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Decomposition Characteristics of Toluene Vapor Using Titanium Dioxide
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Abstract : Decomposition characteristics of toluene vapor by titanium dioxide photocatalyst and zeolite that are
prepared by thermal spraying on an aluminum fiber filter (photocatalyst filter) were investigated. Toluene vapor was
injected into a small chamber made of stainless steel, and an air cleaner equipped with the photocatalyst filter was
operated. The vapor concentration in the chamber decreased exponentially. The decreasing rate of toluene vapor
in the chamber depended on the initial toluene concentration, and the higher the initial vapor concentration was, the
lower the decreasing rate was obtained. The decreasing rate was constant during each decomposition experiment,
although the concentration decreased with time. To investigate the effect of zeolite on the reduction of the vapor
concentration, we compared the decreasing rates of toluene vapor by photocatalyst filters with and without zeolite.
The decreasing rate of toluene concentration using the filter without zeolite was larger than that with zeolite. The
reason for this would be that photocatalyst decomposed toluene not only in air but also adsorbed in zeolite.
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Introduction

In the Japanese Industrial Safety and Health Law,
installation of an enclosure system, local exhaust ven-
tilation, and push-pull ventilation devices are obliged
in designated workplaces using hazardous materials.
However, other devices that can prevent diffusion of
generated organic vapors into rooms are also approved
if their validity and reliability are confirmed.

Recently, photocatalytic technology using oxida-
tion-reduction reaction of titanium dioxide (TiO,) has
been developed, applying air and water purification,
antibacterial and antifungus agents. For air purifying,

malodorous gas treating and treatment of volatile or-
ganic compounds (VOCs) have been developed [1-5].
Such devices are utilized mainly in indoor environ-
ments [1,2,5,6]. However, if the devices using photo-
catalyst can be used in the work environment, they are
available for workplaces where ventilation is limited.

The VOC concentrations in indoor environments are
relatively lower than those in working environments.
Therefore, in order to apply air cleaning devices us-
ing a photocatalyst in the working environment, the
characteristics of the photocatalyst for the VOC, that
is organic solvent vapors, should be known.

In this study, we investigated the basic decomposi-
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tion characteristics of toluene vapor, which is the most
popular organic solvent in workplaces, on titanium
dioxide (TiO,) photocatalyst and zeolite that are ther-
mally sprayed simultaneously on an aluminum fiber
filter (photocatalyst filter), and the application of this
photocatalyst filter in the working environments is dis-
cussed.

Methods

Figure 1 shows a schematic diagram of the experi-
mental apparatus. Two sheets of filters with titanium
dioxide (TiO,) photocatalyst and hydrophobic type
zeolite (HiSiv™ 1000, Union Showa, Tokyo, Japan)
(TiO, : zeolite = 9 : 1), which were prepared simul-
taneously by thermal spraying on aluminum fibers
(Fiber diameter : 100 pm) were set in an air cleaner
(MaSSC Clean MC-V, Fujico, Kitakyushu, Japan)(2)
and placed in a chamber made of stainless steel (vol-
ume 150 /) (1). An ultraviolet (UV) lamp and fan of
the air cleaner could be operated individually by ON/
OFF switches that were placed outside of the chamber.

Toluene vapor was injected into the chamber with
a gas tight syringe to set concentrations of 40, 10, 4
ppm. Only fan was operated for 10 minutes to homog-
enize air and vapor in the chamber. Then, the UV lamp
was switched on from outside of the chamber. Simul-
taneously, the vapor concentration in the chamber was
monitored continuously with a VOC monitor equipped
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D

Fig. 1. Schematic diagram of experimental apparatus.
1): stainless steel chamber (volume 150 /), 2): air cleaner,
3): VOC monitor, VOC: volatile organic compound.

with photo ionization detector (PID) sensor (ppb RAE
3000, RAE Systems, USA) (3) and a gas chromato-
graph equipped with a flame ionization detector (GC)
(GC17A, Shimadzu, Kyoto, Japan) (4).

Results and Discussion

Figure 2 shows the change in vapor concentration
of toluene in the chamber measured with GC. The va-
por concentrations decreased exponentially. This sug-
gests that the vapor decomposed according to the first
order reaction at the surface of photocatalyst; that is,
the concentration change is shown as in the following
equation:

dc
Ve = ke (1)
where V is the chamber volume (m’), C is the vapor
concentration (g/m’), ¢ is the time, k is a constant
(m’/s). By integrating Eq.(1) under the initial condi-
tion of C=C,at¢=0:

C=Ce " 2)

where &/} means the decomposition rate constant (1/s).

