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Abstract. Catalytic hydrogenation of carbon dioxide is considered as a key process
for the transition to a carbon-neutral economy, allowing the transformation of the main
greenhouse gas into valuable chemical raw materials and components of synthetic
fuels. The development of highly effective catalysts active under mild conditions is an
urgent scientific and practical task. The aim of the work is the synthesis of composite
catalysts based on nickel, cobalt and zirconium oxides, using the solution combustion
method, for the selective hydrogenation of CO2 to methane and a comprehensive study
of the catalytic properties. The activity of the catalysts obtained from the initial mixture
of Ni(NO3)2 - Co(NO3)2 - ZrO(NO3)2-xH20 + urea of various compositions was
studied in a flow reactor at temperatures ranging from 200 to 400° C. It was found
that the optimal conditions for obtaining methane are: CO, conversion of more than
93,6%, CH, selectivity of 97%, H,: CO,=4 : 1, T = 300°C, space velocity of 24,000
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h'. The comprehensive characteristics of samples included X-ray phase analysis and
scanning electron microscopy. X-ray phase analysis confirmed the formation of target
oxide phases. High indicators are due to the synergistic effect between nickel, cobalt
and zirconium oxides, as well as structural features formed due to the synthesis method.
Research on Ni-Co/ZrO, catalysts for CO, hydrogenation is a timely and vital endeavor
with clear environmental, economic, and strategic energy benefits. Innovation in this
field is essential for turning the vision of a circular carbon economy into a practical
reality.

Keywords: carbon dioxide, catalytic hydrogenation, Ni-Co/ZrO, catalyst, solution
combustion method, methane
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Annoranusi. KeMIpKbIIIKbIT Ta3blHBIH KaTaJUTUKANBIK THAPICHYl Herisri
MApHUKTIK Ta3apl Oarayibl XUMHSJIBIK LIMKIi3aTKa JXOHE CHUHTETHKAIBIK OTHIHHBIH
KOMIIOHEHTTepiHe allHaIABIpyFa MYMKiH/IiK OepeTiH KoMipTeKTi OefTaparn YJKOHOMHKara
KOIIyJIiH Heri3ri mporieci 0oibin caHananel. JKeHin xkarnainapna OelceH/Ii, KOFaphl
THIMJII KaTajau3aTopiapabl Kacay ©3€KTi FBUIBIMU JKOHE MPAaKTUKAIBIK MIHAET OOJNbII
Tabbu1aAbl. JKYMBICTBIH MaKcaThl — KOMIPKBIILIKBUI Ta3bIH METAHFA CEIEKTUBTI THAPIICY
YLWIH epiTiHAiAe *aHy OIICiH KOJJaHa OTBHIPBIN, HHUKENb, KOOAIBT MKOHE LUPKOHHM
OKCHATEPI HeTi31HaeTi KOMIIO3UTTI KaTaln3aTopiapabl CHHTE3CY KOHE KaTaIUTHKAJIBIK
KaCHETTEPIH KeIeH i 3epTTey. Op Typai maibiabik Kypamasl Ni(NO,), - Co(NO,), -
ZrO(NO,), xH,0 + moueBMHa OacTanKbl KOCIACHIHAH aJIbIHFAH KaTAIM3aTOPIAP/IbIH
oencenainiri 200 -400° C TemnepaTypa AMana30HbIHAA aFbIHJIBI PEAKTOPAA 3€PTTEI].
Meranapl enaipynin onraiinel maprrapsl: CO, xonBepeuschl 93,6% - 1aH sKoraphl,
CH, celleKTUBTLIIr 97%, H,: CO,=4:1, T =300°C, KOJIEMIIK KbLagaMabirsl 24,000
car' eKeHI aHBIKTaJNJAbL. YJTUICPIiH KEUIeH/l CUIaTTaMachl PEHTTeHIIK (a3albiK
Tangay/abl, CKaHepJIeYyIIi AEKTPOHIbl MUKPOCKOITUSIHBI KAMTHIBL. PEeHTreHaiK (a3anbik
Tangay MakcaTThl OKcH (ha3anapbIHbIH TY3UIyiH pacTaabl. ANBIHFaH KOFapbl MOHIED
HUKeNb, KOOANbT >KOHE LUPKOHUH OKCHATEPl apachblHIaFbl CHHEPIUsUIBIK ocepre,
COHal-aK CHHTE3 OMICIMEH TY3UIreH KYPBUIBIMIABIK €peKLIeNiKTepre OaiaHbICTHI.
KeMipKbIIIKbIT ra3slH THAPIIEYTe apHalFaH, epiTiHAige KaHy dJiciMeH IaibIHaanFaH
Ni-Co/ZrO, KOMIIO3UTTi KaTaauM3aTopiapblH 3€pPTTEy JKOJOTHSJIBIK, SKOHOMHUKAIIBIK
KOHE CTPATETHSUIBIK SHEPTeTHKAJbIK Maiackl 0ap ©3eKTi OHE MaHBI3Ibl JKYMBIC
Ooubin TabbUTaBl. OCHl cananarbl MHHOBALMSUIIAP aifHaIMallbl KOMIPTEKTI SKOHOMHKA
TYKBIPBIMJIAMACHIH TPaKTHKAJBIK INBIHIBIKKA alHAIABIPY VINIH aca KakeT OOJbII
TaOBLUIABL.

