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ABSTRACT

Nanocrystalline aluminophosphate AIPO4-5 molecular sieves were synthesized by
hydrothermal method (HTS). Synthesis parameters like time and temperature of crystallization
were investigated. Type of template (R) and ratio of R/P2Os were studied also. Characterization
of the synthesized AIPO4-5 were done by powder X-ray diffraction (XRD), scanning electron
microscopy (SEM/EDX), Fourier transform infrared (FTIR), differential scanning calorimetry-
thermogravimetry analysis (DSC-TGA), and N2 adsorption-desorption BET analysis. XRD
patterns results showed excellent crystallinity for two types of templates, di-n-propylamine
(DPA) and tetrapropyl ammonium hydroxide (TPAOH) for alumminophosphate five (AFI)
structure. Nano-level for particle size of 66 nm was revealed by AFM test. Good thermal
stability was obtained in DSC-TGA results. Best time and temperature of crystallization of 24h
and 190 © C were got. Optimum R/P,Os for two kind of template was established.
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1. INTRODUCTION

Aluminophosphate (AIPO4) molecular sieves have drawn the attention of the researchers and
extensively investigated due to thier excellent properties. Similar to, zeolite AIPO4 molecular
sieves are constructed by phosphorous and aluminum tetrahedral. Their metal substituted
(isomorphously) molecular sieves have many applications in catalysis and catalytic reactions
like isomerization and others, Rajesh, et al., 2001, Hartmann and Elangovan, 2003, Choi, et
al., 2006, Wekhysen, et al., 1991, Wang, et al., 2009, and L., et al., 2004.

The novel structure of aluminophosphate (AIPO4) based molecular sieves showed a variety in
pore size and can be classified to large pore (0.7-0.8nm) like AIPO4-5 (AFI-aluminophosphate
five structure), intermediate pore (0.6nm) like AIPO4-11 (AEL-aluminophosphate eleven
structure), small pore (0.4nm) like AIPO4-14 (AFN-Aluminophosphate fourteen structure),
Rajesh, et al., 2001.

The framework of AIPO4-5 (AFI) is hexagonal with a=1.373 nm, ¢=0.848 nm and consists of
columns of twisted 4- and 6- rings parallel to c-axis giving a unidimensional 12-rings and free
diameter of pore 0.73 nm. The framework of AIPOs-11(AEL) is generated by elimination of
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one-third of the rings from AIPO4-5 framework and conversion of each 12-ring rounded channel
into an elliptical 10-ring channel with diameter of 0.67nm by 0.40nm, by The templates used in
incorporation into channel during synthesis are di-n-propylamine (DPA) for AIPOs-5 and
tetrapropyl ammonium forming AIPO4-11, Flanigen, et al., 1986.

AIPO4 molecular sieves exhibit excellent thermal and hydrothermal stability comparable to
zeolites. The frameworks of AIPOgs are neutral and exhibit weakly acidic catalytic properties,
so isomorphous incorporation of metals is essential for improving the catalytic performance of
AIPOQys.

Synthesis of AIPO4 were investigated using different techniques mostly by hydrothermal
(Solvothermal) synthesis (HTS), Gielgens, et al., 1995, Hassanvan and Ashgari, 2012, Wan,
et al., 2000, Klap, et al.,, 1999, Zhang, 2013, and Naydenov, 2003, and recently by
ionothermal synthesis using ionic liquid solution (ILS), Wei, et al., 2010, Fayad, et al., 2010,
Han, et al., 2007, Xu, et al., 2006, and Sun, 2012s.

Li, et al., 2012, investigated the effect of precursor gel preparation on the microstructure of
aluminophosphate AIPOs-5 in the hydrothermal synthesis. They studied synthesis of AIPO4-5
via two different route, one-off addition (acid and template) without stirring and no stirring in
the overnight aging process (Route 1), and dropwise addition of reagents with stirring and
continuous stirring in the overnight aging process (Route 2).They concluded that the gel
preparation by route 2 is likely affects early crystallization more than prolonged crystallization.

Khoo, et al., 2012, investigated the synthesis of AIPO4 by ionothermal synthesis using 1-ethyl-
2,3 dimethylimidazolium bromide ([edmim]Br) ionic liquid (IL) as both solvent and structure
directing agent (SDA), they found that crystallinity, size of the AIPO4-5 to be strongly affected
by chemical composition of the gel solution and heating time of the gel mixture.

Wan, et al., 2004, investigated the role of water content in the hydrothermal synthesis and
characteristics of AIPO4-5 samples, they concluded that when AIPO4-5 samples are synthesized
from molar gel compositions with 10 or 20H20 there is preference for the formation of thin
hexagonal platelets, and when the gel composition with 30 or 40H-0, the preferred morphology
are spheres.

