.
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‘thin film is approximately 100 nm.

The photocatalytic efficiency of TiO: is
dramatically enhanced by thin films supported
on various matrixes and prepared by various
methods including IBS (257C), CVD (450~
5507C), and Sol-Gel (600~650T). A relation
between the photochemical activity above 400
C was a resulted from the formation of
crystalline TiO,, nanoparticles. Sol-gel method,
however for amorphous TiO;. The photocata-
lytic efficiency of the TiO, thin films coated by
IBS or CVD method have exhibited better
photocatalytic activity than the sol-gel method.
Compared SS and QGT, Cu-cloth is not a good
support for TiO, thin film, because the copper
oxides particularly Cu,O, decrease the photo-
efficiency of TiO,.

As expected pH plays an important part on
the degradation of organic compounds. Oxida-
tion is favored under acidic or acidic conditions.
The high pH, the number of hydroxyl ion on
the TiO, surface should increase due to the
abundance of OH ions, thereby increasing the
population of - OH radicals. At low pH,
hydroxyl radicals are formed by an oxidation
of surface water molecules in the presence of
irradiation. The generation of « OH radicals is
thermodynamically possible under both high
and low pH conditions.
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