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 Nanostructured SAPO-34 zeolites were synthesized using 

TEA/morpholine as dual templates through a hydrothermal approach, 

with the crystallization time as a key parameter. Different 

characterization methods of XRD, FESEM, EDX-dot mapping, BET, and 

FTIR were used to analyze these materials. The results demonstrated 

that the crystallization time was an efficient factor for determining the 

crystalline phase and uniformity of the final products. Additionally, the 

size and uniformity of cubic SAPO-34 particles enhanced in longer 

crystallization times. It was found that the SAPO-34 catalyst synthesized 

in the crystallization time of 72 h had an optimal distribution of silicon 

within the crystal lattice structure, resulting in a significant 

enhancement of its catalytic performance. This catalyst demonstrated 

the moderately stable production of highly desired olefins, maintaining 

the selectivity of 58% for ethylene and 38% for propylene over 10 h on 

stream. The possible reaction mechanism for the MTO process utilizing 

the prepared SAPO-34 material is proposed.  
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1. Introduction 

The innovative technology of MTO 

(methanol-to-olefins), which has already been 

applied to a certain extent, is capable of 

converting methanol to light olefins. The 

UOP/Hydro MTO reaction provides the key 

link between natural gas and the production of 

olefins [1-4]. It offers flexibility in 

performance, enabling the production of both 

propylene and ethylene, thereby addressing the 

propylene demand that cannot be met by 

conventional ethylene plants alone [5-7]. The 
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conversion of methanol to olefins necessitates 

a selective zeolite that functions at moderate to 

high temperatures [8-10].  

The highly selective MTO catalyst is based on 

SAPO-34, a silicoaluminophosphate 

framework with a chabazite (CHA) structure. 

It possesses three-dimensional interconnected 

channels with circular 8-ring openings [5, 11, 

12]. The use of this synthetic zeolite not only 

increased the speed of the process but also 

significantly improved the yield of olefins [13, 

14]. Open-framework SAPO materials are 

synthesized and modified through various 

approaches, including the hydrothermal 

synthesis, solvothermal synthesis, microwave-

assisted synthesis, dry gel conversion, and 

other methods such as the secondary synthesis. 

So far, the most effective method for 

synthesizing SAPOs is the hydrothermal 

synthesis, which relies on sol-gel chemistry 

conducted under hydrothermal conditions [15-

19]. In general, the hydrothermal method is 

carried out in three stages: first, the attainment 

of supersaturation of reactive species, 

followed by nucleation, and finally, crystal 

growth [9, 20, 21]. The supersaturation of the 

solution primarily influences nucleation and 

crystal growth. The supersaturation of 

particularly reactive species is determined by 

factors such as composition, structure, and 

various reaction conditions. Secondly, 

nucleation plays a vital role in the entire 

crystallization process. Then, a few nuclei will 

generate sufficient reactive species in the 

reaction system to facilitate crystal growth, 

and the crystals attain their maximum 

dimensions [11, 22]. The hydrothermal 

preparation of silicoaluminophosphate zeolites 

depends on the control of several reaction 

variables, including the composition of 

reactant gel and type of organic cation, as well 

as factors such as time, temperature, and pH [9, 

23-25]. In general, organic cations are referred 

to as a ‘template’ as it is clear that this 

phenomenon occurs during the nucleation 

process. Specifically, these organic species 

organize zeolite crystal units, thereby 

providing the initial building blocks for a 

specific structure during hydrothermal 

crystallization [26-28]. The SAPO-34 

structure can be prepared from various 

directing agents, such as tetraethylammonium 

hydroxide (TEAOH), morpholine, 

diethylamine (DEA), triethylamine (TEA), 

dipropylamine (DPA), and isopropylamine 

(IPA) [6, 9, 29-31]. In addition to facilitating 

the formation of structures and altering 

morphology and crystal size, the dual 

templating approach can also optimize the 

synthesis of zeolites that require costly 

templates [9, 29, 32]. Ghavipour at el. [33] 

investigated the influence of different 

templates, both single and mixed ones, on the 

characteristics and catalytic performance of 

SAPO-34. Their findings revealed that the 

zeolites based on TEAOH/DEA and 

TEAOH/TEA demonstrated effective 

performance in the MTO reaction while 

significantly reducing the consumption of the 

expensive TEAOH. In our previous study [29], 

we applied the single templates of morpholine 

and TEA, as well as the mixed structure 

directing agents of TEA and morpholine in 

equal molar ratio, for the synthesis of SAPO-

34 and evaluated their performance in the 

MTO process. The characteristics of each 

template significantly affected the morphology 

of the SAPO-34 products, such that the 

framework using dual templates achieved 90% 

selectivity for light olefins after 630 min. 

