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Abstract

The lower olefins (Ethylene, propylene, and butylene) are considered the key to the polymeric and petrochemical industries.
Dehydration of alcohols to produce light olefins (Methanol-to-olefins reaction) over SAPO-34 molecular sieve has attractedintoigh
attention. Modified SAPO-34 zeolite catalyst with Zr metal was successfully prepared under microwave irradiation using morpholine
as a structure direct agent. The microwave energy power used was 800 w and the crystallization time was 200 min. The catalyst
sample was characterized by XRD, SEM, EDX, BET, FTIR, and TGA analysis. XRD analysis exhibited a typical chabazite structure
with high crystallinity. The analysis showed macrocrystalline particles with moderate distribution of silica in the framework structure
and a low surface area of 77 m2/g. The vibration peaks of the prepared catalyst showed agreement with the SAPO-34 CHA structure.
Catalyst performance towards methanol-to-olefins conversion was performed in a trickle bed reactor with temperatures of 350, 400,
450, and 500 °C at a weight hourly space velocity of 7.7 h"L. The results also reveal at a temperature of 400 °C , that the best olefins
selectivity was obtained, reaching 70%, with a longer lifetime of 500 min. methanol conversion was almost 100% at all reaction
temperatures. In addition, the effect of methanol concentration was investigated and the results showed that increasing of water

content plays a role in increasing catalyst lifetime and preventing coke depositions in pores.
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1- Introduction

The crude oil domination in reserves has swayed
sustainable research towards finding another source for
energy and industrial raw materials [1, 2]. In recent years,
light olefins have great attention in the industrial fields,
especially for polymers such as fibers, plastics, and
cosmetics [3, 4]. Light olefins (ethylene, propylene, and
butylene) are produced largely from the thermal cracking
of hydrocarbons with high temperatures (about 850 °C)
[5]. In order to obtain high amounts of light olefins with
low consumption of raw materials and energy, it must
choose a suitable catalyst, operating conditions, and
feedstock [6]. Zeolite catalyst is used widely in the
industrial and wastewater fields [7-9]. One of the most
important factors in operation is light olefin selectivity,
which depends on catalyst constituents, pores structure,
and acidity. Silicoaluminophosphate zeolite (SAPQs) is
an appropriate catalyst type used for this purpose [10, 11].
Among SAPO catalysts, SAPO-34 showed good
selectivity (higher than 90%) for light olefins (C2=- C4°)
production. SAPO-34 is owing to chabazite (CHA)
structure topology with a narrow pore framework
(0.38*0.38 nm). SAPO-34 was reported to be an excellent
catalyst for methanol conversion to light olefins (MTO)
[12-14]. The drawback of this type in industrial process is

the quick deactivation during reaction because of the coke
formation into pores which reduces the catalyst lifetime,
and hence, reduces the products [14]. Recently, a
modification of promoting SAPO-34 with metals was
made for the MTO process. Adding metals to SAPO-34
improves the acidity, increasing the primary reaction and
reducing the side reactions [15, 16]. The crystallization
using the hydrothermal heating method is widely used for
the synthesis of SAPO-34 molecular sieves, but it takes a
very long time reach to more than 48 h and consumes
energy. Microwave irradiation was applied for the
crystallization process instead of the hydrothermal
method since it takes less time (< 3 h) [17, 18]. The other
facials of microwave heating are the controlling of
particle morphology, high crystallinity, and high product
yield [19]. The main drawbacks of microwave synthesis
are the low uniformity and insufficient irradiation power
or time, an impurity phase such as SAPO-5 may form
[20]. Merza et al. [21] synthesized modified SAPO-34 by
incorporating Fe, Ag, and K ions hydrothermally. They
found that light olefin selectivity increased with adding
metals and reached 80 %, and also, the lifetime was
prolonged to 10 h. Eslami et al. [19] used hydrothermal
and microwave heating methods for preparing MnAPSO-
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34. They found that irregular particles with amorphous
phases were formed when using low microwave power.
For the MTO conversion process, the catalyst synthesized
by microwave irradiation showed low selectivity towards
light olefins than that prepared with hydrothermal
method. Huang et al. [22] used coating method to
fabricate SAPO-34/t-ZrO,. They reported an excellent
conversion of methanol to olefins reaching 100% with
90% lower olefins selectivity. Also, the catalyst lifetime
was enhanced which reached 1130 min with the increase
of 770 min as compared to SAPO-34. Salah Aldeen et al.
[23] found that ethylene and propylene yield enhanced by
21.78 wt% and 23.8 wt%, respectively, using 2% Zr and
2% Ce on SAPO-34 catalyst. The mechanical strength of
zirconium and thermal resistance could enhance SAPO-34
thermal stability against coke formation, and hence,
improve the catalyst lifetime [22]. In addition to metal
incorporation, the most important conditions that affect
SAPO-34 activity and lifetime during MTO reaction are
the operation temperature and water content in the feed

[24].
In this work, modified ZrAPSO-34 was prepared under
microwave irradiation. Also, a novel material of

aluminum chloride was used as an alumina source. TEOS
was used as a silica source. The prepared catalyst was
characterized using XRD, SEM, EDX, FT-IR, BET, and
TGA analysis. The conversion of methanol to light olefins
was investigated in a trickle bed reactor to show the
performance of the catalyst in lifetime and selectivity.

