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Abstract 

This article discusses the decomposition of methane in the temperature range 550–800 °C on low-percentage   

monometallic (Ni/-Al2O3, Co/-Al2O3) and bimetallic (Ni-Co/-Al2O3) catalysts. It is shown that the bimetallic cata-

lyst is more active in the decomposition of methane to hydrogen than monometallic ones. At a reaction tempera-

ture of 600 °C, the highest methane conversion is 81%, and the highest hydrogen yield of 51% is formed on Ni-

Co/-Al2O3. A complex of physicochemical methods (Scanning Electron Microscope (SEM), X-ray Diffraction (XRD), 

Temperature Programmed Reduction (TPR-H2), etc.) established that the addition of cobalt oxide to the composi-

tion of Ni/-Al2O3 leads to the formation of surface bimetallic Ni-Co alloys, while the dispersion of particles increas-

es and the reducibility of the catalyst is facilitated, which provides an increase in the concentration of metal parti-

cles - active centers, which can be the reason for an increase in the catalytic properties of a bimetallic catalyst in 

comparison with monometallic ones. 
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1. Introduction 

In connection with the transition to "green" 

technology, intensive work is underway 

throughout the world to find alternative energy 

sources and energy carriers. One of the most 

promising modern energy carriers is hydrogen, 

which is determined by its ecological purity, ver-

satility and high efficiency of energy conversion 
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processes with its participation [1]. Currently, 

the most common technologies for the produc-

tion of hydrogen are: steam reforming of me-

thane (SRM) [2,3], catalytic decomposition of 

methane (CDM) [4,5], partial oxidation of me-

thane (POM) [6,7], gasification of coal and other 

hydrocarbons [8], water electrolysis [9,10], pho-

tocatalytic water splitting [11,12], biomass gasi-

fication [13]. Compared to fossil fuels, other hy-

drocarbons and biomass, methane is the best 

source for hydrogen production because it is 

easy to mine and has a high hydrogen to carbon 

https://creativecommons.org/licenses/by-sa/4.0
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ratio [14–16]. Commercial hydrogen is pro-

duced using a SRM. The advantages of the 

CDM are that the specific CO2 emissions for 

hydrogen production are significantly lower 

compared to the CDM. In addition, the produc-

tion of nanocarbon as a by-product in CDM will 

make this process economically competitive 

compared to SRM [17–19]. The production of 

hydrogen from natural gas, the main compo-

nent of which is methane, is of great practical 

importance as the world's known reserves of 

natural gas are increasing [20]. Compared to 

electrolysis of water, the main advantage of 

CDM is the ease of use of raw materials and 

their availability [18]. Photocatalytic water 

splitting into hydrogen and oxygen with zero 

greenhouse gas emissions using photo-

electrodes is very valuable for the energy 

[21,22]. However, photoelectrode materials that 

have special catalytic characteristics and sta-

bility in a light environment have not yet been 

found [23]. 

Due to the aforementioned advantages in 

the latter, CDM to hydrogen and nanocarbon 

attracts the attention of scientists [24]. The 

most commonly used catalysts in SRM are 

transition metals, including Ni, Co, and Fe, on 

supports including Al2O3, SiO2, TiO2, MgO, 

CeO2, carbon, and zeolites [25–27]. Iron-based 

catalysts are more stable to carbonization, but 

have low activity in the decomposition of me-

thane [28]. Carbon-based catalysts give lower 

methane conversion than metal catalysts [29]. 

Among these catalysts, supported nickel cata-

lysts have been extensively studied for their fa-

vorable activity under pyrolysis operating con-

ditions. Nickel-based catalysts are highly active 

in CDM, but they are sensitive to operating 

temperature and quickly deactivated at high 

temperatures [30]. The content of nickel oxide 

on the support varies from 0.5–60 wt% [31]. It 

is assumed that catalysts with a nickel oxide 

content in the range of 0.5–5 wt% are less sus-

ceptible to carbonization [32]. The addition of 

modifying additives (noble metals, oxides of co-

balt, cerium, etc.) to nickel-based catalysts can 

improve the activity and stability of the cata-

lyst in the decomposition of methane [33]. The 

novelty of this work is a study of the decompo-

sition of methane on catalysts with a low con-

tent of nickel oxide on a support, a comparison 

of the activity of low-percentage monometallic 

(Ni/-Al2O3, Co/-Al2O3) and bimetallic           

(Ni-Co/-Al2O3) catalysts in this process. 

