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Carbon materials were formed by the hydrothermal carbonization of cellulose,
which were used as support for carbon dioxide hydrogenation catalysts (Fe/C and

Fe-Mn/C). In the presence of these catalytic systems, CO, conversion reached
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50%. It is shown that the manganese introduction into the Fe-containing catalytic
system significantly affects the distribution of gaseous C,-C, products and liquid

Cs, hydrocarbons. Promotion leads to the suppression of methane formation and
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an increase in the proportion of C,-C, light olefins in gaseous products, as well
as to intensification of secondary processes with the formation of a significant

amount of iso-structures in liquid products. The different distribution of C,-Cs

Keywords:

Hydrothermal carbonization,
Carbon carrier, CO, hydrogena-
tion, Product distribution

alcohols in the oxygen-containing products on the Fe/C and Fe-Mn/C catalysts
indicates the manganese effect on the routes of their formation.

1. Introduction

Carbon dioxide (CO,) is one of the most im-
portant sources of climate change. The greenhouse
effect is known to be associated with an increase
in the content of carbon dioxide [1]. Currently,
various ways to reduce greenhouse gas emissions
into the atmosphere are being considered. To lim-
it CO, emissions into the atmosphere and restore
the natural balance, the following decision is pro-
posed [2]: removal CO, from the total emission
balance. This can be achieved through the orga-
nization of geological gas storages or its chemi-
cal processing with the high value-added product
production. Both of these methods require the cre-
ation of efficient technologies, the development of
which has been actively underway since the early
2000s. However, the issue of involving CO, in re-
actions that are traditionally carried out with the
use of carbon monoxide arose at the dawn of the
synthetic hydrocarbon production era. Therefore,
in [3] the formation of methane from mixtures
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containing carbon monoxide and carbon dioxide
on various nickel catalysts was discussed. Back
in the 1930s, the authors of these works set the
goal of determining whether the fact that carbon
dioxide slows down the hydrogenation reaction of
CO is a general pattern. Later in [4] it has been
suggested that the formation of carbon monoxide
is an intermediate step in the synthesis of higher
hydrocarbons. And already in 1936 it was proved
that the synthesis of hydrocarbons from CO, and
H, goes through the stage of carbon monoxide for-
mation [5] according to the scheme:

CO — CO — CH, — (CH,),.

According to many contemporary authors [6],
the hydrogenation of CO, to liquid hydrocarbons
usually occurs using a bifunctional water shift re-
action catalyst to form CO and subsequent hydro-
genation of CO to hydrocarbons (Fischer-Tropsch
synthesis). Based on this postulate, it is obvious
that the approaches of highly efficient Fischer-
Tropsch catalysts development should also be rel-
evant for catalytic systems used for carbon dioxide
hydrogenation.
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Recently, fibrous carbon materials have been
increasingly used as carriers for the active com-
ponent of heterogeneous catalysts for the Fischer-
Tropsch synthesis. For example, the use of a car-
bon nanofiber with homogeneously dispersed iron
nanoparticles (promoted with sulfur and sodium)
makes it possible to form an effective catalyst for
the hydrogenation of CO to light olefins (selectivi-
ty for C,-C, olefins up to 60 wt.%) [7].

Currently, metal-carbon catalysts compete with
traditional oxide-supported catalysts due to their
stability in acidic and alkaline media. Activated
carbons, carbon black, graphite and graphitized
materials are commonly used as carbon carriers [8].
For example, in the synthesis by the organic mat-
ric method the properties of the obtained materials
are largely determined by the initial polymer choice
and the conditions for its carbonization [9, 10].

