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ABSTRACT: 
The authors have proposed a method for the selective crystallization of a SAPO-11 silicoaluminophosphate molecular sieve with 
a micro-mesoporous structure. It has been shown that crystallization of a silicoaluminophosphate gel, in the preparation of which 
its isopropoxide is used as a source of aluminum, makes it possible to obtain a SAPO-11 molecular sieve with a specific surface 
area of ~ 207 m2 / g, a volume of micro- and mesopores of ~ 0.08 and 0.09 cm3 / g. , respectively. Using scanning electron 
microscopy, it was demonstrated that the crystals of the material are pseudospherical particles ~ 8-10 microns in size, consisting 
of aggregates of nanocrystals ~ 100-200 nm in size. 
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1. INTRODUCTION 

The most developed countries of the world are constantly 
improving old technologies and creating new technological 
processes in order to obtain high-quality, environmentally 
friendly motor fuels and other marketable oil products. At 
present, one of the new resource-saving processes in the field of 
oil refining is catalytic hydroisomerization based on selective 
hydroisomerization of C16 +  and higher n-paraffins. This process 
makes it possible to obtain high-quality, low-solidifying diesel 
fuels and synthetic base oils of III and III + groups in high 
yields, as well as due to the selective conversion of n-paraffins 
into isoparaffins [1-4].  
From the data analysis of literature, it follows that promising 
catalysts for the process of hydroisomerization of n-paraffins 
C7-C16 can be used as a catalyst based on medium-pore zeolite 
materials with a one-dimensional channel porous structure, such 
as ZSM-22, ZSM-23, SAPO-11, SAPO-31, and SAPO-41 [5, 
6]. Among these molecular sieves, silicoaluminophosphate 
SAPO-11 is of particular interest due to the presence of elliptical 
pores with a size of 4.0 × 6.5 Å and acid sites of “moderate” 
strength [7]. Thus, on the basis of this material, Chevron has 
developed a process for producing low-solidifying diesel fuels 
and synthetic base oils of the III-group [8]. The authors of works 
[9, 10] showed the high activity and selectivity of SAPO-11 in 
the hydroisomerization of n-heptane and n-octane, respectively. 
At the same time, the problem of the formation of a micro-
mesoporous structure, which would increase the stability of 
catalysts based on the SAPO-11 molecular sieve in the process 
of hydroisomerization of higher n-paraffins, remains urgent. 
Various methods are known for the formation of a mesoporous 
structure in zeolitic materials: removal of atoms from the 
framework structure (dealumination, desilication, irradiation), 
the use of co-templating with surfactant materials, the use of 
solid templates (carbon materials, polymers, etc.), zeolitization 
of processed solids, silylation, and a combination of these 
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methods [11-14]. In [15, 16], in order to create secondary 
mesopores, it is proposed to introduce pore-forming templates 
based on the various surfactants. In [17, 18], to create secondary 
meso- and macropores, it initiates the treatment with SAPO-11 
for partial destruction of the crystal lattice. The main 
disadvantage of the above methods is the low degree of 
crystallinity of the obtained materials, the high cost and low 
availability of pore-forming templates. Therefore, it is 
necessary to develop a method for creating secondary meso- and 
macro-pores in SAPO-11 without using of templates and post-
synthetic treatments. This work is devoted to its solution. 

2. EXPERIMENTAL 

2.1 Synthesis of micro-mesoporous silicoaluminophosphate 

Samples SAPO-11 were prepared by hydrothermal synthesis 
from a reaction gel of the following composition: 1.0Al2O3 • 
1.0P2O5 • 0.4SiO2 • 1.0DPA • 30H2O. Phosphoric acid (85%, 
H3PO4, Reakhim), Aluminum  isopropoxide (98%, IA, Acros 
Organics), tetraethylorthosilicate (TEOS), and di-n-
propylamine (99%, DPA, Acros Organics), respectively. 
The silicoaluminophosphate gel was synthesized as follows: 
19.4 g of distilled water was added to 10.0 g of orthophosphoric 
acid, 17.3 g of Aluminum isopropoxide was added gradually to 
the resulting solution and mixed vigorously for 1 hour, then 4.4 
g of dihydrogen was added to the resulting gel. n-propylamine 
and 3.5 g TEOS and kept at room temperature for 24 hours. The 
prepared gel is designated Gel-SAPO. Subsequently, the 
resulting gel was crystallized at 180 ° C for 10 hours in stainless 
steel autoclaves with a special fluoroplastic coating. The 
crystalline SAPO-11 sample is designated Meso-SAPO-11. 
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2.2 Investigation of Physico-chemical  Properties of the 
obtained materials 

The chemical composition of the obtained 
silicoaluminophosphates was analyzed by X-ray fluorescence 
spectrometry on an EDX 720 / 900HS instrument (Shimadzu). 
X-ray phase analysis (XRD) of dried SAPO gels and uncalcined 
SAPO-11 samples was performed on a Bruker D8 Advance 
diffractometer in CuKα radiation. Scanning was carried out in 
the range of 2θ angles from 3 to 50-80 ° with a step of 1 deg / 
min, the accumulation time at a point was 2 s. The X-ray 
diffraction patterns were processed using the TOPAS and Eva 
software using the PDF2 database. 
The morphology and crystals size of silicoaluminophosphates 
were investigated by scanning electron microscopy (SEM) on a 
JEOL JSM-6490LV electron microscope at an accelerating 
voltage of 10 kV. 
The specific surface area and total pore volume were measured 
by low-temperature nitrogen adsorption-desorption on a Nova 
1200e sorbtometer. The BET specific surface area was 
calculated at a relative partial pressure P / P0 = 0.2. The volume 
of micropores was calculated by the t-plot method [19]. 

