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Abstract

Silicoaluminophosphate (SAPO) zeotype materials, a family of zeolites with micropores, have moderate acid
strengths compared with conventional aluminosilicate zeolites; furthermore, their acid amounts can be tuned by the
incorporation of Si species into the aluminophosphate (AIPO) framework. The conversion of methanol to light olefins
including ethene, propene, and butenes (isobutene, 1-butene, and 2-butenes), methanol-to-olefins (MTO) reaction,
is carried out over zeolites as an acid catalyst. In the MTO reaction, the enhancement of the diffusivity of reactants
and products and the tuning of the acidity of zeolites are crucial keys to the improvement of the catalyst life due to
the suppression of the coke deposition in the pores. In the present study, we have focused on the improvement of
the catalytic performance of SAPO-5 materials with the AFI structure with large micropores of 0.73 nm apertures
in the MTO reaction. Highly crystalline SAPO-5 with different morphologies and acidities were readily synthesized
by merely varying the concentration of the starting gel. The employment of a highly concentrated starting gel with
a H,O/Al ratio of 5 led to the formation of smaller-sized SAPO-5 crystallites with a larger amount of mild acid sites
compared with SAPO-5 synthesized with the conventional compositions with the H,O/Al ratio of 50. The catalytic
performance of the synthesized SAPO-5 materials as an acid catalyst was evaluated in the MTO reaction. The
crystallite morphology as well as the acid amount scarcely affected the initial activity and product distribution, while
the catalyst life was considerably affected. The decrease in the crystallite size of SAPO-5 led to improving the

catalyst life due to the improvement of the resistance to the coke deposition.
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Introduction

Accompanying an increase in worldwide energy consumption, the
utilization of carbon resources alternative to crude oil, such as biomass,
coal and natural gas, has been highly desired for the production of
chemicals. Methanol is one of attractive materials as a sustainable
feedstock for the production of increasingly-demanded hydrocarbons
in industrial processes because methanol can be industrially
manufactured by the conversion of syngas obtained through the
gasification of various carbon resources, and be readily converted
to hydrocarbons over solid acid catalysts. Thus, the conversion of
methanol to light olefins including ethene, propene and butenes has
attracted much attention in recent decades [1]; so-called “methanol-
to-olefins (MTO) reaction”. The MTO reaction is generally carried out
over zeolites or zeotype materials with strong Brensted acid sites and
micropores as well as internal cavities. Among the zeolite catalysts,
silicoaluminophosphate zeotype material SAPO-34 with the CHA
structure, which is composed of a 3-dimensional pore system with
8-membered ring (8-MR) openings (0.38 nm x 0.38 nm) [2], is well-
known as an excellent catalyst for the MTO reaction; it provides high
yields of light olefins with a long catalyst life due to moderate acid
strength and the limitation of the size of the products imposed by the
small pores [1,3-7].

It has been proposed that the formation of hydrocarbon pool
species, alkylated aromatic compounds such as hexamethylbenzene,
in the cages of SAPO-34 should be required for the production
of light olefins during the MTO reaction [8-11]. Meanwhile, the
formation of the bulky aromatic compounds in the cage leads to the
formation of coke through the further polymerization to cause the
rapid deactivation due to the regulation of the diffusion of reactants
as well as products [12]. Therefore, improving the resistance to the
coke deposition is required for the utilization of zeolite catalysts for a
longer period. The catalyst life is strongly influenced by the crystallite

size of zeolites. In fact, the catalyst life of SAPO-34 can be improved by
decreasing the crystallite size without varying the acid amount due to
the improvement in the mass transfer inside the pores of the catalyst
[7,13]. The synthesis of smaller-sized SAPO-34 compared with SAPO-
34 synthesized by the conventional method has been attained by using
various approaches, such as dry-gel method and microwave-assisted
heating [14-22]. These smaller-sized SAPO-34 catalysts exhibited a
longer catalyst life compared with the conventional SAPO-34 catalyst
in the MTO reaction. A facile method for preparing the nano-sized
crystallites of ZSM-5 was developed by enhancing the nucleation
by mixing the starting gel under moderate conditions before the
crystallization [23]. Furthermore, the control of the crystallite size of
ZSM-5 can be attained by merely changing the water content in the
starting amorphous gel. The nano-sized ZSM-5 exhibited an excellent
catalytic performance in the hexane cracking and higher resistance to
the coke deposition compared with conventional micro-sized ZSM-5
catalysts. The facile method with controlling the gel concentration is
expected to be applied to the synthesis of a variety of zeolite catalysts
to form smaller-sized crystallites for improving catalytic performances.