2- Materials and Method

In the microwave synthesis, the materials used for

Zro1APSO-34  preparation are aluminum chloride
hexahydrate (AICI5.6H,0, Fluka, 99%),
tetraethylorthosilicate (TEOS, Aldrich, 100%),
phosphoric acid (HsPO., Merck, 85%), zirconium

oxynitrate hydrate (IV) (ZrN2,O7.xH,0, 30%, Himedea)
used as Al, Si, P and Zr sources, respectively. Morpholine
(MOR, 99%, Aldrich) was used as the template.

2.1. Preparation of ZrAPSO-34

Zro1APSO-34 zeolite catalyst was prepared under
microwave irradiation method for gel molar composition
of AL;03:P,05:0.6Si02:4MOR:0.1Zr:60H,0. At first, 9 g
of aluminum chloride was mixed with 16.5 ml of
demineralized water and stirred for 30 min. The
phosphoric acid solution was mixed in dropwise with the
mixture. In this step, PH reduced near one. Then, TEOS
was added to the mixture with stirring for 30 min, PH
reached less than one. After that, zirconyl nitrate (1) was
added and mixed for 20 min. Afterward, morpholine as a
template was slowly added to the mixture at room
temperature. The final solution was stirred for 2 h. The
precursor was transferred to a Teflon-stainless steel
autoclave with a capacity of 100 ml. the, it was placed in
a microwave apparatus with irradiation energy of 800 w
for 200 min without stirring. After crystallization, the

product gel was cooled at room temperature and
centrifuged in 2200 rpm for 30 min to collect the solid
crystal product, washed three times with distilled water
and filtered. The sample dried at 120 °C overnight and
then calcined at 560 °C for 5 h to remove template
molecules. The synthesized crystal was sampled to
analyze it. Then, it was tableted to small particles with 2-3
mm diameter to use in methanol to light olefins
conversion.

2.2. Sample characterization

The zeolite catalyst ZrAPSO-34 was characterized with
XRD (X-ray diffraction), SEM (scanning electron
microscopy), EDX (energy-dispersive X-ray
spectroscopy), BET (Brunauer-Emmett-Teller), FT-IR
(Fourier transforms infrared spectroscopy) and TGA-
DTG (Thermogravimetric analyses) analyzing techniques.
The XRD pattern was composed of a Bruker D8 CuKa
diffractmeter radiation, = 1.5406 °A in the range of 26
equal to 5-80. The particle morphology and size were
conducted using SEM photos with a Philips XL30
instrument. BET surface area was measured by analyses
of N, isotherm with ASAP 2010 micrometrics device.
FTIR spectra were composed with palletized diluted KBr
using Bruker Tensor-27 spectroscopy. TGA-DTG data
were obtained in N2 gas at 20 °C/min and flow of 20
ml/min using the Shimadzu DTG-60 model. The
characterizations were performed at Ondokuz Mayis
University in Turkey.

2.3. Experimental setup for MTO

The MTO conversion tests were performed in a
laboratory trickle bed reactor. The experimental setup
scheme is depicted in Fig. 1. It consists of a gas and liquid
feed section, primary heater, trickle-bed reactor, furnace,
and analytical section. The process was done in
continuous flow at atmospheric pressure. For the MTO
process, 2.5 g of ZrAPSO-34 was overloaded into the
tubular reactor (d=1.2 cm and L=48 cm). Quartz balls
were used to fix the catalyst inside the reactor. 90 ml/min
of Ny carrier flow gas at opened onto the catalyst at 650
°C for 1 h, and then, it cooled to reaction temperature. A
feed solution of 30% wt/wt of methanol to water ratio was
pumped and the primary heater raised the feed
temperature to about 250 °C. The feed vaporized and
entered the reactor. The reaction temperature was set up
to 350, 400, 450, and 500 °C with a weight hourly space
velocity (WHSV) of 7.7 hl. Methanol conversion, light
olefins selectivity, and catalyst lifetime were performed at
all reaction temperatures. Methanol to water weight ratio
of 30 and 70% was also investigated at 400 °C and 7.7 h.

Gas chromatograph BS-GC7820, BIOBASE, China,
which was equipped with a Plot-U column and FID
(flame-ionization detector) was used for analyzing the
product. The structural property of synthesized
Zrg1SAPO-34  using  microwave  irradiation s
demonstrated in Table 1.
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Fig. 1. The Experimental Setup of the MTO Conversion Process
Table 1. Structural Property of Prepared Zrapso-34 with Microwave Irradiation
Sample Template Metal Heating method Power (w) time (min) BET (m%g) Pore volume
incorporated (cm¥g)
SAPO-34 Morpholine  Zr MW 800 200 77.57 0.22

