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INTRODUCTION

   The incorporation of titanium into the framework of high-silica zeolites has expanded the application of these materials in the filed of organic synthesis. TS-1 was found to be an effective catalyst for the selective oxidation of a number of organic substrates using diluted H2O2 as an oxidizing agent under mild conditions, i.e, hydroxylation of aromatics and phenol [1]. This topic also led to the synthesis of other medium-pore Ti-zeolites, e.g., TS-2 (MEL) [2] and Ti-ZSM-48 (10-MR) [3]. More recently, the large pore molecular sieve Ti-beta (12-MR) was intensively studied [4].

   For examining the catalysis activity of titanium-containing zeolites with medium-pore and large-pore structure, we synthesized the TS-1 (10-MR) and Ti-beta (12-MR) zeolites. Their performances for phenol hydroxylation with H2O2 over TS-1 and Ti-beta were studied. In particular, the effect of crystal size of TS-1 catalyst on the shape selectivity was investigated.

For the synthesis of TS-1 catalysts, we experimentally selected a suitable titanium source to avoid the formation of TiO2, and we also studied the influence of template on the crystal size of TS-1 in detail. Furthermore, the acidity of Ti-beta induced by a small amount of Al in the framework was examined. By employing XRD, FT-IR, SEM, XRF and UV-vis, the TS-1 and Ti-beta catalysts were characterized. 

EXPERIMENTAL
1. Synthesis of catalysts 

1.1. TS-1 zeolites

   TS-1 zeolites with Si/Ti molar ratio increasing from 20 to 100 were synthesized with different templates and Ti sources. The TEOS was used as the Si source for all TS-1 catalysts. Crystallization was carried out at 175 oC for 2-5d, and then the catalysts were calcined in air at 550 oC for 10 h. In order to avoid the formation of TiO2, the TBOT, TiCl3 and TiF4 were used as the Ti source. When TBOT was used, it should be mixed with 2-propanol in advance. To regulate the crystal size of catalyst, TPAOH, TPABr and C6DN were used as templates. The Si/Ti ratio and the gel composition are given in Table 1.

1.2. Ti-beta zeolites

   Aerosil 200, TEOT, TEAOH, aluminum nitrate were used as reagents. Crystallization was carried out at 142 oC for 60 h. After washing and drying, the as-synthesized catalysts were calcined in air at 580 oC for 5h. The ratios of Si/Ti and Si/Al are listed in Table 2.

Table 1. Conditions for the synthesis of TS-1 and experimental results 

Catalyst number  
Si/Ti
Gel composition 
Ti

Source 
b
HQ/CAT

1
20
0.36TPAOH-34H2O
TBOT
0.4
2.98

2
20
0.2TPABr-0.3C6DN-0.217TPAOH-72H2O
TiCl3
2.6
0.82

3
20
0.13TPABr-0.3C6DN-72H2O
TBOT
3.3
0.8

4
40
0.13TPABr-0.3C6DN-72H2O
TBOT
3
0.75

5
40
0.1TPABr>0.3C6DN-72H2O
TBOT
3.7
0.57

6
40
0.13TPABr>0.3C6DN-72H2O
TBOT
5.3
0.54

7
50
0.40TPAOH-38H2O
TiF4
0.23
1.406

8
45
0.36TPAOH-34H2O
TBOT
0.25
0.75

9
80
0.36TPAOH-35H2O
TBOT
0.27
0.64

10
100
0.1TPABr-0.3C6DN-72H2O
TBOT
2
0.37

11
50
0.53TPAOH-44H2O
TiF4
0.2
1.12

12
35
0.46TPAOH-90H2O
TiF4
0.25
1.2

    HQ : hydroquinone,  CAT : catechol,  b : thickness of a single crystal.

Table 2. The ratio of Si/Ti and Si/Al of Ti-beta

No.
Si/Ti
Si/Al

B1
40.6
195.2

B2
40.6
100.0

B3
40.6
400.0

B4
30.0
195.2

B5
60.0
195.2

2. Characterization

   The structure and crystallinity of the catalysts were determined by X-ray power diffraction. The XRD sepcra were obtained using CuK ( radiation ((=1.5406 Å). The morphology and the size of synthesized catalysts were observed by SEM (JAM-840A). Infrared spectra were recorded on a Nicolet Impact 410 FT-IR instrument (in the range of 400-4000 cm-1) using the KBr pellet technique. UV-vis spectroscopic measurements were carried out on a Varian CARY 3E double beam spectrometer and dehydrated MgO as a reference in the range of 190-820 nm.

3. Catalytic experiment

   Hydroxylaiton of phenol with H2O2 was carried out over TS-1 and Ti-beta, respectively, at 75 oC with 0.1 mol of phenol, 2 g of diluted (35 wt%) H2O2 and 1 g of catalyst. Methanol was used as solvent. The products were collected and analyzed by HP 5890 GC equipped with HP-1 capillary column and FID.

RESULTS AND DISCUSSION 
   As shown in Fig. 1, the XRD pettern of TS-1 zeolite matched well with the MFI structure. The most intense XRD peak at 2( ( 22.4°of Fig. 1 clearly indicates that zeolite beta was crystallized. The incorporation of Ti into the zeolite framework could be monitored by the band at 960 cm-1 of  IR spectra presented in Fig. 2.

   The UV-vis adsorption spectrum of TS-1 synthesized with TiF4 consists of a single narrow absorption band at about 220 nm, which is indicative of Ti in the framework. The peak at 330 nm corresponding to anatase (TiO2) was not observed. 

The crystal size (b) of TS-1 catalyst was listed in Table 1. While about 0.2 to 0.4 (m size of crystal could be obtained by using TPAOH as a template, the templates TPABr and C6DN gave rise to catalysts of larger crystal size.

Due to the diffusion limitation of aromatics in the medium-pore molecular sieve, the crystal size of catalyst affects the shape selectivity of products from hydroxylation of phenol over TS-1. With the same ratio of Si/Ti, the molar ratio of product HQ (p-isomer) to CAT (o-isomer) decreased as the size of crystal increased. These results of reaction are presented in Table 1 (Catalyst No. 1 to 3 and No. 4 to 6) and Fig. 3. As a large-pore molecular sieve, the Ti-beta catalyst shows better activity than TS-1, but its activity seemed to be affected by its acidity resulted from the Al located in the framework. More research work should be done for decreasing the amount of Al in Ti-beta.

CONCLUSIONS
   TiF4 used as titanium source for the synthesis of TS-1 offers considerable advantages over Ti alkoxides; i.e., TiO2 is not formed under the synthesis conditions with TiF4. Comparing with TPABr and C6DN, the template TPAOH yields TS-1 catalyst of smaller crystal size, which turned out to be favorable for the formation of HQ (p-isomer) in hydroxylaion of phenol. Ti-beta zeolite with large ratio of Si/Al could be synthesized by the present method, and it was observed to be more active than TS-1.
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  Fig. 1.  XRD patterns of TS-1 (No.8)              Fig. 2.  IR spectra of TS-1 (No.4)
         and Ti-beta (No.B1).                            and Ti-beta (No.B1).
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 Fig. 3.  TS-1 Crystal size versus shape selectivity( Si/Ti = 40 ).
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