3. RESULTS AND DISCUSSION 

3.1 Chemical and phase composition of the obtained 
materials  

It was found that the Si / Al atomic ratio in all synthesized 
samples is close to 15.  

As is well known from [20] that the porous structure of 
silicoaluminophosphates strongly depends on the silicon 
content in the aluminophosphate lattice. Table 1 shows the 
chemical compositions of the initial silicoaluminophosphate gel 
(Gel-SAPO) and its crystallization product (Meso-SAPO-11). It 
is seen that the silicon content in the gel is higher than its content 
in the crystallization product. Such inconsistencies are due to 
incomplete incorporation of silicon atoms into the 
aluminophosphate lattice. Apparently, some of the remaining 
silicon remains is in the mother liquor. 

Table 1. Elemental Analysis And Phase Composition Of The 
Original Silicoaluminophosphate Gel And Crystalline 
Silicoaluminophosphate 

Sample 
Chemical 

composition  
 

Phase 
composition 

Degree of 
crystallinit

y,% rel. 
Gel-SAPO Al1.00P0.94Si0.39 Am.SAPO-11  - 

Meso-
SAPO-11 

Al1.00P0.95Si0.32 SAPO-11 92 

Conditions: Am.SAPO-11 - amorphous 
silicoaluminophosphate 

 
 

Figure 1 shows X-ray diffraction patterns for the gel and its 
crystallization product. It is seen that the gel is an amorphous 
material; it is characterized by a wide halo in the range from 20 
to 30o 2Ɵ. The product of gel crystallization is SAPO-11 
silicoaluminophosphate with high phase purity and high degree 
of crystallinity close to 92%. 

 

 
Fig. 1. X-ray diffraction patterns of samples of SAPO-11: (a) 
Gel-SAPO; (b) Meso-SAPO-11 

3.2 The porous structure and acidity of the obtained 
materials  

Table 2 shows the characteristics of the porous structure for 
a crystalline sample of silicoaluminophosphate. It can be seen 
that this sample has a specific surface area of more than BET 
surface area ~ 207 m2 / g and a micropore volume Vmicro ~ 
0.08 cm3 / g. It should be noted that for the specified sample, in 
addition to micropores, mesopores Vmeso ~ 0.09 cm3 / g are 
also observed. Thus, a sample of crystalline 
silicoaluminophosphate SAPO-11 is a material with a micro-
mesoporous structure. These results are close to the results we 
obtained earlier for crystalline aluminophosphate molecular 
sieve [21], in the synthesis of which its isopropoxide was used 
as a source of aluminum. 

Table 2. Characteristics of the porous structure of Nano-SAPO-
11 

Sample 
SBETa  

(m2/g) 

Vmicro
b  

(cm3/g) 

Vmeso
c  

(cm3/g) 

Nano-SAPO-11 207 0.08 0.09 
Conditions: a surface area by method BET; b micropore volume;  
c mesopore volume 

 

A sample morphology  
Figure 2 shows a scanning electron microscope image analysis. 
The Figure 2 shows SEM images with different magnifications 
for a sample of crystalline silicoaluminophosphate SAPO-11. It 
can be seen that with a magnification of 2000 times, the crystals 
are spherical aggregates ranging in size from 8 to 10 μm. It 
should be noted that at a higher magnification (20,000), it can 
be seen these aggregates consist of smaller crystals ranging in 
size from 100 to 200 nm. 

It is known [22] that the size of crystals of zeolite materials 
strongly depends on the degree of supersaturation with respect 
to crystallization nuclei. So the formation of highly dispersed 
crystals is due to high degrees of supersaturation. Apparently, 
due to the high reactivity of aluminum isopropoxide, the gel 
prepared on its basis makes it possible to create high 
supersaturations in the nuclei in the gel during crystallization. 
Due to the high excess of surface energy, characteristic of all 
nanoparticles, the resulting highly dispersed crystals begin to 
grow together into larger aggregates. However, due to their 
incomplete fusion, mesopores are formed. Thus, the reason for 
the formation of mesopores in the crystalline sample of SAPO-
11 is due to incomplete intergrowth of primary nanocrystals. 
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Fig. 2. SEM image of sample Nano-SAPO-11 

4. CONCLUSION 

1. The paper proposes a promising for practical implementation 
method for the synthesis of silicoaluminophosphate molecular 
sieve SAPO-11 of high phase purity and high degree of 
crystallinity (92%) with a micro-mesoporous structure. The 
method is based on crystallization of the initial 
silicoaluminophosphate gel with the following composition 
1.0Al2O3 • 1.0P2O5 • 0.4SiO2 • 1.0DPA • 30H2O, in the 
preparation of which its isopropoxide was used as a source of 
aluminum. 
2. Using scanning electron microscope , it was shown that 
SAPO-11 crystals are spherical aggregates ranging in size from 
8 to 10 microns, which are formed from nanocrystals with a size 
of ~ 100 - 200 nm. 
3. It was found that the secondary porous structure of the 
obtained material is formed by intergrowths of nanocrystals, 
between which mesopores are formed. 
4. The resulting material has a specific surface of 207 m2 / g, a 
volume of micro- and mesopores of 0.08 and 0.09 cm3 / g, 
respectively. 
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