3- Results and Discussion
3.1. Catalyst Characterization
3.1.1. XRD Analysis

The XRD diffraction pattern of ZrAPSO-34 is shown in
Fig. 2. The standard peaks of SAPO-34 are at 26 = 9.5,
12.8, 15.5, 17.7, 20.5, 26, and 30.5 [25]. The pattern of
the prepared catalyst consists of SAPO-34 chabazite
phase structure (JCPDS 01087-1527, Rhombohedra) [21].
The observed peaks indicate high catalyst purity as
reported in [22, 24]. The modified SAPO-34 zeolite

catalyst with the incorporation of Zr metal obviously has
a CHA structure with successful fabrication using the
microwave irradiation method. This indicates that using
aluminum chloride as an aluminum source with, TEOS as
a silica source with a MOR template can form a pure
SAPO-34 catalyst under microwave irradiation with the
existence of Zr metal ions in the framework. It is depicted
that metal ions have a positive effect in increasing
nucleation rate, and hence, increasing the crystal growth.
The metal ions work like a seed and help to form a highly
pure phase [26]. It can be noted that XRD analysis
showed no peaks of Zr appeared. That is for the perfect Zr
diffusion into the surface of the catalyst [23].
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3.1.2. SEM Analysis

Fig. 3 illustrates the scanning electron microscopy
images of ZrAPSO-34. The catalyst particles show cubic-
like irregular morphology which is similar to CHA
structure. The ununiformed cubic type indicates to
physical coating of Zr on the catalyst surface during
preparation. It is clear that incorporating Zr to catalyst
leads to producing cubic structural morphology instead of
spherical particles which is almost observed when using
microwave heating in the crystallization process. On the
other hand, the aggregation caused by microwave
crystallization affects the catalyst morphology due to the
fast nucleation compared to the hydrothermal method
[27]. There is a variation in the morphology of the
catalyst. This difference may be attributed to the double
effect of using TEOS with a morpholine template. The
interaction between morpholine and silica is the major
factor that affects the rate of nucleation and
crystallization. Using TEOS leads to form a Mono-Si
structure unit which causes rapid crystallization. This can
make changes in particle morphology [28].
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Fig. 3. SEM Images of ZrAPSO-34 Sample

3.1.3. EDX Analysis

The molar ratio of obtained Zro1APSO-34 catalyst
n(Al): n(Si): n(P) is 1.89: 0.17: 0.34. The moderate ratio
of Si indicates proper distribution and incorporation of
silicon in the catalyst. Fig. 4 shows the EDX dot-mapping
analysis of the ZrAPSO-34 sample. The dot-mapping
image shows Si has good distribution and density in the
catalyst. The proper distribution gives it an important role
in framework structure, acidity, and activity in reactions.
In other hand, there is a big difference in the molar ratio
of Al and P elements [10]. The presence of Zr proves the
successful synthesis of modified SAPO-34 with metal
incorporation. This variation may be explained to that Zr
metal had a crucial effect on silicoaluminophosphate
crystal at the nucleation stage which affects the Si
coordination structure and the acid intensity of the
prepared molecular sieve. For whole synthesized catalyst
samples, it seems that the application of high-intensity
microwave power with long crystallization time has a
great influence on the distribution of elements and metal
ions in SAPO-34 synthesis [22].

Fig. 4. EDX-Dot-Mapping Analysis of ZrAPSO-34
Sample

3.1.4. BET Analysis
The surface area of the ZrAPSO-34 catalyst was

calculated by the BET  method of N
adsorption/desorption manner as reported in Table 1. The
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sample remark macroporous structure with a low surface
area of 77.57 m?/g and total pore volume of 0.22 cm¥/g.
The average pore radius is 5.6 °A. The surface area and
micropore volume are less than that observed without
adding Zr metal as reported in [22-24]. It indicates that
the dispersed metal ions of zirconium in the channels and
over the particles can reduce the surface area and pore
volume [24]. This dispersion causes a reverse effect on
reactant diffusion in pores, and hence, may reduce the
catalyst activity [29, 30]. The possible explanation for the
decreasing surface area is due to the permeation of ZrO;
oxides into catalyst cavities [23]. Another reason that may
be taken into account is that low growth of crystalline
surface at short synthesis time with microwave irradiation
leads to the production of large particle sizes with small
surface area [19].

3.1.5. FT-IR Analysis

The ZrAPSO-34 prepared catalyst which corresponds to
the CHA framework structure was characterized by FTIR

analysis as shown in Fig. 5. The infrared spectra were in
the range of 400-4000 cm™* which gives a wide frequency
to get more accuracy in functional groups. The reported
vibrations consist of the chabazite SAPO-34 framework.
The vibration peaks of spectra of 3420 and 3387 cm™ are
of bride hydroxyl groups such as Si-OH and P-OH,
respectively. The hydroxyl groups play active site roles in
the conversion of methanol to olefins [19]. The peaks of
about 2450, 2400, and 2100 cm® can indicate CO;
absorption from the atmosphere [21]. The vibration peaks
of about 1640 cm™ can be assigned to physical water
adsorption. The stretching vibrations of 1330 and 1097
cm?® correspond to O-P-O asymmetric stretching
vibration. The peaks of about 711, 634, and 420 cm
indicate symmetric stretching P-O (or Al-O) vibration, a
double six-membered ring of chabazite characteristic of
SAPO-34 and T-O bending stretch vibration of SiO,
respectively [19, 31].
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Fig. 5. FTIR Spectra for ZrAPSO-34 Sample