Recently, silicoaluminophosphate zeotype material with the AFI
topology, SAPO-5, has been used as a model catalyst for investigating
detailed mechanisms of the MTO reaction. SAPO-5 consists of a
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1-dimensional pore system with 12-membered ring (12-MR) openings
(0.73nm x 0.73 nm) [2], whose diameter is similar to that of the cavities of
SAPO-34. Thus, bulky compounds would be capable of diffusing in and
out of the catalyst through the large pore openings. In fact, comparing
SAPO-5 with SAPO-34 in the MTO reaction, large-sized alkenes were
preferentially formed as an intermediate molecule in the micropores of
SAPO-5 to produce mainly butenes, in particular isobutene, through
the decomposition of the intermediate alkenes [24,25]. By contrast,
ethene and propene were selectively produced through the formation
of bulky aromatic compounds over SAPO-34 [26]. Since even light
olefins can be distinguished by the size of micropore aperture, SAPO-
5 has an advantage over SAPO-34 in respect of the production of
butenes from methanol. Furthermore, the absence of cavities and
intersections in SAPO-5 facilitates the estimation of the space available
for the formation of intermediates and products in the MTO reaction.
In addition to the control of the product distribution, the large pore
openings of SAPO-5 would be advantageous to suppressing the coke
deposition due to lower diffusion barriers of molecules in comparison
with zeolites with small pores. Meanwhile, the diversification of SAPO-
5 by tuning the acidity and/or the crystallite morphology and size has
not been well-studied for improving the catalytic performance in the
MTO reaction. It is expected that the investigation of the catalytic
properties of SAPO-5 with different physicochemical properties would
lead to the promotion of the potential of SAPO-5 as an acid catalyst in
the MTO reaction.

In the present study, we report on the synthesis of SAPO-5 catalysts
with different morphologies as well as acidities. In particular, we aimed
to develop a facile synthesis method for decreasing the crystallite size
of SAPO-5. Then, the synthesized SAPO-5 catalysts were applied as an
acid catalyst to the MTO reaction in order to investigate the catalytic
performance of the SAPO-5 catalysts. In addition, we also investigated
the effects of the crystallite morphology and acidities on the catalytic
performance on the basis of the activity, the product distribution, and
the catalyst life.

Experimental
Synthesis of SAPO-5 materials with different morphologies

The SAPO-5 materials with different morphologies were
hydrothermally synthesized with water, AI(O'Pr), (Kanto Chem. Co.)
as an Al source, orthophosphoric acid (HSPO » 85%, Kanto Chem. Co.)
as a P source, fumed silica (Aerosil 200, Aerosil) as a Si source and
tetraethylamine (TEA, Tokyo Chem. Inc.) as an organic-structure-
directing agent (OSDA). AI(O'Pr), was added to an aqueous solution
containing H,PO, and TEA to form a white suspension. Fumed silica
was added to the mixture. The molar composition of the prepared
amorphous gel was 1 ALO,: 1 P,0.: 0.2 SiO,: 1.0 TEA: 10-100 H,O. The
prepared gel was transferred into a Teflon-lined stainless steel vessel
and hydrothermally treated at 473 K for 2 days with tumbling at 30
rpm. The obtained product was recovered by filtration, washed with
deionized water, and dried at 363 K. Then, the final product of SAPO-5
was obtained by calcination of the as-synthesized sample at 823 K for
10 h for removing the OSDA. For the purpose of varying crystallite
sizes of SAPO-5, 5 wt% SAPO-5 product, which was synthesized with
aH,0/ Al ratio of 10, as a seed was added to the initial amorphous gel.