Conversely, the crystallization time is a critical 

parameter in the hydrothermal synthesis, 

significantly influencing the results of a 

synthesis experiment regarding the crystalline 

phase, purity, and morphology of the catalyst 

[22, 23, 34-36]. In terms of time, zeolite 

preparation is controlled by successive phase 

transformations [22, 23, 36]. The phase that is 
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thermodynamically least favorable crystallizes 

first and is later replaced by a more stable 

phase over time [22, 36, 37]. In this context, 

Kianfar [38] investigated the diversification of 

the structure and composition of SAPO-34 by 

changing the crystallization temperature and 

time. The study concluded that the interactions 

between the structure and the crystallization 

process allow for the selection of an optimal 

crystallization time. Additionally, our research 

team [23] synthesized the SAPO-34 catalyst at 

high temperatures and short crystallization 

times using a single template of TEAOH. 

However, there is limited literature that 

examines how either dual-template synthesis 

or time-dependent crystallization individually 

affects the structure, morphology, and catalytic 

performance of SAPO-34. There is no 

published work that investigates the effect of 

both parameters, dual template synthesis and 

crystallization, time in the synthesis of SAPO-

34. The morphology and surface 

characteristics of the final SAPO-34 material 

can be tailored by changing the template and 

crystallization time, potentially leading to 

improved performance in catalytic 

applications. Therefore, investigating the 

interplay between dual templates and 

crystallization times is crucial for optimizing 

the synthesis of SAPO-34, enhancing its 

structural and catalytic properties, and 

providing deeper insights into the synthesis 

mechanisms involved. 

In this research, three types of SAPO-34 

samples, with different crystallization times 

(24, 48, and 72 hours), were prepared from the 

same synthetic mixtures containing two 

templates (in equal molar ratios of TEA and 

morpholine). Our approach is significantly 

different from previous literatures have 

addressed the effect of the crystallization time 

using only one type of template,. Furthermore, 

reports on the use of a combination of TEA and 

morpholine in the preparation of SAPO-34 are 

relatively rare. The characteristics of the 

nanostructured catalysts were characterized 

using X-ray diffraction (XRD), field emission 

scanning electron microscopy (FESEM), 

energy-dispersive X-ray (EDX) dot mapping, 

Brunauer-Emmett-Teller (BET) surface area 

analysis, and Fourier-transform infrared 

spectroscopy (FTIR). Additionally, the MTO 

reaction was analyzed using the zeolites to 

evaluate the effect of the crystallization time 

on catalytic performance. The mechanism of 

the MTO process over SAPO-34 prepared with 

dual templates is discussed in detail. 

 

2. Experimental techniques 

2.1. Materials  

The reagents employed for the hydrothermal 

preparation of the zeolites included aluminum 

isopropoxide (98%, Aldrich), fumed silica 

(99.8%, Aldrich), and phosphoric acid (85%, 

Merck), which served as the starting materials 

for the aluminum, silicon, and phosphorus 

components respectively. A mixed template of 

triethylamine (TEA) (99.9%, Aldrich) and 

morpholine (99.9%, Aldrich) was employed. 

Deionized water from Kasra Company was 

used as the medium for synthesis. 

 

2.2 Experimental  

Nanostructured zeolites were synthesized via 

the hydrothermal approach using a precursor 

gel with a molar ratio of 

1Al2O3:0.6SiO2:1P2O5:1TEA:1Morpholine:60

H2O. A typical procedure of the preparation of 

catalysts with different crystallization times is 

shown in Figure 1. In detail, a specified 

quantity of aluminum isopropoxide was 

dissolved in deionized water while being 

stirred for 1.5 h. Then, a dilute solution of 

phosphoric acid was gradually introduced into 

the mixture stirring. After the addition of 

phosphoric acid, fumed silica was 

incorporated into the mixture, and the solution 
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was stirred for an additional hour. Finally, the 

templates of triethylamine (TEA) and 

morpholine were gradually added to the 

prepared solution, serving as the structure 

directing-agent, and the mixture was stirred for 

24 h. For the crystallization, the mixture was 

placed into a stainless-steel autoclave and 

heated to 200 ºC at different crystallization 

times (24, 48, and 72 h). The final product was 

obtained through filtration, followed by 

multiple washes with distilled water, and then 

drying overnight at 110 ºC. Subsequently, the 

sample was calcined at 550 ºC for 12 h to 

eliminate the organic materials and any water 

trapped within the micropores of the prepared 

catalyst. The samples were then labeled based 

on their respective crystallization times. 