Tyiiin ce3aep: KOMIPKBINIKBLI TIa3bl, KaTaluTHKaiblK ruapaey, Ni-Co/ZrO,
KaTaJlu3aTophl, EPiTIHIe JKaHy 9JIiCi, METaH
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AHHoTanms. Karanutrnyeckoe rujprpoBaHue TMOKCH A YITIepoa paccMaTprUBaeTCs
KaK KJIIOUeBOM Tpolecc s TMepexoja K YIIepOTHO-HEHTpaldbHONH HSKOHOMUKE,
MO3BOJISIOINIA TPAaHC(HOPMHUPOBATH OCHOBHOM MAPHUKOBBIN a3 B IICHHOE XUMUYECKOE
CHIPbE M KOMITOHEHTBI CHHTETHYECKHX TOIUIMB. Pa3zpaboTka BhICOKOI()(HEKTHBHBIX
KaTaJu3aTopoB, AaKTUBHBIX B MITKHX YCJIOBHSX, SBISETCS AaKTyaJlbHON Hay4yHO-
MpakTUdecKoit 3amaueit. L{empio paGoThI SBISETCS CHHTE3 KOMIIO3UTHBIX KaTaanu3aTOPOB
Ha OCHOBE OKCHIOB HHKENs, KOOalbra M LUPKOHUS C HCIOJIb30BAaHHEM METO/a
PacCTBOPHOTO TOPEHUS AJIS CEJIEKTUBHOTO THAPHUPOBAHUS JMOKCH/IA YIIIEPOAa 10 METaHa
1 BCECTOPOHHEE M3YyUEHHE MX KaTaTUTHYECKUX CBOMCTB. AKTUBHOCTH KaTaju3aToOpPOB,
nomydeHnblx u3 ucxomHod cmecu Ni(NO,),, Co(NO,), m ZrO(NO,),xH,O ¢
J00aBI€HNEM MOUYEBMHBI PA3IMYHOTO IMPOLEHTHOTO COCTaBa, OblIa MCCIeI0BaHA B
IIPOTOYHOM peakTope npu Temreparypuom auamnazone 200—-400 °C. bpuio yctaHOBIIEHO,
YTO ONTHMAJIbHBIMHM YCJIOBUSMHU IMOJY4YEHUs. METaHa ABJsAOTCA: Komeepeus CO,
6onee 93,6%, cenekruBnocts CH, — 97%, monbHoe cootnomenue H, : CO, =4 : 1,
temrieparypa 300 °C, oobemuast ckopocth 24 000 u'. KomruiekcHass XapaKTepUCTHKA
MOJTYYEeHHBIX O00pa3loB BKIIOYAJa PEHTTCHO(A30BBIA aHAIN3 M CKAHUPYIOIIYIO
ANIEKTPOHHYIO MUKPOCKOMHIO. PeHTreHo(ha3oBblii aHaiu3 NoATBepaua (GOpMHpPOBaHHE
LEJIEBBIX OKCUAHBIX (pa3. Bricokne KatalmuTHyecKue TOKa3zaTeldn OO0yCIOBICHBI
CHHEPreTHYecKuM d(PPEKTOM MEXKITy OKCHIAMH HUKEJIS, KOOAIbTa U IUPKOHHUSL, 8 TAKXKE
O0COOEHHOCTSIMU CTPYKTYpBI, C(OPMHUPOBAHHBIMU BCJIEACTBUE BBIOPAHHOTO METO/A
cunresa. Mcenenosanne KOMIO3UTHBIX Katanu3aTopos Ni—Co/ZrO,, IpUroTOBIEHHBIX
METOZIOM PAcCTBOPHOTO TOPEHMs, JJI THAPUPOBAHUS JHOKCHIA YIVIEpoJa SBISETCS
aKTyaJlbHBIM  HalpaBlieHHEM, OONAJalONIMM  BBIPAKEHHBIMH  DKOJIOTHUECKUMH,
SKOHOMHUYECKUMH M  CTPATETMYECKUMH  JHEPreTHUYECKHMH IMPEUMYIIECTBAMHU.
JanpHelre NHHOBALUK B 9TOH 00JacTH HEOOXOAUMBI AJISl IPOABHIKCHUST KOHIICTIIIH
LUKJIAYECKOHN YITIEPOJAHON AIKOHOMUKH K ITPAKTUYECKOU peaan3aluu.

