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a b s t r a c t

This work investigates photocatalytic decompositions of HCHO in air over thin films of titanium oxide
prepared on inside surfaces of glass tubes by the following two methods: Method I (the inside surface of
a glass tube was covered with an aqueous H2O2 solution containing amorphous titanium oxide, followed
by calcination at 500 ◦C to convert amorphous titanium oxide to anatase one) and Method II (the inside
surface of a glass tube was covered with an aqueous H2O2 solution containing anatase titanium oxide, fol-
lowed by heating at 100 ◦C). All the experiments were conducted in a photocatalytic reactor with a parallel
array of nine light sources. It is found that there is no remarkable difference between the permeabilities
of UV light through glass tube walls coated with the photocatalyst films, although the photocatalyst film
prepared by Method I is more transparent than that by Method II. As previously observed with the pho-
tocatalyst film prepared by Method I, therefore, the photocatalyst film by Method II is found to increase
the rate of decomposition of HCHO as a result of action of the UV light emitted from the light source in
a given glass tube on the photocatalyst films that coat adjacent glass tubes. Observation by SEM reveals
that the photocatalyst film prepared by Method I has a very smooth surface, whereas that by Method
II has a rugged one. This is because anatase titanium oxide particles prepared by Method II possesses

much larger crystal sizes and is therefore estimated to have a very large specific surface area. As a result,
the photocatalytic reactor equipped with the photocatalyst glass tubes prepared by Method II is found
to rapidly decompose HCHO especially in the region of its high concentration and also even when the
humidity is very high. Kinetic analyses indicate that the photocatalytic decompositions of HCHO on the
titanium oxide films prepared by the two methods obey Langmuir–Hinshelwood type kinetics. It is also
found that the rate constant for Method II is 53 times larger than that for Method I, implying that the
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higher activity for Method

. Introduction

The indoor air contains various volatile organic compounds
VOCs), usually on the order of parts per billion in volume (ppbv)
1]. A long-term exposure to VOCs at such very low concentrations
radually threatens human health. Formaldehyde (HCHO) is one of
he typical VOC compounds causing this problem. Therefore, vari-
us approaches to photocatalytically decompose HCHO have been

tudied [2–15].

In general, it is not easy to photocatalytically decompose VOCs
t such a low concentration level because a large film diffusional
esistance in the neighborhood of photocatalyst surface interferes

∗ Corresponding author. Tel.: +81 92 642 7603; fax: +81 92 642 7603.
E-mail address: fumishira@brs.kyushu-u.ac.jp (F. Shiraishi).
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due to its larger specific surface area.
© 2008 Elsevier B.V. All rights reserved.

ignificantly with further photocatalytic decompositions of VOCs to
heir lower concentrations [14]. To solve this problem, the authors
13,15] previously developed a photocatalytic reactor with a parallel
rray of nine 6-W blacklight blue fluorescent lamps. Experimental
esults revealed that this reactor can quickly and certainly decom-
ose trace HCHO in air toward a zero concentration. To treat a large
mount of air, furthermore, this reactor was coupled with a con-
inuous adsorption-and-desorption concentrator [12,13,16]. The air
urifier thus developed was found to be capable of decreasing the
oncentration of trace HCHO in 10 m3 air to the WHO guideline of
0 ppbv within 10 min.
It is reasonable to even more increase the performance of the
ir purifier by enhancing the decomposition activity of the photo-
atalytic reactor. So far, the authors have used a coating solution
repared by dissolving amorphous titanium oxide in an aqueous
olution of H2O2 in order to coat the inside surface of a glass tube

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:fumishira@brs.kyushu-u.ac.jp
dx.doi.org/10.1016/j.cej.2008.08.021
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a small amount of aqueous solution of H2O2.

3.2.2. Coating solution II
A pH value of the coating solution I was adjusted to 4.0 by addi-

tion of a small amount of ammonium solution. This solution was
F. Shiraishi et al. / Chemical Eng

ith a transparent thin film of anatase titanium oxide [17]. In this
ase, the glass tube covered with the coating solution was heated
or 1 h at 500 ◦C to convert amorphous titanium oxide to anatase
ne (Method I). On the other hand, such a conversion can be made
y heating the above coating solution in a boiling water bath [18].
herefore, if this coating solution is employed, it may be possible
o readily coat the surface of a glass tube with a thin film of anatase
itanium oxide by heating at a lower temperature, around 100 ◦C
Method II).