 

 

 
Figure 1. Steps for the dual template preparation of SAPO-34 samples in different crystallization times. 

 

2.3 Characterization methods 

The X-ray diffraction (XRD) method was 

employed to determine the crystal phases 

present in the SAPO-34 catalysts. This 

analysis was carried out using a Bruker D8 

Advance diffractometer, which employed Cu 

Kα radiation (1.54178 Å) with a scanning 

range of 5 to 50° (2θ). The resulting diffraction 

peaks were matched against the standard data 

from the Joint Committee on Powder 

Diffraction Standards (JCPDS) for 

confirmation. To assess the particle size and 
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morphology, Field Emission Scanning 

Electron Microscopy (FESEM) was utilized, 

specifically with the HITACHI S-4160 model. 

The chemical composition of the 

nanostructured samples was determined using 

a scanning electron microscope (SEM) 

equipped with an Energy Dispersive X-ray 

(EDX-dot mapping), Scan MV 2300 Cam. 

Additionally, the specific surface areas of the 

zeolites were measured using the BET 

(Brunauer-Emmett-Teller) method and a 

Quantachrome ChemBET 3000 analyzer, with 

nitrogen as the adsorbent gas and liquid 

nitrogen as the cryogen. The infrared method 

of the materials was performed using a 

UNICAM 4600 FTIR spectrometer to examine 

the existing surface functional groups. 

 

 

 

2.4 Setup for experiments 

The methanol conversion reaction was 

conducted using a gas feeding system, a 

packed-bed reactor, and an analytical setup, as 

illustrated in Figure 2. A 1 g sample of the 

zeolite was placed into a U-shaped Pyrex 

reactor with an inner diameter of 0.8 cm. The 

reaction gas, consisting of 10 mol% of CH3OH 

and 90 mol% of H2O, was permitted to flow at 

a GHSV (gaseous space velocity) of 4200 

cm³/g·h within a temperature range of 300-500 

ºC. Methanol was introduced into the reactor 

via a saturator, utilizing Ar as the carrier gas. 

The products, generated in the process of the 

conversion of methanol to olefins, were 

examined by a gas chromatograph (Teif Gostar 

Faraz, Iran) equipped with a Plot-U column 

and a flame ionization detector (FID). The gas 

flow from the regulators streamed along the 

pipes and was directed into the mass flow 

controllers (MFC). 

 

 
Figure 2. Configuration of the set up for the experiment to evaluate the activity of SAPO-34 samples in the 

conversion of methanol to light olefins. 
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3. Results and discussion 

3.1 Characterization analysis 

3.1.1 XRD  

The X-ray diffraction patterns of SAPO-34 

catalysts prepared with different 

crystallization times are shown in Figure 3. 

The XRD pattern for the SAPO-34 zeolite 

crystallized for 24 hours primarily indicates 

the presence of an impurity phase. It confirms 

the formation of a cubic-like structure of 

SAPO-34 (JCPDS 01-087-1527) [5, 6, 39], as 

evidenced by peaks detected at 2θ = 9.5, 12.9, 

20.6, and 30.6°, along with the identification 

of the SAPO-5 framework (JCPDS 00-049-

0659) [23]. In this case, both CHA and AFI 

structures are formed due to the shorter 

crystallization time.  

The impurity phase of SAPO-5 is unstable and 

can convert to the pure SAPO-34 by increasing 

the crystallization time. Notably, no traces of 

the SAPO-5 impurity phase were found in the 

catalysts synthesized for 48 and 72 h. This 

observation demonstrates that the 

crystallization time is a critical factor in 

determining the structural characteristics and 

crystalline phases of the resulted product [37, 

40]. Moreover, the peak intensities vary 

according to the crystallization time. It 

indicates that the degree of crystallization and 

the size of crystallites of SAPO-34 molecular 

sieves were influenced by the crystallization 

time. It was observed that the crystallinity of 

SAPO-34 improves in prolonged 

crystallization times. 