KuaroueBble cjoBa: JHOKCHA — yIIepoja, KaTaJIWTHYECKOe THJIPUPOBAHUE,
karanusarop Ni-Co/ZrO,, MeTos1 pacTBOPHOTO TOPEHHsl, METaH

Introduction. The anthropogenic emissions of carbon dioxide from fossil fuel

combustion have reached unprecedented levels, driving global climate change and
environmental instability. With atmospheric CO, concentrations exceeding 410 ppm

103



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

and continuing to rise at 3-4 ppm annually, there is an urgent need for effective strategies
to mitigate carbon emissions while meeting growing global energy demands (Hasan,
et al., 2020). The utilization of CO, as a chemical feedstock represents a promising
approach to addressing this dual challenge, transforming a waste product into valuable
fuels and chemicals through catalytic hydrogenation processes. This strategy not only
helps reduce atmospheric CO, levels but also contributes to a more sustainable energy
economy by providing alternative pathways for fuel production (Wei et al., 2021; Cui
et al., 2024).

The hydrogenation of CO, to synthetic fuels has gained significant attention as a
potential component of the broader carbon capture and utilization (CCU) paradigm.
Unlike carbon capture and storage, which focuses solely on sequestration, CCU aims
to valorize CO, by converting it into useful products, thereby creating economic
incentives for emission reduction. The concept of Power-to-Gas technology, which
converts renewable electricity into gaseous energy carriers via hydrogen production
and subsequent CO, methanation, has emerged as a particularly promising approach for
energy storage and distribution (Khajonvittayakul et al., 2021). This process enables
the storage of intermittent renewable energy in the form of chemical bonds, providing
a solution to the challenge of grid-scale energy storage while simultaneously utilizing
captured CO.,.

Nickel-based catalysts have emerged as the most widely studied non-noble metal
systems for CO, hydrogenation due to their high activity, relatively low cost, and
availability. However, monometallic Ni catalysts suffer from several limitations,
including sintering at elevated temperatures, coking (carbon deposition), and deactivation
under reaction conditions (Cui et al., 2024). The addition of cobalt as a promoter has
been shown to enhance catalytic performance through several mechanisms: improving
reducibility, modifying surface properties, and increasing resistance to deactivation.
The combination of Ni and Co creates a bimetallic synergy that often results in superior
performance compared to either metal alone (Hasan et al., 2020).

The choice of support material plays an equally crucial role in determining catalyst
performance. Zirconium dioxide has proven to be an excellent support for CO,
hydrogenation catalysts due to its unique combination of redox properties, surface
acidity/basicity, and oxygen storage capacity. Unlike conventional supports such as
AlO,, ZrO, exhibits weak hydrophilic character, which reduces the poisoning effect of
water — a major byproduct of methanation reactions — on active sites (Phongamwong
et al., 2017; Wang et al., 2019). Additionally, ZrO, can enhance metal dispersion and
create strong metal-support interactions that stabilize active particles against sintering.
The presence of ZrO, in the catalyst formulation helps suppress the reverse water gas
shift reaction by providing basic sites that favor CO, adsorption in a configuration
conducive to direct hydrogenation rather than CO formation (Wang et al., 2019).

The specific reaction intermediates and their stability on the catalyst surface play a
crucial role in determining the overall activity and selectivity. For instance, the presence
of oxygen vacancies on the ZrO, surface facilitates the activation of CO, molecules,
while the combination of Ni and Co sites optimizes the dissociation of H, and the
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subsequent hydrogenation steps (El-Salamony et al., 2023). Understanding these
mechanistic details is essential for the rational design of more efficient catalysts tailored
for specific product distributions.