In this research work AIPO4-5 (AFI) investigated using tetrapropyl ammonium hydroxide
(TPAOH) and di-n-propylamine (DPA) as template, aluminum isopropoxide (API) and
phosphoric acid as structural element sources, with hydrothermal synthesis using autoclave as
described previously in, Alnaama, 2015.

2. EXPERIMENTAL

2.1 Materials

Phosphoric acid (85 wt.%, Merck) and aluminum isopropoxide (AIP, sigma Aldrich) were used
as phosphor and alumina sources respectively, tetrapropyl ammonium hydroxide (TPAOH-
Wuhan kemi chemical-chinese) and di-n-propylamine (Merck) as template (R), and deionized
water.
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2.2 Synthesis methods

Aluminum isopropoxide (AIP) 5 g was mixed with 45 ml deionized water and stirred for 30
min. Phosphoric acid (85%) 5.65 g was added to the solution of AIP by dropwise method in 30
min period of time. Different amounts of template (R) tetrapropyl ammonium hydroxide
(TPAOH) or di-n-propylamine (DPA) were added to the solution and stirred for 2h. the gel
solution was transferred into the autoclave and operated at 190°C temperature for 24h. Then the
autoclave was cooled and the sample product washed, filtered, and dried overnight at 100°C in
oven. The dried samples then calcined for 5h at 550°C.

2.3 Characterization Techniques

The crystalline phase of the samples was determined by X-ray diffraction (XRD)
(PHASER/Bruker, Germany, 2010), with Ni-filtered CuKa radiation with 2 = 1.54 A (30 Kv,
10 mA) with a 0.02° 26 step and 0.5 s per step. XRD includes also the analysis of Scherer for
crystallite size for each peak.

Fourier transform infrared (FTIR) spectrum was carried using sample diluted in KBr (1% in
99% KBr) and analyzed by IR-Prestige-21 (Shimazdu).

Scanning electron microscopy (SEM/EDX) for the morphology were conducted by Inspect S50
including energy dispersive XRD (EDX) , FEI (USA). DSC-TGA was analyzed by Linseis
Model STA PT-1000 (Germany) with sample weight 20 mg and temperature ramp 10 ° C.

3. RESULTS AND DISCUSSION

3.1 Characterization

3.1.1 XRD

Analysis of XRD pattern showed that peaks positions for the AFI structure was obtained, with
95% crystallinity for AIPO4-5 (M9) and as shown in Table 2 and Fig. 1, when comparing the
peak positions (26), space distance (ds) with theoretical value stated in, Meier, et al., 1996,
showed excellent agreement.

3.1.2 SEM/EDX

Energy dispersive X-ray was tested and as shown in Fig. 5 for elemental analysis. Morphology
of AIPO4-5 (AFI) was investigated by SEM as shown in Fig. 6. The electronic images revealed
a highly crystalline aggregates of crystals and formation of microparticles caused by
agglomeration of nanoparticles, which in turn can lead to mesoporosity created by interparticles
voids, the creation of these voids are as consequence of agglomeration besides some defects
may appear in crystals formation.

3.1.3 Atomic Force Microscopy (AFM)

Fig. 7 and 8 showed the AFM images for samples 9M and 11M respectively, the images
revealed the detailed observation of nano-scale events at crystal surface, showing also the height
of terraces and layer of growth. These observations are well agreed with the work of
Aghabozog, et al., 2012.
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Average particle size of 66.5 nm obtained for sample M11 and 84.9 nm for M9. This result is
confirmed, by comparing the crystallite size calculated by Scherer analysis through the
measurement of FWHM ( the broadening of the peaks) in XRD pattern, which gave an average
of 23.5, 39.8 and 46.2 nm for samples M9, M10, and M11 respectively for crystallite size
analyzed by scherer analysis through XRD pattern and as shown in Table 3 below.

3.1.4 BET Analysis

The results of BET surface area is as shown in Fig. 9 for isotherm plot for AIPO4-5 (sample
M?9), where quantity adsorbed is plotted versus relative pressure p/po, in which the adsorption-
desorption curve reveals a hystresis loop that means it has little porosity. BET surface is 185
m?/g and pore volume is 0.153 cm®/g, these results are in agreements with reported results in
Maclntosh, 2012.

3.1.5 Fourier transform Infrared (FTIR)

FTIR spectrum for produced sample is shown in Fig. 16, the results are well agree with reported
data in, Rajesh, et al., 2001, Khoo, et al., 2013, Zhu, et al., 2001.

The details of bands located in the spectrum are summarized in Table 3 below, and T-O-T
represent Al-O-P. The location of asymmetric and symmetric stretching bands and bending
band were mentioned.

3.1.6 DSC-TGA

DSC-TGA result of sample AIPO4-5 (M9), revealed that the synthesized and calcined product is
thermally stable and showed that there is no occluded water and/or template in product as
shown in Fig. 11.

