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Abstract. Dry reforming of methane (DRM) is a promising approach for producing synthesis gas, a mixture of hydrogen
and carbon monoxide, which serves as a valuable intermediate for energy and chemical applications. In the context of the
global energy transition, hydrogen is considered a potential low-carbon energy carrier, while DRM enables the simultaneous
utilization of methane and carbon dioxide. This study aimed to assess the prospects of the Anabai gas field for converting pro-
duced natural gas into synthesis gas via the DRM reaction and to demonstrate the practical feasibility of methane conversion
based on laboratory-scale experiments. To evaluate the potential of methane utilization, data on the methane content of natural
gas from the Anabai field under surface and subsurface conditions were analyzed. Surface gas characteristics were determined
using 56 wellhead samples from Famennian, Lower, Middle, and Upper Visean, as well as Serpukhovian deposits. Subsurface
gas composition was assessed based on 102 samples from the Famennian, Tournaisian, and Visean—Serpukhovian stages. The
results indicate a consistently high methane content across the studied stratigraphic horizons. Experimental DRM studies were
carried out using a 20Co-10Mg-20Al catalyst synthesized by the self-propagating high-temperature synthesis (SHS) method.
The catalytic performance was evaluated in terms of methane and carbon dioxide conversion, synthesis gas composition, and
temperature dependence. Based on the experimental results, practical recommendations for implementing DRM at the Anabai
gas field are proposed, and the prospects for integrating this technology into environmentally oriented energy production
schemes are discussed.
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1. Introduction transition toward a more sustainable and resilient global
energy system, commonly referred to as the energy transi-
tion, has been identified as one of the key pathways for re-
ducing environmental pressures and ensuring long-term
development. The concept of the energy transition refers to a
profound structural transformation of the global energy sec-
tor as an integrated system. This transformation is driven by
changes in the energy mix, including the increasing deploy-
ment of new and renewable energy sources, as well as a
gradual reduction in the share of conventional fossil fuels in
total global energy production.

From a historical perspective, the development of the
global energy system can be divided into four primary stages
of energy transition. The first stage is associated with the
shift from the use of relatively inefficient but readily availa-
ble biomass, primarily wood, to a more energy-dense fossil
fuel — coal. This transition began in the second half of the
nineteenth century, driven by rapid industrialization and the
widespread adoption of steam engines, and is generally con-
sidered to have been completed by the beginning of the twen-
tieth century. During this period, the share of coal in the
global energy balance increased significantly, from marginal
levels to approximately 50%.

Currently, humanity is facing increasingly urgent challeng-
es related to the planet’s future development. Intensive human
activity and extensive industrial growth over recent decades
have led to significant environmental degradation on a global
scale. Anthropogenic factors play a significant role in climate
change and the large-scale transformation of natural ecosys-
tems. Issues such as greenhouse gas emissions, global warm-
ing, environmental pollution, biodiversity loss, soil degrada-
tion, and desertification have become widely recognized and
discussed worldwide. These challenges are inherently global,
as their consequences extend beyond national borders and
impact societies and ecosystems worldwide.

In response to the growing environmental risks and their
potential long-term impacts, governments and international
organizations have undertaken a range of mitigation and
sustainability-oriented initiatives. Environmental protection
and sustainable development occupy a central position on the
United Nations’ agenda. In particular, in 2015, the UN Gen-
eral Assembly adopted the Sustainable Development Goals
(SDGs), formulated as a comprehensive framework aimed at
achieving balanced economic growth, social well-being, and
environmental sustainability. Within this framework, the
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The second stage of the energy transition is characterized
by the growing dominance of oil as a primary energy source.
Its role increased substantially throughout the twentieth cen-
tury, with oil accounting for approximately 3% of the global
fuel balance in 1915 and rising to about 45% by 1975. The
third stage corresponds to the widespread introduction of
natural gas in both energy production and industrial applica-
tions. Unlike previous stages, this period is characterized by
the absence of a single dominant energy resource and a more
diversified energy structure.

The fourth stage of the energy transition has been under-
way since the early 2000s. It is characterized by the large-
scale deployment of renewable energy sources and a gradual
shift away from fossil fuels, specifically hydrocarbons. Ac-
cording to the International Energy Agency, this transition is
expected to extend through the middle of the twenty-second
century, with a projected completion around 2150. Thus, the
present period can be regarded as an active phase of the
fourth energy transition. In this context, the investigation of
hydrogen production pathways derived from natural gas and
methane, in particular, has become increasingly relevant as a
potential component of a more sustainable and low-carbon
energy system.

Dry reforming of methane (DRM) has been widely inves-
tigated as a sustainable pathway for the simultaneous conver-
sion of two primary greenhouse gases, CHs and CO,, into
synthesis gas, which serves as a key intermediate for the pro-
duction of fuels and value-added chemicals [1, 2]. Among the
various catalytic systems explored, Ni- and Co-based cata-
lysts have received considerable attention due to their high
intrinsic activity and economic advantages over noble-metal
catalysts [3, 4]. However, the practical deployment of these
materials is still hindered by catalyst deactivation under se-
vere DRM conditions, primarily caused by carbon deposition,
metal sintering, and insufficient thermal stability.