The present work elucidates both experimentally and theoreti-
ally the performance of such a thin film of anatase titanium oxide
repared on the inside surface of a glass tube by Method II. A
omparison is made between decompositions of HCHO in pho-
ocatalytic reactors equipped with nine glass tubes whose inside
urfaces are coated with photocatalyst films by the above two meth-
ds.

In the present work, the HCHO concentration will be expressed
y the unit of mg m−3 instead of the unit of parts per million in
olume (ppmv); conversion factors from ppmv to mg m−3 are 1.2
nd 0.81, respectively, at 20 ◦C.

. Theory

Let us consider the oxidative decomposition of HCHO in air
n a closed room by use of a photocatalytic reactor with a par-
llel array of nine light sources. Titanium oxide irradiated with
V light decomposes HCHO according to the following mecha-
ism; HCHO → HCOOH → CO2 + H2O [19]. In our reactor with a
arallel array of nine light sources, however, HCHO was instanta-
eously decomposed to carbon dioxide and water hardly producing

ormic acid [14]. In general, the photocatalytic decomposition obeys
angmuir–Hinshelwood kinetics [20–27]. When air of the volume V
m3) containing HCHO at the initial concentration C0 (mg m−3 air)
s treated in the photocatalytic reactor equipped with glass tubes
f the total photocatalyst geometric surface area S (m2), the rate
f decomposition of HCHO � (mg m−3-air min−1) is expressed
y

= −dC

dt
= ˛

k KHC

1 + KHC
(1)

ith the initial condition:

= C0 at t = 0

here C is the HCHO concentration (mg m−3 air) at a given time
(min), k the rate constant (mg m−2 cat min−1), KH the adsorp-

ion equilibrium constant (mg−1 m3 air), and ˛ (=S/V) is the ratio
f the geometric surface area of catalyst S to the air volume V
m2 cat m−3 air). The air is allowed to flow through an annulus in
ach glass tube at a linear velocity that is sufficiently high to offer a
eaction condition of negligible film-diffusional resistance. Numer-
cal solution to Eq. (1) gives a time course of HCHO concentration.
or this calculation, it is necessary to experimentally determine the
inetic parameters, k and KH, in Eq. (1). Therefore, the initial rates

f decomposition �0 must be measured for various initial reactant
oncentrations and the measured values must then be applied to
he following linearized equation.

C0

�0
= 1

˛

(
1

kKH
+ 1

k
C0

)
(2)

Consequently, the slope and intercept of this linearized plot
ives the kinetic parameters.
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. Experimental method

.1. Materials

Titanium tetraisopropoxide (TIP) was purchased from Katayama
hemicals, Co., Ltd. (Osaka, Japan). Amorphous titanium oxide pre-
ared according to the procedure described elsewhere [17,28,29]
as dissolved in a 31% aqueous solution of HCHO (Wako Pure
hemical Industries, Ltd., Osaka, Japan). Pyrex glass tubes of 28 mm

n inside diameter, 210-mm long, and 2 mm in wall thickness were
sed as a support. Nine 6-W blacklight blue fluorescent lamps
ith wavelengths of 300–380 nm (FL6BL-B; Matsushita Electric

ndustrial Co., Ltd., Osaka) were used as a light source. The HCHO
oncentration was determined by use of a commercially available
nalytical reagent (Formaldehyde Test Wako, Wako Pure Chemical
ndustries, Ltd., Osaka, Japan).

.2. Preparation of coating solutions

.2.1. Coating solution I
Mixing of 29.69 g of TIP in 31.39 g of isopropanol (IPA), at a molar

atio of 1:5, was carried out for 2 h at 5 ◦C. A mixture of 7.53 g of
ltrapure water and 31.39 g of IPA was gently poured into this solu-
ion under vigorous mixing and the resulting solution at a molar
atio of 1:10:4 for TIP:IPA:H2O was further mixed for 4 h at 5 ◦C.

white cake of amorphous titanium oxide was collected by suc-
ion filtration and dried for 5 h at 100 ◦C. This cake was broken
nto fine powder and further dried for 15 h at 100 ◦C. The result-
ng amorphous titanium oxide powder was stored in a desiccator
ntil used.

