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Abstract 
The effect of different crystallization temperatures on the crystallinity, morphology, 
surface area and catalytic performance of SAPO-34 has been investigated. SAPO-34 
catalysts were successfully synthesized using the conventional hydrothermal method. 
The prepared samples were characterized by XRD, SEM, BET and FTIR techniques. 
The catalytic performance of the synthesized catalysts was tested in MTO reaction at 
410˚C and WHSV of 6.5 h-1. Temperature of crystallization was found to be the 
significant parameter for controlling crystallinity and purity, particle size, morphology, 
surface area and content of hydroxyl groups of the product. The sample prepared at 463 
K and 24h possessed the best crystallinity with the smallest crystal size. In the methanol 
conversion to olefins over SAPO-34 catalysts, this sample showed highest yield of light 
olefins (88% wt). 
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1. Introduction∗ 
Light olefins such as ethylene and propylene 
are important raw materials in petrochemical 
industry and polyolefins production [1]. 
Conventionally, the lower olefins are 
produced from crude oil via several 
processes such as thermal cracking and 
catalytic cracking. At the same time, the 
continuous increase in the price of crude oil, 
the resource limitations in fossil fuels, and 
the expected reduction in the oil production, 
make finding another feed instead of crude 
oil for producing light olefins necessary [2]. 
Also, the demand for ethylene and propylene, 
which is predicted to grow faster than its 
supply, has caused an increased interest in 
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finding new processes for the production of 
light olefins [3]. Naphtha steam cracking is a 
major process for the production of light 
olefins. The large amount of energy 
consumption in this process, low yields of 
light olefins and the carbon dioxide 
emissions increase the production cost of the 
light olefins [4]. Methanol to olefin (MTO) 
process produces light olefins from natural 
gas or coalvia methanol, and has  attracted 
much more attention as an alternative process 
in recent years. Simple and cheap process 
and non-petroleum sources as feed were the 
main reasons for many efforts to develop the 
process [5]. This reaction is catalyzed by 
zeolite molecular sieves and the main 
products of MTO are ethylene and propylene. 
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Silicoaluminophosphate molecular sieves 
(SAPO) are an important class of molecular 
sieves, which may possess Brønsted acidic 
sites with the substitution of Si into the 
neutral framework of AlPO4-n [6]. 
Aluminophosphate (AlPO4) molecular 
sieves’ framework is electrically neutral 
without ion exchange capability [7]. SAPO-
34, with the framework of zeolite CHA 
topology, has eight-ring channels with a pore 
diameter of 0.38 nm and is much more 
proper due to the moderate acid strength, 
relatively small pore diameter, and 
hydrothermal stability in the MTO process 
[8,9]. Also, SAPO-34 is the most desirable 
known catalyst for MTO conversion to date 
due to the high selectivity of about 80–90% 
to light olefins (C2–C4) at complete 
conversion of methanol [10]. 
Because of similar synthesis conditions, 
other SAPOs such as SAPO-5 with AFI 
structure are formed simultaneously as 
impurity in the synthesis of SAPO-34 
molecular sieve process [11]. The structure, 
physicochemical properties and 
theirapplicationsvary. So, optimal conditions 
should be usedfor selective-phase production. 
SAPO-5 has hexagonal structure twisted in a 
one-dimensional cylindrical 12-ring 
framework and SAPO-34 has cubic crystals 
with 6-ring framework [12]. Recent 
researches have focused on production of 
small and pure zeolite and zeolite-like 
particles with narrow particle size 
distribution due to considerable increase in 
their catalytic and separation performances 
[13-15]. The type of template, silicon and 
aluminium source, acid concentration, aging 
time, agitation during crystallization, 
temperature and time of crystallization were 

found to be the significant parameters for 
controlling crystallinity and purity, particle 
size and morphology, surface area and 
acidity of the product. In general, it was 
found that the crystallinity and size of SAPO-
34 were affected dramatically by the 
temperature, time and mixing condition of 
crystallization reaction [16]. 
The influence of synthesis conditions on the 
physicochemical properties of SAPO-34 as 
reported in [13,17] was analyzed without 
relation to the catalytic properties, and in the 
published data [10,18-20] on the SAPO-34 
catalytic activity in the reaction of methanol 
conversion to lower olefins, make it 
impossible to correctly assess the effect of 
synthesis conditions on the properties of the 
samples, since the catalysts were prepared in 
various conditions from different groups of 
precursors. 
The aim of the present study was to 
investigate the synthesis of fine and uniform 
crystalline particles of SAPO-34 and 
establish a relation between the temperature 
of crystallization with particle size and 
crystallinity of the prepared samples and 
their catalytic performance in MTO 
reactionto obtain a suitable catalyst for MTO 
reaction. 
 
2. Experimental 
2-1. Catalyst preparation 
Nine SAPO-34 samples were synthesized 
hydrothermally using different temperatures 
of crystallization based on the molar 
compositions of 1Al2O3: 1P2O5: 0.4SiO2: 0.5 
TEAOH: 1.5 MOR: 70H2O, which are 
presented in Table 1. The source of Al, P and 
Si were Aluminum isopropoxide (AIP, 
Merck), phosphoric acid (85% wt H3PO4, 
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Merck), Silicic acid (SiO2, Merck) 
respectively. Tetraethyl ammonium 
hydroxide (20 %wt aqueous solution of 
TEAOH, Merck) and morpholine (Merck) 
were used as the organic templates. The 
synthesis gel was prepared by slowly mixing 
aluminum isopropoxide to a solution 
containing phosphoric acid and deionized 
water with continuous stirring, then silicic 
acid was added drop wise to the above 
solution, followed by addition of templates. 
The obtained gel was aged at room 
temperature for 8 h with agitation. Agitation 
could be an appropriate method for 
increasing the crystallinity. After the aging 
period the gel was transferred into a 100 mL 
Teflon-lined stainless steel autoclave. The 
crystallization process was performed  in situ 
agitation at an adjusted temperature for a 
fixed period. The synthesized material was 
recovered by centrifugation, washed six 
times, and then dried at 383 K for 10 h. The 
final product was calcinated at 823 K for 5 h. 
 