The solution combustion method was chosen as a method for preparing the catalyst
due to its significant advantages: simplicity, speed, low temperature and energy
efficiency. This method allows obtaining nanosized powders with a high degree of
homogeneity, developed surface and a given composition, which is extremely important
for creating highly efficient catalytic systems.

The SCS process promotes the formation of strong metal-support interactions and
synergistic effects between components, which are crucial for enhancing catalytic
performance in CO, hydrogenation reactions. The intimate mixing of Ni, Co,
and Zr precursors at the molecular level in the initial solution, combined with the
rapid combustion process, facilitates the formation of interfaces between metallic
nanoparticles and the ZrO, support, which often serve as active sites for CO, activation
and hydrogenation (Summa et al., 2022; Zhao, et al., 2016).

Studies have shown that SCS-prepared catalysts typically exhibit higher specific
activities (up to 2-3 times higher) compared to counterparts prepared by conventional
methods such as impregnation or co-precipitation. For instance, Ni/ZrO, catalysts
prepared via SCS using urea as fuel demonstrated CO, conversions exceeding 85%
with methane selectivities above 95% at relatively mild temperatures (300 — 350°C),
significantly outperforming impregnated catalysts which showed lower conversions
(70 — 75%) and faster deactivation (Zhao et al., 2016). This paper addresses this gap
by presenting activity data for a novel solution combustion synthesis (SCS)-derived
catalyst based on a Ni-Co-Zr formulation, which demonstrates high efficacy for the
catalytic hydrogenation of carbon dioxide into methane.

Materials and methods.

Catalyst preparation

A series of catalysts on the base of (10 % Ni(NO,), + 40 % Co(NO,), + 50 %
ZrO(NO,), xH,0/50 % urea, 20 % Ni(NO,), + 30 % Co(NO,), + 50 % ZrO(NO,), xH,0
/50 % urea, 30 % Ni(NO,), + 20 % Co(NO,), + 50 % ZrO(NO,), xH,0 / 50 %
urea, 40 % Ni(NO,), + 10 % Co(NO,), + 50 % ZrO(NO,),xH,0 / 50 % urea, 45 %
Ni(NO,), + 5 % Co(NO,), + 50 % ZrO(NO,),"xH,0 / 50 % urea, 50 % Ni(NO,), +
50 % ZrO(NO,),'xH,0 / 50 % urea) was prepared by solution combustion synthesis
method. The catalyst preparation process was as follows: a solution of salts in distilled
water within a quartz glass was heated to 80 - 100°C and subsequently subjected to heat
treatment in a preheated muffle furnace at initiation temperature. The synthesis reaction
is initiated by intense heat release, which ensures the rapid propagation of a combustion
front and a sharp, spike-like increase in temperature. This process leads to the formation
of structured catalysts within minutes, a key factor responsible for their high catalytic
activity. The final appearance of the obtained sample is shown in Figure 1.
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Figure 1 - Physical appearance of the SCS-derived catalyst

Characterization techniques

X-ray diffraction (XRD) analysis was performed usinga DRON -4 - 0.7 diffractometer
equipped with a Co - Ka radiation source. Scans were recorded in the 26 range of 6 -
100° with the following parameters: a step size of 0,020°, a count time of 0,6 s/step,
and a goniometer speed of 2°/min. A maximum of 821 pulses were recorded. Scanning
Electron Microscopy (SEM) and Energy-Dispersive X-ray Spectroscopy (EDS) were
conducted on a JEOL JSM - 6610LV instrument to examine the sample’s morphology
and elemental distribution. Prior to analysis, samples were sputter-coated with a 5 - 10
nm carbon layer. Mechanical properties were assessed by compressive strength tests
performed on cylindrical specimens (@1 cm x 2 cm) using a 100 kN, strain-controlled
universal tester at a constant displacement rate of 100 um/min. Chemical analysis of
the initial mixture and reaction products was carried out with a “Chromos GC - 1000”
gas chromatograph. Chromatographic peaks were identified and calculated using
the instrument’s software, which utilized calibration curves constructed from pure
substances.