This work aims is a comparative study of 

the activity in the decomposition of methane 

and physicochemical characteristics of low-

percentage monometallic and bimetallic nickel, 

cobalt-containing catalysts. The catalysts were 

synthesized by capillary impregnation of the 

support to incipient wetness with solutions of 

nitric acid salts of the metals. The catalysts 

have been tested in the decomposition of me-

thane. The physicochemical characteristics of 

the catalysts were studied by N2 physisorption, 

TPR-H2, SEM, XRD, and TGA. The method of 

synthesis is an effective one for concentrating 

the active phase on the surface of the support, 

which is very important in the synthesis of low-

percentage catalysts. Active centers are more 

accessible for reactant molecules. The method 

utilizes several advantages, e.g. relative sim-

plicity, less hazardous waste, and more effi-

cient use of a low-percentage active component, 

there is no loss of impregnating solution, which 

is especially important in the manufacture of 

expensive catalysts [34,35]. 

 

2. Materials and Methods 

2.1 Preparation of catalysts 

Monometallic catalysts xNi/-Al2O3 and 

yCo/-Al2O3 (where x is the content of oxides in 

the catalyst, wt%) were obtained by capillary 

impregnation of -Al2O3 support (SBET=180 

m2/g, Changhai Jiuzhou Chemicals Co) with 

aqueous solutions of Ni(NO3)2.6H2O (technical 

standard 4055-70) or Со(NO3)2.6H2O (technical 

standard 4528-78). The content of oxides in the 

catalyst is 3 wt%. 

Bimetallic хNi-уCо/-Al2O3 (where x and y 

are the content of metal oxides in the catalyst, 

wt %) catalysts were also prepared by capillary 

impregnation of -Al2O3 support (SBET=180 

m2/g, Changhai Jiuzhou Chemicals Co) with 

aqueous solutions of a mixture of salts metals 

Ni(NO3)2.6H2O (technical standard 4055-70) 

или Со(NO3)2.6H2O (technical standard 4528-

78). The ratio of oxides in the bimetallic sample 

was Ni:Co (1:2). Heat treatment of all samples 

was carried out in air at 300 °C for 2h, then at 

500 °C for 3 h. 

 

2.2 Characterization of Catalysts 

The physicochemical characteristics of the 

catalysts were studied by X-ray diffraction 

(XRD), N2 physisorption, scanning electron mi-

croscopy (SEM), temperature-programmed hy-

drogen reduction (TPR-H2), and thermogravi-

metric analysis (TGA). 

 

2.2.1 N2 Physisorption 

Determination of the textural properties of 

the developed catalysts and carriers (specific 

surface area (SSA), pore volume and pore size 
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distribution) was carried out by the method of 

low-temperature adsorption of nitrogen at 77 K 

on an automatic installation BEL Japan Inc. 

and thermal desorption of argon using a BEL-

SORP-mini II device. Before testing the sam-

ple, its degassing is carried out, which consists 

in heating the sample in a stationary gas flow 

at a given temperature in order to remove the 

gases and vapors absorbed by it from the sur-

face of the test material. Pressure sensor is 

0.666 Pa/min. The mass of the catalyst loading 

is 2.92 g, the run time is 3 hours, saturated 

steam pressure 102.19 kPa, and Vm = 30.563 

cm3(STP).g−1. The surface area is calculated us-

ing the BET (Brunauer–Emmett–Teller) equa-

tion. 

 

2.2.2 Scanning Electron Microscopy (SEM) 

Scanning electron microscopy was carried 

out on a JEOL JSM-6390 LA device with a JED 

2300 energy-dispersive X-ray detector. Surface 

micrographs were obtained in the modes of reg-

istration of secondary electrons (topographic 

contrast) and backscattered electrons (contrast 

depending on the atomic number). The ele-

mental composition of the surface of the sam-

ples was determined using a JED 2300 energy-

dispersive X-ray detector (resolution 133 eV). 