After dissolving 0.5 g of amorphous titanium oxide powder in
0 mL of a 31% aqueous solution of H2O2, the resulting solution
as well-mixed for 2 h at a room temperature and kept stationary

or 1 h to form a gel. This gel was re-dissolved by addition of 60 mL
f a 31% aqueous solution of H2O2. The solution thus obtained was
onstantly mixed for 50–60 h at a room temperature until foaming
topped. As a result, a yellow-colored transparent solution contain-
ng amorphous titanium oxide fine particles was obtained (Fig. 1).
his solution, referred to as coating solution I, gradually gelled with
ime. Prior to using for coating, the gel was dissolved by addition of
ig. 1. Aqueous H2O2 solutions containing titanium oxide fine particles. Percentage
f conversion of amorphous titanium oxide into anatase: left, 0%; middle, about 50%;
ight, about 100%.
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Fig. 3 shows photographs of the glass tubes coated with tita-
nium oxide films by Methods I and II. The glass tube preparation
36 F. Shiraishi et al. / Chemical Eng

ept in a boiling water bath for 9 h to convert amorphous titanium
xide to anatase one. In this treatment, the color of the solution
urned from light yellow toward white according to the anatase
rystallinity of titanium oxide (Fig. 1). The coating solution thus
repared, referred to as coating solution II, was stable at a room
emperature at least for 1 month, whereas the coating solution I
as stored in a refrigerator until used.

.3. Coating of a glass tube surface with a thin film of titanium
xide

.3.1. Method I
Glass tubes were ultrasonically washed in an IPA solution. The

oating solution I was poured into the glass tubes to cover their
nside surfaces with the solution. The glass tubes were inclined for
while to remove an excess solution from their surfaces and then

alcined for 1 h at 400 ◦C. After repeating the same procedure four
imes, the glass tubes were again covered with the solution and
alcined for 1 h at 500 ◦C. Consequently, the glass tubes coated with
transparent thin film of anatase titanium oxide were obtained. The
xperimental proof that this coating method provides anatase form
s available elsewhere [30,31].

.3.2. Method II
As in Method I, glass tubes were ultrasonically washed in an

PA solution and their inside surfaces were covered with the coat-
ng solution II. After removal of an extra coating solution, the glass
ubes were kept in a dryer at 100 ◦C for 30 min. The same procedure
as repeated five times. Consequently, the glass tubes coated with
thin film of anatase titanium oxide were obtained. The exper-

mental proof that this coating method provides anatase form is
vailable elsewhere [18].

.4. Photocatalytic reactor and its operational method

A 6-W blacklight blue fluorescent lamp was inserted and fixed in
ach of nine glass tubes coated with titanium oxide (the total photo-
atalyst geometric surface area S = 0.166 m2 cat). These glass tubes
ith lamps were arranged in parallel in three lines and three rows

nd an electric fan was fixed above their arrangement. This photo-
atalytic reactor was placed in a closed 1- or 10-m3 room covered

ith transparent vinyl chloride sheets (Fig. 2). The room air was vig-

rously agitated using two electric fans. A fixed amount of aqueous
olution of HCHO was dropped on an electrically heated plate and
vaporated instantaneously. The room air was sampled after 2 min
o determine the initial concentration of HCHO. Immediately, every

Fig. 2. Experimental system.
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ight source in the photocatalytic reactor was switched-on to start
he reaction. The air that entered the reactor from its bottom was
llowed to flow up through an annulus in each glass tube at a linear
elocity above 709 m min−1 [15], so that HCHO was decomposed on
he titanium oxide film exited by UV irradiation, in the absence of
iffusional resistance. At time intervals, a small amount of air was
ampled to determine the time course of HCHO concentration.

.5. Analytical method

To accurately measure the HCHO concentration at a level of ppbv,
ir was bubbled into distilled water to trap HCHO. The water con-
aining HCHO was colored using a coloring reagent based on the
HMT (4-amino-3-hydrazino-5-mercapto-1,2,4-triazole) method

32] and its absorbance was measured with a spectrophotome-
er at 550 nm to determine the HCHO concentration. The detailed
rocedure for this analytical method is described elsewhere [14].