Catalytic activity studies

The catalytic activity of the SCS-synthesized materials was evaluated in a fixed-
bed flow reactor within an automated laboratory unit, equipped for online analysis of
reactants and products. The reaction studied was the hydrogenation of CO, to synthetic
fuel components, performed under atmospheric pressure using a feed gas mixture of
H, : CO, : Ar (76 : 19 : 5 molar ratio). The catalyst was pre-reduced in situ prior to
each catalytic test in a 11 % H,/Ar mixture (100 ml/min) at 400°C for 1 h. The tests
were conducted across a temperature range of 200 - 400°C and at space velocities of
12,000 - 48,000 h''. The reproducibility of the data was rigorously confirmed. To this
end, measurements at each specific temperature were repeated in triplicate until fully
consistent results were obtained. A prolonged stability assessment was conducted on the
optimal catalyst (45% Ni + 5% Co + 50% Zr) for a time-on-stream (TOS) of 27 hours.
The catalyst maintained its high catalytic activity with no observable deactivation,
indicating excellent structural and chemical stability under the reaction conditions.
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Results and discussions. Based on a review of literature data, optimal testing
conditions for the Ni - Co - Zr catalysts were set at a gas hourly space velocity (GHSV)
of 24,000 h!' and a temperature range of 200 - 400°C. Repeatability testing determined
that the peak yield for the conversion of carbon dioxide to methane was achieved at
300°C. The results presented in Table 1 indicate that the catalyst with a composition
of 45 % Ni+ 5 % Co + 50 % Zr, prepared with 50 % urea, demonstrated the highest
activity, achieving a CH, yield of 99,2%.

Table 1 - Catalysts prepared by SCS method for the hydrogenation of carbon dioxide to methane

Chemical composition of catalysts, % wt. Yield of CH,, % Selectivity of CH,, %
10 % Ni + 40 % Co + 50 % Zr + 50 % urea 21,2 91,5
20 % Ni+ 30 % Co + 50 % Zr + 50 % urea 40,4 95,5
30 % Ni+20 % Co + 50 % Zr + 50 % urea 34 91,8
40 % Ni+ 10 % Co + 50 % Zr + 50 % urea 93,7 97
45 % Ni+ 5 % Co + 50 % Zr + 50 % urea 99,2 97,1
50 % Ni+ 50 % Zr + 50 % urea 75,5 95,7

Figure 2 shows the conversion of CO, by 10% Ni + 40% Co + 50% Zr, 20% Ni +
30% Co + 50% Zr, 30% Ni + 20% Co + 50% Zr, 40% Ni + 10%Co + 50% Zr and 45%
Ni + 5% Co + 50% Zr catalysts in the temperature range of 200-400°C.
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Figure 2 - Conversion of CO, over the 10% Ni + 40% Co + 50% Zr, 20% Ni + 30% Co + 50%
Zr, 30% Ni + 20% Co + 50% Zr, 40% Ni + 10%Co + 50% Zr and 45% Ni + 5% Co + 50% Zr + urea
catalysts at 200-400°C

40% Ni+ 10%Co + 50% Zr and 45% Ni + 5% Co + 50% Zr + urea catalysts exhibited
high activity, with CO, conversions reaching 85,9% and 93,6%, respectively. Figures 3
and 4 show the dependences of methane selectivity on the process temperatures of two
more active catalysts.
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Figure 3 - Selectivity of CH, over the 45% Ni Figure 4 - Selectivity of CH, over the 40% Ni + 10%
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400°C

The most active catalyst formulation (45 % Ni + 5 % Co + 50 % Zr, prepared with
50 % urea) was selected to study the effect of gas hourly space velocity on catalytic
performance. As presented in Figure 5, CO, conversion exhibits an inverse relationship
with GHSV.
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Figure 5 - Conversion of carbon dioxide over the 45 % Ni+ 5 % Co + 50 % Zr + 50 % urea catalyst at
different space velocities

This correlation is a classic manifestation of a mass transfer limitation, where
elevated space velocities curtail the residence time, thereby insufficiently exposing the
reactant molecules to the catalyst’s active sites for complete conversion to methane.

The influence of reaction temperature on the methane (CH,) production rate,
expressed as space-time yield is shown in Figure 6. Data were obtained using a 45% Ni
+ 5% Co + 50% Zr + urea catalyst and a GHSV of 24,000 h™'.
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Figure 6 - Effect of the reaction temperature on the STY of CH,, (mmole/gt/h) of process over 45%Ni +
5%Co + 50%Zr + urea catalyst at GHSV 24000 h'!

This graph shows the space-time yield of methane in 200 and 300°C, respectively.
Further, for comparison, the space-time yield of methane obtained from 40% Ni + 5%
Co + 50% Zr + urea catalyst is shown in Figure 7.
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Figure 7 - Effect of the reaction temperature on the STY of CH,, (mmole/gr/h) of process over 40%Ni
+5%Co + 50%Zr + urea catalyst at GHSV 24000 h!

