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Abstract

In an effort to enhance selectivity towards light olefins, particularly propylene, ZSM-5 zeolite and cerium-based catalytic
formulations were synthesized utilizing a solid phase modification approach, and their catalytic characteristics were examined
in the methanol conversion process to -olefins. The conversion of methanol to hydrocarbons was conducted within a flow-type
apparatus, utilizing a stationary layered catalyst, across a temperature spectrum of 250-550°C, with a methanol volumetric
feed rate of 2.0 under atmospheric pressure and in the presence of nitrogen gas.

It has been demonstrated that, following the modification, cerium oxide nanoparticles exhibit a dispersed distribution on
the external surface and within the pores of the zeolite, thereby interacting with its crystalline lattice, which results in a
reduction of the density of strong acid centers. The density of strong acid centers within the zeolite is influenced by the
concentration of cerium present. An increment in the cerium concentration within the zeolite up to 5.0 wt % leads to a decline
in selectivity towards ethylene. Notably, a high selectivity for propylene (39.7%) is observed in 4% Ce-HZSM-5 at 550°C,
while a substantial selectivity for butylenes (23.1-23.7%) is noted in 5% Ce-HZSM-5 at temperatures ranging from 400-
450°C. Furthermore, a significant selectivity for -olefins (72.4%) is attained using the 4% Ce-HZSM-5 catalyst at 500°C. The
observed enhancement in selectivity for both propylene and butylene can be attributed to the diminished density of strong acid
centers resulting from the modification process.
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AHHOTa M

[171s1 MIOBBIILIEHNsI CEJIEKTUBHOCTH TI0 OTHOLIEHUIO K JIEFTKUM OJjieuHaM, B YaCTHOCTH TPOIU/IEHY, ObUIM CUHTE3UPOBAHbI
KaTa/IMTUUeCKye COCTaBbl Ha OCHOBe 1ieosuTa ZSM-5 U 1iepusl C UCIOb30BaHUeM MeTozia TBepZodasHol MoAU(UKALIUY, a UX
KaTa/JIMTUUeCKHe XapaKTePUCTHUKY OBbUTH MCC/IeA0BaHbI B MPOLiecce KOHBEPCHH MeTaHo/1a B oieuHbl. KOHBEpCHIO MeTaHosa B
YIJIEBOJOPOALI TIPOBOJWJIM B  arrapate IIPOTOYHOTO THIA, HCTIONb3ys CTAlMOHAPHBIA CJIOWCTBIA KaTaau3arop, B
TeMmepaTypHoM muaria3oHe 250-550°C, mpy 00BEMHOM CKOPOCTH Tofilaud MeTaHoja 2,0 Tpu aTMOC(epHOM [JaB/IeHUH U B
TIPUCYTCTBUM Ta3000pa3HOro a3ora.

Bbuio mpoeMOHCTPUPOBAHO, UTO MMOC/Ie MOAU(UKALMM HaHOUACTUL[bl OKCHJA Liepus JWCTIepCHO paclipefesisitioTcsl Ha
BHeIlIHeli TOBepXHOCTM W B TIOpax L[e0jWTa, B3aUMOJENMCTBYSl C €ro KpHUCTa/UIMUueCKOW pelleTKOd, UTO TPUBOAWUT K
YMEHBILIEHUIO IJIOTHOCTU CUJIBHBIX KHUC/IOTHBIX LeHTPOB. [I/IOTHOCTb LIEHTPOB CWJIBHBIX KUC/IOT B LIEOJITE 3aBUCHUT OT
KOHLIeHTpaLUu Liepusi. YBeslMueHUe KOHLIeHTpaLMu Liepus B LieosmTe 10 5,0 Macc. % MPUBOAUT K CHYDKEHUIO CeJIeKTUBHOCTU
T10 OTHOILIEHHUIO K 3TH/IeHy. [IprMeuaresibHO, UTO BBICOKAsi CEJIEKTUBHOCTS 110 rporuieny (39,7%) nabmogaercs B 4%-vom Ce-
HZSM-5 mipu 550 °C, B TO BpeMsi KakK 3HauuTe/bHasl CeJIeKTUBHOCTE 10 OyTuneny (23,1-23,7%) ormeuaetcs B 5%-Hom Ce-
HZSM-5 npu temmneparypax 400—450 °C. Kpome Toro, 3HauMTebHAs! CeJIEKTUBHOCTD 10 -oneduHaMm (72,4%) mocTuraetcs
TMIpY KCITI0/Ib30BaHKK Katanu3saropa 4% Ce-HZSM-5 nipu 500°C. HabnromaeMoe yBeMueHHe CeJIeKTUBHOCTH 10 TTPOMUJIEHY U
OyTH/IeHy MOXXHO 00BSICHUTh YMEHbIIIEHUeM TJIOTHOCTH LIEHTPOB CUJIbHBIX KUC/IOT B Pe3y/ibTaTe MpoLecca MOAU(pUKALH.