The calculation of the percentage of each ele-

ment in the analyte was carried out from the 

obtained X-ray spectra using the Analysis Sta-

tion software version 3.62.07. (JEOL Engineer-

ing) using the standard-free ZAF method. 

 

2.2.3 Temperature-programmed reduction of 

hydrogen (TPR-H2) 

Temperature-programmed reduction with 

hydrogen (TPR-H2) was carried out on a USGA-

101 unit (Russia), which included a gas treat-

ment system, a flow-through reactor (inner di-

ameter 4 mm) with a tube furnace, and a ther-

mal conductivity detector. The sample (100 mg, 

fraction 0.30–0.50 mm) was preliminarily 

purged with Ar at 480 °C for 40 min, followed 

by cooling to 50 °C, and then heated at a rate of 

10 °C/min from 50 to 950 °C in a mixture flow 

of 10 vol% H2 in Ar at a feed rate of 30 

cm3/min. The analysis of the gas mixture was 

carried out using a thermal conductivity detec-

tor. 

 

2.2.4 Thermogravimetric Analysis (TGA) 

The analyzes were carried out on a deri-

vatograph of the "MOM" company - Budapest 

(Hungary). The method used is based on the 

device registering changes in the thermochemi-

cal and physical parameters of a substance, 

which can be caused by heating it. The analysis 

was carried out in air, in the temperature 

range from 20 to 1000 °C. The furnace heating 

mode is linear (dT/dt = 10), the reference sub-

stance is calcined Al2O3. For unambiguity, 

shooting conditions, the weighed amount of 

samples No 1, 2, 3 and 4 was strictly 200 mg, 

with a sensitivity of the scales ˗ 50 mg. The 

analysis was filmed within the following meas-

uring systems of the device: DTA = 250 µV, 

DTG = 500 µV, ТG = 500 µV, Т = 500 µV. Sam-

ples for analysis were filled into platinum mi-

cro crucibles. 

 

2.2.5 X-ray diffraction (XRD) 

X-ray diffraction measurements were made 

using a Bruker D8 ADVANCE A25 powder X-

ray diffractometer (Cu-K radiation ( = 

1.5406 Å), Ni-filter on secondary radiation) at 

room temperature by the polycrystal method. 

To obtain representative X-ray diffraction pat-

terns, the survey was carried out at long accu-

mulation times (2 s), a scanning step of 0.02° in 

2θ in the range of angles 10–90°. 

 

2.3 Testing the activity of catalysts 

The decomposition of methane was carried 

out on a flow-through laboratory setup (Figure 

1). The catalysts  were placed in a quartz reac-

tor (length 36 cm, inner diameter 1.7 cm). The 

volume of the catalyst in the reactor is 2 ml. 

The shape of the catalysts is granules with a 

diameter of 2–3 mm. 

Process conditions: pressure P = 0.1 MPa, 

reaction temperature Tr = 500–800 °C, ethanol 

volumetric flow rate WHSV = 4980 h−1. Before 

the reaction, the catalysts were reduced with Figure 1. Scheme of an flow-through installa-

tion. 
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hydrogen at 600 °C for 3 hours. After the reduc-

tion of the catalysts, hydrogen was removed by 

a stream of nitrogen from the reaction system, 

then a methane/nitrogen mixture was fed at a 

given temperature with a flow rate of 160 

ml/min, the methane content in the initial reac-

tion mixture was 6 vol%. 

 

2.4 Analysis of Reaction Products 

The reaction products were identified by gas 

chromatography using a “Chromos GH-1000 

chromatograph” (Russia). For the analysis of 

hydrogen, a packed column (l = 1 m, d = 2 mm) 

containing the CaA adsorbent was used. The 

column temperature was increased from 50 to 

240 °C (rate of change 20 °C/min). The injector 

and detector temperatures were 200 °C and 

250 °C, respectively. The following gas flow 

rates were used: argon 20 mL/min, hydrogen 20 

mL/min, air 200 mL/min. An HP/PlotQ column 

was used to identify CH4, CO2, and CO. 

