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ABSTRACT
Hydrothermal  synthesis using rice husk ash (RHA) as silicon source. Results of Ti-MCM-41 synthesized with commercial silica gel (SG) were compared with the catalyst of rice husk ash. In this paper was considered the performance of the sieve Ti-MCM41, obtained by The mesoporous material obtained was characterized by DRX, FT IR, specific area by the BET method and SEM. The results of the material obtained from rice husk ash confirmed intrinsic properties of a material of the type mesoporous MCM-41 and was similar to commercial synthesized with silica gel, such as high specific area, pore diameter in the range of mesopores and hexagonal structure.
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1. Introduction
In recent decades, many studies have been developed to characterize materials like MCM-41 modified with titanium. The MCM-41 shows no considerable acidity, thus limiting their direct use in catalytic reactions. However, due to its high surface area, they are excellent catalyst supports, which can generate acid /base sites during or after synthesis either by impregnation or by isomorphous substitution of heteroatom in the MCM-41. Especially metals incorporation such as Ti, Al, Cu, V, Cr, Fe, Ni, Mn and Zr in the MCM-41 structure have been gaining considerable interest because of its high Lewis acidity, contributing positively to obtain a more solid acid(1,2). 
The synthesis of MCM-41 takes place by mixing the silica source and template, which is usually a long-chain surfactant that give micelles which originate tubes that form hexagonally ordered structure characteristic of MCM-41. The gel prepared with these reagents at different molar ratios surfactant/silicon is subjected to a hydrothermal treatment in alkaline conditions, then washed and dried at room temperature. The template removal, which occur by calcination at approximately 550 °C, results in a silicon material of high specific area and large diameters poros. The synthesis conditions can be changed with the purpose of obtaining materials with different properties. The factors affecting the final product are molar template/silica concentration and length of the carbon chain of the driver; synthesis temperature, pH and nature of silica(3). 

Many authors (4,5) have used the rice husk ash (RHA) as silica source in the synthesis of various mesoporous materials (ZSM-5, MCM-41, MCM-48, SBA-15) using different extraction methods of silica. This residue has attracted great interest from researchers due to its high silicon content and low cost.

This work aims the use of the rice husk ash (RHA) as an alternative source of silica in the synthesis of Ti-MCM-41. And perform the kinetic study of surfactant cetyltrimethylammonium bromide (CTMA+) removal, using the model proposed by Flynn-Wall-Ozaw, through thermogravimetric analysis data, relating the apparent activation energy with the chemical interaction of silica sources and the template CTMA+ used in synthesis of this material.

2. Experimental
 Hydrothermal Synthesis
The synthesis of the molecular sieve MCM-41 was conducted hydrothermally from molar ratio of 1.0 CTMABr: 4.0 SiO2: X -TiO2: 1+X - Na2O: 200.0 H2O. The value of "X" was set to the molar ratio Si / Ti equal to 50. After preparing the gel, this was transferred to a teflon flask, which was inserted into a stainless steel autoclave and heated in an oven at 100 ° C for 120 hours. The content was washed with distilled water and then with a 2% solution of HCl in ethanol for the removal of the surfactant. Finally, the solid resulting from the crystallisation process was oven-dried for 12 hours.

Characterization

X-ray powder diffraction (XRD) analyses were conducted on a Shimadzu XRD-7000 diffractometer, using Cu Kα radiation (k = 1.5406 A °, 30 kV, 30 mA). The samples were scanned in the 2θ range of 1° -10° with the step time of 2° min-1 and the step of 0.02°. The BET surface area of the samples was determined by nitrogen adsorption at 77 K using Quantachrome NOVA 2000 instrument. Before the nitrogen measurement, samples were degassed at 300 °C in helium for 3 h. The wall thickness (W) of MCM-41 was obtained by the difference between the lattice parameter a0 and the pore diameter. Thermogravimetric (TG) analysis was performed on a SDT Q600 TA Instrument equipment under dynamic nitrogen atmosphere 50 mL min-1, heated at 30–900 °C.

Kinetic methods

The determination of global kinetic parameters via TG is based on method proposed by Ozawa-Flynn–Wall(6), the models proposed require at least three dynamic curves with different and constant heating rates (β); in this work it was assumed as 5, 10, and 20 °C min-1 with temperature between 30 and 800 °C. The mass of the samples was approximately 3 mg and the carrier gas was N2 with a flow of 50 mL min-1. This model was used to determine the apparent activation energy Eq. (A) and conversion (α) as a function of  temperature.
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Where β is heating  rate, R the  gas  constan, b is interaction variable and  Ea the  activation  energy.
3.      Results and discussion
The XRD analyses were performed to obtain the structural properties of the samples Ti-MCM-41 (SG) and Ti-MCM-41 (RHA). The Fig.1 (a) and (b) shows the X-ray diffraction at 2θ range from 1 to 10° of the calcined samples. For two samples, were observed the presence of three typical peaks, the first one with high intensity attributed to the reflection line of the plane (100) and the two other, less intensive, reflections assigned to the planes (110) and (200), these peaks are characteristic of mesoporous hexagonal structure as described by researchers of Mobil Oil Research and Development Co.(7), proving that template removal did not affect the Ti-MCM-41 structure.
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Fig.  1 X-ray Diffractogram of the sample Ti - MCM-41 (SG) end Ti - MCM-41 (RHA).