3.1.6. TGA-DTG Analysis

Thermogravimetric TG and differential temperature
analysis of the ZrAPSO-34 sample are demonstrated in
Fig. 6. The test was conducted at a very high temperature
reaching 1100 °C. The sample showed high stability
against coke formation which does not exceed 19% of the
initial sample weight. The DTG analysis shows three
steps of weight loss. The first region is at 160-190 °C,
which indicates endothermic desorption of water. The
second step occurred in the temperature range of 420 to

480 °C, which is attributed to the exothermic effect
associated with the calcination of coke formed [18]. The
third is in small effect of losing weight at a temperature of
about 900 °C. The ratio of weight-losing calcination
region (region Il) is about 3.34%. The DTG shows a drop
manner of losing weight decreased in the following order:
region 1> region I1> region Il [27]. It can be seen from
the results that the ZrAPSO-34 catalyst will show high
lifetime performance and moderate mass transfer
resistance with high product purity.
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Fig. 6. TGA and DTG Analysis of ZrAPSO-34 Catalyst
3.2. Catalyst Performance

ZrAPSO-34 catalyst performance towards MTO
conversion was performed in a trickle bed reactor. The
temperature of 350, 400, 450, and 500 °C was
investigated for conversion, selectivity, and lifetime with
a space velocity of 7.7 hl. Moreover, the effect of
methanol concentration in the feed on the olefin products
was also studied.

3.2.1. Methanol Conversion

The conversion activity trend of methanol to light
olefins over ZrAPSO-34 zeolite catalyst at various
temperatures with WHSV of 7.7 h is shown in Fig. 7.
The conversion was very high and almost completed for
all reaction temperatures. It was 100% for more than 500
min and then decreased by only 3% at time of 600 min.
These results indicate to that the optimum temperature for
methanol conversion is at ranging from 400 to 450 °C
[21]. Also, it can be seen that modified SAPO-34 with
incorporated Zr metal offers high thermal stability with a
long lifetime in reactions. The obtained results are
approaching that reported in [16, 22]. The methanol
conversion trend was largely reduced below 90% at a
time of 600 min. During this stage, the activity of
ZrSAPO-34 decreases which can be ascribed to the coke
formation. The inactive coke blocks the pores and
channels and prevents the reactants reach the active sites
[24]. The catalyst activity depending on reaction
temperature shows a coincident trend at 400, 450, and 500
°C. It indicates to very stable catalyst with stable
conversion at high temperatures. This is due to the
excellent mechanical strength of zirconium metal which
provides more catalyst thermal stability [23]. On the
opposite side, the conversion of methanol was low at a
temperature of 350 °C. this may ascribed to insufficient
temperature to complete the conversion inside the pores
[13, 27].

Fig. 7. Methanol Conversion to Light Olefins Over
ZrAPS0O-34 Sample at Different Temperatures with 7.7 h-
L under Atmospheric Pressure

3.2.2. Product Selectivity

The effect of temperature on light olefins selectivity
over modified Zro1APSO-34 is illustrated in Fig. 8. The
results showed enhancement of lifetime of catalyst against
coke deposition and reduction in light olefins production.
By increasing the reaction temperature from 350 to 400
°C, the selectivity of light olefins increased from about
60% for 400 min to 70% for 500 min, respectively. As
increasing temperature to 450 and 500 °C, the selectivity
reduced to 66% for 400 min and 47% for 300 min,
respectively. In general manner, the stability was good
before occurring catalyst deactivation, and in the same
time, the lower olefin selectivity decreased with high
temperature. The best catalyst performance was at 400 °C
which had completed conversion with 70% light olefins
selectivity and longer lifetime reached to 500 min.
According to results, it can be noted that ZrAPSO-34 has
a little impact on selective lower olefins of ethylene,
propylene and butylene, but it postures a significant effect
on conversion and stability. It seems to produce methane
and alkanes. The high activity of ZrSAPO-34 toward
producing light olefins can be ascribed to the change in
the catalytic acidity. The addition of Zr enhances the
acidity and strengthens the weak acid [23]. As a result, the
efficiency of the catalyst increases. In contrast, the
increasing of the surface acidity speeds up the secondary
reactions, and hence, reduces the catalytic activity due to
coke formation [13, 23]. During microwave
crystallization of modified SAPO-34 with Zr metal, the
compositing constructed structure of chemical interphase
is regulated Si distribution on the SAPO-34 surface, and
as a result, modified acid density [13, 16, 19]. The
macropore's particle morphology and modified acid
density reduce the carbon formation that deposits around
the external surface and effectively utilize many active
sites within the SAPO-34 framework which reduces the
deactivation rate. That leads to enhancing the catalyst's
lifetime during reaction [22, 23].
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Fig. 8. Light Olefins Selectivity Over ZrAPSO-34 at
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500 °C with 7.7 hr'* under Atmospheric Pressure