Hydrothermal carbonization (HTC) is a modern
method for obtaining carbon material (biochar)
from various types of biomass. [11]. Compared
to traditional thermal processing methods, HTC
proceeds under mild conditions (process tempera-
ture up to 230 °C, pressure up to 30 atm). The
surface of the material formed is saturated with
C-H-O reactive centers (for example, hydroxyl,
carbonyl, carboxyl functional groups) capable of
interacting with the active phase of the catalyst
[12]. Carbon materials obtained by HTC find ap-
plications in various fields, and can also be used
as catalyst carriers for different processes [13].
The authors [14] formed a highly active catalyst
for the carbon dioxide methane conversion, which
consisted of molybdenum carbide nanoparticles
(6-20 nm) deposited on biochar produced HTC.
In [15] Pd catalysts supported by HTC obtained
carbon microspheres for the efficient formic acid
oxidation was developed. The method of furfural
and palladium salt low-temperature hydrothermal
synthesis makes it possible to form catalysts con-
taining Pd nanoparticles on the surface of hydro-
philic carbon spheres, which showed high activity
in the hydrogenation of phenol (or its derivatives)
to cyclohexanone (or its derivatives) [16]. The
FTIR spectroscopy was applied to establish that
introduction of aluminum at the stage of HTC cel-
lulose leads to the surface aluminum-containing
crystalline structure formation. These structures
contribute to cellulose hydrolysis with the for-
mation of an additional amount of oxygen-con-
taining functional groups on the biochar surface,
which promote the isomerization of glucose to
fructose [17].

Catalysts based on carbon materials obtained by
the HTC of biomass were studied under the con-
ditions of the Fischer-Tropsch synthesis in some
works. In [18] biochar obtained from wood (pine)
was used as a carrier. The resulting iron-contain-
ing catalytic systems of the «core-shell» type
showed high activity under the conditions of the
Fischer-Tropsch synthesis. The CO conversion
was 95% with a selectivity to liquid hydrocarbons
of 68%, while high olefin content was observed
in the products [19]. Spherical iron-carbon-con-
taining catalytic systems were formed by glucose
and iron nitrate HTC synthesis. It was found that
the resulting carbonaceous material promotes the
Hégg carbide creation, which ensures the forma-
tion of Cs, hydrocarbons under the conditions of
the Fischer-Tropsch synthesis. In particular, the
hydrothermal carbonization of cellulose makes it
possible to influence the structure of the resulting
carbon spheres and control their size, surface, and
the presence of functional groups [20]. In [21] ac-
tivated carbonized material was used as the CO,
adsorbent and showed uptake of 84.5 mg CO, g'.

A set of physicochemical properties makes car-
bon materials obtained by the HTC method ex-
tremely promising for use as carriers for catalysts,
[22], including their application for hydrogenation
of CO and CO.,.

The hydrogenation of carbon monoxide to a
mixture of hydrocarbons is a Fischer—Tropsch syn-
thesis, an industrial process, [23], while the use of
carbon dioxide as a feedstock is of great interest
since CO, emissions are one of the main sources of
climate change.

Since, according to scheme, the hydrogenation
of carbon dioxide includes a reverse water shift
reaction and the hydrogenation of the formed car-
bon monoxide [24], iron-containing catalysts are
most suitable due to their ability to catalyze both
reactions. In addition, iron-containing catalysts
for the Fischer-Tropsch synthesis have some ad-
vantages (availability and low cost, ability to op-
erate at a high CO/H, = 1-2 ratio, great technolog-
ical flexibility, i.e. the possibility of synthesizing
compounds of various groups), which makes it
possible to use them for a wide range of product
production [25]. Another distinguishing feature of
iron catalysts is their stability Alkali metal carbon-
ates, copper and manganese are most often used as
energy promoters for iron catalysts (regardless of
their method of preparation) [26, 27].

This study aimed to investigate the activity of
catalytic systems Fe-/Fe-Mn — carbon, obtained
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from carbonized cellulose, in the reaction of CO,
hydrogenation.

