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Decomposition of N,O on different iron-containing catalysts
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In this work, Fe-containing catalysts (2.5 wt% Fe) based on
different types of materials: zeolites (FER and ZSM-5),
silicoaluminophosphates (SAPO-34 and SAPO-5) and
titanosilicates (TS-1, AM-4) were studied in the reaction of
direct decomposition of N,O. It was found that the catalytic
activity of the obtained catalysts in this reaction was affected
both by the content of the Fe active phase and the type and
topology of the initial material used for the -catalysts
preparation.
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Nitrous oxide (N,O) is a colorless gas that can induce the greenhouse
effect and damage the ozone layer.! Greenhouse effect caused by
N,O is about 300 times stronger than by CO, over a 100-year time
scale.? In addition, N,O emission affects human health, primarily
due to a decrease in the vitamin B12 (cobalamin) activity.? The
formation of N,O occurs in a natural (65%) and anthropogenic
(35%) way.? The main sources of anthropogenic N,O include the
production of adipic and nitric acids, industrial fertilizers and the
combustion of fossil fuels and biomass including car exhausts.*

Given the negative impact of N,O on the environment, an
essential task is to reduce emissions of this gas. The simplest and
most effective method is direct catalytic decomposition of N,O.
To carry out this reaction, different systems are used, including
metal-containing (Fe, Co, Cu and others) zeolites and zeolite-like
materials, metal oxides, etc.>>~° Nitrous oxide was also used in the
oxidation of benzene to phenol on the Fe-ZSM-5 zeolites.'°

In this work, we compared the catalytic characteristics of
Fe-catalysts based on the materials of different types: zeolites
(FER, ZSM-5), silicoaluminophosphates (SAPO-34, SAPO-5)
and titanosilicates (TS-1, AM-4) in the reaction of N,O
decomposition, taking into account that they demonstrated high
activity in this reaction according to published data."!'-15 The
selected materials were modified with 2.5 wt% Fe, inasmuch as
catalysts doped with this metal exhibit high catalytic performance
in the N,O decomposition reaction.>'®!7 The comparison of the
iron-containing catalysts on the certain types of carriers (different
zeolites, silicoaluminophosphates, efc.) was previously described
in many works; however, it is important to note that, prior to our
work, there were no studies comparing catalysts with the same
iron content on different types of carriers.

Initial samples ZSM-5, SAPO-34, SAPO-5, TS-1, AM-4 were
obtained by the hydrothermal (HT) method.'3->> FER zeolite was
synthesized by microwave-hydrothermal (MW) method allowing
one to significantly reduce the synthesis time and obtain phase-
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pure material.”> Detailed synthesis conditions of samples are
presented in Table 1.

Figure 1 shows the X-ray diffraction patterns of the prepared
samples. The phases were identified using the ICDDPDF2
database and the formation of the target phase was confirmed
during each synthesis.

The textural properties of the obtained materials are given in
Table S1 (see Online Supplementary Materials). All samples
except AM-4 exhibit a micro-mesoporous structure.

The chemical composition of the Fe-catalysts is presented in
Table S2. The iron content in the obtained catalysts is in the
range of 2.13-2.41 wt%.

To identify the iron species, the prepared Fe-containing catalysts
were investigated by UV-VIS spectroscopy (see Figure 2). It can
be seen that four main bands are presented in the spectra: 260, 318,
392, 512 nm. The bands at 200-300 nm correspond to isolated
Fe'" ions.?® The bands in the range 300—400 nm correspond to
oligomeric Fe O, species, whereas the bands at 300-350 nm are
mostly attributed to binuclear [HO—Fe—O—Fe—OH]** species, and
the bands in the range 350400 nm are assigned to polynuclear

¥ The H-forms of FER and ZSM-5 zeolites were obtained via ion
exchange with a 1 M NH,NOj; solution.?!?* Titanosilicate AM-4 was
treated with a 0.5 M HCl solution to obtain the protonated form.?

Fe-containing catalysts with the content of the active component of
2.5 wt% were prepared by the incipient wetness method with an iron(11I)
acetylacetonate solution. The prepared materials were dried at 120 °C
and then calcined in air at 600 °C for 7 h.

The prepared samples were investigated by X-ray diffraction (XRD),
low-temperature N, adsorption/desorption and SEM-EDS methods. The
Fe-catalysts were examined by XRD and diffuse reflectance UV-VIS
spectroscopy. For a detailed description of methods of the investigation
see Online Supplementary Materials (S1).

The N,O decomposition reaction was carried out in a flow quartz
reactor at an atmospheric pressure at temperatures of 300-650 °C, a N,O
flow rate of 5 ml min~! and catalyst loading of 0.1 g.
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Table 1 Synthesis conditions of the initial materials.