To address these limitations, significant research efforts
have focused on developing advanced catalyst preparation
techniques and compositional modifications. In particular,
solution combustion synthesis (SCS) and self-propagating
high-temperature synthesis (SHS) have emerged as efficient
and versatile methods for producing catalysts with highly
dispersed active phases, strong metal-support interactions,
and improved resistance to deactivation [5-7]. Catalysts
prepared via these methods often exhibit enhanced redox
properties and structural stability compared to conventionally
synthesized materials, making them especially attractive for
high-temperature DRM applications.

Further enhancement of catalytic performance has been
achieved through the incorporation of promoter oxides and
secondary metals. Rare-earth oxides, such as CeO. and
La;0s, have been reported to improve oxygen mobility and
facilitate the gasification of surface carbon species, thereby
suppressing coke formation on Ni-based catalysts [8]. In
addition, the introduction of transition metal promoters, in-
cluding Mn, Mg, and Fe, has been shown to modify the acid—
base characteristics and redox behavior of the catalyst sur-
face, leading to improved catalytic activity, stability, and
syngas selectivity in DRM reactions [9-11].

In parallel with Ni-based systems, increasing attention has
been devoted to Co-based catalysts, which generally exhibit a
lower tendency toward carbon formation. Recent studies have
demonstrated that lanthanide-doped Co-Al catalysts prepared
by SCS exhibit promising catalytic activity and stability in
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DRM, highlighting the potential of Co-Ce-Al and Co-La-Al
formulations as viable alternatives to conventional Ni-
containing catalysts [12, 13]. Overall, the existing body of
literature confirms the high potential of Ni- and Co-based
catalysts synthesized via combustion-based methods for DRM.
Nevertheless, a comprehensive understanding of the interplay
between catalyst composition, promoter selection, and synthe-
sis parameters remains incomplete, emphasizing the need for
further systematic and comparative investigations [1-13].

The purpose of this research work was to demonstrate the
potential of the Anabai gas field in utilizing the extracted
natural gas to convert it into synthesis gas through the DRM
reaction, and to investigate and illustrate, using laboratory
scientific experiments on DRM, the practical feasibility of
obtaining synthesis gas from methane.

2. Materials and methods

2.1. Object of study and characteristics of the Anabai gas
field

The object of this study is the Anabai gas field, which is
currently under industrial exploitation and is characterized by a
high methane content in the produced natural gas. This feature
allows the field to be considered a promising source of methane
for synthesis gas production via dry reforming of methane
(DRM). The Anabai gas field is situated in the Moiynkum
district of the Zhambyl region in the Republic of Kazakhstan,
approximately 210 kilometers north of the city of Taraz.

According to the Anabai Deposit Development Project
[14], the component composition of natural gas from the Ana-
bai field was investigated under both surface and reservoir
(deep) conditions. Under surface conditions, 56 wellhead gas
samples were analyzed from Famennian, Lower, Middle, and
Upper Visean, as well as Serpukhovian deposits. Several sam-
ples exhibiting anomalously low or high methane contents
were excluded from the dataset. The methane concentration
under surface conditions was found to range from approxi-
mately 88% to 91%, depending on the stratigraphic horizon.

The reservoir gas composition was evaluated based on
102 deep gas samples collected from Famennian, Tournaisi-
an, Lower, Middle, and Upper Visean, and Serpukhovian
formations. After excluding anomalous samples, the methane
content in the reservoir gas generally ranged from 80% to
83% for Visean and Serpukhovian deposits. In comparison,
significantly higher methane concentrations (up to 95-98%)
were observed for Tournaisian reservoirs. The Famennian
reservoir gas exhibited an average methane content of ap-
proximately 90%. Overall, the consistently high methane
content across different stratigraphic horizons confirms the
suitability of natural gas from the Anabai field as a feedstock
for producing synthesis gas.

2.2. Catalyst preparation

Overall, the consistently high methane content across dif-
ferent stratigraphic horizons confirms the suitability of natu-
ral gas from the Anabai field as a feedstock for producing
synthesis gas.

The SHS process is based on the ability of powder mix-
tures containing fuels and oxidizers to ignite upon local heat-
ing, followed by the propagation of a combustion wave
throughout the reacting system. This process leads to the
formation of solid products with high porosity and developed
surface morphology.
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For catalyst synthesis, 20 g of precursor materials were
used, including 10 g of urea (CH4N2O) as a fuel, 4 g of co-
balt(ll) nitrate hexahydrate (Co(NOs3)2:6H,0), 2 g of magne-
sium nitrate hexahydrate (Mg(NOs3).-6H-0), and 4 g of alu-
minum nitrate nonahydrate (Al(NO3)3-9H,0). The precursors
were dissolved in 15 mL of deionized water in a heat-resistant
chemical beaker. Urea was employed to ensure stable com-
bustion, with the fuel-to-oxidizer ratio maintained at unity.