Characterization

XRD patterns were collected on a SmartLab (Rigaku) instrument
using a Cu-Ka X-ray source (45 kV, 200 mA). Nitrogen adsorption-
desorption measurements were conducted at 77 K on a BELSORP-mini
II (MicrotracBEL Corp.) instrument. Prior to the measurement, the

sample was evacuated at 623 K for 2 h. The BET (Brunauer-Emmett-
Teller) specific surface area was calculated from the adsorption data.
External surface area was estimated by the t-plot method. Field-emission
scanning microscopic (FE-SEM) images of the samples were obtained
on an S-5200 microscope (Hitachi) operating at 1.0 kV. Elemental
analyses of the samples were performed on an inductively coupled
plasma-atomic emission spectrometer (ICP-AES, PerkinElmer).
Ammonia temperature-programmed desorption (NH,-TPD) profiles
of the samples were recorded on a BELCAT (MicrotracBEL Corp.)
apparatus. Typically, the sample was pretreated at 773 K in He (50 mL
min™) for 1 h and then was cooled to 373 K. Then, 10% NH, in He was
allowed to make contact with the sample for 30 min. Subsequently, the
sample was evacuated to remove weakly adsorbed NH, for 15 min at
373 K. Finally, the sample was heated up to 773 K at a ramping rate of
10 K min™ with the He flow (50 mL min™) passed through the reactor.
A mass spectrometer was used to monitor desorbed NH, (m/e=16).

Methanol-to-Olefins (MTO) reaction

The MTO reaction was carried out in a 0.25 in. (OD) quartz
tubular flow microreactor loaded with 100 mg of 50/80 mesh zeolite
pellets without a binder. The catalyst was centered at a quartz reactor
in a furnace. The catalyst was pretreated at 500°C for 1 h in the stream
of N, prior to the reaction, and then the reactor was cooled to 450°C.
The initial partial pressure of methanol was set at 2.6 kPa. N, gas was
used as a carrier. The catalyst weight to the flow rate ratio (W/F __,
was 67.5¢g h(mol . I which corresponded to the weight hourly
space velocity of methanol (WHSV) of 0.47 h.

The reaction products were analyzed with an on-line gas
chromatograph (Shimadzu GC-2014) with a flame ionization detector
and a capillary column (HP-PLOT 30 m x 0.53 mm, 6 um film
thickness). The selectivities to the products were calculated based on
the carbon numbers.

Results and Discussion

Synthesis of SAPO-5 with different morphologies

Figure 1 shows XRD patterns of the samples obtained through
the hydrothermal treatment with the molar ratio of H,O/Al varied
from 5 to 50 in the starting gel and the following calcination. All the
samples exhibited the XRD pattern typical of the AFI structure with
high crystallinity, and showed almost the same XRD pattern although
a small peak derived from another phase appeared at 22° in the pattern
of the sample synthesized with the H,O/Al ratio of 5. It is indicated that
the concentration of the starting gel hardly affected the crystallinity of
the silicoaluminophosphate zeotype material with the AFI topology.
The crystallinity of the samples was further investigated by evaluating
the intensities of the XRD diffraction lines attributed to the (100), (210),
(002), and (102) planes of the AFI structure. The relative intensities
of the diffraction lines of the samples are summarized in Figure 2.
As the H,0O/Al ratio in the starting gel increased, the intensity of the
diffraction line derived from the (002) plane increased in comparison
with those from the (100), (210), and (102) planes. Moreover, the larger
increase in the relative intensity of the (002) diffraction line to the (210)
diffraction line was observed in comparison with that of (002) to (102).
Since the 1-dimensional (1-D) pore system of the AFI structure is
arranged along the c-direction [2], it is suggested that the pore length
of SAPO-5 can be shortened through the crystallization with highly
concentrated starting gels.