2. Experimental
2.1. Catalyst preparation

Cellulose was used as s raw material (CAS
9004-34-6, China). To carry out the process of
hydrothermal carbonization, a steel autoclave re-
actor with a volume of 0.5 L was used. Raw ma-
terial (cellulose) with weight m feed = 50 g was
mixed with water in a ratio 1/4 and then placed
into the reactor. The reactor was heated to 190 °C
and maintained in isothermal mode for 24 h. Then
the reactor was cooled, and the resulting suspen-
sion was filtered on filter paper (filter paper pore
size 3—5 um). The solid residue (carbonizate) was
dried at 105 °C for 24 h. The resulting carbonizate
m feed = 8.5 g with weight was thermally treat-
ed in an inert atmosphere in a muffle furnace at
400 °C for 1 h. The heat treatment temperature was
determined from a thermogravimetric study. The
resulting stabilized carbonizate m feed = 4.799 g
was impregnated with a joint solution of metal ni-
trates with 6.5 g of iron nitrate (Fe(NOs); - 9H,0,
«extra purey», manufacturer Scharlau Chemie S.A),
1.57 g of manganese nitrate (Mn(NO;), - 6H,0, «ex-
tra Pure», manufactured by Junsei Chemicals) and
0.047 g of potassium nitrate (KNO;, «extra purey,
manufactured by ChemElements) dissolved in
8.2 ml of a water-alcohol solution (1:1 vol.) and
dried in a water bath. After complete drying, the
sample was thermally treated in an inert atmo-
sphere in a muffle furnace at 400 °C for 1 h.

2.2. Characterization of catalysts

X-ray phase analysis was carried out on a Riga-
ku Rotaflex D/MAX-RC X-ray diffractometer
(Rigaku, Japan). A rotating copper anode and a
secondary graphite monochromator (CuKa radia-
tion wavelength 0.1542 nm) were used as an X-ray
source in the continuous 0-20 scanning mode in
the angular range 20 = 10+100°, scanning speed
2°/min, scanning step 0, 04°. The experimental
diffraction patterns were processed using the MDI
Jade 6.5 program; the phase composition was iden-
tified using the ICDD PDF-2 diffraction database.
The quantitative composition was evaluated using
the MDI Jade 6.5 program using the Reference In-
tensity Ratio method (RIR) which does not require
the preparation of samples with an internal [28].

The thermo-programmed reduction (TPR) was
conducted during linear heating with fixation of the
hydrogen uptake process was carried out in a flow
quartz reactor (diameter 2 mm) with temperature
control by a thermocouple at atmospheric pressure
in the temperature range from room temperature
to 800 °C. The H,/Ar gas flow (hydrogen content,
5% vol.) and the hydrogen content in the outgoing
gas flow were determined on a katharometer using
a Kristallux-4000 M (Meta-Khrom, Russia) chro-
matograph. The weighed portion of the catalyst
ranged from 30 to 50 mg, depending on the content
of the metal component.

2.3. Catalytic activity tests

Catalytic investigations were carried out in a
fixed bed reactor. Before the catalytic tests, sam-
ples were reduced by H, at 450 °C and 20 bar pres-
sure with 1000 h' GHSV for 3 h. Synthesis was
conducted in a continuous mode at 20 bar pressure
and reacting gas (mixture of CO, and H, with mo-
lar ratio CO,:H, = 1:3) 500 h"" GHSV in the tem-
perature range from 240 to 320 °C. The tempera-
ture was increased stepwise (by 20 °C every 12 h).
Gas and liquid products were analyzed at the end
of each isothermal run.

The reacting gas and gaseous products were
analyzed on a Kiristallux-4000 M chromatograph
(Meta-Khrom, Russia) with two chromatographic
columns — CaA molecular sieve packed column
(3 mm x 3 m) under an isothermal temperature re-
gime (80 °C) and A Haye Sep R packed column
(3 m x 3 mm) under the programmable regime
(80200 °C, 8 °C min'). Helium was used as a car-
rier gas, and a thermal conductivity detector was
used as a detector.