The resulting solution was preheated to 80°C under con-
tinuous stirring to ensure complete dissolution of the compo-
nents. The homogeneous solution was then placed into a
muffle furnace preheated to 500°C, where combustion oc-
curred over a period of 10-15 minutes. As a result, a solid
foam-like material was formed. After synthesis, the obtained
material was cooled to room temperature (approximately
20°C) for 30 minutes, crushed into a fine powder, and stored
for further use.

2.3. Experimental setup and DRM procedure

The DRM experiments were conducted using the labora-
tory facilities of the JSC Institute of Fuel, Catalysis, and
Electrochemistry, named after D.V. Sokolsky. The experi-
mental setup included an automated laboratory unit equipped
with a CHROMOS GC-1000 gas chromatograph, a muffle
furnace, and analytical laboratory balances.

The reaction was carried out in a quartz tubular reactor,
which was installed inside a furnace. The reactor was packed
sequentially with glass wool, 2 mL of quartz, 2 mL of the
catalyst, followed by another 2 mL of quartz and glass wool
to ensure uniform gas flow and temperature distribution. The
reactor was positioned such that its central zone coincided
with the furnace temperature sensor, allowing accurate con-
trol and monitoring of the reaction temperature.

The DRM reaction was conducted at atmospheric pres-
sure using a gas mixture of CH4 and CO; diluted with argon,
with a volumetric ratio of CH4:COz:Ar = 1:1:1. The total gas
flow rate through the reactor was maintained at 100
mL-min~t. The dry reforming of methane proceeds according
to the following reaction:

CHs + CO, — 2H, + 2CO, 1)

The reactor temperature was increased stepwise from
500°C to 900°C in increments of 100°C. At each tempera-
ture, the composition of the reaction products was analyzed
every 30 minutes using the CHROMOS GC-1000 gas chro-
matograph equipped with Chromos software.

3. Results and discussion

To assess the reliability of the experimental results, all
measurements were performed in duplicate under identical
conditions. The reproducibility of the obtained data was
satisfactory, indicating a high level of measurement reliabil-
ity and experimental consistency.

Table 1 summarizes the inlet and outlet concentrations of
methane and carbon dioxide obtained during the evaluation
of the catalytic activity of the 20C0-10Mg-20Al catalyst in
the dry reforming of methane (DRM) reaction over the tem-
perature range of 500-900°C.

At temperatures of 500 and 600°C, the outlet concentra-
tions of methane and carbon dioxide remain close to their
inlet values, indicating limited catalytic activity in this tem-
perature range.
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Table 1. Inlet and outlet concentrations of methane and car-
bon dioxide during DRM over the 20Co-10Mg-20Al catalyst

Temperature, °C | CH4in.,% COzin, % CHjout., % CO,out., %
500 33 33 29.62 33
600 33 33 29.09 33
700 33 33 11.88 16.36
800 33 33 0.33 6.29
900 33 33 0 491

This behavior is typical for DRM, a highly endothermic
reaction that requires elevated temperatures to achieve signif-
icant reactant conversion.

A pronounced increase in catalytic activity is observed at
700°C, where a substantial decrease in both CHs and CO;
outlet concentrations is detected. The methane concentration
decreases from 33% at the reactor inlet to 11.88% at the
outlet, while the CO. concentration decreases to 16.36%.
This temperature marks the onset of effective DRM over the
20Co0-10Mg-20Al catalyst.

A pronounced increase in catalytic activity is observed at
700°C, where a substantial decrease in both CH4 and CO;
outlet concentrations is detected. The methane concentration
decreases from 33% at the reactor inlet to 11.88% at the
outlet, while the CO, concentration decreases to 16.36%.
This temperature marks the onset of effective DRM over the
20Co0-10Mg-20Al catalyst.

The observed temperature-dependent behavior can be at-
tributed to the endothermic nature of the DRM reaction and
the increased availability of active sites at higher tempera-
tures. The presence of cobalt as the primary active metal
contributes to high methane activation efficiency, while
magnesium and aluminum oxides likely enhance catalyst
stability and modify surface basicity, facilitating CO; activa-
tion and carbon gasification.

Overall, the results demonstrate that the 20Co-10Mg-
20A\ catalyst exhibits high catalytic activity in DRM at tem-
peratures above 700°C, with near-complete methane conver-
sion achieved at 800-900°C. These findings confirm the
suitability of the investigated catalyst composition for high-
temperature DRM applications. They are consistent with
trends reported in the literature for Co-based catalysts syn-
thesized via combustion-based methods.