KimoueBblie c/10Ba: KOHBEPCHUSI MeTaHOJa, CeJIEKTUBHOCTD I10 JIEFKUM onedrHam, 1jeomdT ZSM-5, MoguduKalys, Liepuid.

Introduction

C,_C, olefinic hydrocarbons are essential precursors in the petrochemical industry, primarily produced through the
pyrolytic breakdown of oil fractions, thermal cracking, and the dehydrogenation of light alkanes using traditional methods.
Recently, significant attention has been focused on the recovery of valuable olefins, aromatic compounds, and isoparaffins
from alternative regenerated feedstocks, particularly in the presence of high-silica ZSM-5 type zeolite catalysts [1], [2], [3],
[4]. The production of light C,_C,olefins and hydrocarbons within the gasoline range from natural gas, which serves as a
feasible alternative to petroleum, through synthetic gas and methanol derived from biomass, represents one of the most
effective strategies. Currently, Mobil Oil Corporation has initiated the production of C,_C,olefins utilizing catalysts based on
SAPO-34 molecular sieves in the Methanol-to-Olefins (MTO) process. SAPO-34 has demonstrated efficacy as a catalyst for
the selective conversion of methanol to ethylene, achieving a 100% conversion rate under mild operational conditions.
However, achieving high yields of propylene remains a significant challenge [5], [6], [7], [8]. Among the various molecular
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sieves, the ZSM-5 type zeolite employed in the MTO reaction is characterized by its network of intersecting salt (0.51x0.53
nm) and sinusoidal (0.53x0.55 nm) nanoscale channels, along with a high specific surface area and remarkable resistance to
acidic conditions and deactivation, making it particularly promising. Numerous studies have investigated the effects of
different metallic species on the catalytic properties of ZSM-5 zeolite catalysts, aiming to enhance selectivity through
variations in charge distributions. ZSM-5 zeolite catalysts modified with metals such as Ca, Cr, Cu, Li, Mg, Ni, and Cu show
significant selectivity towards light olefins. Among the modified ZSM-5 zeolite variants with Mn, Cr, Fe, Ni, and Ag, the
Mn/HZS variant has been noted for its performance [8], [9], [10], [12].

ZSM-5 zeolite can undergo modification using phosphorus compounds such as metaphosphoric acid, ammonium
dihydrogen phosphate, and trimethyl phosphite to enhance its selectivity for light olefins. A notable yield of 47.01% propylene
was achieved from methanol conversion when utilizing a ZSM-5 zeolite catalyst that had been modified with 90% phosphorus
[13], [14], [15]. This zeolite effectively transforms methanol into light C,-C, olefins and p-xylene with significant selectivity
following solid-phase modification with Neodium oxide [16].

Furthermore, ZSM-5 zeolite catalysts that have been modified with non-transition elements (NTE), including La, Ce, Pr,
Nd, Sn, and En, demonstrated considerable activity for producing C,-C,olefins during butane cracking. In light of these
findings, this study investigates the influence of cerium concentration on the catalytic performance of ZSM-5 zeolite in the
methanol conversion process, particularly focusing on the production of light C,-C,olefins, with an emphasis on propylene
[17], [18].

Experimental part

Commercial zeolite ZSM-5 (SiO,/Al,03;=40; Na,0<0,05 wt.q) 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° 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 catalytic composition was 1,0-5.0 wt.q RFA of
the syntesited catalysts was carried out using a RIGAKU “MINIFLEX” X-ray diffractometer with CuKt radiation according to
the method described in [19].

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 h! in the presence of nitrogen (CH;0H/ N»=0.33 mol). The reaction products were analyzed on an Agilent GC782A gas
chromatograph according to the procedure described in [19].