The morphology of the samples was evaluated by FE-SEM
observations (Figure 3). All the samples, except for the sample
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Figure 1: XRD patterns of the samples synthesized with the molar ratio of
H,O/Al'in the starting gel: (a) 5, (b) 10, (c) 10 (with 5 wt% seed), (d) 25, and
(e) 50.

synthesized with the H,O/Al ratio of 5 in the starting gel, were
composed of hexagonal crystallites. In the synthesis with the H,O/Al
ratio of 50 in the starting gel, the huge crystallites were formed with
mostly around 16 um in diameter and 8 pm in length. The crystallite
size was decreased with the decrease in the water content in the gel;
the average sizes were found to be 4 um in diameter and 0.7 um in
length for the H O/Al ratio of 25. By contrast, the crystals grew along
the c-direction through the crystallization with the H,O/Al ratio of 10
although the crystallite diameter was decreased to be 3 um. When the
sample synthesized with the H O/Al ratio of 10 was employed as a seed
for the synthesis with the H,O/Al ratio of 10, the crystal growth along
the c-direction was suppressed and the hexagonal plates with around 2
um in diameter and 0.1-0.3 pm in length were formed. Interestingly, the
hexagonal-cylindrical crystallites of the seed was no longer observed
after the crystallization of the gel containing the seed, indicating that
the seed crystals were mostly dissolved during the hydrothermal
treatment. The further decrease in the water content drastically
changed the crystallite morphology; large agglomerates composed of
plate-like crystallites were formed (Figures 3a and 3b). Considering our
findings above, the SAPO-5 materials with the different morphologies
can be readily synthesized by merely changing the water content in the
starting gel under the present hydrothermal conditions. It has been
reported that the higher alkalinity favored the nucleation of a lot of
particles due to the easy-dissolution of silicon and aluminium sources
in the solution, forming the smaller-sized zeolite [27,28]. In addition,
the increase in the concentration of the starting gel leads to increasing
anucleation density in the early stages of the crystallization to make the
crystallite size reduced [29]. Thus, decreasing the water content in the
starting gel, which corresponds to the increasing the gel concentration,
would lead to the enhancement of the nucleation in the early stage of
the crystallization due to accelerating the dissolution of the silicon
and aluminium sources in the increased pH solution, resulting in
the formation of the smaller-sized SAPO-5 crystallites. Furthermore,
the nucleation followed by the crystallization may be promoted on
the surface of the seed crystallites to form the smaller-sized SAPO-

5 crystallites in comparison with the crystallites synthesized in the
absence of the seed crystallites even when there is no difference in the
gel concentration.

The physicochemical properties of the samples synthesized with
the various water contents are summarized in Table 1. The samples
synthesized with the H,O/Al ratios set at 5, 10, 25 and 50 are denoted
by S(5), S(10), S(25) and S(50), respectively. The BET specific surface
area of the samples was independent of the gel concentration although
the external surface area was well-relevant to the crystallite size of the
samples; the external surface area was increased with the decrease in
the crystallites size. Since smaller-sized crystallites were agglomerated
to form larger-sized crystallites, the differences in the BET surface areas
may be derived from the heterogeneity of the crystallite size in the large
agglomerates.

All the samples, except for S(50), contained almost the same
compositions of Si, Al, and P; moreover, the Si/Al ratios in the samples
were similar to those in the corresponding starting gel. By contrast,
when the water content was increased to the HZO/Al ratio of 50, the
Si content in the sample was increased; simultaneously, the Al and P
contents were relatively decreased. Roldén et al. have reported that in
the synthesis of SAPO-5, Si species are incorporated into the AIPO
framework through the substitution of one Si** for one P** in the starting
gel with high pH, while silica islands can be formed as a result of the
substitution of two Si** for one P°* and one AI** in the starting gel with
low pH [30]. Thus, it is suggested that Si species were incorporated into
the AIPO framework in replace of P species, independent of the water
content in the range of the H,O/Al ratio of 5-25 due to the dissolution
of Si species in the concentrated gel. In the case of low concentration of
starting gels, pH in the gel would be decreased to decrease the solubility
of Si species, leading to the promotion of the formation of Si-O-Si
networks through the substitution of two Si** for one P** and one Al**.

