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Abstract

The preparation, characterization and photoreactivity of heteropolytungstic agfi\MtiO40)—encapsulated into the
titanium-exchanged HY (TiHY) zeolite is presented. In the photoreaction study of methyl orange in the presence of HPA-
encapsulated Ti@zeolite, a 20-fold increase in the photoreaction rate is observed as compared to the rate observed in the
presence of HPA-encapsulated HY zeolite withoutJliO
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction served when HPA were either deposited at the surface
of the zeolite or encapsulated in its pofés9]. This is

In the recent years, solid heteropolyacids (HPA) are because zeolites have unigue uniform pores and chan-
known to be active reuse catalysts for a variety of nelsizes (3-8 A) which provide selective exclusion of
homogeneous and heterogeneous acid catalyzed reacmolecules or ions. Zeolites may also be used as con-
tions due to their strong Bronsted acidity character strained systems for the preparation of semiconduc-
compared to homogeneous catalysts such £5Q, tors (TiQy) with limited particle size and shape, and
HCI, AICI3, etc.[1,2]. For reuse of the HPA catalysts they can provide with specific photophysical proper-
many researchers prefer to support HPA on solid sur- ties such as the control of charge transfer and electron
faces like carbon, Si§ Y-type, MCM-41 zeolites, etc.  transfer processgd0-13] So our main intention is
in order to make thermally stable immobilized catalyst compiling both the above properties in order to pre-
[3-5]. pare novel photocatalyst.

Thus prepared immobilized catalysts could exhibit  In this work, we have studied the preparation of the
high catalytic activity for the conversion of formation HPA encapsulated into TiHY zeolite with the aim to
of large organic molecules. Among the immobilized observe the photoinduced interfacial electron transfer
catalysts, important novel catalytic properties were ob- from the titanium in TiHY zeolite to the encapsu-

lated HPA, which induces the synergistic enchance-
"+ Corresponding author. Tel+82-42-821-6546: ment of the catalytic activity of photoreduction of
fax: +82-42-823-7008. methyl orange (MeOr) analogous to the plant photo-
E-mail addressmjyoon@cnu.ac.kr (M. Yoon). system.
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2. Experimental
2.1. Materials and methods

The chemicals used are NaY zeolite, ammo-

nium titanyl oxalate monohydrate, sodium tungstate
(Aldrich) and methyl orange (Fluka). All the other

S. Anandan et al./Journal of Molecular Catalysis A: Chemical 195 (2003) 201-208

pension and then filtered with a 0.45h PVDF
filter.

2.2. Preparation of the photocatalyst

HY zeolite [6] were prepared from NaY zeolite
(Si/Al = 2.47) by ion exchange with a 10 wt.% NBI

chemicals used were purest research grade availablesolution. The TiHY zeolite (7.2 Ti species in each unit
Diffused reflectance UV-Vis spectra of the samples cell) is prepared via ion exchange of HY zeolite (1 g)
were recorded using a Shimadzu UV-3101PC spec- with an aqueous solution of ammonium titanyl ox-

trophotometer equipped with an integrating sphere.
IR spectra are recorded with a JASCO FT/IR 410
spectrophotometer by employing KBr pellet tech-
nique.3P NMR MAS spectra of 161.921 MHz were
recorded at room temperature on a Bruker (DSX
400) spectrometer using 3RO, as external refer-

alate monohydrate (88 x 102 mol/l) [12]. In order
to avoid basicity of aluminium, which accelerates the
decomposition of HPA, Y-type zeolite was dealumi-
nated in a steam atmosphere for 10 h before the TiHY
zeolite preparation.

Encapsulation of HPA in the titanium-exchanged

ence. For the photoreduction processes, Xe arc lampHY zeolite matrix was carried out by an in situ syn-
(» = 320nm) was used as a light source. Progress thesis of this compound in a similar manner to Bailar
of the reaction was monitored spectrophotometri- [14] procedure for the synthesis of HPA (i.e. the ratio
cally using a SINCO UVS 2040 spectrophotome- of sodium tungstate and disodium phosphate 1:1/12).
ter after a certain period of irradiation of the sus- The preparation procedure is as follows: 2 g of TiIHY
70

60

50 4

40

Transmittance (%)

10 +————1——1——1——1——1——1———
1300 1200 1100 1000 900 800 700 600 500
Wavenumber (cm™)

Fig. 1. IR spectra of TiHy zeolite- (-) and HPA-encapsulted into TiHY zeolite (—).
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Fig. 2.31P MAS NMR spectra of: (a) HPA; (b) HPA encapsulated into HY zeolite; (c) HPA encapsulated into TiHY zeolite.

zeolite was added to a solution of disodium phosphate the PW»040%~ ion, i.e. the Keggin unit. IR spectra
[NagHPOy-12H,0; 0.5195¢g] in water and the whole recorded for the encapsulated HPA into TiHY zeo-
mixture was stirred to 2h at ambient temperature. lite shows absorption bands at 1083, 965, 899 and
Then a solution of sodium tungstate @\€O4-2H,0; 821 cnt!, which are typical of Keggin unit as well
14.693 g) was added dropwise to the suspension. Af- as the titanium-exchanged HY zeolitBig. 1). The
ter 1.5h of stirring, a stoichoimetric amount of HCl peak at 1083 cm! are assigned to M-O stretchings
was added dropwise. The suspension was stirred fur-(where M = P/Ti) and the peak at 965cmh may
ther for 4 h. Finally, the zeolite was separated from lig- be M=O stretching (where M= W). The other two
uid and washed thoroughly with hot doubly distilled peaks (899 and 821 cm) may be due to M—O-M
water. vibrations (where M= Si, Al, W). The fact that all
the peaks are found to be overlapped over the other
leads to conclude that both the exchanged titanium