.6. Measurement of permeabilities of UV light through glass tube
all coated with titanium oxide films

Permeabilities of UV light through the glass tube walls coated
ith titanium oxide films by Methods I and II were determined

s follows. A glass tube, wherein a 6-W blacklight blue fluores-
ent lamp was inserted, was fixed horizontally at a height of about
0 cm. The head of a cylindrical sensor connected to a spectro multi-
hannel photo detector (MCPD-3000; Otsuka Electronics Co., Ltd.,
okyo, Japan) was fixed close to the outer surface of the glass tube.
his whole apparatus was covered with a box to shade the light
rom outside. The blacklight blue fluorescent lamps were switched-
n, followed by the detector. A distribution of UV intensity per unit
urface area over a wavelength range of 300–400 nm was measured
ust after UV light permeated through the glass tube wall and its

aximum value at 350 nm was used as a representative value.

. Results and discussion

.1. Observation of photocatalyst films on glass tube surfaces
y Method I is almost transparent, whereas the glass tube prepara-
ion by Method II somewhat lacks transparency. Our previous work
15] revealed that the decomposition activity of the photocatalytic

ig. 3. Glass tubes coated with a thin film of titanium oxide by Methods I and II:
left) not coated; (middle) coated by Method I; (right) coated by Method II.
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Table 1
A comparison between UV permeabilities of glass tube walls with and without being
coated with a thin film of titanium oxide by Methods I and II

Without being coated With being coated
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Method I Method II

V intensity (�W/cm2) 221.1 195.8 199.5
ermeability (%) 100 88.5 90.3

eactor with a parallel array of light sources is enhanced by action
f the UV light emitted from a light source in a given glass tube
n the photocatalyst films of adjacent glass tubes. Obviously, such
n enhancement occurs when the glass tube coated with titanium
xide has a high UV permeability. Therefore, UV permeabilities of
he glass tube preparations by Methods I and II are compared in
able 1, where the permeability is defined as a ratio of the UV
ntensities for the glass tubes coated and not coated with titanium
xide. There is no marked difference between the UV permeabili-
ies of the two glass tube preparations. Therefore, it is considered
hat the glass tube preparation by Method II also has an increase
n the decomposition activity by neighboring light sources, as does
he glass tube preparation by Method I. In fact, as is described later
sing experimental data, the photocatalytic reactors equipped with
he glass tube preparations by Methods I and II provided almost the
ame decomposition activity.

Fig. 4 shows SEM photographs of the thin films of titanium
xide coated on the glass tube surfaces by Methods I and II. There
s obviously a remarkable difference between the features of the
hotocatalyst films prepared by Methods I and II. The photocata-

yst film prepared by Method I has a very smooth surface, whereas

hat by Method II has a rugged one because of much larger sizes
f anatase crystal particles. In Method I, amorphous titanium oxide
ne particles (about 10 nm in average diameter) dissolved in an
queous solution of H2O2 are rapidly converted to anatase on the
lass tube surface by calcination at 500 ◦C. Therefore, the sizes of

r
o
t
t
p

ig. 4. SEM photographs of thin films of titanium oxide prepared on glass tube surfaces b
ere taken at 500× and 10,000× magnifications, respectively.
g Journal 148 (2009) 234–241 237

natase crystal particles do not increase. In Method II, on the other
and, amorphous titanium oxide particles in an aqueous solution
f H2O2 are slowly converted to anatase by heating in a boiling
ater bath for 9 h. As a result, the sizes of anatase crystal particles

ncrease and the coating solution II gets cloudy. When this coat-
ng solution is used, therefore, such large sizes of anatase titanium
xide particles (above 1 �m) form a rugged film on the glass tube
urface. From the SEM photographs, it can be estimated that the
itanium oxide film prepared by Method II has an overwhelmingly
arge specific surface area compared to that prepared by Method I.

.2. Decomposition of HCHO in air

Fig. 5 compares the time courses of HCHO concentration in
ecompositions of HCHO at low and high initial concentrations of
.65–1.3 and 4.0–24 mg m−3, respectively, in an 1 m3 room by use of
he photocatalytic reactors equipped with glass tube preparations
y Methods I and II. At such low and high initial HCHO concen-
rations, the photocatalyst film prepared by Method II decomposes
CHO more promptly than does the photocatalyst film by Method

. This difference is significant in the high concentration region of
CHO. For example, the photocatalyst film by Method II decom-
oses HCHO at an initial concentration of 25 mg m−3 to the WHO
uideline (0.1 mg m−3) in 60 min. On the other hand, the pho-
ocatalyst film by Method I spends 3 h on reducing the HCHO
oncentration from 25 to 10 mg m−3 at most.

