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Catalytic compositions containing 2.0-5.0 wt.% of cerium oxide were prepared on the basis of zeolite
HZSM-5 and cerium oxide in order to increase the selectivity for lower olefins, and their acid, textural and
catalytic properties in the conversion of methanol to C»-Cs olefins in the temperature range 250°-550°C at
atmospheric pressure were investigated. It was shown by XRD, low-temperature nitrogen adsorption and thermo-
programmed ammonia adsorption methods that as a result of modification the zeolite structure is preserved, the
modifier is dispersed on the outer surface and in the zeolite channels, and as a result of interaction of modifier
nanoparticles with strong acid centres there is a decrease in the density of strong acid centres, an increase in the
ratio of mesopores to total pore volume, which leads to an increase in selectivity for olefins C2-C4 and stability of
the catalyst. High selectivity for propylene (39.7%) is achieved on the catalyst 4%CeQ2/HZSM-5 at 550°C.
Maximum selectivity for olefins (72.4%) and stability of operation (30 h) are achieved on the catalyst 5%CeOQ2/
HZSM-5. at 450°C.
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INTRODUCTION

Light olefins are important feedstocks in the petrochemical industry. Ethylene and
propylene are mainly produced by thermal and catalytic cracking of hydrocarbon feedstocks,
and much attention is also paid to alternative non-oil resources. The most promising way to
produce light C>-C,4 olefins is the conversion of methanol in the presence of catalysts based
on molecular sieves [1-4].

Methanol is produced in large quantities from synthesis gas via natural gas. The
methods of methanol conversion to olefins (MTO) and to petrol (MTG) can be used to
produce light C,-Cs4 olefins and liquid fuels. Most of the literature data on MTO is devoted to
the use of catalysts based on molecular sieves either SAPO-34 or ZSM-5 [4,5]. SAPO-34 is
recognised as the best catalyst that gives up to 80% C2-Cs olefins with almost 100 %
methanol conversion [5,6]. In the UOP/Norsk process, SAPO-34 based catalyst is used for
selectivity in the production of light olefins from methanol [7]. However, SAPO-34 zeolite
based catalysts are rapidly deactivated and, in addition, high propylene yields are not
achieved.

For stable operation of zeolite catalyst in the conversion of methanol into olefins it is
very important to create a stable acidity and reduce the residence time of olefins in the
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channels of zeolite, that is, to increase its mesoporosity, which can be achieved by modifying
zeolite ZSM-5 [8]. For zeolite catalysts on the main parameters that affect the conversion of
methanol into hydrocarbons are its acidity, structure, Si/Al ratio, textural characteristics [9].

To regulate the nature of the concentration of acid centres and the porous structure
of zeolite ZSM-5 in order to increase the selectivity for light olefins, the method of chemical
modification is widely used. Modification of HZSM-5 zeolite with phosphoric acid trimethyl
phosphite improved the propylene yield to 47.01 %. The improvement of propylene
selectivity on the catalyst containing 9% phosphorus was attributed by the authors [10-13] to
a decrease in the concentration of strong acid centres as a result of the modification and a
change in the porous structure of the zeolite as a result of the modification.

Catalysts based on zeolite of HZSM-5 type modified with Ca, Cr, Cu, Li, Mg, Ni, Fe,
Mn and La show significant selectivity towards light olefins C>-Cs [14,15]. Among the
modified catalysts, the highest selectivity towards propylene is achieved on the manganese
modified sample [16].

This paper reports on the study of properties of the catalytic system based on zeolite
HZSM-5 and cerium oxide obtained by solid-phase modification in the process of conversion
of methanol to C,-C4 olefins.

EXPERIMENTAL

Commercial zeolite ZSM-5 (Si0,/Al, 03=40; [Na,0<0,05 wt.%) was used to prepare
the catalysts. The catalytic compositions were prepared by solid-phase modification of
cerium carbonate with HZSM-5 zeolite in a ball vibrating mill for 2 hours followed by
calcination at 300°C and 500°C for 4 hours respectively. All samples were pressed, and
pulverized then a 1,0-1,5 mm diameter fraction was selected for testing. The content of
cerium oxide catalytic composition was 1,0-5.0 wt.% RFA of the syntesited catalysts was
carried out using a RIGAKU “MINIFLEX” X-ray diffractometer with CuK, radiation according
to the method described in [17].

The specific surface area, total pore volume, micro- and mesopore volumes of the
catalysts were determined by the method of low-temperature nitrogen adsorption at 77 K on
the ASAP-2010 unit of Micromeritics [18].

The acidic properties of the modified catalysts were determined on the sorption
analyser USGA-101 (UNISIT, Russia) by temperature-programmed ammonia desorption
(NHs-TPD) [17,18].

The catalytic experiments were carried out in a flow tubular quarts reactor ( length 10
cm, inner diameter 1,0 cm) with a stationary bed loaded with 2.0 g of catalyst,a volumetric
feed rate of methanol in the temperature range of 300-550 °C 2.0 IF in the presence of
nitrogen (CH3OH/N2=0.33 mol). The reaction products were analyzed on an Agilent GC782A
gas chromatograph according to the procedure described in [18].