The experimental data obtained in this study are present-
ed graphically in Figures 1-4. The reproducibility of the
measurements supports the reliability of the results, as all
experiments were performed in duplicate under identical
conditions, yielding consistent trends in gas conversion and
product composition.
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Figure 1. Dependence of methane and carbon dioxide conver-
sion on reaction time during DRM over the 20Co-10Mg-20Al
catalyst
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Figure 1 illustrates the dependence of methane and car-
bon dioxide conversion on reaction time during DRM over
the 20Co-10Mg-20Al catalyst. At short reaction times (30-60
min), the conversion of both reactants remains low, indicat-
ing that the catalytic system requires a specific stabilization
period under reaction conditions. With increasing reaction
time, a pronounced increase in methane conversion is ob-
served, reaching nearly complete conversion after 120-150
min. A similar trend is evident for carbon dioxide, although
its conversion remains slightly lower than that of methane
throughout the experiment. This behavior suggests progres-
sive activation of the catalyst surface and the establishment
of steady-state reaction conditions.
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Figure 2. Dependence of hydrogen and carbon monoxide
formation on reaction time during DRM over the 20Co-10Mg-
20Al catalyst

A corresponding increase in the formation of reaction
products is evident in Figure 2, which illustrates the evolu-
tion of hydrogen and carbon monoxide concentrations over
time. The gradual rise in H2 and CO content correlates well
with the increasing conversions of CH, and CO,, confirming
that the observed reactant consumption is predominantly
associated with the DRM reaction. After approximately 120
min, the product composition approaches a quasi-steady
state, indicating stable catalyst performance under the inves-
tigated conditions.
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Figure 3. Effect of reaction temperature on methane and car-
bon dioxide conversion during DRM over the 20Co-10Mg-20Al
catalyst

The influence of reaction temperature on DRM perfor-
mance is depicted in Figure 3. Both methane and carbon
dioxide conversions exhibit a strong positive dependence
on temperature. At 500-600°C, the conversions remain
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relatively low, reflecting the endothermic nature of DRM
and the limited activation of reactant molecules at lower
temperatures. A sharp increase in conversion is observed at
700°C, marking the onset of effective DRM over the 20Co-
10Mg-20Al catalyst. At 800-900°C, methane conversion
reaches nearly 100%, while carbon dioxide conversion
exceeds 80%, demonstrating high catalytic activity at ele-
vated temperatures.
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Figure 4. Effect of reaction temperature on hydrogen and
carbon monoxide formation during DRM over the 20Co-10Mg-
20Al catalyst

Figure 4 shows the corresponding effect of temperature
on the composition of the gaseous products. The concentra-
tions of hydrogen and carbon monoxide increase significant-
ly with increasing temperature, which is consistent with the
enhanced DRM reaction rate. At temperatures above 700°C,
the Hz and CO contents rise markedly, approaching values
characteristic of synthesis gas suitable for downstream appli-
cations. The higher hydrogen yield compared to carbon
monoxide can be attributed to the combined contribution of
DRM and possible side reactions, such as methane cracking
and the reverse water-gas shift reaction.

The catalytic performance of the 20Co-10Mg-20Al sys-
tem is strongly dependent on both reaction time and tempera-
ture. Efficient methane and carbon dioxide conversion, ac-
companied by high synthesis gas yields, is achieved at tem-
peratures above 700°C and after sufficient reaction time to
reach steady-state conditions. These findings confirm the
suitability of the investigated catalyst composition for high-
temperature DRM. They are in good agreement with general
trends reported for Co-based catalysts prepared by combus-
tion-based synthesis methods.

This paper presents a comparative assessment of the be-
havior of the 20Co-10Mg-20Al catalyst in the DRM reaction
at five temperatures: 500°C, 600°C, 700°C, 800°C, and
900°C. The analysis focuses on the calculated conversions of
CH4 and COq, as well as on the composition of the gaseous
products, namely CO and H.

The outlet concentrations of CH4, CO», CO, and H, were
experimentally measured, and the corresponding conversion
values were calculated using the following relationships:

_CHI—CHE" 1o 2)
CHy'

XcH,

in_ ~Aout
€03-COF" 1o, @
(ele}]

Xco, =
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The 20Co-10Mg-20Al catalytic system exhibits low ac-
tivity at the lower temperatures of 500°C and 600°C. Under
these conditions, methane conversions reach only 10.2% and
11.8%, respectively, while the formation of syngas compo-
nents (CO and Hy) is negligible. At such temperatures, me-
thane molecules, characterized by strong C—H bonds with a
bond dissociation energy of approximately 435 kJ-mol™,
cannot be efficiently activated on the surface of the cobalt-
based catalystt As a result, the DRM pathway
(CH4 + CO2 — 2CO + 2Hy) is kinetically suppressed.

In contrast, CO, although thermodynamically stable, can
participate in secondary reactions when trace amounts of
oxygen or water are present in the system. One possible route
for CO; formation involves the partial oxidation of methane
(CH4 + 20, — CO; + 2H,0), notably if the catalyst has not
been fully reduced or if residual oxidized species remain on
the support surface. Another pathway is associated with the
oxidation of carbon deposits formed during the cracking of
methane (CH4 — C + 2H,). These deposits can subsequently
react with CO; via the Boudouard reaction or gasification,
leading to additional formation of CO and COg:

C+CO, —»2CO 4)

In both cases, the net effect is an increased concentration
of CO, at the reactor outlet, even though no excess CO is
introduced into the feed. Such parasitic reactions reduce the
overall carbon efficiency of the process, indicating insuffi-
cient catalyst activation or limited dispersion of metallic
cobalt species at low temperatures.