 
Figure 3. XRD analysis of SAPO-34 samples 

prepared in different crystallization times: (a) 

SAPO-34 (24), (b) SAPO-34 (48), and (c) SAPO-

34 (72). 

Figure 4 illustrates the relative crystallinity 

and average crystallite size of the synthesized 

SAPO-34 zeolites subjected to different 

crystallization times. The relative crystallinity 

of the SAPO-34 zeolites was determined by 

measuring the intensity of the sharpest peak at 

2θ = 9.5 , using the most optimal catalyst with 

the maximum crystallinity as a reference. The 

values of the relative crystallinity were found 

to be 73.7%, 98.9% and 100% for the SAPO-

34 (24), SAPO-34 (48), and SAPO-34 (72) 

samples respectively. According to this figure, 

increasing the crystallization time would cause 

a sharp increase in crystallinity. Furthermore, 

the increase in relative crystallinity is less 

pronounced when the crystallization time 

exceeds 48 h. The variation in crystallization 

among the samples can be attributed to the rate 

of nucleation. Therefore, an increased number 
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of crystal nuclei can form at longer 

crystallization times (≥48 h). The average 

crystallite sizes, estimated using the 

Williamson–Hall method, were found to be 

21.2, 20.5, and 23.7 nm for SAPO-34 catalysts 

synthesized with different crystallization times 

of 24, 48, and 72 h respectively. It appears that 

a crystallization time of 72 h results in the 

higher rates of crystal growth, producing larger 

crystals. Therefore, it can be concluded that the 

crystallization time significantly influences the 

nucleation rate, while the rate of crystal growth 

are not substantially affected by the duration of 

the hydrothermal synthesis. 

 

 

 
Figure 4. Crystallite size and relative crystallinity of SAPO-34 samples prepared in different 

crystallization times. 

 

3.1.2 FESEM  

The FESEM results of SAPO-34 (24), SAPO-

34 (48), and SAPO-34 (72) zeolites 

synthesized at different crystallization times 

are presented in Figure 5. All samples 

exhibited a typical cubic-like rhombohedral 

morphology with no amorphous phase, which 

is quite similar to that of natural Chabazite. 

The crystallization time is the only parameter 

that affects the size of particles and the 

morphology of the respective catalysts. 

However, research indicates that the organic 

template morpholine is responsible for the 

formation of larger particles, and catalysts 

prepared with the TEA template commonly 

exhibit hexagonal morphology [29, 41, 42]. As 

indicated in the figure, with an increase in 

crystallization time, cubic SAPO-34 particles 

became larger and more uniform compared to 

those synthesized in shorter times. The results 

from FESEM images were consistent with the 

results of the XRD analysis, which showed that 

the SAPO-34(72) zeolite, characterized by 

large grains, displays sharp peaks, as 

illustrated in Figure 4.
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Figure 5. FESEM images of SAPO-34 samples prepared in different crystallization times: (a) SAPO-34 

(24), (b) SAPO-34 (48), and (c) SAPO-34 (72). 

The particle size histogram of the 

nanostructured sample prepared in a 

crystallization time of 72 h is shown in Figure 

6. The catalyst particle size for SAPO-34(72) 

ranges from 1.3 to 5.2 μm with an average 

particle size of about 3.0 μm. Furthermore, a 

more homogeneous particle size distribution is 

attained in a crystallization time of 72 h, during 

which 44.4% of the particles fall within the 

range of 2-3 μm. This homogeneous particle 

size distribution, along with high crystallinity, 

is expected to have a significant impact on the 

catalyst lifetime and product distribution in the 

MTO process. 

 

 

 
Figure 6. Particle size distribution histogram of the SAPO-34 sample synthesized for 72 h: SAPO-34 (72). 
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3.1.3 EDX Dot-mapping  

The chemical compositions of the SAPO-34 

materials, obtained from EDX dot-mapping 

micrographs, are presented in Figure 7. The EDX 

dot-mapping analysis revealed that all elements of 

the preparation of SAPO-34 molecular sieves (Si, 

Al, and P) were present. The existence of oxygen 

demonstrates the production of SiO2, Al2O3, and 

P2O5. EDX dot-mapping micrographs indicate that 

the SAPO-34 zeolite synthesized during the 

crystallization time of 72 h shows a more favorable 

distribution of Si, compared to the other two 

samples. It seems that the crystallization time has a 

considerable impact on the substitution of Si. 