2-2. Characterization 
Phase purity and crystallinity of final product 
were first verified by X-ray diffraction. The 
X-ray diffraction (XRD) patterns of catalysts 
were recorded on a powder X-ray 
diffractometer (Bruker D8) by using CuKa 
radiation (λ= 1.54 A°) operating at 40 kV 
and 30 mA with a Ni filter in the range of 2θ 
= 5 ̊– 80̊. The crystal size and morphology 
was analyzed by scanning electron 
microscopy (SEM) using Philips XL30 
microscopes, operating at 20 kV. Diffuse 
reflectance FTIR was conducted using a 
Bruker Tensor-27 spectrophotometer. The 
FTIR experiments of in-situ heat-treated 
samples were performed on pure powder of 

samples without KBr under Nitrogenflow. IR 
spectra of the samples in the region of the 
framework stretching vibrations (450–4000 
cm-1) were measured. The strong and weak 
acid species of the catalyst were identified 
and the temperature at which strong acid site 
absorption bands appeared was determined. 
The surface areas (BET) and pore volume of 
calcined samples were determined from 
isotherm data of nitrogen adsorption–
desorption using Micromeritics ASAP-2010 
analyzer. 
 
2-3. Catalyst performance 
Methanol conversion to olefins was tested 
under atmospheric pressure and at the 
temperature of 410˚C. The 1g calcined 
SAPO-34 catalyst and 2.5 g silicon carbide 
(as an inert) was packed in the center of 
stainless steel reactor (internal diameter: 
6mm, Length: 8cm) and heated by a tubular 
furnace. The catalysts were pretreated with 
150 ml/min flow of N2 at 550˚C for 1 hour 
then temperature was decreased to reaction 
temperature (410˚C). The liquid mixture of 
methanol in water (30 wt%) with a weight 
hourly space velocity (WHSV) of 6.5 h-1, 
was fed by a syringe pump into the reactor. 
The gas products were analyzed by using a 
Hewlett-Packard 5890 gas chromatograph 
equipped with a flame ionization detector 
and a capillary column to separate the C1-C4 
hydrocarbons. The schematic diagram of the 
experimental setup used for the MTO process 
in this study is presented in Fig.1. The 
conversion of methanol was determined from 
the outlet liquid sample as the percentage of 
methanol consumed in the MTO reaction 
using fractional distillation of outlet liquid. 
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as is observed, S3 sample with SAPO-5 
impurity exhibits smallest surface area 
among the other pure SAPO-34 samples. The 
difference in surface area may be due to 
variation in channel dimensions. In fact, 
surface area increased by increasing 
crystallization temperature up to 463 k and 
then dramatically decreased. 
 
3-5. Catalytic performance in MTO reaction 
Catalytic performances of SAPO-34 catalysts 
synthesized by different crystallization 
temperatures for methanol to olefins (MTO) 
reaction were tested at 410°C and WHSV of 
6.5 h−1. The product distributions of the 
catalysts with reaction time on the stream 
(TOS) are shown in Fig.5. Methanol 
conversion, the maximum yield of ethylene, 
propylene and light olefins for synthesized 
samples are shown in Table 2. It was 
observed that all catalysts obtained over 95% 
conversion of methanol. All of the prepared 
samples have the same trend in the total light 
olefins, but the distribution of products and 
the maximum yield of light olefins varied 
significantly. As shown in Table 2, the 
maximum yield of ethylene is more than 
propylene for S1 and S3 catalysts. In the 
MTO process, methanol is dehydrated to 
DME and the obtained mixture consisting of 
methanol, DME and water, which are in 
equilibrium, is converted to light olefins over 
an acidic catalyst. The rate of formation of 
ethylene and propylene increased with time 
and at first, light olefins production achieved 
the maximum. Then production of light 
olefins started decreasing [10]. For all 
catalysts, deactivation is evidenced by the 

decline in olefin production, together with 
the appearance of the intermediate DME, and 
subsequent decrease of methanol conversion. 
At first, sample 1 showed low activity, 
thereafter the production of ethylene and 
propylene gradually increased with TOS and 
acheived their maximum values, TOS 
between 100 and 150 min. Then production 
of light olefins started decreasing. Sample 2, 
for TOS between 10 and 20 min showed low 
activity. There after, production of ethylene 
and propylene increased, ethylene production 
is high value at TOS between 50 and 110 and 
propylene production is maximum value at 
TOS=50 min. This catalyst showed very 
good performance in light olefins production 
(88%wt). In addition, this catalyst indicated 
smaller particle size distribution and higher 
relative crystallinity, which, as explained 
earlier, can improve their catalyst activity. It 
was observed that the S3 catalyst, in 
comparison with others, did not achieve a 
noticeable performance (low olefins yield). 
The particle size and relative crystallinity of 
this catalyst were larger and lower than the 
others, respectively. By increasing the 
particle size, diffusion resistance will be 
increased and, therefore, the reactants cannot 
easily reach the center of the catalyst. As a 
result, the methanol conversion and yield of 
light olefins will be decreased [18]. In 
addition, the maximum product selectivity 
for these samples decreases in order of S-
2>S-1>S-3 which agrees well with intensity 
of Si-OH-Al bond of these samples in FTIR 
analysis. 
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