The initial rate of decomposition of HCHO, �0, is useful
o efficiently understand an effect of initial HCHO concentra-
ion, C0, on the rate of the photocatalytic decomposition. In the
angmuir–Hinshelwood equation, �0 increases linearly in the

egion of low C0 and levels off at the value of k in the region
f large C0. Fig. 6 shows plots of the initial rates of decomposi-
ion of HCHO calculated from experimental data in Fig. 5 against
he initial concentrations of HCHO. With the photocatalyst film
repared by Method I, the initial rate of decomposition of HCHO

y Methods I (left column) and II (right column). The upper and lower photographs
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Fig. 5. Time courses of HCHO concentrations in decompositions of HCHO in 1 m3 air by use of photocatalytic reactors equipped with glass tubes coated with thin films of
titanium oxide by Methods I and II in regions of (a) low initial concentration and (b) high initial concentration.
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ig. 6. Relationships between initial rates of decomposition of HCHO calculated from
n 1 m3 air by use of photocatalytic reactors equipped with glass tubes coated wi
alculated results by Eq. (1).

uickly increases in the region of low HCHO concentration and then
pproaches its maximum when the HCHO concentration exceeds
mg m−3. With the photocatalyst film prepared by Method II, on

he other hand, it increases almost linearly with the initial concen-
ration of HCHO; surprisingly, this increase occurs even when the
nitial concentration is increased up to 25 mg m−3. It is thus clear
hat the photocatalyst films prepared by Methods I and II provide
ntirely different performances as the HCHO concentration is high.

Fig. 7 shows the time courses of HCHO concentration in decom-

ositions of HCHO in 10 m3 air by use of the photocatalytic reactor
quipped with the glass tubes coated with titanium oxide by
ethod II. For comparison, the experimental data for the glass tube

reparation by Method I is also plotted in Fig. 7(a). It is clear that the

a
r
H
t

ig. 7. Time courses of HCHO concentrations in decompositions of HCHO in 10 m3 air by
itanium oxide by Methods I and II in regions of (a) low initial concentration and (b) high
rimental data in Fig. 5 and initial HCHO concentrations in decompositions of HCHO
films of titanium oxide by (a) Method I and (b) Method II. The solid lines show

lass tube preparation by Method II exhibits an excellent decom-
osition performance even when the amount of air is increased up
o 10 m3. Again, it can quickly decompose HCHO at low and high
nitial HCHO concentrations.

Fig. 8 shows the time courses of HCHO concentration in decom-
ositions of HCHO by use of the photocatalytic reactor when the
elative humidity in an 1 m3 room is adjusted to 50% and when it is
bnormally increased up to 100% with a humidifier. Under a con-
ition of the latter high humidity, the HCHO concentration in the

ir gradually was found to decrease even when the photocatalytic
eactor was switched-off, because the moisture in the air caught
CHO molecules and then condensed on the wall of the room or

he moisture condensed on the wall caught HCHO. Nevertheless,

use of photocatalytic reactors equipped with glass tubes coated with thin films of
initial concentration.
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Table 2
Values of rate constants and adsorption equilibrium constants for photocatalyst
films prepared by Methods I and II

M
M

fi
s
t
c
a

I
fi
f
a
fi
r

4

o

F
o

F
i
s

ig. 8. Effect of relative humidity on decomposition of HCHO in 1 m3 air by use of a
hotocatalytic reactor equipped with glass tubes coated with a thin film of titanium
xide by Method II.

he HCHO concentration at the relative humidity of 100% decreases
ore slowly than that at the relative humidity of 50%. This may be

xplained by either of the following two reasons. Firstly, at the rela-

ive humidity of 100%, the photocatalyst surface is covered with the

oisture, which remarkably increases a mass-transfer resistance
nd in turn results in a slower decomposition. Secondly, the decom-
osition of HCHO slows down because under such a high humidity
ondition, a drop in the UV intensity results from the moisture

T
t
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ig. 9. Linearized plots of experimental data taken in decompositions of HCHO in 1 m3 air
f titanium oxide by (a) Method I and (b) Method II. The solid lines show calculated resul

ig. 10. Comparisons between experimental data and calculated results for time courses
nitial concentration by use of photocatalytic reactors equipped with glass tubes coated w
how calculated results by Eq. (1).
k (mg m−2 min−1) KH (m3 mg−1)

ethod I 0.458 0.654
ethod II 24.3 0.032

lm formed on the photocatalyst surface. Nevertheless, even under
uch a severe condition, the photocatalytic reactor equipped with
he glass tubes coated with the photocatalyst film by Method II
an decompose HCHO in a relatively short time, indicating that the
ctivity of the photocatalyst film is sufficiently high.