Liquid hydrocarbons were analyzed by gas-lig-
uid chromatography (GLC) on a Kristallux-4000
M chromatograph equipped with a flame ioniza-
tion detector. A 50 m % 0.32 mm capillary column
filled with OV-351 was used. Temperature-pro-
gram mode: 50 °C (2 min); 50-260 °C, 6 °C/min;
260-270 °C, 5 °C/min; 270 °C (10 min).

Oxygenates in the aqueous phase were ana-
lyzed by GLC on a Kristallux-4000 M chromato-
graph equipped with a flame ionization detector.
A 50 m x 0.32 mm capillary column packed with
HP-FFAP (nitroterephthalic modified polyethylene
glycol) was used. Temperature-program mode:
70 °C (8 min); 70-110 °C, 10 °C/min; 110-220 °C,
15 °C/min; 220 °C (10 min). Isobutyl alcohol was
used as an internal standard.
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The activity of the catalyst was estimated ac-
cording to the following indicators: Xco,, % — CO,
conversion (percentage of reacted carbon diox-
ide mass to CO, supplied mass to reaction zone),
product yield (product grams quantity obtained by
passing 1 m® of reacting gas through the catalyst).

3. Results and discussion

The introduction of a promoting additive (Mn)
into the catalyst composition has little effect on the
activity in the synthesis of hydrocarbons from CO,
and H, (Table 1). In the presence of the formed
Fe/C and Fe-Mn/C catalysts, with an increase in
the synthesis temperature, the CO, conversion
smoothly increases from 28 to 48%, and the maxi-
mum conversion degree (48%) is reached at a tem-
perature of 320 °C.

It can be seen (Table 1) that in the case of an
unpromoted catalyst, the activity reaches a plateau
in the range of 280-320 °C, and in the presence of
a Fe-Mn/C catalyst, the maximum of Cs, hydrocar-
bons are formed at a temperature of 280 °C. Thus,
it is impractical to carry out hydrogenation of car-
bon dioxide at temperatures above 320 °C.

It is important to note that with a comparable ac-
tivity of the Fe/C and Fe-Mn/C catalytic systems in
the carbon dioxide hydrogenation, the distribution
of gaseous and liquid products differs significant-
ly. In the presence of Fe/C, the methane content in
the gas phase increases with synthesis temperature
rise and reaches 24 g/m® at 320 °C, whereas with
the introduction of manganese into the catalyst, the
methane yield does not exceed 13 g/m® over the
entire temperature range. In addition, paraffin pre-
dominates in the gaseous C,-C, products obtained

in the presence of Fe/C: the yield of n-C,-C, is
14 g/m?, and the yield of C,-C, olefins is 4 g/m?, and
the promotion of the catalyst leads to an increase in
the yield of olefins to 12 g/m? with a simultaneous
decrease in the yield of n-C,-C, to 4 g/m°.

Such a change in the distribution of gaseous re-
action products — the suppression of methane for-
mation and an increase in the proportion of light
C,-C, olefins — was recorded under the conditions
of the Fischer-Tropsch synthesis and is explained
by the influence of manganese, which is an
energy promoter of iron-containing catalysts [29,
30, 31]. The authors [31] explain the increase in
olefin selectivity by the fact that the introduction
of magnesium reduces the hydrogenating function
of the catalyst due to a decrease in H, adsorption
and an increase in CO adsorption. In addition, the
suppression of the formation of methane is asso-
ciated with a more intense course of dissociative
adsorption of CO on the surface of the promoted
catalyst.

An increase in the CO content in the compo-
sition of the products was observed, which indi-
cates the water gas reaction intensification to the
formation of products. In the presence of the Fe/C
catalytic system, the carbon monoxide yield practi-
cally did not increase with a synthesis temperature
increase, which indicates that the catalyst does not
intensify the water gas reverse reaction. The lig-
uid Cs. hydrocarbon yield on a monometallic iron
catalyst changed insignificantly with increasing
temperature and amounted to 19.4-22 g/m’. The
promotion of the sample with manganese contrib-
uted to an increase in the yield of Cs, liquid hydro-
carbons, and the maximum yield reached 34.8 g/m’
at 300 °C (Table 1).