3.2.3. Effect of Methanol Concentration

In order to recognize the relationship between the
concentration of methanol and olefin selectivity, MTO
conversion was performed over the ZrSAPO-34 catalyst.
Two methanol concentrations of 30 and 70% w/w were
studied at 400 °C and 7.7 h'* as demonstrated in Fig. 9. It
is reported that by increasing methanol concentration in
the feeding stream, the lower olefins selectivity increased
slightly under low water content in the raw material feed,
but the selectivity decreased sharply after about 250 min
of reaction. The high water content in raw material (i.e.
70% water) showed stable product selectivity with a
lifetime longer than 500 min. The reporting results are
approaching that reported in [24, 32, 33]. This trend of
light olefins selectivity and catalyst lifetime indicates the
clear effect of water content on methanol reaction over
catalyst [24]. The high quantity of water prevents the coke
deposition on pores and plays a role as steam around the
catalyst which helps to dehydrate H,O molecules from
alcohols[33]. Also, it carries the coke formed far from the
catalyst during the reaction process. The diluted feed for
the MTO reaction reduces the paraffin and aromatic
selectivity, hinders the coke deposition inside pores, and
prolongs the catalytic lifetime [34].
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Fig. 9. Effect of Methanol Concentration on Light Olefins
Selectivity at 400°C and 7.7 h' under Atmospheric
Pressure

4- Conclusions

In summary, the MTO reaction is considered an
alternative and effective in producing lower olefins.
SAPO-34 molecular sieve catalyst improved high
efficiency for this purpose. In order to enhance the
catalyst activity, selectivity, and lifetime, metals were
incorporated into SAPO-34 with the initial gel. For its
high mechanical strength, thermal stability, and moderate
acidic sites, zirconium metal was incorporated with
SAPO-34. Zro1APSO-34 zeolite catalyst was successfully
prepared using the microwave heating method. A high
irradiation power of 800 w was used for the
crystallization process for 200 min. The characterization
analysis of the catalyst showed high crystallinity with the
typical chabazite structure of SAPO-34. The surface area
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of the catalyst was low for its large particles due to the
effect of metal oxide which may block the pores. The
catalyst showed good selectivity of light olefins in the
MTO conversion process. The results showed that high
reaction temperatures decrease olefin production and
increase methane and alkanes. It was reported that MTO
conversion was almost 100% with a long catalyst lifetime.
The optimum operation temperature which yields higher
conversion, selectivity, and lifetime was 400 °C. It is also
reported that increasing water content in the feeding
stream plays a role in preventing the deposition of coke
formed on the pores. ZrAPSO-34 showed high stability
against coke formation with moderate olefin selectivity
and a long lifetime in the reaction process.

Acknowledgment

We gratefully acknowledge the Department of
Chemical Engineering, University of Baghdad, and also
Baiji Oil Training Institute for assisting and supporting
this work.

References

[1] Y. Zhou, H. Shi, B. Wang, G. Chen, J. Yi, and J. Li,
"The synthesis of SAPO-34 zeolite for an improved
MTO performance: tuning the particle size and an
insight into the formation mechanism," Inorganic
Chemistry Frontiers, vol. 8, no. 9, pp. 2315-2322,
2021, https://doi.org/10.1039/D1QI100016K

[2] F. Shakir, H. Q. Hussein, and Z. T. Abdulwahhab,
"Influence of Nanosilica on Solvent Deasphalting for
Upgrading Iragi Heavy Crude Qil," Baghdad Science
Journal, vol. 20, no. 1, pp. 0144-56, 2023,
https://doi.org/10.21123/bsj.2022.6895

[3] A. N. Hammadi and I. K. Shakir, "Adsorption
Behavior of Light Naphtha Components on Zeolite
(5A) and Activated Carbon,” Ilragi Journal of
Chemical and Petroleum Engineering, vol. 20, no. 4,
pp. 27-33, 2019,
https://doi.org/10.31699/1JCPE.2019.4.5

[4] A. S. Abbas and R. N. Abbas, "Preparation and
characterization of NaY zeolite for biodiesel
production,” Iragi Journal of Chemical and
Petroleum Engineering, vol. 16, no. 2, pp. 19-29,
2015, https://doi.org/10.31699/1JCPE.2015.2.3

[5] J. W. Jun, J. Jeon, C.-U. Kim, K.-E. Jeong, S.-Y.
Jeong ,and S. H. Jhung, "Synthesis of mesoporous
SAPO-34 molecular sieves and their applications in
dehydration of butanols and ethanol,” Journal of
Nanoscience and Nanotechnology, vol. 13, no. 4, pp.
2782-2788, 2013,
https://doi.org/10.1166/jnn.2013.7387

[6] G. H. A Razzaq and N. S. Majeed, "Pyrolysis of
scrap tire by utilizing zeolite as catalyst,” Materials
Today: Proceedings, vol. 45, pp. 4606-4611, 2021,
https://doi.org/10.1016/j.matpr.2020.12.1232

116

[71 M. J. Ahmed, A. H. A. K. Mohammed, and A. A. H.
Kadhum, "Experimental and theoretical studies of
equilibrium isotherms for pure light hydrocarbons
adsorption on 4A zeolite," Korean Journal of
Chemical Engineering, vol. 27, pp. 1801-1804, 2010,
https://doi.org/10.1007/s11814-010-0302-8