3. Results and discussion and the encapsulated Keggin unit are present in the
zeolite cavity[8,9,11,13]
3.1. Characterization of the photocatalyst Further, in order to confirm the prepared novel pho-

tocatalyst we adopt NMR for all the prepared samples.
Infrared analysis of the encapsulated heteropoly- In Fig. 2, 3'P NMR MAS spectra of the sample are
acids confirmed the presence of the finger print shown. Pure crystals of the heteropolytungstate gave
bands below 1100cnt which are characteristic of a sharp peak at14.799 ppm whereas the encapsu-
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Fig. 3. UV-Vis diffused reflectance spectra of: (—) HPA encapsulated into TiHY zeolite; (---) HPA encapsulated into HY zeoljte; (

TiHY zeolite.

lated HPA into HY zeolite shows broad peaks from
—10.52 to—14.6 ppm. Five peaks—11.36,—12.72,
—13.09,—13.37 and-13.59 ppm) were observed for
the HPA-encapsulated TiHY zeolite, suggesting that
the Keggin unit is present in the zeolite cavity. Such
broad peaks may be due to the distortion of isotropic
chemical shifts off!P due to various electronic en-
vironments of HPA adsorbed in the mesoporous of
the zeolite and also due to the various number of
water molecules in the proximity of the polyanion
[8,9,15-17]

Fig. 3 shows the diffused reflectance spectra of
HPA encapsulated into TiHY zeolite, which is dif-
ferent from that of the titanium-exchanged HY
(TiHY) zeolite and HPA-encapsulated HY zeolite
[11]. The absorption for the HPA-encapsulated TiHy
zeolite is further red shifted (400 nm), which is vi-
tally important for the photoinduced electron transfer
processes.

3.2. Photoreduction of methyl orange (MeOr)

The rate of heterogeneous photoprocess was mea-
sured with varying amount of the catalyst at a fixed
[MeOr] (5 x 10-°M), pH (4.0) in 30 ml of ethanol.

It was observed that the rate increased with the in-
crease in the amount of catalyst, indicating the pho-
todegradation of [MeOr]Fig. 4 shows the variation

of MeOr absorbance at different time intervals with
respect to various catalyst amounts. It is therefore
clear from the figure that the photodegradation of
MeOr occurs linearly with time for each of the cat-
alyst concentration. In a separate experiment, it was
confirmed that in the absence of photocatalyst, the
rate of the photoreaction of MeOr was negligible. The
observed increase in the photoreaction of MeOr in the
presence of the catalyst suggests that the irradiation
leads to a photoreduction of MeOr to hydrazine (Hz)
[18,19]
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Fig. 4. Plot of variation of catalyst (HPA-TIHY zeolite) upon irradiation time in the presence of fixed initial concentration of MeOr
(5 x 1075 M).

Scheme 1. The proposed mechanism for photoreduction of methyl orange by using the HPA encapsulated into TiHY zeolite.
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Fig. 5. Plot of variation of concentration of MeOr upon irradiation time in the presence of a fixed amount of HPA-TIHY zeolite (30 mg). Inset showshplmreduction
rate of MeOr vs. the concentration of MeOr in the presence of fixed HPA-encapsulated TiHY zeolite (30 mg).
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Fig. 6. Comparison of photoreduction rate of MeOr in the presence of: HPA-encapsulted HY ZAR)|itdRFA-encapsulated TiHY zeolite
(@) and TiHY zeolite ). Concentration of both catalyst and [MeOr] is the same (30 mg,15-°M).

At a fixed amount of the catalyst, the rate of the re-
action was measured with the various initial concen-
tration of MeOr. It was observed that the reaction rate
increased with increasing concentration to 50> M
and then decreases very rapidly (insefaf. 5). This
may be due to saturation of adsorption of MeOr over
the catalyst surface. The variation of MeOr degrada-
tion with respect to different [MeOr] at different time
intervals is shown irrig. 5. The linear plots irFig. 5
indicate that the reaction follows first order kinetic be-
haviour.

3.3. Comparison of photocatalytic efficiency

The observed rate of reaction on the HPA encapsu-
lated into TiHY zeolite is found to be 20 times as high
as that on the HPA encapsulated into HY zeolite and 9
times as high as that on TiHY zeolite without encap-
sulated HPAEig. 6). Similarly a four-fold increase in
the rate is observed when compared to the HPA-TIO

colloidal system. Thus, in the prepared HPA encap-
sulated into TiHY zeolite the photoinduced interfacial
electron transfer should take place from the titanium
in HY zeolite to the encapsulated HPA, followed by
the synergistic enhancement of the catalytic activity
of photoreduction of MeOr in a way analogous to the
plant photosystemScheme }Las proposed previously
for the colloidal systenfil9].

4, Conclusion

The HPA encapsulated into TiHY zeolite is very ac-
tive as a photocatalyst towards the photoreduction of
methyl orange. Undoubtedly, the zeolite matrix pro-
vides a better dispersion of active titanium sites and
free accesses of the MeOr molecules to these isolated
sites, thereby facilitating the photocatalytic activity.
The present work, however, may serve as a prelim-
inary step towards designing further studies on the
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photophysical and photochemical aspect, being under [7] S.R. Mukai, L. Lin, T. Masuda, K. Hashimoto, Chem. Eng.

scrutiny in our laboratory at present.
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