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ABSTRACT 

Mesoporous molecular sieves have been successfully synthesized by a simple and new method 

using triethylamine (TEA) as a template. The synthesized materials are characterized by using 

FT-IR, XRD, TGA, BET, and SEM. These characterization techniques are proved the 

crystalline nature of catalyst and formation of the tetrahedral framework of AlPO4 catalyst. The 

regular pore dimension and pore volume of the material is tuned through a structure-directing 

agent and are thermally stable upon calcination. This template is allowed us to prepare a 

molecular sieve with a pore size of 8.2 nm. 

 

KEYWORDS: mesoporous, molecular sieve, template, triethylamine, thermal stability 

 

1. INTRODUCTION 

The development of the methods of preparation of mesoporous material including 

aluminophosphates (MAP) is among the most intensively developing directions of research in 

heterogeneous catalysis i-iv. The presence of a template in a reaction mixture is a prerequisite 

for the synthesis of microporous aluminophosphate. Usually, the TEA template produces only 

microporous materials (0-2 nm). Microporous materials block bulky molecule entry into the 

pores and it does not apply for a bulky molecular reaction. So there is some necessity for 

introducing mesoporous (2-50 nm) molecular sieves. The structural type of the resulting 

microporous or mesoporous material substantially depends on the source material, how the 

reaction mixture is prepared, the kind of template used and the conditions for hydrothermal 

synthesis with an autoclave. Nevertheless, some researchers have reported on difficulties in the 

production of mesoporous type materials with TEA as a template with autoclave v. For this 

reason, alternative routes to synthesize mesoporous aluminophosphates of this structural type 

are constantly tried, involving structure-directing agents like TEA vi-vii. In the present 

investigation, TEA is used for the preparation of mesoporous aluminophosphate molecular 

sieve by adopting a simple method without using an autoclave. 
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2. EXPERIMENTAL PROCEDURE AND CHARACTERIZATION TECHNIQUES 

Mesoporous Aluminophosphate is prepared by using Triethylamine as template by a simple 

synthesis method. 7.8 g of aluminium hydroxide is dissolved in 75 ml of water and 9.39 ml of 

the template (TEA) added slowly into the solution and stir it for 1h. Phosphoric acid is 

dissolved with 75 ml of water is added to the above mixture and stirred continuously for 2h to 

achieve a homogenous mixture. Then the resulting gel is heated and dried on a hot plate at 

120ºC in the open air and thoroughly washed with deionized water. The Solid is then filtered, 

dried, calcinated at 400ºC for 6hr to remove the organic template. 

The obtained material is characterized by X-ray diffraction, infrared spectroscopy, thermal 

analysis, nitrogen adsorption, and SEM for analyzing the structure, framework, thermal 

stability of the material, pore size and surface area, and surface morphology respectively. XRD 

is recorded on an analytical XPERT-PRO with a monochromatic beam of Cu Kα (λ= 1.5406Å). 

Thermal analysis is carried out on Thermal analyst SINT 6300. The SEM analysis is performed 

by Carl Zeiss EVO 18. The pore size and surface area are measured on Micromeritics, ASAP 

2020 V3.00H instrument. 

 

3. RESULT AND DISCUSSION 

The XRD patterns of the as-synthesized and calcinated AlPO4 materials are shown in Figures 

1 a and b. The 2θ and d–spacing values of the materials are closely matched with the JCPDS 

file (79-2333) it confirmed that the materials are in a hexagonal structure. The XRD pattern of 

calcined AlPO4 has a high intense peak at 27.34 with the d-spacing of 3.25 nm which proved 

the crystalline nature of the material viii.  FT-IR spectra of as-synthesized and calcinated AlPO4 

are shown in figure 1 c and d respectively. FT-IR spectra of as-synthesized AlPO4 show OH 

stretching frequencies at 3000-3500 cm-1 and the C-H stretching bands at 2900-2800 cm-1 and 

C-H deformation bands around 1400cm-1 are present in as-synthesized samples. But in 

calcinated samples these bands are absent. This proved that there is the complete removal of 

water and template molecules from the as-synthesized samples after calcination. The strong 

bands around 1100-1200cm-1 and bending mode near 400-600 cm-1 are attributed to the 

asymmetric stretching and bending mode of a tetrahedral framework of AlPO4
 ix

. TGA / DTA 

analysis of as-synthesized AlPO4 sample is shown mainly in three weight loss regions and is 

shown in Figure 2 a. There is some loss of water molecules from 90-100ºC is due to the loss of 

physisorbed and chemisorbed water on the surface of the material. Next weight loss is around 

290ºC may be recognized to the entire decomposition of the template inside the framework of 

AlPO4 
x-xi. Weight loss is absent with the further increase of temperature and the material 

remains stable up to 800ºC. 
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Figure 1 a, b, c, d Wide angle XRD and FTIR Spectra of as-synthesized and calcinated AlPO4 

 

The surface area, pore size, and pore volume are measured by the single point N2 adsorption-

desorption method (Figure 2 b). The surface area and pore size of AlPO4 are 209.93 m2/g and 

8.8 nm. The important achievement is that TEA produces mesopore. It may be due to the simple 

method of synthesis without an autoclave. The morphology of the synthesized materials of 

AlPO4 is shown in Figure 2 c. The AlPO4 materials exhibit significantly crystalline morphology 
xii-xiii. This material displays a bulky morphology with a deformed structure. 

 

 

Figure 2 a, b, c TGA & DTA, BET adsorption isotherm curve and SEM micrograph of AlPO4 
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4. CONCLUSION 

It is concluded that the characterization technique confirmed the formation of crystalline 

mesoporous aluminophosphate (MAP) with an 8 nm pore and high thermal stability (800ºC) 

by using the triethylamine as a template. This template is less cost-effective. In the present 

investigation, triethylamine is used for the preparation of mesoporous aluminophosphate 

molecular sieve by adopting a simple method without using the autoclave. 
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