NH,-TPD measurements were performed in order to study the
acidity of the samples. The results are shown in Figure 4 and Table
1. Two large peaks were overlapped in the NH,-TPD profiles of all
the samples; a peak was observed at around 440 K and the other at
around 523 K (Figure 4). The low-temperature peak corresponds to
NH, adsorbed on non-acidic -OH groups and NH_*, which forms by
the reaction of NH, with Brensted acid sites (BASs), and does not
correspond to NH, adsorbed on catalytically active BASs and Lewis
acid sites (LASs) [31,32]. On the other hand, the high-temperature
peak corresponds to the NH, desorption from catalytically active
BASs and LASs. The high-temperature peak of the product increased
with the decrease in the water content in the starting gel, and the
temperature where the peak top was observed was almost unchanged.
The addition of the seed crystals to the starting gel also resulted in
virtually increasing the high-temperature peak as S(10) was compared
with S(10)-seed; simultaneously, a shoulder peak was observed at
around 623 K, indicating that strong acid sites were newly formed
compared with the products synthesized in the absence of seed crystals.
Furthermore, the area ratio of the high-temperature peak to the low-
temperature peak decreased with the decrease in the water content in
the gel. The acid amounts of the products estimated from the high-
temperature peak are listed in Table 1. In SAPO molecular sieves, the
acid sites are generated by the incorporation of Si species into the AIPO
framework [33-35]. In the case of the replacement of P species alone
in the AIPO framework by Si species, Si species should be surrounded
by Al species to give rise to relatively weaker BASs. By contrast, the
substitution of two Si** for neighboring P** and AI** is prone to form
silica islands, and stronger acid sites are generated at the boundaries of
silica islands. Simultaneously, the formation of silica islands decreases
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Sample H,O/Al in gel SA. " SA.*
Im2 gt Im2 gt
S(5) 5 304 36
S(10) 10 289 12
S(10)-seed 10 (with seed) 267 23
S(25) 25 245 3.6
S(50) 50 278 7.9

2Estimated by N, adsorption-desorption method
®Measured by ICP-AES
°Estimated from NH,-TPD measurement

Page 4 of 7
Si/Al® P/AI® Si/(Al+P+Si)° Acid amount®
/mmol g-*
0.11 0.85 0.054 0.367
0.11 0.87 0.056 0.301
0.11 0.91 0.052 0.366
0.10 0.92 0.050 0.296
0.13 0.83 0.069 0.238

Table 1: Physicochemical properties of the samples synthesized with various water contents.

the amount of the acid sites in SAPO materials in comparison with
the amount of the acid sites derived from Si species surrounded by Al
species [36-39]. Thus, in the highly concentrated gels, Si species would
be homogeneously incorporated into the framework with surrounded
by Al species to generate relatively weak acid sites. On the other hand,
in the low-concentrated gels, relatively strong acid sites would be
generated by the formation of silica islands due to the incorporation
of larger amounts of Si species. Indeed, S(50), which was synthesized
with the lowest-concentrated gel, contained the highest Si content
and the smallest acid amount among the samples (Table 1). Except
for S(50), the acid amount of the samples was strongly dependent on
the gel concentration, indicating that there are some differences in
the Si distribution in the framework among the samples although all
the samples contained similar Si amounts to those in the starting gels.
However, since the acid sites attributed to the high-temperature peak
were classified as weak BASs and the Si content in the samples was
low, it is difficult to clarify the slight differences in the acid strengths
derived from the Si distribution in the samples in detail. It is probable
that the seed would also contribute to the homogeneous distribution
of Si species in preference to the formation of silica islands due to the
enhancement of the nucleation, resulting in the generation of the acid
sites derived from Si species surrounded by Al species.