Result and discussion

Figure 1 shows the X-ray diffraction images of HZSM-5 and Ce/HZSM-5 modified catalysts. When compared with the
standard reference sample (ICDD No. 0.1-0.86-1722), there are noticeable peaks for all the samples at 26 positions of 7.9°,
8.88°, 23.2°, 23.3°, and 24°, which are representative of the MFI framework zeolite crystals. This implies that there is no
structural change in the zeolite framework after cerium metal is used in the modification. In addition, distinctive diffraction
peaks for cerium oxide were not shown in this image (X-ray diffraction). This was probably because the high distribution of
nanosized cerium oxide on zeolite surface and pore entrances. The relationship between temperature and methanol conversion
rates for cerium-modified samples is as shown in Figure 2. For unmodified HZSM-5 zeolite, methanol conversion reaches
100% at temperatures greater than 306 °C. Samples that have been modified exhibit catalytic activity that quite variably
depends on how much cerium is in the sample. The more cerium that is in the sample, the more cerium is in the zeolite matrix,
the warmer the sample has to get before methanol is completely converted to something else.
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Figure 1 - Temperature dependence of methanol conversion on HZSM-5 and modified samples
DOTI: https://doi.org/10.60797/CHEM.2025.5.3.1

There are two instances of this: 2.0 wt % and 5.0 wt %. They give two different temperatures before methanol is
completely converted: 400°C and 500°C. In between these two events, we can assume that there are some molecules that have
converted and some molecules that haven't. Table 1 suggests that these events may be caused by reducing the amount of
Brgnsted acid present in the reheated samples that were heated before methanol was added.

It is evident that an increase in cerium concentration within HZSM-5 zeolite to 5.0 wt% corresponds with a decline in the
concentration of robust acid sites, decreasing from 235 pmol/g to 114 pmol/g.
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Between these two states, in going from HZSM-5 to cerium-modified HZSM-5, we should expect a decrease in ethylene
selectivity, given the observation that robust acid sites promote it.
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Figure 2 - Temperature dependence of selectivity for ethylene and propylene on HZSM-5 and modified samples
DOI: https://doi.org/10.60797/CHEM.2025.5.3.2

An elevated selectivity (30.6%) for ethylene is attained utilizing HSZM-5 zeolite. The 5.0% HZSM-5 catalyst,
characterized by diminished acid sites (114 pmol/g), demonstrates a reduced selectivity (9.3%) for ethylene. The selectivity
towards ethylene and propylene exhibits an upward trend correlating with increasing temperature across all samples. Upon
augmenting the cerium content in HZSM-5 zeolite to 4.0 wt %, the selectivity for propylene enhances, culminating in a peak
value.

Table 1 - Data table
DOI: https://doi.org/10.60797/CHEM.2025.5.3.3

Weak acid sites, pmol/g

Strong acid sites,

Total concentration of

Type of catalyst (100-300°C) pmol/g (300-600°C) acid sites pmol/g
HZSM-5 394 235 629

29% B-HZSM-5 316 182 498

4% B-HZSM-5 267 138 405

5% B-HZSM-5 246 114 350

In the context of 4% HZSM-5 zeolite, the selectivity for propylene attains values between 35.6-39.7% within the
temperature spectrum of 500-550°C. When the cerium concentration in HZSM-5 zeolite is escalated to 5.0% by mass, no
discernible enhancement in the selectivity of propylene is noted, with the selectivity for propylene under such conditions
ranging from 34.1-36.8%
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Figure 3 - Temperature dependence of selectivity for butylene on Ce/HZSM-5 and modified samples
DOI: https://doi.org/10.60797/CHEM.2025.5.3.4

The peak selectivity for butylene (23.1%) is attained at a temperature of 450°C within this specific sample.
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Analogously, an increase in the cerium content within HZSM-5 zeolite correlates with a higher selectivity for butylene. A
heightened selectivity (30.6%) for ethylene is observed. The specimen modified with 5.0 wt % cerium demonstrates an
elevated selectivity for butylene.

Conclusion

1. Catalytic systems were obtained by solid-phase modification of zeolite HZSM-5 with cerium oxide in order to study the
effect of cerium oxide concentration on the selectivity of C,-C, olefins formation from methanol.

2. It was found that the selectivity for C,-C4 olefins in methanol conversion in the presence of CeO,/HZSM-5 is
determined by the concentration of cerium oxide in the catalyst and the density of acid centres of the zeolite.

3. The optimal compositions of catalysts in the presence of which high yields of propylene and C2-C4 olefins are achieved
were revealed. The catalyst containing 4% CeO2 provides maximum selectivity (39.7%) for propylene at 500°C, and on the
catalyst of 5%CeO2/HZSM-5 composition at 450°C maximum selectivity (72.4%) for C2-C4 olefins is achieved.
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