[8] H. Aljendeel and H. Q. Hussein, "Advanced Study of

Promoted Pt/SAPO-11 Catalyst for
Hydroisomerization of the n-Decane Model and Lube
Oil," Iragi Journal of Chemical and Petroleum

Engineering, vol. 22, no. 2, pp. 17-26, 2021,
https://doi.org/10.31699/1JCPE.2021.2.3

[9] S. M. Al-Jubouri, H. A. Al-Jendeel, S. A. Rashid, and
S .Al-Batty, "Antibiotics adsorption  from
contaminated water by composites of ZSM-5 zeolite
nanocrystals coated carbon,” Journal of Water
Process Engineering, vol. 47, p. 102745, 2022,
https://doi.org/10.1016/j.jwpe.2022.102745

[10]S. F. Alam, M.-Z. Kim, D. Arepalli, P. Sharma, and
C. H. Cho, "Synthesis of SAPO-34 nanoplates with
high Si/Al ratio and improved acid site density,"
Nanomaterials, vol. 11, no. 12, p. 3198, 2021,
https://doi.org/10.3390/nan011123198

[11]G. Jabaar and H. Al-Jendeel, "Synthesis and
characterization of SAPO-11 using carbon
nanotubes,” in AIP Conference Proceedings, 2023,
vol. 2806, no. 1: AIP Publishing,
https://doi.org/10.1063/5.0163114

[12]Q. Sun, Z. Xie, and J. Yu, "The state-of-the-art
synthetic strategies for SAPO-34 zeolite catalysts in
methanol-to-olefin conversion,” National Science
Review, vol. 5, no. 4, pp. 542-558, 2018,
https://doi.org/10.1093/nsr/nwx103

[13]E. Kianfar, "Investigation of the effect of
crystallization temperature and time in synthesis of
SAPO-34 catalyst for the production of light olefins,"
Petroleum Chemistry, vol. 61, pp. 527-537, 2021,
http://dx.doi.org/10.1134/S0965544121050030

[14]D. Zapater, J. Lasobras, J. Soler, J. Herguido, and M.
Menendez, "MTO with SAPO-34 in a Fixed-Bed
Reactor :Deactivation Profiles,” Industrial &
Engineering Chemistry Research, vol. 60, no. 45, pp.
16162-16170, 2021,
https://doi.org/10.1021/acs.iecr.1c02718

[15] M. Sedighi, M. Ghasemi, M. Sadegzadeh, and M.
Hadi, "Thorough study of the effect of metal-
incorporated SAPO-34 molecular sieves on catalytic
performances in MTO process," Powder Technology,
vol. 291, pp. 131-139, 2016,
https://doi.org/10.1016/j.powtec.2015.11.066

[16]J. Yao, Y. Rong, Z. Gao, X. Tang, F. Zha, H. Tian,
Y. Chang, and X. Guo, "Metal-organic framework-
assisted synthesis of Zr-modified SAPO-34 zeolites
with hierarchical porous structure for the catalytic
transformation of methanol to olefins," Catalysis
Science & Technology, vol. 12, no. 3, pp. 894-905,
2022, https://doi.org/10.1039/D1CY01838H


https://doi.org/10.1039/D1QI00016K
https://doi.org/10.21123/bsj.2022.6895
https://doi.org/10.31699/IJCPE.2019.4.5
https://doi.org/10.31699/IJCPE.2015.2.3
https://doi.org/10.1166/jnn.2013.7387
https://doi.org/10.1016/j.matpr.2020.12.1232
https://doi.org/10.1007/s11814-010-0302-8
https://doi.org/10.31699/IJCPE.2021.2.3
https://doi.org/10.1016/j.jwpe.2022.102745
https://doi.org/10.3390/nano11123198
https://doi.org/10.1063/5.0163114
https://doi.org/10.1093/nsr/nwx103
http://dx.doi.org/10.1134/S0965544121050030
https://doi.org/10.1021/acs.iecr.1c02718
https://doi.org/10.1016/j.powtec.2015.11.066
https://doi.org/10.1039/D1CY01838H

M. J. Mohammed et al. / Iragi Journal of Chemical and Petroleum Engineering 25, 2 (2024) 109 - 118

[17]J.-W. Jun, J.-S. Lee, H.-Y. Seok, J.-S. Chang, J.-S.
Hwang, and S.-H. Jhung, "A facile synthesis of
SAPO-34 molecular sieves with microwave
irradiation in wide reaction conditions," Bulletin of
the Korean Chemical Society, vol. 32, no. 6, pp.
1957-1964, 2011,
http://dx.doi.org/10.5012/bkcs.2011.32.6.1957

[18]F. M. Shalmani, R. Halladj, and S. Askari, "Effect of
contributing  factors on  microwave-assisted
hydrothermal synthesis of nanosized SAPO-34
molecular sieves," Powder Technology, vol. 221, pp.
395-402, 2012,
https://doi.org/10.1016/j.powtec.2012.01.036

[19]A. A. Eslami, M. Haghighi, and P. Sadeghpour,
"Short time microwave/seed-assisted synthesis and
physicochemical characterization of nanostructured
MnAPSO-34 catalyst used in methanol conversion to
light olefins," Powder Technology, vol. 310, pp. 187-
200, 2017,
https://doi.org/10.1016/j.powtec.2017.01.017