A significant enhancement in catalytic performance is
observed as the temperature increases to 700°C. Under these
conditions, methane conversion rises sharply to 64%, while
CO; conversion reaches 50.4%. This increase is accompa-
nied by substantial production of H, (30.28 mmol) and CO
(31.79 mmol), indicating effective activation of the DRM
reaction pathway. The pronounced jump in activity is con-
sistent with the known kinetic barriers associated with CH,
dissociation. It suggests that the threshold temperature for
efficient C—H bond cleavage on metallic Co° active sites has
been reached. In this context, cobalt plays a crucial role by
enabling the dissociative adsorption of methane, resulting in
surface-bound carbon (C*) and hydrogen (H") species, which
subsequently react with adsorbed CO--derived intermediates.

The high methane conversions of 99% and 100%, togeth-
er with carbon dioxide conversions of 80.9% and 85.1% at
elevated temperatures of 800°C and 900°C, respectively,
further demonstrate the strong temperature dependence of
DRM performance over the investigated catalyst. Such tem-
peratures correspond to conditions close to the thermody-
namic equilibrium region for highly endothermic reactions
such as DRM. The increased yields of CO and H, observed
at these temperatures indicate enhanced reaction Kinetics,
higher surface mobility of the reactants, and an increased
availability of active metallic Co® surface sites.

In addition to the intrinsic catalytic activity of cobalt, the
role of Mg and Al as support components should also be
emphasized. Magnesium oxide introduces basic surface sites
that promote the adsorption and activation of CO,. This ba-
sicity compensates for the acidic character of Al,QOs, result-
ing in a balanced support environment that can stabilize CO2
in the form of carbonate or bicarbonate intermediates before
their decomposition into reactive CO, species. Such dual
functionality enhances CO; uptake and contributes to the
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suppression of carbon deposition by facilitating gas-solid
interactions. Moreover, MgO may promote a more uniform
dispersion of cobalt species within the support matrix, there-
by minimizing sintering at elevated temperatures and im-
proving catalyst durability.

The consistency in the formation of both H, and CO fur-
ther suggests that the reverse water-gas shift reaction
(RWGS) does not play a dominant role under the investigat-
ed conditions. In systems where RWGS becomes significant
(CO; + Hy — CO + H30), the H,/CO ratio typically decreas-
es below unity. In contrast, the present results indicate an
H2/CO ratio close to unity across the entire temperature
range, implying that the DRM pathway proceeds selectively
with limited interference from side reactions.

The DRM mechanism over Co-based catalysts is com-
monly described using a bifunctional model. Methane activa-
tion predominantly occurs on metallic cobalt sites, which
provide the necessary electronic structure and geometry for
the cleavage of C-H bonds. In contrast, CO, preferentially
interacts with oxide supports or oxygen-containing surface
species. The coexistence of MgO and Al;Os in the catalyst
creates a heterogeneous surface with multiple types of active
sites. Surface carbon species (C*) formed during methane
cracking can readily react with oxygen-containing intermedi-
ates derived from adsorbed CO; (such as O™ or CO3%*), lead-
ing to CO formation and completion of the catalytic cycle.

From a performance perspective, the 20Co-10Mg-20Al
catalyst exhibits promising characteristics. The sharp in-
crease in conversion between 600°C and 700°C indicates
effective thermal activation, while the near-complete me-
thane conversion at 800-900°C reflects high intrinsic catalyt-
ic activity. The high yields of H, and CO, together with a
stable H./CO ratio, further confirm both the efficiency and
selectivity of the catalyst under high-temperature DRM con-
ditions.

Nevertheless, certain limitations should be noted. The ab-
sence of significant activity at temperatures around 650°C
may restrict the applicability of the catalyst in processes
designed to operate under milder conditions for improved
energy efficiency. Additionally, the present study does not
address long-term stability or regeneration behavior, which
are crucial parameters for industrial implementation. Coke
formation, although not directly reflected in the observed
conversion values, remains a persistent challenge in DRM,
particularly at elevated temperatures and under conditions
where carbon gasification pathways are limited.

In summary, the 20Co-10Mg-20Al catalyst exhibits a dis-
tinct activation threshold in the range of 650-700°C, above
which it demonstrates high efficiency in the DRM reaction.
The synergistic interaction between metallic cobalt, basic
MgO, and structurally stable Al,O3 provides a solid founda-
tion for achieving high CH4 and CO; conversions, elevated
synthesis gas yields, and consistent reaction selectivity.

