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Introduction
Owing to their large and regular pore-sizes (2~50nm), mesoporous materials can be very useful in the various organic transformation of bulky substrates. However, due to amorphous structure of the pore wall, mesoporous materials have low thermal stability and the acid strength of Al-MCM-41 resembles that of the amorphous silica alumina rather than that of the more strongly acidic zeolites [1]. Recently, to increase the acid strength and hydrothermal stability, synthesis of mesoporous materials with pore-wall of zeolytically ordered structure have been studied by several researchers. For this purpose, two synthesis schemes were proposed. The first approach is a direct assembly method using zeolite-colloids, whilst the second approach involves a post-synthetic treatment of pore walls with a structure directing organic template [2,3]; recrystallization of amorphous mesopore wall to MFI structure using impregnation of tetrapropylammonium hydroxide (TPAOH) followed by further hydrothermal treatment [2,3]. In this work, we report our experimental results on the latter synthesis technique. Crystallization time, temperature, and hydrothermal stability of mesoporous host subjected to the post-synthetic treatment were proven to be very important factors in maintaining the original mesostructure.

Experiment
 Post-synthetic treatment to obtain a mesoporous molecular sieve with zeolytically ordered wall structure was conducted in a two-step process. First step is the synthesis of various mesoporous materials (SBA-15, MCM-41 and HMS). SBA-15 was synthesized using a triblock copolymer, (Pluronic P123, BASF). For typically synthesis, 10g of Pluronic P123 was added to 380ml of 1.6M HCl. After stirring for 1h, 21.3g of tetraethylorthosilicate (TEOS, 98%, Aldrich) was added to the solution with vigorous stirring for 10min. Resulting mixture was left for 24h at 308K and subsequently for 24h at 373K. The solid product obtained was filtered without washing, and dried overnight at 373K. After drying, product was calcined at 823K for 4h. MCM-41 and HMS were synthesized according to the methods described in references. Second step was wetness impregnation of mesoporous materials with aqueous TPAOH (1M,Aldrich) (SiO2/TPAOH weight ratio of 0.25 or 0.5). After aging for 2h, the impregnated samples were heated by microwave to 443K for various heating periods between 10min and 40min. The obtained products were filtered, dried and calcined in air at 823K for 5h. 
Result and Discussion
Impregnation of the host materials with TPAOH rendered the surface subjected to high alkalinity. In this condition (over pH 11), SiO2 can be dissolved in the aqueous media, and consequently mesoporous host materials have suffered severe damage to their structure and resulted in substantial reduction in the surface area [2]. Control of crystallization time and hydrothermal stability of mesoporous host materials thus can be very important factors in order to maintain the mesostructure. In this respect, the faster and more homogeneous heating achieved by microwave is a real advantage enhancing nucleation and crystal growth, as was proved to be a significant advantage in the preparation of inorganic oxide materials in general [4]. XRD patterns of post-synthesis products by microwave heating were shown in Fig 1, 2. As the synthesis time for the TPAOH impregnated SBA-15 increases, the mesostructures were damaged; continuously the peak intensity of the d100 signal steadily decreased and all higher order signals were completely eliminated with only 10min. microwave heating. Concurrently, the characteristic MFI peaks emerged and steadily grew in intensity (Fig. 1). Fig. 2 show the XRD patterns of TPAOH treated SBA-15 obtained at lower TPAOH concentration (SBA-15/TPAOH weight ratio 0.5). Whilst the collapse of the mesostructure was slowed down, steady decreases of the d100 signal and disappearance of the long range ordering were inevitable. However, after 40min of microwave heating, the fully grown characteristic peaks of MFI were observed; apparently, TPAOH/SiO2 prevailing under the given condition favors the zeolite formation. For 10, 20 and 30min microwave heating, no MFI characteristic peaks were observed, signaling the activation process of zeolite crystallization process. Because MCM-41 and HMS have thin pore walls and low hydrothermal stability compare to SBA-15, only after 30min microwave heating the amorphous mesostucture was all converted to MFI structure.  

SEM analysis confirms the trend of the XRD patterns of the TPAOH-impregnated SBA-15, obtained at different synthesis time with different concentration of TPAOH. The particles are believed to be silicalite-1 and were of spherical shape with an average size of 3nm, and it appears that the ‘degree of crystallinity’ in particles of such small size is insufficient to exhibit Bragg reflections (Fig 2f, 2g, 2h) and only after 40min heating of microwave, theses products exhibit the XRD patterns typical for this crystalline phase due to their relative large size [5]. Gradually damage of the mesopore structures of samples was also confirmed by BET surface area measurement. After 10min of microwave heating, the surface area falls to 481m2/g from 800m2/g (SBA-15) and the surface area was gradually reduced, as function of synthesis time. This indicates mesopore structure was damaged during recrystallization and TEM image precisely show that in Fig. 3.

[image: image1.wmf]1

2

3

4

5

6

7

8

 

 

SEM micrographs of post-synthesis samples after different microwave irradiation, different TPAOH concentrations are shown in Fig.4. The morphology of all samples was transformed into spheroidal shapes (silicalite-1) from worm like shapes (SBA-15). Fig. 4 shows samples of SBA-15/TPAOH weight ratio 0.5. It is clearly seen that mesoporous materials (SBA-15) and zeolite molecular sieves (silicalte-1) were mixed. After 10min heating by microwave, there are nano-sized particles that were homogeneously distributed over the samples, increasing synthesis time nano-sized particles were growing and then most of SBA-15 were converted to silicalite-1 at 40min heating by microwave (Fig. 4d).
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Conclusions
Amorphous walls of mesoporous materials could not be transformed into the MFI structure of zeolite by post-synthetic means. Instead, a mixed mesoporous / zeolite composite molecular sieve was obtained. 
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Fig. 1 XRD patterns of post-synthesis products by microwave heating  (SBA-15/TPAOH weight ratio 0.25)
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Fig. 2 The XRD patterns of post-synthesized SBA-15 obtained at different TPAOH concentration  (SBA-15/TPAOH weight ratio 0.5)
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Fig. 4 SEM image of Post – synthesized SBA-15 at different TPAOH concentration (SBA-15/TPAOH weight ratio 0.5)
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Fig. 3 TEM image of Post – synthesized SBA-15
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