Consequently, it can be expected that the formation 

of new acid sites, combined with the optimal 

distribution of silicon within the crystalline 

structure, enhances the catalytic activity of the 

SAPO-34(72) molecular siev.

 
(a) 

 
(b) 

 
(c) 

Figure 7. EDX dot-mapping analysis of SAPO-34 samples prepared in different crystallization times: (a) 

SAPO-34 (24), (b) SAPO-34 (48), and (c) SAPO-34 (72). 
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Additionally, the crystalline composition of 

the SAPO-34 materials is presented along with 

the initial gel composition. According to the 

EDX elemental analysis, the ratio of Al to P for 

all materials is greater than that of the gel 

mixture. Moreover, the Si content in all initial 

gels is 12.7% wt; the amounts of the solid 

products vary considerably, suggesting that Si 

heteroatoms are integrated into the SAPO-34 

structure at different rates. The Si content for 

the SAPO-34(72) catalyst is the highest among 

the synthesized materials, which may be 

related to the long and sufficient crystallization 

time. 

 

3.1.4 BET  

Figure 8 shows the specific surface areas of 

SAPO-34(24), SAPO-34(48), and SAPO-

34(72) materials determined by nitrogen 

adsorption experiments. The BET surface 

areas were about 106, 501, and 438 m2/g for 

SAPO-34(24), SAPO-34(48), and SAPO-

34(72) zeolites respectively. Extending the 

hydrothermal synthesis time results in an 

increase in the BET surface area. However, the 

surface area of SAPO-34(48) exceeds that of 

SAPO-34(72), despite both having similar 

crystallinity. The increased surface area of 

SAPO-34(48) can be related to its enhanced 

crystallinity and reduced particle size, as 

demonstrated by the XRD and FESEM 

analyses respectively. Moreover, 

intercrystalline voids can significantly affect 

the overall surface area and porosity of the 

sample, even when the crystallinity remains 

constant. Although both SAPO-34(48) and 

SAPO-34(72) Samples exhibit similar levels 

of crystallinity, the difference in their surface 

areas can be attributed to the presence and 

distribution of intercrystalline voids. the 

SAPO-34(48) sample may have a higher 

density or larger volume of these voids, 

contributing to its overall surface area. The 

synthesis time can affect the growth and 

arrangement of crystallites. In SAPO-34(48), 

the crystallites may be more dispersed with 

greater intercrystalline spacing, leading to the 

formation of enhanced voids. In contrast, the 

SAPO-34(72) zeolite may have undergone 

further aggregation or sintering, leading to a 

reduced number of voids and a smaller surface 

area. 

Furthermore, the increase in the content of Si 

from SAPO-34(24) to SAPO-34(72) can be 

another reason for the enhancement of the 

surface area for the SAPO-34(48) and SAPO-

34(72) samples. This observation is in 

accordance with EDX and XRD data discussed 

earlier in the literature, which indicate that 

both the distribution and crystallinity of Si 

increase with longer crystallization times [43]. 

In the case of the SAPO-34(24) sample, the 

surface area is markedly lower compared to the 

samples prepared at 48 and 72 h. This 

observation suggests that reducing the 

crystallization time results in a loss of 

crystallinity in the sample. This loss gives rise 

to an impurity phase with an AFI structure, 

which ultimately leads to a decrease in the 

specific surface area. 

 

 
Figure 8. BET surface analysis of the SAPO-34 

sample prepared in different crystallization times. 

 

3.1.5 FTIR  
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Figure 9 presents the FTIR spectra of the 

synthesized products. It has been reported in 

the literature that the framework vibrations of 

all catalysts are associated with the SAPO-34 

chabazite structure [9, 37, 41]. The spectra of 

samples displayed hydroxyl stretching 

vibration bands at 3450 cm-1 related to Si-OH-

Al bridges. It has been noted that bridging 

hydroxyl groups can function as Brønsted acid 

sites in the MTO reaction [9, 44]. The intensity 

of the bridging hydroxyl peak in the SAPO-

34(72) material exceeds that of other peaks. 