Catalytic performance of SAPO-5 catalysts in the methanol-
to-olefins (MTO) reaction

The catalytic properties of the prepared SAPO-5 samples as an acid
catalyst were evaluated in the MTO reaction. The results are shown in
Figures 5 and 6 and Table 2. Figure 5 shows the methanol conversion
over the prepared SAPO-5 catalysts as a function of time on stream.
All the catalysts exhibited 100% methanol conversion in the initial
stage of the reaction (at 3 min). A fast deactivation occurred over S(50)
in the initial stage of the reaction, and the methanol conversion was
decreased along with the reaction time. By contrast, S(5) exhibited the
longest catalyst life among the catalysts; complete methanol conversion
was kept for 5 h after the reaction started. The catalyst life was increased
in line with the following order: S(5)>S(10)-seed>S(10)>S(25)>S(50),
which is consistent with the order of the acid amounts estimated from
the NH,-TPD profiles (Table 1). In addition, the order of the catalyst
life is opposite to that of the crystallite sizes of the catalysts, except
for S(5): S(50)>S(25)>S(10)>S(10)-seed. In the MTO reaction, the
effects of acidic properties and the crystallite size of zeolite catalysts
on the catalyst life has been investigated in detail. The polymerization
of carbonaceous species for the coke deposition in/on zeolites can be
enhanced on strong acid sites, in spaces with high acid densities, and
in long micropores. It has been reported that the decrease in the Si
content, corresponding to the decrease in the acid density, of SAPO-
34 leads to improving the coking resistance to increase the catalyst life
[7]. Furthermore, the crystallite size is a strongly important factor for
improving the catalyst life compared with the acid density; the decrease
in the crystallite size leads to the increase in the catalyst life [7,37].

According to the findings reported above, it is indicated that in the
present study the catalyst life was affected by the crystallite size of the
catalysts; the smaller-sized catalyst can exhibit the longer catalyst life due
to the suppression of the coke deposition by the reduction of diffusion
barriers inside the micropores of the catalyst. The small amount of
the acid sites of the products (0.24 mmol g"'- 0.37 mmol g') would
hardly influence the catalyst life even if the acid amount was varied. The
conversion of methanol was 100% over all the catalysts, except for S(50),
for reaction time of 1 h (Table 2). All the catalysts produced propene
as the main-product followed by butenes. The formation of dimethyl
ether (DME) was observed over S(50), resulting from the decrease in
the active sites for the conversion of DME to hydrocarbons due to
the deactivation. The slight differences in the behavior of the product
distributions were observed; the ratio of propene to butenes over the
catalysts followed the order: S(5) > S(10)-seed > S(10) > S(25) > S(50).
In the MTO reaction, the product distribution is strongly dependent
on the acid strength of zeolite catalysts. Indeed, comparing SAPO-5
with SSZ-24, which isomorphous aluminosilicate zeolite with stronger
acid strength, in the MTO reaction, key reaction steps of alkene and
arene cycles can display different sensitivities to acid strength [24]. By
contrast, it has been reported that the product distribution is irrelative
to the amount of the acid sites [40]; furthermore, the initial product
distribution is independent of the crystal size of zeolite [13]. The NH,-
TPD measurement revealed that there was no significant difference in
the acid strength among the catalysts since the high-temperature peaks
of all the catalysts were observed at similar temperatures (Figure 4).
Considering that the ratios of propene to butenes in the early stage of
the reaction time were affected by the acid strength of the catalysts, fine
tunings of the acid strength by controlling the Si distribution in the
framework should be required for optimizing the product distribution.