Samples Molar composition of the initial gel 1/°C t/h Synthesis method
FER 6N2,0 : 1Si0,: 0.05A1,05: 1.3EDA : 50H,0 190 8 MW
ZSM-5 20Si0, : 1ALO;: ITPAOH : 1.5Na,0 : 200H,0 180 48 HT
SAPO-34 3TEA : 0.68i0,: 1A1,0; : 1P,05: 50H,0 200 48 HT
SAPO-5 2TEA : 0.6Si0,: 1ALO;: 1P,05 : S0H,0 200 24 HT
TS-1 Si0,: 0.05TiO, : 0.4TPAOH : 1.5C,HsOH : 24H,0 175 7 HT
AM-4 5.6Na,0 : 3.1Si0,: 1TiO, : 130H,O 230 96 HT
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Figure 1 XRD patterns of different synthesized materials and their
analogues from ICDDPDF?2 database.

FeO, species.””-?8 The bands above 400 nm correspond to the
formation of Fe,O; particles, and the longer the wavelength, the
larger particles are formed.?

Thus, of all the catalysts studied, Fe-FER and Fe-ZSM-5 had
the highest content of Fe™ ion species and Fe,O, oligomeric
species, which represent the active forms of Fe in the N,O
decomposition reaction.'>? Also, these zeolite catalysts
possessed the largest amount of the inactive phase — large
particles of Fe,0;."?® The maximum quantity of different Fe
species (active and inactive in the N,O decomposition reaction)
has been revealed in the Fe-FER catalyst. The lowest and
approximately equal quantity of active Fe species has been
demonstrated by the samples Fe-SAPO-34 and Fe-SAPO-5. In
the Fe-SAPO-5 sample, the number of FeO, binuclear species
was slightly higher than in the Fe-SAPO-34 sample. The content
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Figure 2 UV-VIS spectra of Fe-catalysts: (/) Fe-FER, (2) Fe-ZSM-5,
(3) Fe-TS-1, (4) Fe-AM-4, (5) Fe-SAPO-5, and (6) Fe-SAPO-34.

more Fe'" species than Fe-AM-4. Thus, according to the quantity
of the active phase, the catalysts can be arranged as follows: Fe-
FER > Fe-ZSM-5 > Fe-TS-1 > Fe-AM-4 > Fe-SAPO-5 ~ Fe-
SAPO-34. According to the content of Fe,O5 particles and their
size, the catalysts can be arranged as: Fe-FER > Fe-ZSM-5 >>
Fe-AM-4 > Fe-TS-1 > Fe-SAPO-5 = Fe-SAPO-34. These results
correlate with the XRD results of Fe-containing catalysts (see
Figure S1 in Online Supplementary Materials).

The data of the catalytic experiments are presented in
Figure 3 and Figure S2. The Fe-FER catalyst proved to be the
most active in this reaction: a 100% conversion was achieved at
460 °C. Fe-ZSM-5 and Fe-SAPO-34 catalysts demonstrated
similar results and showed the highest conversion at 500 °C. The
Fe-SAPO-5 catalyst performance was inferior to that of Fe-
SAPO-34 and the sample showed a 100% conversion at 580 °C.
Titanosilicate-based catalysts performed the worst: at 650 °C,
the conversion on the Fe-TS-1 catalyst was about 95% and on the
Fe-AM-4 catalyst — about 75%. Thus, according to the activity in
the reaction of N,O decomposition, the catalysts can be arranged
as follows: Fe-FER > Fe-ZSM-5 ~ Fe-SAPO-34 > Fe-SAPO-5 >
Fe-TS-1 > Fe-AM-4. Inasmuch as this sequence does not
coincide with the order of the active phase content in the
catalysts, these results indicate that not only the Fe active phase
content, but also the type and topology of the initial material for
the preparation of Fe-catalysts affect the catalytic performance
in the N,O decomposition reaction.

In turn, according to the effect of the material type on the
catalytic characteristics, the catalysts can be arranged as follows:
Fe-zeolites > Fe-SAPO > Fe-titanosilicates. Therefore, it can be
concluded that iron-containing zeolites are the best catalysts for
this reaction. Both zeolite ZSM-5 and titanosilicate TS-1 have
the MFI topology, however catalysts based on them showed
different catalytic characteristics in this reaction. This may
indicate that Al presence in the framework of the initial material
is preferable to Ti, i.e., in this reaction using aluminosilicates is
superior to titanosilicates.

- 235 -



Mendeleev Commun., 2025, 35, 234-236

In summary, the study of different Fe-containing samples has
shown the following regularities. The quantity of Fe ion species
and Fe,O, oligomeric species in the catalysts decreased as
follows: Fe-FER > Fe-ZSM-5 > Fe-TS-1 > Fe-AM-4 >
Fe-SAPO-5 =~ Fe-SAPO-34. However, according to the activity
in the N,O decomposition reaction, the catalysts have been
arranged in a different order: Fe-FER > Fe-ZSM-5 =
Fe-SAPO-34 > Fe-SAPO-5 > Fe-TS-1 > Fe-AM-4. This
indicates that both the content of the active Fe phase in the
catalysts and the type and topology of the initial material affect
the catalyst activity. The revealed highest activity of the Fe-FER
catalyst in the reaction may be due to the formation of a unique
spatial structure of the FER zeolite and Fe ions.

Electron microscopy characterization was performed in the
Department of Structural Studies of Zelinsky Institute of Organic
Chemistry, Moscow. This work was financially supported by the
Ministry of Science and Higher Education of the Russian
Federation, project no. 075-15-2023-585.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.71267/mencom.7530.
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