The high performance of the glass tube preparation by Method
I is probably based on the rugged structure of the titanium oxide
lm formed on the glass tube surface. As can easily be predicted

rom Fig. 4, the titanium oxide film prepared by Method II possesses
sufficiently large specific surface, which provides a much larger
eld for the photocatalytic reaction and significantly increases the
ate of photocatalytic decomposition of HCHO.

.3. Computer simulation using a mathematical model

Fig. 9 shows linearized plots of the initial rates of decomposition
f HCHO calculated from the experimental values in Figs. 5 and 6.

he straight lines were obtained by a least-square regression and
he values of k and KH were then calculated from the slope and
ntercept of each straight line. The result is shown in Table 2. The
alue of k for Method II is 53 times larger than that for Method I.
n contrast, the value of KH for Method II is about one-twentieth

by use of photocatalytic reactors equipped with glass tubes coated with thin films
ts.

of HCHO concentrations in decompositions of HCHO in 1 m3 air in a region of low
ith thin films of titanium oxide by (a) Method I and (b) Method II. The solid lines
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ig. 11. Comparisons between experimental data and calculated results for time co
nitial concentrations by use of photocatalytic reactors equipped with glass tubes c
how calculated results by Eq. (1).

f that for Method I, implying that the photocatalyst film prepared
y Method II has a lower affinity with HCHO. However, this nega-
ive effect on the rate of decomposition is offset because the value
f k is sufficiently large. Consequently, the rate of decomposition
f HCHO for Method II becomes overwhelmingly larger than that
or Method I. The value of k obtained here includes an effect of the
pecific surface area. Therefore, the significant increase in the pho-
ocatalytic activity for Method II is considered to be mainly due to
he specific surface area significantly increased.

The kinetic parameters determined were substituted into Eq. (1)
o obtain relationships between the initial rate of decomposition
f HCHO and the initial HCHO concentration in the photocatalytic
ecompositions of HCHO over the titanium oxide films prepared by
ethods I and II. As is obvious from Fig. 6, both the calculated lines

re in good agreement with their respective experimental data.
Eq. (1) was numerically solved to obtain the time courses of

CHO concentration in the photocatalytic decompositions of HCHO
ver the titanium oxide films prepared by Methods I and II. As is
bvious from Figs. 10 and 11, the calculated lines are in good agree-
ent with the experimental data at both low and high initial HCHO

oncentrations. The result of the kinetic analysis thus indicates that
he decomposition of HCHO in the photocatalytic reactor with a par-
llel array of nine light sources obeys Langmuir–Hinshelwood type
inetics.

. Conclusions

In the present work, the performances of the thin films of
itanium oxide prepared by two methods were investigated both
xperimentally and theoretically by decomposition of HCHO in air
n the photocatalytic reactor with a parallel array of nine light
ources. As a result, the following conclusions were withdrawn.

1) There is no marked difference between the permeabilities of
UV light through glass tube walls coated with the photocatalyst
films, although the photocatalyst film prepared by Method II is
somewhat less transparent than that by Method I. As was previ-
ously observed with the photocatalyst film prepared by Method
I, therefore, the photocatalyst film prepared by Method I also
has an increase in the rate of decomposition of HCHO because
the UV light emitted from the light source in a given glass tube
acts on the photocatalyst films on adjacent glass tubes.
2) The photocatalyst film prepared by Method I has a very smooth
surface, whereas that by Method II has a rugged surface. This is
because anatase titanium oxide particles prepared by Method
II possesses very large crystal sizes and is therefore estimated
to have a very large specific surface.

[

[

of HCHO concentration in decompositions of HCHO in 1 m3 air in a region of high
with thin films of titanium oxide by (a) Method I and (b) Method II. The solid lines

3) The photocatalytic reactor equipped with the glass tube prepa-
rations by Method II rapidly decomposes HCHO in the region of
high HCHO concentration.

4) The photocatalyst film prepared by Method II can rapidly
decompose HCHO even when the humidity is very high.

5) The decomposition of HCHO in the photocatalytic reac-
tor with a parallel array of nine light sources obeys
Langmuir–Hinshelwood type kinetics.
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