[20]S. Askari, A. B. Siahmard, R. Halladj, and S. M.
Alipour, "Different techniques and their effective
parameters in nano SAPO-34 synthesis: A review,"
Powder Technology, vol. 301, pp. 268-287, 2016,
https://doi.org/10.1016/j.powtec.2016.06.018

[21] K. Mirza, M. Ghadiri, M. Haghighi, and A. Afghan,
"Hydrothermal synthesize of modified Fe, Ag and K-
SAPO-34 nanostructured catalysts used in methanol
conversion to light olefins,” Microporous and
Mesoporous Materials, vol. 260, pp. 155-165, 2018,
https://doi.org/10.1016/j.micromes0.2017.10.045

[22]F. Huang, J. Cao, L. Wang, X. Wang, and F. Liu,
"Enhanced catalytic behavior for methanol to lower
olefins over SAPO-34 composited with ZrO2,"
Chemical Engineering Journal, vol. 380, p. 122626,
2020, https://doi.org/10.1016/j.cej.2019.122626

[23]0. D. A. Salah Aldeen, M. Z. Mahmoud, H. S. Majdi,
D. A. Mutlak, K. Fakhriddinovich Uktamov, and E.
Kianfar, "Investigation of Effective Parameters Ce
and Zr in the Synthesis of H-ZSM-5 and SAPO-34 on
the Production of Light Olefins from Naphtha,"
Advances in Materials Science and Engineering, vol.
2022, pp. 1-22, 2022,
https://doi.org/10.1155/2022/6165180

[24]J. Chen, X. Wang, D. Wu, J. Zhang, Q. Ma, X. Gao,
X. Lai, H. Xia, S. Fan, and T.-S. Zhao,
"Hydrogenation of CO2 to light olefins on
CuzZnZr@(Zn-) SAPO-34 catalysts: Strategy for
product distribution,” Fuel, vol. 239, pp. 44-52, 2019,
https://doi.org/10.1016/j.fuel.2018.10.148

[25]N. Najafi, S. Askari, and R. Halladj, "Hydrothermal
synthesis of nanosized SAPO-34 molecular sieves by
different combinations of multi templates,” Powder
technology, wvol. 254, pp. 324-330, 2014,
http//:dx.doi.org/10.1016/j.powtec.2014.01.037

117

[26]C. Wang, J. Wang, J. Wang, and M. Shen,
"Promotional effect of ion-exchanged K on the low-
temperature hydrothermal stability of Cu/SAPO-34
and its synergic application with Fe/Beta catalysts,"
Frontiers of Environmental Science & Engineering,
vol. 15, pp. 1-13, 2021,
https://doi.org/10.1007/s11783-020-1322-1

[27]T. Alvaro-Mufioz, E. Sastre, and C. Marquez-
Alvarez, "Microwave-assisted synthesis of plate-like
SAPO-34 nanocrystals with increased catalyst
lifetime in the methanol-to-olefin reaction," Catalysis
Science & Technology, vol. 4, no. 12, pp. 4330-4339,
2014, https://doi.org/10.1039/C4CY00775A

[28]S. Lin, J. Li, R. P. Sharma, J. Yu, and R. Xu,
"Fabrication of SAPO-34 crystals with different
morphologies by microwave heating ",Topics in
Catalysis, wvol. 53, pp. 1304-1310, 2010,
https://doi.org/10.1007/s11244-010-9588-3

[29]M. Tong, L. G. Chizema, X. Chang, E. Hondo, L.
Dai, Y. Zeng, C. Zeng, H. Ahmad, R. Yang, and P.
Lu, "Tandem catalysis over tailored ZnO-
ZrO2/MnSAPO-34 composite catalyst for enhanced
light olefins selectivity in CO2 hydrogenation,"
Microporous and Mesoporous Materials, vol. 320, p.
111105, 2021,
https://doi.org/10.1016/j.micromes0.2021.111105

[30]A. M. Rahman, M. H. Salman, and K. W. Hammed,
"Catalytic Cracking of Iragi Vacuum Gasoil Using
Large and Medium Pore Size of Zeolite Catalysts,"
Al-Khwarizmi Engineering Journal, vol. 11, no. 1,
pp. 73-83, 2015.

[31]H.-J. Chae, S. S. Park, Y. H. Shin, and M. B. Park,
"Synthesis and characterization of nanocrystalline
TiAPSO-34 catalysts and their performance in the
conversion of methanol to light olefins,”
Microporous and Mesoporous Materials, vol. 259,
pp. 60-66, 2018,
https://doi.org/10.1016/j.micromeso.2017.09.035

[32]P. Tian, Y. Wei, M. Ye, and Z. Liu, "Methanol to
olefins (MTO): from fundamentals to
commercialization," Acs Catalysis, vol. 5, no. 3, pp.
1922-1938, 2015,
https://doi.org/10.1021/acscatal.5b00007