Table 1
The main indicators of CO, hydrogenation in the presence of catalysts based on carbonized cellulose
Sample T, °C Xco,, % Yield, g/m?
Beus Berca B-ca.ca Best Boxy Beo
240 27.8 11.5 5.5 0.5 19.4 2.8 6.8
260 32.0 13.8 9.3 0.7 19.1 34 7.3
Fe/C 280 39.0 175 13.8 15 212 2.1 8.2
300 44.9 21.5 15.2 3.0 2.21 4.5 8.4
320 46.7 24.0 14.5 4.1 22.3 2.4 10.7
240 28.1 6.5 53 1.8 20.5 1.6 16.3
260 34.8 5.4 1.8 7.6 29.7 2.6 14.5
Fe-Mn/C 280 2.1 7.6 2.2 10.1 34.7 5.1 13.5
300 46.9 10.1 2.8 12.2 34.8 8.2 14.3
320 48.2 12.9 3.6 12.5 32.6 6.5 17.7
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Table 2
Group and fractional composition of liquid products of hydrocarbon synthesis from CO, and
H, in the presence of the systems under study at 320 °C

Group composition, %

Fractional composition, %

n-paraffins  iso-paraffins olefins Cs-Cyo C,-Cyg Cios
Fe/C 55.6 21.1 20.3 359 58.2 5.9
Fe-Mn/C 20.0 49.9 30.1 52.0 41.5 6.5

In this case, the composition of Cs, hydrocar-
bons largely depends on the composition of the
catalyst (Table 2).

On the monometallic catalyst, liquid hydrocar-
bons predominantly consist of C,,-C s paraffin. The
promotion of the catalyst with manganese leads to
the formation of lighter hydrocarbons (Cs-C,),
while the content of iso-structures reaches 50%.
Based on that the liquid hydrocarbon production
in the CO, hydrogenation proceeds through the
stage of CO production, then such an amount of
iso-paraffins in the liquid products is most likely
formed by secondary isomerization reactions [32].
The increase of the paraffin content from 20 to
30% in the liquid products with the introduction
of manganese is in good agreement with the dis-
tribution of paraffin and olefins for gaseous C,-C,
products C,-C,.

An interesting feature of the studied catalysts
is the C,;-C,4 alcohol distribution in the reaction
products (Table 3).

At low synthesis temperatures (240-280 °C),
methanol predominated in the alcohol fraction ob-
tained on the Fe/C sample (50-39 wt.%, respec-
tively), and its content decreased with increasing
temperature due to more intense ethanol formation.
In the products obtained on the Fe-Mn/C catalyst,
the main component of the alcohol phase is etha-
nol. This difference indicates different routes for
the formation of C,-C alcohols.

Figure 1 shows the Anderson-Schulz-Flory
(ASF) distribution for alcohols produced on Fe/C
and Fe-Mn/C catalysts. It can be seen that in the
case of the monometallic catalyst, there is prac-
tically no deviation from the linear dependence
(Fig. 1 (a)), while for the catalyst promoted with
manganese, there is a clear exclusion of the first
homologue from the distribution (Fig. 1 (b)). Such
an effect was recorded in the presence of catalysts
based on carbonized cellulose obtained by the or-
ganic matrix method under the conditions of car-
bon monoxide hydrogenation [10].