The efficiency of the catalysts was expressed 

in terms of methane conversion. The first anal-

ysis was carried out about 15 minutes after the 

methane was passed over the catalyst. Me-

thane conversion and yield of hydrogen were 

calculated according to the Equations (1) and 

(2): 

 

(1) 

 

 

(2) 

 

where, the volume of CH4 at the reactor inlet 

and outlet are represented by СH4,in and 

СH4,out, accordingly. 

 

3. Results and Discussion 

3.1 Characterization of the Support and 

Supported Catalysts 

The results of the texture characteristics of 

fresh samples are presented in Table 1. Table 1 

shows that the pure -Al2O3 support has a de-

veloped surface (Ssp = 180.0 m2/g) and specific 

pore volume 0.084 cm3/g. The deposition of 

nickel or cobalt oxides leads to some increase 

in the characteristics of the support. Co-

deposition of nickel and cobalt oxides increases 

the specific surface of the sample from 180.0 to 

224.4 m2/g, possibly due to the formation of a 

dispersed phase NiCo2O4. The formation of this 

phase is confirmed by the results of XRD 

(Figure 2) and TPR-hydrogen (Figure 2). 

The X-ray diffraction patterns of the initial 

monometallic catalysts contain reflections of 

cobalt oxide (Co3O4), while the nickel oxide 

(NiO) phase cannot be detected, probably due 

to its high dispersion (less than 4 nm). The 

sample of the initial bimetallic Ni-Co/-Al2O3 

catalyst contains a support phase (-Al2O3). 

The phase of cobalt oxide (Co3O4) is not fixed, 

as well as nickel oxide. The X-ray diffraction 

pattern of the catalyst sample also shows a 

metallic phase with a cubic face-centered 

lattice, the crystal cell parameter of this phase 

is 3.535–3.540 Å, judging by the value of the 

parameter, a Co-Ni solid solution with an fcc 

lattice is formed [36]. The size of the regions of 

coherent scattering of the metallic phase is ~23 

nm. It is known [37] that the catalytic activity 

of oxide catalysts in redox reactions is ex-

plained by the oxygen-metal bond energy, the 

qualitative characteristics of which are the 

temperatures of the onset of the hydrogen re-

duction process, as well as the temperatures of 

the maxima on the TPR-H2 curves. 

The TPR-H2 curves (Figure 3) for the Ni/-

Al2O3 catalyst exhibit four peaks with maxima 

of hydrogen absorption temperatures T1max = 

Sample, content of oxides on the support, wt% Specific surface, m2/g Specific pore volume, cm3/g 

-Al2O3 180.0 0.084 

Ni/-Al2O3 212.6 0.098 

Co/-Al2O3 210.6 0.090 

Ni-Co/-Al2O3 224.4 0.096 

Table 1. Texture characteristics of samples. 

Figure 2. X-ray diffraction spectra of catalysts: 

1) Со/-Al2O3; 2) Ni/-Al2O3; 3) Ni-Co/-Al2O3. 
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458 °C, (Amount of hydrogen A = 5 µmol/gKt), 

T2max = 545 °C, (A = 1 µmol/gKt), T3max = 655 °C, 

(A = 55 µmol/gKt) and T4max = 814 °C, (A = 99 

µmol/gKt). According to the literature [38], the 

peak at T1max refers to the reduction of nickel 

cations in the composition of NiO particles not 

bound to the support. The peaks Т2max Т3max re-

late to the reduction of nickel oxide particles, 

which are characterized by “weak” and “strong” 

metal-carrier interactions [39,40]. An intense 

peak at Т4max = 814 °C is due to the presence of 

dispersed spinel-like forms of NiAl2O4 in the 

sample [41]. The TPR profile of the Co/-Al2O3 

sample is more complex than that of Ni/-Al2O3. 

