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Hydrophobicity of TiO2 pillared clay prepared from differ-
ent raw clays increased with the order of the raw clay; saponite
< montmorillonite < fluorine mica. This order agreed with that
of performance in both adsorption and photocatalytic degrada-
tion of toluene vapor in humid air.

TiO2 pillared clay has attracted much attention as a new
type of photocatalyst since its superior adsorption property ac-
celerates photocatalytic reaction.1–5 We have investigated the
photocatalytic degradation of organic substance on TiO2 pil-
lared clay in water.1,2 In the previous paper, it was clarified that
interlayer surface of TiO2 pillared clay is hydrophobic and hy-
drophobic interaction largely affects adsorption and photocata-
lytic degradation of phthalate esters and bisphenol-A in water
on TiO2 pillared clay.

1 Murayama et al. also reported that hy-
drophobicity of TiO2 pillared clay affected photocatalytic deg-
radation of hexachlorocyclohexane in water.3 In the present
work, to know the influence of hydrophobicity of the TiO2 pil-
lared clay on the photocatalytic activity in degradation of tolu-
ene vapor in air, we prepared three kinds of TiO2 pillared clay
using different raw clays.

TiO2 pillared clays were prepared with a procedure report-
ed by Kitayama et al.4 with some modifications. Titanium tetra-
isopropoxide was added to stirred acetic acid solution of 80wt
%. The molar ratio of acetic acid to the alkoxide was 24. The
resulting white slurry was stirred at room temperature to give
clear TiO2 sol. The raw clays used were synthetic saponite
(Smecton SA, Kunimine Industrial Company), natural refined
montmorillonite (Kunipia-F, Kunimine Industrial Company)
and synthetic fluorine mica (Somasif ME-100, COOP Chemical
Co, Ltd.), and those cation exchange capacity (CEC) were 1.1,
1.2, and 0.7meq�g�1, respectively. The TiO2 sol was mixed
with 1wt % aqueous suspension of the raw clay. The mixed sus-
pension was stirred for 3 h at room temperature. The product
was centrifuged and washed with water several times for re-

moving excess TiO2 sol. The aqueous suspension of the washed
wet product was sprayed on one side of a circular filter paper
(Advantec Toyo, No. 5A, 110mm diameter) to prepare the test
piece for adsorption-photocatalytic degradation test. The test
piece was dried in air at room temperature and followed by
heating at 393K. The catalysts prepared are listed in Table 1.
Each TiO2 pillared clay will be referred to as Sapo-Ti, Mont-
Ti and Mica-Ti in this letter. P-25 (Degussa) was employed
as a reference TiO2 catalyst.

From results of X-ray diffraction (XRD), every pillared
clay showed similar interlayer spacing, which ranged from 48
to 56 �A (Table 1). Further, every pillared clay showed clear
and similar intensity of diffractions due to anatase phase in ad-
dition to those due to the host clay. Crystalline size of TiO2 of
the pillared clay, which calculated from anatase (101) diffrac-
tion, varied from 36 to 39 �A and its range was narrow
(Table 1). These results indicated that TiO2 nanoparticles were
intercalated to silicate layers in the clay to expand layer spac-
ing, and that the crystalline state and size of anatase were sim-
ilar in every pillared clay.

Nitrogen adsorption isotherm was measured at 77K using
the pillared clay degassed at 393K. In Table 1, BET surface
area calculated from nitrogen adsorption isotherm varied from
301 to 402m2g�1 and total pore volume ranged from 0.264 to
0.329 cm3g�1. TiO2 content varied from 41.7 to 48.0wt %
(Table 1). These variations of BET surface area, total pore vol-
ume and TiO2 content should be due to difference in particle
size or CEC of the raw clays. Meanwhile average pore diameter
and interlayer spacing varied only slightly as shown in Table 1.
Therefore, the structures of interlayer pores in the pillared clays,
which would affect adsorption property of the catalysts, seem to
make little difference.