To evaluate the structural and elemental stability of the
20C0-10Mg-20Al catalyst under DRM conditions, a compar-
ative analysis was performed using scanning electron mi-
croscopy (SEM) coupled with energy-dispersive X-ray spec-
troscopy (EDS). Both fresh and spent catalyst samples were
examined to assess their morphological features, elemental
composition, and surface changes induced by the reaction.

Representative SEM images and corresponding EDS
spectra of the fresh and spent catalysts are presented in Fig-
ure 5a and Figure 5b, respectively.



B. Zhaparov et al. (2025). Engineering Journal of Satbayev University, 147(6), 40-47

spectrum 1 (restored)

Fresh 20Co-10Mg-20Al
(@)

spectrum 3 (restored)

Spent 20Co-10Mg-20Al

(b)

Figure 5. EDS spectra of the 20Co-10Mg-20Al catalyst:
(a) — fresh sample; (b) — spent sample after DRM reaction

The fresh catalyst sample (Figure 5a) exhibits a porous
and well-developed surface morphology, as observed by
SEM. Uniformly distributed surface features characterize the
structure, with no visible signs of particle agglomeration or
sintering. Such morphology is advantageous for DRM, as it
provides a high accessible surface area and facilitates the
exposure of active catalytic sites. The corresponding EDS
analysis confirms the presence of all expected elements,
including cobalt (Co), magnesium (Mg), aluminum (Al), and
oxygen (O), as well as trace amounts of silicon (Si), which
are most likely associated with the substrate or external con-
tamination. The average elemental composition (wt.%) of the
fresh catalyst was determined as follows: Co —47.31%, O —
29.35%, Al —13.83%, Mg —9.44%, and Si—0.07%. These
results confirm the successful incorporation of all catalyst
components in the intended proportions. The high cobalt
content reflects its role as the primary active phase, while
MgO and Al,Os act as structural and textural stabilizers.

The spent catalyst sample (Figure 5b) also demonstrates
favorable structural characteristics after DRM operation.
SEM analysis reveals that the overall porous morphology is
largely preserved, with no evidence of severe support degra-
dation or cobalt sintering. Although slight surface smoothing
and limited particle growth are observed, these changes re-
main within acceptable limits and do not indicate significant
structural deterioration. Filamentous carbon species, typical-
ly associated with DRM, are detected on the catalyst surface,
confirming catalytic activity during operation. Importantly,
no encapsulation of the active phase or extensive aggregation
is observed, suggesting that the active cobalt sites remain
accessible after reaction.

EDS analysis of the spent catalyst confirms the presence
of all key elements across different surface regions. The
average elemental composition (wt.%) was determined as:
Co —48.48%, O —23.29%, Al -16.57%, and Mg — 11.66%.
Compared to the fresh catalyst, the cobalt content increased
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by approximately 1.17%, which can be attributed to surface
enrichment resulting from the reduction of cobalt oxide spe-
cies to metallic cobalt during the DRM process. Simultane-
ously, the oxygen content decreased by about 6.06%, con-
sistent with partial lattice oxygen removal under high-
temperature and reducing reaction conditions. The relative
increase in Al and Mg contents is primarily associated with
the decrease in oxygen concentration, which enhances the
relative contribution of metallic elements in the EDS signal.

The EDS spectra of the spent catalyst show well-defined
cobalt peaks, particularly at approximately 6.9 and 7.6 keV,
corresponding to Co Ko and Kp lines, respectively. This
observation confirms the presence and stability of metallic
Co® as the active phase after reaction. The preservation of
peak intensity and sharpness indicates the absence of signifi-
cant cobalt sintering or particle migration during the DRM
process. Magnesium and aluminum signals remain stable,
confirming the chemical robustness of the MgO-Al,O3 sup-
port matrix under reaction conditions. Trace silicon detected
in isolated spectra is considered extrinsic and not intrinsic to
the catalyst formulation.

Overall, the SEM-EDS results demonstrate that the 20Co-
10Mg-20Al catalyst maintains both structural integrity and
elemental stability during DRM operation. The preservation
of a porous morphology, stable dispersion of metallic cobalt,
and the supportive role of MgO and Al,O3 collectively con-
tribute to sustained catalytic activity and resistance to severe
deactivation mechanisms.

4. Conclusions

During the experiments, it was found that the conversion
of methane into synthesis gas via DRM using the 20Co-
10Mg-20Al catalyst begins at a reaction temperature of
700°C. At a reaction temperature of 800°C, the conversion is
nearly complete. Specifically, at a reaction temperature of
600°C, the methane conversion rate is only 11.85%, showing
minimal changes. However, at 700°C, the conversion rate
increases sharply to 64%, and at 800°C, it reaches 99%.
Thus, it can be concluded that for this catalyst and under the
given conditions, the optimal temperature for the DRM reac-
tion lies within the range of 700°C to 800°C.