Increasing the crystallization time results in 

the formation of an increased quantity of acid 

sites. The high number of active sites will be 

advantageous for the MTO process. Therefore, 

it is anticipated that the SAPO-34(72) sample 

to demonstrate good catalytic performance in 

the MTO reaction, as agreed by FESEM and 

BET results. The peak observed at 1650 cm-1 

is associated with the physically adsorbed H2O 

molecules. Additionally, peaks at wave 

numbers around 1110, 870, 710, 640, and 490 

cm-1 are attributed to the T-O-T symmetric 

stretching, protonated template, T-O bending 

of PO4, T-O bending in D-6 rings, and T-O 

bending of Si tetrahedra respectively, all of 

which exhibit the peaks of the SAPO-34 

framework [18, 37]. The peak observed at 

2350 cm−1 is linked to the adsorption of CO2 

from the surrounding atmosphere. 

 

 
Figure 9. FTIR spectra of the SAPO-34 samples prepared in different crystallization times: (a) SAPO-34 

(24), (b) SAPO-34 (48), and (c) SAPO-34 (72). 

3.2 Catalytic performance 

3.2.1 Influence of the crystallization time on 

the methanol conversion 

Changing the crystallization time will 

significantly affect the selectivity of olefins, 

catalyst activity, and methanol conversion in 

the MTO process. The performance of these 

zeolites was evaluated at 300-500 °C with a 

constant GHSV of 4200 cm3/gr.h. In Figure 10, 

the evolution of methanol conversion of 

nanostructured catalysts, as a function of 

temperature, is presented. Methanol 

conversion refers to the percentage of 

methanol utilized in its production throughout 

the MTO process. It could be observed that all 

samples had complete conversion of methanol, 

indicating their high activity. In particular, a 

stable 100% methanol conversion took place 
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in the SAPO-34 catalysts prepared in various 

crystallization times. It can be concluded that 

the crystallization time has a minor effect on 

the methanol conversion. This result can be 

attributed to the rapid diffusion of products 

into the thin nanocrystals formed during the 

crystallization process, which significantly 

enhances intracrystalline diffusion [45]; 

consequently, the methanol conversion 

increases. 

 

 
Figure 10. Methanol conversion over the SAPO-

34 samples prepared in different crystallization 

times: (a) SAPO-34 (24), (b) SAPO-34 (48), and 

(c) SAPO-34 (72). 

3.2.2 Influence of the crystallization Time 

on the selectivity of products  

Figure 11 displays the selectivity of products 

over the SAPO-34 materials prepared in 

various crystallization times, across the 

temperatures of 300 to 500 °C. The selectivity 

of the product, whether for desirable or 

undesirable products, is characterized as the 

quantity of a particular product produced per 

mole of all possible compounds. As shown, the 

selectivity for ethylene gradually increased as 

the reaction temperature rose from 300 °C to 

500 °C. For propylene, the selectivity 

decreased as the temperature increased to up to 

500 °C. This phenomenon is because C3 and 

C4 species are predominantly present in the 

crystalline space, which cracks to form light 

hydrocarbons such as ethylene [47, 48]. This 

process facilitates the diffusion of C2 species 

out of the crystallites and increases the 

selectivity for ethylene as the reaction 

temperature rises. The SAPO-34 synthesized 

in a crystallization time of 24 h demonstrated 

slightly higher selectivity of ethylene, 

compared with the others. The existence of 

SAPO-5 with AFI topology and of propylene 

diffusion resistance within the pores of SAPO-

34 may affect the product distribution for the 

SAPO-34(24) catalyst in the MTO reaction 

[16, 42]. Conversely, the selectivity of 

propylene was the highest in the SAPO-34(72) 

sample except at 450 °C. In particular, as the 

temperature increases, the selectivity of light 

olefins decreases for all samples. The SAPO-

34(72) material achieves a maximum value of 

89% at a temperature of 400 °C. This result 

may be related to the higher crystallinity, 

uniform particle size, and increased number of 

active sites in the SAPO-34 synthesized in 

crystallization time of 72 h, which contribute 

to the enhanced production of light olefins.  

Increasing the temperature causes the 

formation of CH4 as a product, resulting in a 

reduction in the formation of light olefins. 