[33] X. Wu and R. Anthony, "Effect of feed composition
on methanol conversion to light olefins over SAPO-
34," Applied Catalysis A: General, vol. 218, no. 1-2,
pp. 241-250, 2001, https://doi.org/10.1016/S0926-
860X(01)00651-2

[34]M. S. Ahmad, C. K. Cheng, P. Bhuyar, A. Atabani,
A. Pugazhendhi, N. T. L. Chi, T. Witoon, J. W. Lim,
and J. C. Juan, "Effect of reaction conditions on the
lifetime of SAPO-34 catalysts in methanol to olefins
process—A review," Fuel, vol. 283, p. 118851, 2021,
https://doi.org/10.1016/j.fuel.2020.118851


http://dx.doi.org/10.5012/bkcs.2011.32.6.1957
https://doi.org/10.1016/j.powtec.2012.01.036
https://doi.org/10.1016/j.powtec.2017.01.017
https://doi.org/10.1016/j.powtec.2016.06.018
https://doi.org/10.1016/j.micromeso.2017.10.045
https://doi.org/10.1016/j.cej.2019.122626
https://doi.org/10.1155/2022/6165180
https://doi.org/10.1016/j.fuel.2018.10.148
http://dx.doi.org/10.1016/j.powtec.2014.01.037
https://doi.org/10.1007/s11783-020-1322-1
https://doi.org/10.1039/C4CY00775A
https://doi.org/10.1007/s11244-010-9588-3
https://doi.org/10.1016/j.micromeso.2021.111105
https://alkej.uobaghdad.edu.iq/index.php/alkej/article/view/216
https://alkej.uobaghdad.edu.iq/index.php/alkej/article/view/216
https://alkej.uobaghdad.edu.iq/index.php/alkej/article/view/216
https://alkej.uobaghdad.edu.iq/index.php/alkej/article/view/216
https://alkej.uobaghdad.edu.iq/index.php/alkej/article/view/216
https://doi.org/10.1016/j.micromeso.2017.09.035
https://doi.org/10.1021/acscatal.5b00007
https://doi.org/10.1016/S0926-860X(01)00651-2
https://doi.org/10.1016/S0926-860X(01)00651-2
https://doi.org/10.1016/j.fuel.2020.118851

M. J. Mohammed et al. / Iragi Journal of Chemical and Petroleum Engineering 25, 2 (2024) 109 - 118

Aoal) Jaial aladie) dang clisidsl ) Lelisadl Jasl) ca slall g )
e buwa JulaS ZrAPSO-34

T g.'al.d\ ﬁbw‘\ daa b Gean ¢ MM?MIA Oola

Gl e3lis coli dnals cdentigh S cAsgliaiSl) duigh i )
Soniall LYl T0£ 09 Yy cLinglsiCilly aslell (5ypunsa dnals cdiilin Y diiliailly dosloa Sl duuigl acid ¥
Gl ealai sooleally de licall §)f5y o oo licall yughilly Gl i 1

3

AadAl

AibaSy sully A padsal) e liall = 1aeS alisally Galuag ) ¢pliY) Jie dadal) Cliddg¥) e
SAPO-34 £ Asall Jasall ddaclsy cNsall e slall i gl Gk oo @l oda £
S JSLER 5l e Allady Al didee & A aleS Jgtnal) plasia) o aay DS Lelaia) eyl
A dalal) oda e il 5,€ de je Adladll )3 g8 Alanl) 038 8 selise JuleS SAPO-34 4553
e 4y Dl ae ) dalall ) 2 5036$) 3 juaie ddlial 3 e Ll Jalall 1 cpaleal) i) ddlial
Jalall Jpimat 23 AlSiaal) dnmelal) doalds Lad e WS ddld) sal) cilay e ddle duhiul
Aladinl 9 Chgg Kuall £ lad) Caad Flaky Zr (s g 4l SAPO-34culy) g98 Jarall 2o lsall
Jelall e addi 458y Yoo Gady g dalg Av e il dariiod) olal) dila LS cplgh)gal
CHA 4iu XRD (a3 o . TGA, FTIR ,BET ,EDX, SEM XRD s dlauls: acleall
¥l (b bl e aiys e 5S Ssliall GEN aaa o dallaall co L e by dandsa
Ay ee Glg emsall ac bl dolall L35V asdll copglal Loz /s VY il AL dadac daluag
Gl N Jsiliall Jisat didee 3 jemnal) acludll Jalal) ol pand &5 .SAPO-34 cu¥yl
diyg Aoy die dagie dayy O g E0., e, YOu Bla Cilayy sedall Ak B0 Jelie 8 Adds
Aogie dayd £ e cuilS Al clad DU Al Juadl o tll copelal L Tae L VLY Loy de Ll
Joitisall Jsat dacs of amg QX L3RAY 000 ) ey Jelis (ga) po AV+ ) Adliy) ciliay Cum
5L o il cpelaly Joilisall 385 8l du 2 WS L delil) sl clags IS e Gy /) e caly
clbiaall e andll Guuss aieg aeluall dalall jae 5345 8 Tl Do canli Sl (gsinal

] ¢yl ) Osilise cciigg S g L) ZF (pina dilia) (SAPO-34 cuys) aelua dale 1414 cilal)

118