The synthesized gas produced in this reaction has promis-
ing potential as a renewable energy source, especially for
fuel energy. Considering the high methane content in the
Anabai gas field, this technology offers a valuable method
for converting methane into hydrogen. Therefore, it is rec-
ommended to implement this process at the Anabai gas field,
given its promising energy generation capabilities.

The forecasts for implementing this technology are opti-
mistic. In the future, it may lead to a more environmentally
friendly energy production process, contributing to the Re-
public of Kazakhstan’s achievement of sustainable develop-
ment goals, particularly in the energy sector.

This paper demonstrates the prospects of converting natu-
ral gas produced at the Anabai gas field into hydrogen, a
cleaner fuel. While the technology is still in the early stages
and requires further comprehensive scientific research, it
holds significant potential. Future studies should focus on
discovering new, more effective catalysts for the DRM pro-
cess. Despite the challenges, this area of research shows
great promise and offers opportunities for further advance-
ments in sustainable energy production.
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AHa0al ra3 KeH OPHBIHBIH OHIpPiJIreH TA0UFH ra3bl METAH/bI
KYpPFaK puOpMUHT peaKUUsAChl APKbLUIbI CHHTE3/IIK ra3ra ailHaJbIPy
YIIiH maigajJanyaarbl NepCcrneKTUBAJIAPbI

B.b. Xanapos®, B.b. bucenos, XK.C. Tynemucosa
Kazaxcman-bpuman mexnuxanvix ynusepcumemi, Anmamol, Kazaxcman
*Koppecnonoenyus yuin asmop: bo.zh@mail.ru

Anpgarna. Kyprak merad pudopmunri (KMP) cuHTes ra3pH eHIIpyAiH MepCreKTUBANBI Tociai 0oipn Tabbuiaabl. benrimi
OonraHmail, cuHTE3 Ta3bl OMOOTHIHHBIH Ta3 TOPi3Ii Typi OOJNBIT TaObUIAABI )KOHE KOMIPTETi TOTBHIFBI MEH CYTETiHIH KOCHAachl
6o TabpuTanel. CyTeri OoamiakTa Ta3a OTHIH PETiHAe KOJIIAaHBUTYBl MYMKiH. BYJI FEUTBIMU-3epTTEy JKYMBICHIHBIH MaKCaThl
AHabaii ra3 KeH OpHBIHBIH OHAIpUIreH Tadburu ra3asl KMP peakuuschl apKbliibl CHHTE3/IIK ra3fa aHaIABIPY YIIIH naiinanaHy
NepCreKTHBANIapblH KopceTy, coHbiMeH Katap KMP OoiibiHIIa 3epTXaHanblK FBUIBIMH TOXKIpHOETIep MbICAIbIHAA METaHHAH
CHHTE3 ra3blH ay/blH TOXKIPHOENTiK MYMKIHIIKTEPIH 3epTTey XKoHe KopceTy 0oyabl. MeTaHpl naiiianaHy jkoHe KOHBepCUsiiay
QJIeyeTiH 3ep/eliey YIIiH Kep OeTiHAeri Jie, )Kep KOMHAybIHaFkl 1a AHa0ai KeH OpHBIHA OHIIPIITeH ra3ablH METaH KypaMac
Oeiri Typasbl AepekTep manaananbuisl. JKep ycTi ra3siHbiH cunartamanapel @amen, Temenri Buseit, Opra Buseit, XKoraprbl
Buseit xone CeprnyXxoB KeH OpBIHIApbIHAH J>KMHAJIFaH 56 YHFbIMAa CarachlHBbIH ChIHaMachl apKpUIbl Tajmauisl. JKep
KoitHaybIHBIH cbiHaManapsl ®amen, Typrelt, Temenri, Opra xoHe XKoraprel Buseit sxoHe CepryXxoB Ke3eHIHIETI Ta31apIblH
102 yunricinen anbiEael. by nepekrep AHa®all KeH OpHBIHIAFBl METaHHBIH OpTallla MeJIIepi aTapibIKTail )KOFaphl eKeHIH
kepceteni. byn makamama 20Co-10Mg-20Al HeriziHmeri KaTaau3aTopAsl MalJalaHBII SKCICPUMEHTTEp Ke3iHAE AallbIHFaH
HoTIXKenep OepinreH. Byn katamm3aTop e3IiriHEH TapanaThIH KOFapsl Temmeparypaiblk cuHTe3 (OTXXTC) omici apKbpLIBI
QJIBIHABL. AJIBIHFAH HOTHKEJIEP/IiH MPAKTUKAIIBIK MAHBI3JbUIBIFBIH €CKEPE OTHIPHII, ICKE achIpy OOMBIHIIA YCHIHBIMAApP Oepiim,
ochkl AHa0ail ra3 KeH OpHBIH/IAFbl METAHHBIH OCBIHIAH TYpJIeHYiHIH O0/KaMaapbl MEH MEepCIeKTHBAIaPhI a Kacalibl.

Hezizzi co30ep: 2a3 ke opHbi, KYpeax meman pugopmunei, cunmes 2asvl, MEMaH, Cymeei.