In the case of 1 ppm, we used the VOC monitor to
obtain a decomposition curve because the concentra-
tion would become so low that accurate quantification
might be difficult by the GC. Results are shown in
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Fig. 2. Change in toluene concentration in the chamber
measured with a gas chromatograph. A : 40 ppm, 0: 10 ppm,
O: 4 ppm, C: vapor concentration of toluene.
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Fig. 3. The decomposition rate was large at first, and
then decreased with time, and the curve was expressed
as two exponential decay, as follows.

-0.108t

-0.960t
C=1057¢ +0.372 3)

The reason for this may be that various kinds of
VOCs exist in the chamber because the initial air in
the chamber was the same as that in the laboratory.
The VOC monitor detects all VOCs in the air non-
selectively. The photocatalyst can decompose many
VOCs, but the decomposition rate depends on the
VOCs. Therefore, when hardly decomposable com-
pounds by the photocatalyst exist in the chamber, the
decomposition rate for such compounds is small, and
therefore, they remain in the chamber for a long period
of time. At first, because toluene concentration was
much higher than such VOCs, their effect on the de-
composition curve was small, but became large with
time and the slope of the decomposition curve changed
gentler. If this is the case, the curve in Fig. 3 can be
divided in to the decomposition of toluene and that of
other VOCs, and we assume that the 1st term on right
side in Eq.(3) was the result of the decomposition of
toluene and the 2nd term was that of other VOCs.

From Fig. 2, the decomposition rate constant de-
pended on the initial vapor concentration. However,
it was constant in each measurement, although the va-
por concentration decreased with time. This indicates
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Fig. 3. Change in toluene concentration in the chamber
measured with a VOC monitor. VOC: volatile organic
compound, C: vapor concentration of toluene.

that the constant decomposition rate did not change
even when the vapor concentration decreased due to
decomposition by the photocatalyst. But if the de-
composition rate is independent of concentration, the
slope of the three curves shown in Fig. 2 should be
parallel. This discrepancy could be caused by zeolite.
The surface of the filter used in this study was covered
with not only photocatalyst but also zeolite. Zeolite
is an adsorbent and organic vapors are adsorbed on
it. Therefore, reduction of the vapor concentration
mechanism is not only decomposition of the toluene
vapor in air by the photocatalyst but also adsorption by
zeolite. Adsorbed vapors are also decomposed by the
photocatalyst. If the vapor concentration in the cham-
ber is high, the amount of vapor adsorbed in zeolite is
also large because, in general, equilibrated adsorption
capacity increases with the increasing vapor concen-
tration. When the vapor concentration was high, the
initial amount of adsorbed vapor in zeolite was large,
so that the decomposition of toluene adsorbed in ze-
olite increased. If this is the case, decomposition of
the vapor in air by photocatalyst with zeolite should
be smaller than that without zeolite because all of the
photocatalysts cannot work for decomposition of the
vapor in air, and some of the photocatalysts work for
decomposition of solvent adsorbed in zeolite. There-
fore, the decomposition rate of toluene in air decreased
and the slope of the decomposition curve became gen-
tler.

To confirm the above consideration, we used a pho-
tocatalysts filter without zeolite and compared the re-
duction of toluene concentration. In order to avoid the
effect of background VOCs, the chamber was closed
and an air cleaner with photocatalyst was operated for
more than 24 hours to decompose the VOCs in both the
air and zeolite in advance. Results are shown in Fig. 4.
Compared with Fig. 3, the slope of toluene concentra-
tion was larger in both cases because the VOCs, except
for injected toluene, in the chamber were so small that
the effects of the background VOCs were negligible.
The results showed that the slope of vapor concentra-
tion by the filter without zeolite was larger than that
with zeolite, suggesting that the above consideration is
valid.

Takeuchi et al showed TiO, with 10% zeolite hybrid
photocatalyst indicated higher photocatalytic reactivity
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[7], and Jan et al described that TiO,/zeolite catalytic
adsorbent had a high potential for the removal of mul-
tiple air pollutants in the indoor air environment [8].
However, in our experiments, the existence of zeolite
in the TiO, photocatalyst lowered the decomposition
rate of toluene vapor in the air. In this study, we used
toluene as a test vapor. Because the decomposition
characteristics of photocatalyst may be different de-
pending on the vapors, more examination is needed
using other solvents.

Photocatalyst is available for improvement of in-
door air quality. In this study, the air cleaning charac-
teristics of photocatalyst using titanium dioxide were
investigated in order to apply to working environ-
ments. However, the decomposition rate of toluene
is not large, so that application to workplaces using a
large amount of organic solvents may be difficult in
the present condition. Improvement of the decomposi-
tion rate and the development of decomposition condi-
tions are needed for practical use.
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Fig. 4. Comparison of decomposition curves with and with-
out zeolite. O: with zeolite, O: without zeolite.
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