Figure 11 shows that substantial amounts of 

CH4 were observed only at temperatures above 

450 °C for all samples. This observation is 

attributed to the thermal decomposition of 

Dimethyl ether (DME) into CH4 and CO2 at 

higher temperatures. The selectivity of 

methane for the SAPO-34(72) molecular sieve 

was considerably greater than that of other 

samples, which exhibited approximately 22% 

methane selectivity. The selectivity of DEM 

and C4
+ seem to be similar for all samples, and 

is not affected by the crystallization time, 

which influences the properties of the SAPO-

34 zeolites. Considering the high methanol 

conversion and the highest selectivity of light 

olefins, a stability test was conducted for the 

SAPO-34(72) material at 400 °C. 
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(a) 

 
(b) 

 
(c) 

Figure 11. Products selectivity over SAPO-34 samples prepared in different crystallization times: (a) 

SAPO-34 (24), (b) SAPO-34 (48), and (c) SAPO-34 (72). 
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3.2.3. Stability test 

Figure 12 illustrates the product distribution in 

the MTO process using the SAPO-34(72) 

catalyst over time. The selectivity of products 

remains relatively constant during the reaction 

time. In particular, after 10 hours on stream, 

the SAPO-34(72) catalyst presents high 

conversion of methanol to olefins 

(approximately 100%), highlighting its 

exceptional activity. Furthermore, SAPO-

34(72) exhibited moderately stable production 

of highly desired olefins, maintaining 

selectivity for ethylene (58%) and propylene 

(38%) relatively constant over a span of 10 h. 

This stability is attributed to its capability to 

resist the formation of deactivating coke over 

time. The total production of olefin reached its 

maximum at 95% after 10 hours on stream. 

This enhanced performance towards light 

olefins is attributed to the shape-selective 

nature of the small pores of the SAPO-34 

zeolite, as well as the high crystallinity and 

enhancement by increasing the crystallization 

time. The selectivity for methane and DME 

remained low in this case, while the increased 

production of the desired products, ethylene 

and propylene, occurred when SAPO-34(72) 

was used as the MTO catalyst. 

 
Figure 12. Time on stream performance of 

SAPO-34 (72) prepared using dual template. 

 

3.2.4 MTO process mechanism over dual 

template SAPO-34 

The cyclic process of MTO may represent a 

competing reaction pathway, making the 

understanding of the alkene methylation rate a 

crucial factor [6, 9, 18, 46]. The initial studies 

of the MTO mechanism were related to the C–

C bond-forming step. Some free radical 

pathways were also proposed as potential ways 

for the direct conversion of methanol to the 

species with a “first” carbon-carbon bond. It 

can be demonstrated that Methanol reacts with 

acid sites of the catalyst and produces a 

methoxy species bound to the framework; 

however, chain growth has never been 

observed [46, 47].  

A methoxonium species, formed by the 

addition of methanol to a zeolite acid site, is 

one such example. In this instance, it is the 

framework oxygen itself that is formally 

charged; naturally, this same oxygen is 

connected to silicon, aluminum, phosphorus, 

and a proton to produce the underivatized acid 

site. Figure 13 suggests that the reaction 

mechanism in the SAPO-34 framework is 

analogous to that of the oxonium ylide 

mechanism. In the reaction steps, methanol is 

adsorbed on the Brønsted acid sites of the 

SAPO-34 to generate a dimethyl oxonium ion. 

It can be dehydrated to ethylene or converted 

to propylene using another molecule of 

methanol. 
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Figure 1. MTO reaction mechanism over nanostructured SAPO-34 synthesized using dual template (TEA 

and Morpholine). 

 

4. Conclusion 

SAPO-34 catalysts were prepared in the 

various crystallization times of 24, 48, and 

72h. It was observed that the crystallization 

time significantly influenced their 

physicochemical properties and catalytic 

performance. XRD patterns indicate that as the 

crystallization time decreases, the sample loses 

its crystallinity, and an impurity phase of 

SAPO-5 with an AFI structure emerges. The 

FESEM images of the synthesized samples 

indicated that, among the synthesized samples, 

the SAPO-34(72) sample had the largest 

particle sizes with uniform distribution. 

Additionally, the catalyst synthesized in a long 

crystallization time exhibits more active sites. 

The observations of the MTO process revealed 

good catalytic performance of the SAPO-34 

prepared in increased crystallization time. For 

the SAPO-34(72) catalyst, the total production 

of olefin reached its maximum at 95% after 10 

hours on stream. 
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