The TPR-H2 curves for Co/-Al2O3 catalyst show 

5 peaks with maxima at Т1max = 306 °С, (А = 3 

µmol/gKt), Т2max = 424 °С, (А = 58 µmol/gKt), 

Т3max = 441 °С, (А = 58 µmol/gKt), Т4max = 639 

°С, (А = 63 µmol/gKt) and Т5max = 796 °С, (А = 2 

µmol/gKt). The low-temperature peak at 306 °C 

is associated with the reduction of surface Co3+ 

to Co2+, the second broad peak at higher tem-

peratures (maxima at about 424, 441, and 639 

°C), associated with the reduction of Co2+ spe-

cies to metallic cobalt, depending on the inter-

action with the support [42 ]. The peak with a 

maximum at a temperature of about 796 °C 

corresponds to the reduction of a compound of 

the type of mixed oxides CoAl2O4 [43]. 

The bimetallic catalyst showed a complex 

reduction profile (Figure 3). A new peak ap-

pears at     T1max = 205 °C (A = 80 µmol/gKt), 

which was not previously observed for monome-

tallic catalysts. According to the literature [44], 

the appearance of a new low-temperature peak 

is associated with the formation of a nickel-

cobalt compound, NiCo2O4. The reduction of 

spinel NiCo2O4 was the subject of research by 

Klissurski and Uzunova [45], who, analyzing 

the TPR of this compound in the temperature 

range 27-727 °C, observed three reduction 

peak, which were attributed to the gradual re-

duction of Ni2+, Co3+, and Co2+ cations statisti-

cally distributed in tetrahedral and octahedral 

spinel positions. The peaks with a maximum at 

temperatures of 315 °C and 367 °C, in the au-

thors' opinion, correspond to the gradual reduc-

tion of Co3+ → Co2+ and Co2+ → Co0. The peak 

with a maximum at 257 °C is attributed to the 

reduction of Ni2+ cations. 

Due to the possibility of several possible 

forms of the active phase in fresh cobalt-nickel 

catalysts, i.e. NiO, Co3O4, and NiCo2O4, it is 

difficult to unambiguously determine which 

peaks visible on the TPR profiles can be at-

tributed to the reduction of a particular oxide 

form. Based on the available literature, we can 

only guess which peak corresponds to the re-

covery of a given phase. 

In our case, a new low-temperature peak at 

Т1max = 205 °С can be associated with the re-

duction of Ni2+ cations in the composition of 

NiCo2O4. It is believed [46] that the electronic 

conductivity of nickel-cobalt compounds is 

higher than that of the oxides NiO or Co3O4 

themselves. An increase in the content of co-

balt in the composition of the bimetallic cata-

lyst led to a shift in the reduction temperature 

of their active phases towards higher tempera-

tures (441, 458 → 497 °C). This phenomenon 

was observed in other works [47,48]. 

The peaks at T2max = 497 °C (A = 167 

µmol/gKt) and T3max = 655 ° C (A = 307 

µmol/gKt) can be associated with the overlap-

ping of the reduction peaks of both nickel and 

cobalt. The increase in the amount of absorbed 

hydrogen can be associated with an increase in 

the content of cobalt oxide in the composition of 

the bimetallic catalyst (Ni-Co/-Al2O3) as com-

pared to the monometallic catalyst Co/-Al2O3. 

The modification of nickel oxide with cobalt ox-

ide leads to a decrease in the proportion of 

nickel in the composition of NiAl2O4, as evi-

denced by a decrease in the amount of ab-

sorbed hydrogen from 99 to 77 µmol/gKt and 

the reduction temperature from 814 to 779 °C 

in the bimetallic catalyst as compared to the 

monometallic sample Ni/-Al2O3. By reducing 

the proportion of nickel in the aluminate com-

position, part of the nickel is kept free on the 

catalyst surface, which can facilitate the for-

mation of a nickel-cobalt compound during the 

reduction process. The formation of a nickel-

cobalt compound is also confirmed by the re-

sults of XRD (Figure 2). According to the re-

sults of TPR-H2 in the presence of a bimetallic 

Figure 3. TPR-H2 catalyst profiles: 1) Co/-

Al2O3; 2) Ni/-Al2O3; 3) Ni-Co/-Al2O3.  
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Ni-Co/-Al2O3 catalyst, a synergistic effect is ob-

served due to the formation of the Ni2CoO4 al-

loy. In this case, the reducibility of the catalyst 

is facilitated, which ensures an increase in the 

concentration of metal particles - active cen-

ters. 