Below, in Figures 8 and 9, the dependences of carbon dioxide conversion and
methane selectivity to time on stream are illustrated, respectively.
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Figure 8 - Effect of the TOS on the conversion of CO,

This graph shows that carbon dioxide conversion remained virtually unchanged over
the 27 hours of the catalytic stability test.
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Figure 9 - Effect of the TOS on the selectivity CH,

In this graph, it can be seen that the methane selectivity increased in places but did
not drop below the initial value during the 27 hours of the catalytic stability test.

The phase composition of the catalyst was determined by X-ray diffraction. Figure
10 presents the XRD pattern of the 45 % Ni+ 5 % Co + 50 % Zr + 50 % urea catalyst.
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Figure 10 - XRD spectrum of the 45 % Ni + 5 % Co + 50 % Zr + 50 % urea catalyst

The analysis confirms the presence of metallic Ni, NiO, CoO, and monoclinic ZrO,
phases. The identified diffraction peaks are consistent with their respective JCPDS
standard reference patterns: metallic Ni (JCPDS 01-1260) with primary d-spacings at
2.039, 1.762, and 1.246 A; NiO (JCPDS 44-1159) with d-spacings at 2.409, 2.088,
1.478, 1.476, 1.261, and 1.204 A; CoO (JCPDS 42-1300) with d-spacings at 2.455,
2.135, 1.501, and 1.246 A; ZrO, (JCPDS 17-0923) with d-spacings at 2.840, 2.610,
2.540, 1.832, 1.653, 1.602, 1.541, and 1.475 A.

Scanning electron micrographs of all fresh catalyst samples are provided in Figure
11.
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Figure 11 - Scanning electron micrographs of all fresh catalyst samples

Scanning Electron Microscopy analysis revealed significant morphological
differences among the catalysts with varying Ni/Co ratios while maintaining a constant
50% Zr content. The catalyst with 45% Ni - 5% Co - 50% Zr exhibited a highly porous,
sponge-like structure with uniform dispersion of metal particles, resulting from the
efficient solution combustion synthesis process. In comparison, the 50% Ni - 50% Zr
catalyst (without Co) showed larger aggregates and less uniform morphology, indicating
that the addition of Co even in small proportions (5%) significantly improves structural
homogeneity. The catalysts with intermediate compositions (10% Ni - 40% Co - 50%
Zr, 20% Ni - 30% Co - 50% Zr, 30% Ni - 20% Co - 50% Zr, and 40% Ni - 10% Co -
50% Zr) demonstrated transitional morphological characteristics, where increasing Co
content beyond 20% led to finer particle dispersion but reduced porosity.

Energy-Dispersive X-ray Spectroscopy mapping confirmed the homogeneous
distribution of Ni, Co, and Zr in the 45% Ni - 5% Co - 50% Zr catalyst, with no evidence
of metal segregation or large aggregates. This homogeneous distribution is critical for
creating active sites accessible to reactants during catalytic processes. In contrast,
the 50% Ni - 50% Zr catalyst showed zones of Ni-rich and Zr-rich phases, indicating
incomplete mixing during synthesis. The catalysts with higher Co content (e.g., 10% Ni
- 40% Co - 50% Zr) exhibited Co clustering, which may explain the reduced catalytic
efficiency despite the finer particle size. The optimal dispersion in the 45% Ni - 5% Co -
50% Zr catalyst aligns with its superior performance in CO, hydrogenation, as reported
in earlier studies.
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Conclusion. In summary, the catalyst with the composition 45% Ni + 5% Co + 50%
Zr, synthesized by the solution combustion method using urea, demonstrated high activity
for the CO, hydrogenation reaction to methane. The optimal catalytic performance was
achieved under the following conditions: a feed gas composition of 76% H,, 19% CO,,
and 5% Ar; a space velocity of 24,000 h!; and a temperature of 300°C. Under these
conditions, the process yielded a remarkable methane concentration of 98,8 - 99,2%
with a selectivity of up to 97%. The high activity is attributed to the formation of simple
oxides, as well as to metal particles within the catalyst structure, which actively promote
the reaction. Furthermore, the solution combustion synthesis method offers significant
practical advantages, including shorter preparation time, reduced economic cost, and
enhanced environmental friendliness due to lower emissions during production. These
benefits make SCS a highly promising technique for future catalytic applications.
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