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Introduction
Zeolites are widely used catalysts in reactions for the production of petrochemicals and fine chemicals. Recently, the breakthrough discovery of theM41S family of mesoporous silicas[1, 2], exemplified by the MCM-41 bearing hexagonal-close-packed channels, has led to a host of studies aimed at creating novel composite materials and tailoring the catalytic properties by incorporating transition metals such as Ti[3], Zr[4], V[5], Cr, Mo and Mn[6] into the silica-based mesostructures. Owing to their extremely large surface area (generally exceeding 1000m2/g) and ultra-large aperture (1.5-20.0nm in diameter) the heteroatomic mesoporous molecular sieves thus obtained have attracted great practical and academic interest as acid or redox catalysts in reactions for processing and /or producing bulky molecules[7].

Tungsten oxides are a versatile catalytic composite which has been extensively involved in catalysts for hydrodesulfurization, alkene metathesis[8], and hydroxylation of unsaturated organics[9]. Therefore, the preparation of W-containing mesoporous catalytic material was desirable. But unfortunately, only one literature can be found concerning direct synthesis W-MCM-41[10].

In our contribution, we synthesized W-MCM-41 and W-SBA-15 by direct and grafting method. They were denoted as W-MCM-41(H), W-MCM-41(G), W-SBA-15(H) and W-SBA-15(H). The yielding materials were characterized by XRD and UV-vis spectroscopy. And the catalytic properties were assessed in the oxidation of 2,6-DTBP and the epoxidation of cis-cyclooctene.

Experiment
W-MCM-41(H) were synthesized following the procedure of reference [10] by using the TEOS [tetraethyl orthosilicate, Aldrich, 98%], AT [ammonium tungstate, Aldrich, 99.99%], and CPCl [cetylpyridinium chloride monohydrate, Aldrich, 98%] as the source of silica, tungsten ion and template. Typically, 4.38g of CPCl was combined with 23.65g HCl (hydrochloric acid, Aldrich, 37wt%) under magnetic stirring. When the solution became clear, 8.5g of TEOS and a solution of calculated amount of tungsten ion precursor were simultaneously introduced under vigorous stirring to give a mixture with reactant molar composition as follows: 

 TEOS : 0.3 CPCl : 0.02 W : 6 HCl : 60H2O 

After allowing the resulting gel to age at 323K under gentle stirring for 22h, the solid product was filtered, washed with deionized water, dried and calcined at 823K for 4h.

The pure MCM-41 was synthesized as follows: 1.74g of CTMABr [cetyltrimethylammonium bromide, Aldrich, 98%] was dissolved in a solution of 50.08g of NH4OH (ammonium hydroxide, DC Co. Ltd, 28wt%) in 82.08g H2O under stirring, then 8.5g of TEOS was added to the solution and stirred until the mixture became clear. The gel was aged at 353K for 96h. The reactant molar composition was 

TEOS : 0.12 CTMABr : 10 NH4OH : 114 H2O 

The solid product was filtered, washed with deionized water, dried at 353K overnight and calcined at 823K for 5h.

The pure SBA-15 was synthesized following the published literature. Typically, 5g of P123 was dissolved in the solution of 29.56g of HCl (37%) in 161.37g of H2O, the mixture was stirred at 308K until the solution became clear. Then 10.63g of TEOS was added under stirring for 30min. The gel was aged at 308K for 24h and 373K for 48h. Then the procedure of filtering, washing, drying and calcinations were same as above mentioned. The SBA-15(H) was synthesized with the same procedure except introducing the tungsten ion precursor solution simultaneously with TEOS.

The grafting procedure is as follows: the calcined pure MCM-41 or SBA-15 was dehydrated at 483K for 6h under vacuum condition. The tungsten was introduced in glove box. TE [tungsten ethoxide, Gelest, 95%] was used as the tungsten source. The calculated amount of TE was added to ethanol and the mixed with the mesoporous material under stirring for 1h, and then the solid was collected after filtering, washing with absolute ethanol and drying at ambient temperature overnight, finally the tungsten-grafted materials were calcined at 673K for 4h.

The oxidation reaction of 2,6-DTBP[2,6- di-tert-butylphenol, Aldrich, 98%] was carried out at 333K for 2h. Typically, when acetone was used as solvent, 30mmol of H2O2 (hydrogen peroxide, Fluka, 30wt%), 10mmol of 2,6-DTBP, 10g of acetone and 0.1 g of catalyst were charged. When acetic acid was used as solvent, 45mmol of H2O2 (30wt%), 15mmol of 2.6-DTBP, 0.25mol of acetic acid [Aldrich, 99.7%]and 150mg of catalyst were charged. The epoxidation reaction of cis-cyclooctene was carried out at 298K for 24h. Typically, 1.16g of cyclooctene[Aldrich, 95%], 5.76g of H2O2 (30wt%), 13.45g of t-butanol[Sigma, 99%] as solvent, and 150mg catalyst were charged. The oxidation and epoxidation products were identified by standard sample. And the product analysis was conducted on HP5890 II equipped with FID detector and the column (HP-5, 30m*0.32mm). 

Results and Discussion
The catalytic performance were shown in table 1 and 2, which revealed that the synthesized materials can be used as the catalysts for the oxidation reaction of DTBP in acetic acid medium. It was suggested that the acidity of the acetic acid could play important roles in facilitating the reaction.

The UV-visible spectra were shown in Fig.1 and 2, they supported that the activity sequence shown in Table 1 and 2. The XRD patterns of W-MCM-41 synthesized by hydrothermal and grafting method were shown in Fig. 3.

Table 1.  Catalytic properties of tungsten containing mesoporous materials as catalysts for oxidation of 2,6-DTBP(333K, 2h)

	
	In acetic acid
	In acetone

	
	Conversion 
	selectivity
	conversion
	selectivity

	W-MCM-41(G)
	10.58
	81.70
	-
	-

	W-MCM-41(H)
	9.77
	80.58
	-
	-

	W-SBA-15 (G)
	7.62
	82.13
	-
	-

	W-SBA-15 (H)
	6.46
	88.17
	-
	-


Table 2.  catalytic activity of tungsten containing mesoporous materials as catalysts for epoxidation of cis-cyclooctene(298K, 24h,t-Butanol as solvent)

	
	Conversion of cyclooctene

	W-MCM-41(G)
	34.99

	W-MCM-41(H)
	13.35

	W-SBA-15 (G)
	3.36

	W-SBA-15 (H)
	1.95
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Conclusions:

The tungsten containing mesoporous materials have been synthesized and they could be used to catalysize the oxidation of DTBP in the acetic acid rather than in the acetone, and the epoxidation of cyclooctene. 

The catalytic activity of various catalysts have the same sequence: W-MCM-41(G) > W-MCM-41(H) > W-SBA-15(G) > W-SBA-15(H). 
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Figure 2. UV visible spectra of 


(a) W-MCM-41(G), (b) W-MCM-41(H)
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Figure 1. UV visible spectra of


 (a) W-SBA-15(G), (b) W-SBA-15(H)
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Figure 3. XRD patterns of  W-MCM-41 


W-MCM-41(G),  W-MCM-41(H)
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