Most likely, in the presence of the Fe/C catalyst,
oxymethylene radicals are formed on the catalyst

surface and alcohols are formed through their poly-
condensation (Fig. 1 (a)), which is in good agree-
ment with the distribution of oxygen-containing
products. In the composition of alcohols obtained
on Fe-Mn/C, there is practically no methanol in the
entire temperature range (Table 3), and the ethanol
content reached 80% at a temperature of 300 °C.
This indicates that C,,OH alcohols are formed by
the methanol homologation reaction. A similar ef-
fect was also found in the study of the synthesis of
alcohols from CO and H, in the presence of iron-
sibunit catalysts [33].

In the presence of these catalysts, it is possible
to obtain alcohols with a yield of 86 g/m?, in which
the C,-C, content reaches 81-82%. This is once
again indirect evidence that in catalytic systems of
the metal-carbon type, the production of hydrocar-
bons and oxygenates flows through the stage of CO
production.

To determine the effect of manganese on
the properties of the obtained catalysts and their
catalytic activity, Fe/C and Fe-Mn/C were studied
by XRD and TPR methods (Figs. 2 and 3).

Table 3
Alcohols composition dependence of obtained
on studied catalysts under the temperature of carbon
dioxide hydrogenation process

Sample  Synthesis Alcohol content, %mass
t;f?gefé— ¢, G C C C G

240 50 40 o6 2 1 1

Fe/C 260 50 41 6 2 1 1
280 39 50 6 3 1 1

300 34 53 7 3 2 1

320 31 54 9 4 1 1

240 17 62 10 6 3 1

Fe-Mn/C 260 5 68 12 7 5 3
280 1 69 11 8 8 3

300 1 8 11 5 3 1

320 1 73 14 7 4 1
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Fig. 1. Typical alcohols distribution (ASF) in logC-Cn coordinates for Fe/C (a) and Fe-Mn/C (b).

The Fe/C sample before catalytic tests is prac-
tically amorphous, the X-ray pattern contains sig-
nificantly broadened reflections that belong to the
magnetite phase (Fig. 2(1)).

When the catalytic system was reduced with hy-
drogen at 450 °C, according to the TPR profile of
the Fe/C (Fig. 2 (1)), the formation of a magnetite
phase occurred. Since the curve has a broad Fe,O;
reduction peak at 420 °C with a shoulder at 540
°C, which indicates the formation of a magnetite
phase and its further reduction to FeO or a mix-
ture of FeO-Fe°. The formation of magnetite at the
activation stage initiates a reverse water-gas shift
reaction with the CO formation [34].

During the Fischer-Tropsch synthesis, the mag-
netite phase (20 = 30.08; 35.43; 43.05; 56.94;
62.52° (JCPDS-79-0419) and Hégg carbide

2500

e
.
.
i
* % “ & *
1500 - N .
3

1000

500

Fig. 2. X-ray patterns of Fe/C and Fe-Mn/C catalyst
samples: 1 — catalyst Fe/C before catalytic tests;
2 — catalyst Fe/C after catalytic tests; 3 — catalyst
Fe-Mn/C before catalytic tests; 4 — catalyst Fe-Mn/C
after catalytic tests (¢ — reflexes MnCO;; ¢ — x-FesCs;
* — Mnyg3Fe; 57045 & — Fes0y).

Int.
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Fig. 3. TPR-profile of catalytic systems: 1 — Fe/C;
2 — Fe-Mn/C. 1. Fezo_?, — Fe304 — Fe°. I F6203 —
Fe;O, — FeO — Fe®.

(206 = 39.31; 40.83; 41.15; 43.40; 44.07; 47.18°
(JCPDS-51-0997)) is formed (Fig. 2 (2)). A po-
lymerization process occurs on Higg carbide with
the formation of Cs, hydrocarbons [35]. The sizes
of crystallites determined by the Debye-Scherrer
method were: Fe;O, — 10 nm, y-FesC, — 20 nm.

The initial Fe-Mn/C catalyst sample (Fig.
2 (3)) is ferromanganese oxide nanoparticles
(JCPDS-89-2807) with a crystallite size of about
14 nm. An undivided peak appeared in the reduc-
tion profile of the Fe-Mn/C sample at a tempera-
ture of about 330 °C (Fig. 3 (2)), which is typical
for Mn systems [36, 37, 38]: at this temperature,
the Mn*" phase is formed [37].