In the infrared region absorption spectra of the Ti-MCM-41 (SG) (a) and Ti-MCM-41 (RHA) (b), Fig. 2, is observed the presence of a broad band around 3250 and 3720 cm-1 attributable to hydroxyl groups of internal and external mesoporous structure. The presence of the organic template (CTMA+) can be confirmed by the bands in the region 2841-2983 cm-1 related to the -CH stretching, and also in the region of 1454 cm-1 and 1498 cm-1, as -CH2 and -CH3 related vibrations. The calcined material did not present these bands indicating that the template has been completely removed at  550 °C. The band in 968 cm-1 probably results from stretching vibration of Si-OH and Si-O-Ti(8). 
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Fig.  2  FT-IR spectra of the sample Ti - MCM-41 (SG) end (RHA)   calcined and uncalcined.

The wall thickness of the silica that forms the hexagonal structure of Ti-MCM-41 was obtained by the difference in lattice parameter a0 (XRD) and pore diameter dp (BET). It can be seen that the presence of titanium in the structure of MCM-41 caused an increase in pore diameter and hence a small decrease in wall thickness, as seen in Tab. 1

Tab. 1  Adsorption parameters for the Ti-MCM-41 samples

	Sample
	SBET (m2/g)
	dpa (nm)
	aob(nm)
	W= ao-dp(nm)

	Ti-MCM-41(SG)

Ti-MCM-41(RHA)
	645

676
	2,70

3,54
	4,47

4,55
	1,7

1,0


                a Calculated from the desorption branch by BJH method.
b Cell parameter (calculated from a0 = 2d100/[image: image6.png]V3



 (nm).

The thermogravimetric curves of Ti-MCM-41 (SG) and Ti-MCM-41 (RHA) in different ratios heating are shown in Fig. 3 (a) and (b), respectively. It can be observed, the samples show a significant  weight loss between 135 and 321 °C which is related to the removal of template ions CTMA+ from the mesoporous structure. 
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Fig.  3  Curves TG (a) e (b) of the sample of Ti-MCM-41 (SG) end (RHA) (with heating  rates  of  5, 10, 20 ° C / min -1 ).

The Conversion versus Temperature curves of the thermal decomposition of the template CTMA+, were obtained for each heating range by Eq. (B) and  is represented by Fig. 4.
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Where mo is the initial mass, mf is the final mass and mt is the mass of Ti-MCM-41 which varies with time.
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Fig.  4 Conversion curve versus temperature of  the Ti-MCM-41  (a) (SG) end (b) (RHA) (with heating  rates  of  5, 10, 20 ° C / min -1 ).

To calculate the apparent activation energy by Wall-Flynn-Ozawa model, the logarithm of the heating rates (log (β)) was plotted versus the inverse of the conversion temperature (1/Tα) for the three curves (β), yielding lines whose slope corresponds to the -Ea/R. Through this slope, the activation energy of each sample was calculated. Fig. 5 (a) and (b) shows the conversion versus activation energy curves for the conversion values ​​5 to 90%.
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Fig.  5  Activation energy versus conversion of the removal of CTMA +  of  Ti-MCM-41  (a) (SG) end (b) (RHA).
4.     CONCLUSIONS 
The catalyst was successfully synthesized based on the characterization results  employed to study the properties of the catalysts Ti-MCM-41 (SG) and Ti-MCM-41 (RHA), it can be concluded that RHA is a suitable source of silica for synthesis of Ti-MCM-41, since the material obtained showed intrinsic properties of a mesoporous MCM-41material. RHA besides be a source of natural silica, low cost, is derived from a residue generated in production of rice. Thus, the use of RHA in the synthesis of Ti-MCM-41 adds value to the residue and reduces the environmental impacts caused by its disposal. The titanium incorporation in the MCM-41 structure causes specific characteristics in the catalyst, where in the Si/Ti ratio is proportional to the strength of its hexagonal structure, giving the material a Brönsted acidity of Lewis or redox property.
According to the model of Flynn Wall the apparent activation energy (Ea) for the decomposition of surfactant CTMA +, occluded in the pores of Ti-MCM-41 (SG) and Ti-MCM-41 (RHA) showed near values for the two silica sources used, confirming that the RHA is a silica which showed similar reactivity to commercial silica gel used in the synthesis of Ti-MCM-41.
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