3.2 Effect of Synthesis parameters
3.2.1 Temperature of Crystallization

Crystallization temperature of 180°C and 190°C were experienced and revealed that good
crystallization can be obtained at 180°C, meantime at 190°C besides good crystallization, it
gave best results towards decreasing particle size (66.5 nm). The effect of increasing
temperature of crystallization were also concluded by Alnaama, 2012 in synthesis of
aluminosilicate (zeolites), and Zhu, et al., 2001, in synthesis of aluminophosphates indicating a
behavior similarity in effect of crystallization temperature for both types of molecular sieves in
obtaining nanocrystalline molecular sieves. Maclntosh, 2012, investigated crystallization of
aluminophosphate molecular sieves family and concluded that they have few subtle differences
in crystallization from zeolites, and the reaction of aluminum oxide with phosphoric acid to
form amorphous aluminophosphate and the solid phase rearranges as the crystallization
proceeds more rapidly as temperature increases.

3.2.2 Template

Type of template and ratio of template to phosphoric pentoxide (R/P20s) found to have vital
role in getting good crystallinity and nanocrystalline powder. The choice for the value of this
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ratio were carfully studied through the literature survey besides considering the technical
procedures used in samples preparations and syntheses. TPAOH used with molar ratio of 1.0
(TPAOH/P2.Os) gave, in AFM test, average particle size of 66 nm. While DPA gave 84 nm in
molar ratio (DPA/P20Os) of 1.8. This difference in molar ratio can be explained by the
difference in size of template molecule, for larger molecule as in TPAOH needs less molar ratio,
but for smaller one DPA needs more molar ratio to occupy the inside viod in the structure, in
other words, the size of template molecule play a major role in occupying the necessary volume
inside the pore volume of structure, so as TPAOH molecule is bigger than DPA molecule so it
needs less no. of moles to give the same results in structuring the molecular sieve.

4. CONCLUSIONS
The concluded notes of this research can be summarized as following:

-Nanocrystalline aluminophosphate AIPO4-5 (AFI) molecular sieves can be synthesized by
hydrothermal (solvothermal) reaction method with optimum ratio of R/P20s at specified time
and temperature of crystallization.

-Both templates TPAOH and DPA gave nano-scale particle size results at optimum ratio of
R/P,Os where it was 1.8 for DPA and 1.0 for TPAOH.

-Temperaure of crystallization has vital role on getting nano-scale for particle size.
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Table 1. Molar Composition of Samples.

Sample Molar composition
M9 1.8R1.Al203.P205.102H,0
M10 1.2R1.Al,03.P205.102H,0
M11 1.0R».Al,03.P205.102H,0

Where R1=DPA (di-n-propylamine)

R>=TPAOH (tetrapropyl ammonium hydroxide)

Table 2. XRD Data for sample M9 compared with theoretical values.

hki 20 ds, A lrets
100 7.401(7.43) 11.9346(11.899) 100(100)
110 12.82(12.89) 6.8958(6.870) 20.2(6.3)
200 14.84(14.89) 5.9632(5.950) 9.1(20.6)
210 19.679(19.74) 4.5075(4.497) 28.1(42.4)
002 20.37(20.97) 4.3561(4.237) 13.4(45.3)
102 22.37(22.27) 3.9708(3.992) 37.2(12.5)
220 25.833(25.94) 3.4459(3.435) 13.4(19.6)

The values between parenthesis represents the theoretical values abstracted from, Meier, et al.,

1996.
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Figure 1. XRD for M.

Figure 2. XRD for M10.
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Figure 4. XRD for M9 and M11.
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Figure 5. EDX for M9.
Table 3. Particle size and Crystallite size.
Sherer Crystallite size Scherer Ave. Crystallite size, AFM particle
range,nm nm size,nm

M9 10.8-60.4 23.5 84.9
M10 9.5-100 39.8 321
M11 13.2-100 46.2 66.5
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Figure 6. SEM Images for AIPOs-5 (sample M9).
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Figure 7. Two and Three dimension AFM Image for AIPOs-5 (sample 9).
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Figure 8. Two and Three dimension AFM Image for AIPO4-5 (sample 11).
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Figure 10. FTIR spectrum for AIPOs-5.
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Table 4. Types of bands in FTIR spectrum.

Type of Band

Wave length, cm™

T-O-T Asymmetric stretching

1160, 1130, 1087

T-O-T Symmetric stretching

736.8

T-O-T Bending

439 with shoulder at 489

T is either Al or P

universty Cf Baghdad / College Of Education For Fune scences Ion al-Hatham

. Central Szrvice Laboratery

Figure 11

Temperature (°C)

. DSC-TGA for AIPO4 (M9).
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