The peak at 430° is associated with the MnO
formation, while the peak at 505° can be attribut-
ed to the reduction of the iron-containing phase to
Fe;0,, since Fe-Mn systems are characterized by a
shift in the reduction of Fe,O; to higher tempera-
tures [38, 39].
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Table 4
Quantitative phase composition of catalyst samples
after catalytic tests

Sample Fe;0, y-FesC, MnCO;

Fe/C 56.6 mass. %
Fe-Mn/C  22.1 mass. %

43.4 mass. % -
51.6 mass. % 26.3 mass. %

During the CO, hydrogenation, the formation of
manganese carbonate (JCPDS 83-1763), magnetite
(JCPDS 89-0688) and Hagg carbide (JCPDS 89-
7272) phases occur. With crystallite size: MnCO;
— 35 nm, Fe;O, — 25 nm, Fe;C, — 47 nm.

The quantitative composition of the studied
systems was evaluated after catalytic tests by RIR
method (Table 4). It can be seen that the intro-
duction of manganese into the catalyst leads to an
increase in the proportion of Higg carbide during
the Fischer-Tropsch synthesis.

Since Hégg carbide phase is responsible for
the polymerization process and the growth of the
hydrocarbon chain, this explains the higher yield
of Cs, hydrocarbons compared to the unpromoted
catalyst (Table 1). Moreover, in the work [31], an
increase in the number of olefins and a decrease in
the yield of methane are associated with the abili-
ty of magnesium to intensify the formation of iron
carbide. The promoted sample contains more car-
bide (Table 4), which explains a decrease in the
methane yield and an increased content of olefins
compared to the Fe/C.

4. Conclusion

Catalytic systems based on carbonized cellu-
lose have shown activity in the CO, hydrogenation
reaction. It has been established that the introduc-
tion of manganese leads to the formation of a larg-
er amount of Hégg carbide, which is responsible
for the formation of Cs, hydrocarbons, which is
confirmed by catalytic data. It is important to note
that catalyst promotion significantly affected the
Cs. liquid hydrocarbon composition: the presence
of manganese led to an intensification of second-
ary processes with the formation of a significant
amount of iso-structures in the products. With the
introduction of manganese, the suppression of
methane formation and an increase in the propor-
tion of C,-C, light olefins were observed.

This fact is in good agreement with the literature
data where an increase in the number of olefins and
a decrease in the methane yield are associated with
the ability of magnesium to intensify the forma-
tion of iron carbide and reduces the hydrogenat-

ing function of the catalyst due to a decrease in H,
adsorption and an increase in CO adsorption. An
interesting feature of the composition of products
obtained on catalysts based on carbonized cellu-
lose is the distribution of C,-C, alcohols.

On the Fe/C catalyst at low synthesis tempera-
tures (240-280 °C), methanol predominated, the
proportion of which decreased with increasing
temperature due to more intense ethanol formation.
In the products obtained on the Fe-Mn/C catalyst,
the main component of the alcohol phase is etha-
nol. This difference indicates different routes for
the C,-C; alcohol formation: in the presence of the
Fe/C catalyst, oxymethylene radicals are formed
on the catalyst surface followed by their polycon-
densation, while C,,OH alcohols are formed on the
Fe-Mn/C catalyst by the methanol homologation
reaction.

As is commonly known, in heterogeneous ca-
talysis, the nature of the support has a significant
effect on the catalytic system activity and the prod-
uct composition. The materials of this article show
that the carbon support obtained by hydrothermal
carbonization can be successfully used as a support
for carbon dioxide hydrogenation catalysts. For
further improvement of catalysts of this type, these
carbon materials require a comprehensive study,
including using in situ methods.
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