IlepcnieKTHBBI HCIIOJIB30BAHMS IPUPOAHOIO ra3a ra3oBoro
MECTOPOKIeHHsI AHAO0AH NJIA MOJIyYeHUsI CHHTE3-Ta3a METOAOM CyX0ro
pu¢gopMHUHIa MeTaHa

B.B. XKanapos®, B.B. bucenos, X.C. Tynemucosa
Kazaxcmancko-bpumanckuii mexuuueckuil ynusepcumem, Animamol, Kazaxcman
*Aemop onst koppecnondenyuu: bo.zh@mail.ru

AunHoTtamms. Peakius cyxoro pudopmunra merana (CPM) siBiisietcst mepcrieKTUBHBIM MOAXO/I0M K MOJTYYEHHUIO CHHTE3-Ta3a
— CMEeCH BOJIOPOJIa ¥ OKCHJIA YTIIEPO/1a, KOTOPAsk MOXKET UCIIOIb30BATHCS B SHEPTETHUECKUX M XUMHUKO-TEXHOJIOTHYECKHUX MTPOLec-
cax. B ycioBusx rmo6GaibHOTO SHEPreTHYECKOTo Mepexojia BOJOPO]] paccMaTpuBaeTCsl KaK MOTEHIMAIbHBIN HU3KOYTIIEPOHBINH
SHEPrOHOCHUTEIIB, TIpH 3ToM CPM 103BOJISET OJJHOBPEMEHHO YTHIIM3UPOBATh METaH M AUOKCH] yriiepoaa. Llenpio maHHO# paboTs
SIBJIICTCS OLICHKA IIEPCTICKTHB ra30BOr0 MECTOPOXKAeHHsT AHaball it mpeoOpa3oBaHus 10OBIBAEMOTO IIPUPOIHOTO ra3a B CHHTE3-
ra3 C UCIOJb30BaHUEM PEaKIUH CyXoro pu(p)OpMHHIa METaHa, a TAKKEe JEMOHCTpPAIUS MPAKTUYECKOH peaan3yeMOoCTH JTJaHHOTO
Iporiecca Ha OCHOBE J1a00paTOPHBIX SKCIIEPUMEHTOB. J{JI OIIEHKH MOTEHIMala HCIOJIb30BaHUs MeTaHa ObUIM NPOaHAIU3HPOBA-
HBI JJAHHBIE TI0 €T0 KOMIIOHEHTHOMY COAEPKaHUIO B IIPUPOIHOM Ta3e MECTOPOXKICHNS AHa0al B MOBEPXHOCTHBIX M TIyOHMHHBIX
YCTIOBHSIX. XapaKTEPHCTHKA T'a3a B MOBEPXHOCTHBIX YCIOBHUX BHITIOIHEHA HA OCHOBE 56 YCTBhEBBIX ITP00, 0TOOpaHHBIX U3 (paMeH-
CKHUX, HIDKHEBH3EHCKIX, CPEIHEBU3ECHCKIX, BEPXHEBU3EHCKNX M CEPITyXOBCKUX OTIOKEHHUH. | TyOWHHbBIE IPOOHI peCcTaBICHEB
102 oGpasmamu ra3za U3 paMeHCKOro, TYPHEHCKOTO U BU3EHCKO-CEPITyXOBCKOro IpycoB. [loydeHHbIE TaHHBIE CBHICTEIECTBYIOT
0 CTaOMIIBHO BBICOKOM COJIEpKaHHHM METaHa BO BCEX HCCIEJOBAHHBIX CTPATUTPa(UUIECKHX TOPHU30HTaX. DKCHEPHMEHTAIbHBIE
uccnenoBannsi CPM ObutM IPOBEZIEHBI € HCIIONb30BaHUWEeM KaranusaTtopa coctaBa 20Co-10Mg-20Al, cHHTE3MPOBAHHOTO METO-
JIOM caMopaclpocTpaHsomerocs: Bbicokoremreparyproro cunre3a (CBC). Katanntnueckass akTHBHOCTD OLIEHMBAJIACh 10 CTe-
MIEHU IPEeBpallleHNs MeTaHa U JUOKCHJA YIIepoJa, COCTaBy CHHTE3-Ta3a M TeMIepaTypHOH 3aBucuMocTU mpouecca. ITpeanoxe-
HBI PEKOMEHJIALINH 110 BHEAPEHHIO TEXHOJIOTHUH CYXOro pudopMHHra MeTaHa Ha Ta30BOM MECTOpPOXKJIeHHN AHalaii, a Takxke pac-
CMOTPEHBI NEPCTIEKTHBBI MHTErPallUi JAHHOTO MOJX0/1a B SKOJIOTUUECKH OPUEHTUPOBAHHBIE SHEPTETUYECKUE CXEMBI.

Knrwouesvie cnosa: cazosoe mecmopodicoenue, cyxoul pughopmune Memanda, Cunmes-2as, RPUPOOHbIIL 243, MemaH, 6000po0.
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