Changes in the selectivities to light olefins, paraffins and DME as
a function of time on stream are shown in Figure 6. All the catalysts
produced mainly propene followed by butenes during the reaction.
After the deactivation started, the production of DME was observed,
independent of the catalysts. The selectivity to DME was drastically
increased with the reaction time, while the selectivities to the other
products were gradually decreased, indicating that the conversion
of DME to hydrocarbons was suppressed by the deactivation due
to the coke deposition on the acid sites for the transformation to
hydrocarbons. During the reaction with the complete methanol
conversion, no marked change in the selectivity to propene was
observed. By contrast, the selectivity to butenes was gradually increased
with the reaction time, and that to ethene was decreased, resulting in
the decrease in propene/butenes ratios and the increase in propene/
ethene ratios over all the catalysts with the reaction time. Dahl et
al. have proposed that the product distribution was affected by the
increase in diffusion barriers generated by the coke deposition inside
the micropores of SAPO-34 during the MTO reaction; propene/ethene
ratios were decreased with the reaction time [41]. In the MTO reaction
over SAPO-5, the alkene cycle is a main process for the formation
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Sample Conv. /% Selectivity/C-%
c2- Cc3® c4 C5< c1 C2-C4 aroma® DME
S(5) 100 9.4 46.6 11.3 10.4 4.1 14.9 3.3 0
S(10) 100 9.0 45.9 15.5 11.7 45 8.5 4.8 0
S(10)- 100 12.7 47.8 13.6 75 4.4 10.7 3.1 0
seed
S(25) 100 10.4 435 18.6 9.2 5.7 9.5 3.2 0
S(50) 97.1 8.5 43.9 24.4 12.9 3.1 6.2 1.0 0.02
2Reaction conditions: cat., 100 mg; P(MeOH), 2.6 kPa; W/F=67.5 g h mol-.
baroma=Aromatic compounds.
Table 2: The results of the MTO reaction for reaction time of 1 h at 450°C=.
3
— §(50)
— S(25)
2 r — $(10)-seed
4 — S(10)

Relative intensity

0 10 20 30 40 50 60
H,O/Al molar ratio in gel

Figure 2: Relative intensities of XRD diffraction lines of SAPO-5 as a function
of the molar ratio of H,0/Al in the starting gel. The intensity of the diffraction
line derived from the (002) plane is relative to those from the (100), (210), and
(102) planes [() (002)/(100), (A) (002)/(210), (o) (002)/(102)].

S(5)

373 473 573 673 773
Temperature / K

Figure 4: NH,-TPD profiles of the samples synthesized with the molar ratio
of H,O/Al in the starting gel.

Figure 3: FE-SEM images of the samples synthesized with the molar ratio of
H,O/Al in the starting gel: (a, b) 5, (c) 10 (with 5 wt% seed), (d) 10, (e) 25, and
(f) 50.
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Conversion / %
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Figure 5: Methanol-to-olefins (MTO) reaction over (o) S(5), (A) S(10)-

seed, (A) S(10), (o) S(25), and (¢) S(50). Reaction conditions: cat., 100 mg;
P(MeOH), 2.5 kPa; W/F=67.5 g_, h mol; reaction temp. 450°C.

J

of hydrocarbons to produce selectively propene and butenes, while
propene/butenes ratios are affected by the methanol conversion; the
propene/butens ratios were increased with the increase in the methanol
conversion as well as the reaction temperature [24,25]. In the present
study, the micopore openings of SAPO-5 would be too large to generate
enough diffusion barriers even when the coke deposition occurred
inside the micropores; furthermore, the weak acid strength of SAPO-5
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Figure 6: The product distributions in the Methanol-to-olefins (MTO) reaction over (a) S(5), (b) S(10)-seed, (c) S(10), (d) S(25), and (e) S(50). Reaction conditions:

cat., 100 mg; P(MeOH), 2.5 kPa; W/F=67.5 g __, h mol'; reaction temp. 450°C.

as evidenced by NH,-TPD measurement would cause the alkene cycle,
resulting in the predominant production of propene and butenes in
comparison with ethene. In addition, it is assumed that decrease in the
acid sites of SAPO-5 by the coke deposition during the MTO reaction
led to decreasing the propene/butenes ratios with reaction time.

Conclusion

SAPO-5 samples with different morphologies and sizes were
synthesized by tuning the water content in the starting gel, that is, the
gel concentration. The gel concentration also affected the acidity of the
SAPO-5 catalyst; the acid amount of the catalyst was increased with
the decrease in the water content in the gel although the acid strength
was mostly independent of the gel concentration. The use of the highly
concentrated gel resulted in the formation of the highly-crystalline and
small-sized SAPO-5 catalyst with the large amount of the acid sites. The
SAPO-5 catalyst synthesized with the highly concentrated gel showed
a higher stability of the catalytic activity in comparison with that with
the low-concentrated gel in the MTO reaction. In addition, the SAPO-
5 catalyst produced predominantly propene followed by butenes with
the complete conversion of methanol.
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