Water adsorption isotherm was measured at 298K using the
pillared clay degassed at 393K. The extent of hydrophobicity
on the catalyst was evaluated by using surface hydrophobicity
index (SHI),6 which was calculated from both BET surface area

Table 1. Results of characterization of the TiO2 pillared clays prepared and reference material

Catalyst Interlayer Crystalline size Average Total BET surface area BET surface area SHIe TiO2

Spacinga of TiO2
b pore diameterc pore volumec in N2 adsorption

c in H2O adsorptiond / % contentf

/ �A / �A / �A / cm3g�1 / m2g�1 / m2g�1 / wt %

Sapo-Ti 56 39 31 0.283 368 324 12 48.0
Mont-Ti 48 36 35 0.264 301 239 21 43.5
Mica-Ti 55 39 42 0.329 402 268 33 41.7
P-25g — 197 — 0.097 49 39 20 99.4
aObtained by subtracting the thickness of silicate layer (9.6 �A) from d-spacing of (001) of silicate layers. bCalculated from (101) diffraction of anatase using

the Scherrer’s equation. cDetermined from nitrogen adsorption isotherm at 77K. dDetermined from water adsorption isotherm at 298K. eSurface hydro-

phobicity index was obtained by the following equation: SHI (%) = (1 � BET surface area in H2O adsorption / BET surface area in N2 adsorption) �
100.6 fDetermined by elemental analysis using X-ray fluorescence method. gDegussa.
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obtained by nitrogen and water adsorption isotherms (Table 1).
SHI on the pillared clay ranged from 12 to 33% and was raised
in order of Sapo-Ti < Mont-Ti < Mica-Ti.

Weight of the catalyst on the test piece for adsorption-
photocatalytic degradation test was in the range from 21 to
33mg. The test piece was irradiated by UV light for 24 h in
air for cleaning up the catalyst surface before the test. The test
piece was put in a gas sampling bag made of polyvinyl fluoride
(Tedlar) film having 5 L capacity and the bag was sealed. 3 L of
toluene gas regulated to 120 ppm with air, which contained 20–
30% relative humidity, was introduced into the bag through a
valve and stopped. The bag was set in the dark at room temper-
ature. A part of the gas was extracted with a syringe through a
valve for monitoring the toluene concentration. The monitoring
was achieved by means of gas chromatography (GC-FID), and
then adsorption equilibrium concentration was checked. The ad-
sorption to the support filter paper was confirmed by the blank
test and subtracted. After the adsorption equilibrium was
achieved in the dark, UV irradiation (black light, wave length
of the maximum intensity: 365 nm, illumination at the surface
of the bag: 1.0mW�cm�2) was carried out at room temperature.
The toluene concentration was monitored in the same manner as
above and CO2 concentration was also monitored by means of
GC-TCD.

Figure 1a shows adsorption amount of toluene on the cata-
lysts. The three kinds of pillared clays showed different adsorp-
tion performance: the order of adsorption amount was Mica-Ti
> Mont-Ti > Sapo-Ti. This order was the same as the order of
SHI (Table 1). This indicated that high surface hydrophobicity
enhanced enrichment of hydrophobic toluene vapor by adsorp-
tion on the surface with less inhibition by adsorption of water
vapor in air. Figure 1b shows degradation rate constants in
the initial stage on the catalysts. The order of the rate constant
among the pillared clays was quite the same order of the adsorp-
tion amount. Especially, Mica-Ti, which had the highest surface
hydrophobicity among the catalysts, showed the most excellent
photocatalytic performance, namely, about five times of P-25.
Figure 2 shows amount of produced CO2 in degradation per
weight of the catalyst. The order of amount of produced CO2

was also agreed with that of the degradation rate constant. After
180min of irradiation, mineralized toluene reached 86% of ini-
tial amount in degradation on Mica-Ti. As mentioned above (re-
sults of XRD), the crystalline phase and the size of TiO2 in ev-
ery pillared clay seemed to be similar to each other. Therefore,

this difference in photocatalytic activity on the pillared clay
seems to be due to the difference in surface hydrophobicity of
the pillared clay. Further, it was confirmed that enrichment of
hydrophobic reactant by adsorption enhances photocatalytic
degradation in humid air. In literature, negative effects of hu-
midity were reported on degradation rate of hydrophobic sub-
stance in air.7 To protect photocatalytic performance of TiO2

from the inhibition by water vapor adsorption, the enhancement
of surface hydrophobicity of the catalyst by selection of host
clay around TiO2 seems to be one of the effective means.

In conclusion, it was clarified in the present study that the
hydrophobicity of pillared clay could be designed by the selec-
tion of raw clay and highly hydrophobic TiO2 pillared clay has
an advantage for the photocatalytic performance in degradation
of toluene in air through enrichment of the substance by adsorp-
tion.
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Figure 1. Adsorption amount (A) and initial reaction rate constant
(B) per weight of catalyst in adsorption-photocatalytic degradation
test of toluene vapor on Mica-Ti, Mont-Ti, Sapo-Ti, and P-25.

Figure 2. Time course of amount of produced CO2 in photocatalyt-
ic degradation test of toluene vapor on Mica-Ti (triangle), Mont-Ti
(square), Sapo-Ti (diamond), and P-25 (circle).
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