RESULTS AND DISCUSSION

X-ray diffraction patterns of the original HZSM-5 and modified with cerium oxide show
(Fig.1) that no structural changes in the zeolite framework occur after modification. The
observed diffraction peaks for all the samples at 26 positions of 7.9°, 8.88°, 23.2°, 23.3°, and
24° are characteristic of ZSM-5 type zeolites (ICDDNe20.1-0.86-1722). The characteristic
peak related to cerium oxide is not observed in the X-ray diagram, indicating better
dispersion of the modifier in the outer surface and channels of the zeolite.
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Figure 1. X-ray patterns of unmodified ZSM-5 and 4% Ce203 modified catalysts
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Figure.2. Temperature dependence of methanol conversion on HZSM-5 and modified samples.

Fig. 2 shows the dependences of methanol conversion in the presence of unmodified
zeolite HZSM-5 and catalysts modified with cerium oxide.

On HZSM-5 already at temperature 300°C the methanol conversion reaches 98.6 %.
The modified samples show different catalytic activity. On the modified samples high
methanol conversion of 97-100 % is achieved in the temperature range of 400-450°C. The
necessity of increasing the temperature to achieve high methanol conversion is obviously
due to the decrease in the density of strong acid centres as a result of modification of HZSM-
5 zeolite [19].

Table 1 shows that increasing the concentration of cerium oxide in the composition of
zeolite HZSM-5 up to 5.0 wt.% leads to a decrease in the concentration of strong acid
centres from 235 pmol/g to 114 ymol/g

Table 1. Acid characteristics of modified catalysts

Weak acid sites, Strong acid sites, Total concentration
Type of catalyst pmol/g pumol/g of acid sites ymol/g
(100-300 °C) (300-600 °C)
HZSM-5 394 235 629
2% Ce0,-HZSM-5 316 182 498
4% Ce02-HZSM-5 267 138 405
5% Ce0y-HZSM-5 246 114 350

Fig. 3 shows the temperature dependence of selectivity for ethylene and propylene in
the presence of unmodified and modified samples.

45



Eyyub Mammadov / Baku State University Journal of Chemistry and Material Sciences, 2025

35
30
25
20
151
107
5.

0 -
20

Selectivity for ethylene, %

300 400

Temperature, °C

—t=H75M-5

600 300

500 550

350 400 450

Temperature, “C

4% CeOz/HZSM-5

. 2% CeOz/HZSM-5 == 5% Ce(Qz/HZSM-5

Figure.3. Temperature dependence of selectivity for ethylene and propylene on HZSM-5 and

modified samples

In the presence of HZSM-5 with increase of reaction temperature from 300°C to
550°C the growth of selectivity for ethylene from 9.6 to 30.6 % is observed. Modification of
zeolite HZSM-5 with cerium oxide leads to a decrease in selectivity for ethylene, and the
most significant decrease in selectivity for ethylene is observed at increasing the content of
cerium oxide in the catalyst up to 5.0 wt.%. In contrast to ethylene with increasing cerium
oxide content in the catalyst there is an increase in selectivity for propylene. Obviously, it is
connected with the decrease in the density of strong acid centres, as well as with the
increase in the ratio of the mesopore volume to the total pore volume (Table 2).

Table 2. Textural characteristics of modified catalysts

Catalyst SgeT Viotal Vmicro Vmezo/Viotal
(m2.9—1) (Cm3.g—1) (Cm3.g—1)
HZSM-5 266 0,24 0,062 25,8
2% Ce0p-HZSM-5 255 0,22 0,064 29,0
4% Ce02-HZSM-5 236 0,18 0,067 37,2
5% CeO0,-HZSM-5 227 0,17 00,69 40,5

The maximum selectivity for propylene (39.7%) and C2-C4 olefins (72.4%) is achieved
with the 4% CeO,/HZSM-5 sample at 500°-550°C. Maximum selectivity for C.-C4 olefins is

achieved with 4% CeO2/HZSM-5 catalyst.
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Figure 3. Temperature dependence of selectivity for butylene on CeO2/HZSM-5 and modified
samples

Similarly, the increase of cerium content in zeolite HZSM-5 leads to an increase in
selectivity for butylenes (Fig. 4). On the sample containing 5.0 wt.% of cerium oxide, the
maximum selectivity for butylenes (23.1%) is reached at 425°C

Thus, as a result of modification of HZSM-5 with cerium oxide, there is a decrease in
the density of strong acid centres, as well as a decrease in the total pore volume and an
increase in the ratio of mesopore volume to total pore volume, which leads to an increase in
selectivity for propylene and butylenes.

Decrease in the density of strong acid centres, increase in the ratio of mesopore
volume to total pore volume, i.e. increase in mesoporosity as a result of modification
contributes to the increase in the stability of the catalyst operation.
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Figure 4. Dependence of methanol conversion on time

Fig.4 shows that compared to unmodified zeolite HZSM-5, modified zeolite
CeO,/HZSM-5 during 30 hours of operation maintains stability of operation.

CONCLUSIONS

Solid-phase modification of zeolite HZSM-5 with cerium oxide reduces the density of
strong acid centres, the volume of micropores and increases the volume of mesopores,
which play a major role in increasing the selectivity for C,-C4 olefins from methanol. At 500
°C, the catalyst 4% CeO2/HZSM-5 shows high activity for C»-Cs olefins (72,4%) and
propylene (39,7%)
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