The morphology of fresh catalysts was stud-

ied by scanning electron microscopy (Figure 4). 

The particle shapes of the monometallic sam-

ples have an irregular shape, nickel and cobalt 

oxides are not uniformly distributed on the sur-

face of the support -Al2O3. It can be seen from 

the micrograph of the bimetallic catalyst that 

nickel and cobalt oxides are distributed more 

evenly and are located on the surface of Al2O3 

granules mainly in the form of a uniform dis-

persion of nanosized particles.  

The catalytic properties of the samples were 

studied in the methane decomposition reaction. 

The influence of the reaction temperature on 

the catalytic activity of catalysts in the range 

550–800 °C was studied. In this temperature 

range, only hydrogen is present in the gas reac-

tion products; the formation of CO, ethylene, 

and ethane was not observed. The results of 

the effect of the reaction temperature on the 

conversion of methane and on the yield of hy-

drogen are shown in Figure 5. 

It can be seen from the figure that, at the 

initial temperatures, the activity of the mono-

(a) 

(b
(c) 

Figure 4. Micrographs of fresh catalysts; (a) Co/-Al2O3; (b) Ni/-Al2O3; (c) Ni-Co/-Al2O3. 

Figure 5.  Influence of the reaction temperature on the conversion of methane and yield of hydrogen on 

catalysts: 1) Ni/-Al2O3; 2) Co/-Al2O3; 3) Ni-Co/-Al2O3. 
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metallic Ni/-Al2O3 catalyst is higher than that 

of Co/-Al2O3. With an increase in temperature, 

the activity of the nickel sample decreases, 

which is associated with the deactivation of 

nickel at high temperatures [49]. The           

Co/-Al2O3 has a low activity in the range 550–

750 °C compared to Ni/-Al2O3. However, at a 

temperature of 800 °C, the conversion of me-

thane reaches 20%, hydrogen is formed in the 

reaction products with a yield of 14.6%. Alt-

hough Co/-Al2O3 as has a lower activity than 

the monometallic Ni catalyst, its addition helps 

to improve the activity of the bimetallic cata-

lyst in the decomposition of methane. 

The introduction of cobalt oxide into the 

Ni/-Al2O3 composition leads to an increase in 

the catalytic activity of the sample. The conver-

sion of methane on the bimetallic Ni-Co/- 

Al2O3 catalyst in the studied temperature range 

is higher than on the monometallic one. The 

highest conversion of methane 86% is observed 

at a reaction temperature of 600 °C, hydrogen 

is formed in the gas products of the reaction 

with a yield of 51%. 

Figure 6 studied the effect of the reaction 

time on the activity of the samples at a reac-

tion temperature of 600 °C. The results show 

that the catalytic activity of the monometallic 

Ni/-Al2O3 catalyst begins to decrease after 30 

minutes, the modification of the nickel catalyst 

with cobalt oxide increases its activity. The cat-

Figure 6. Influence of the reaction time on the 

conversion of methane and yield of hydrogen on 

catalysts at 600 °C: 1) Co/-Al2O3; 2) Ni/-Al2O3; 

3) Ni-Co/-Al2O3. 

(a) 

(b) 

(c) 

Figure 7. SEM micrographs of samples after 

testing them in methane decomposition for  

300 min; (a) Ni/-Al2O3; (b) Co/-Al2O3; (c) Ni-

Co/-Al2O3.  
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alytic activity of the bimetallic Ni-Co/-Al2O3 

sample decreased after 60 minutes. The reason 

for the increase in the activity of the bimetallic 

catalyst may be associated with the formation 

of a nickel-cobalt alloy. It follows from these re-

sults that, in comparison with the monometal-

lic catalysts Co/-Al2O3, Ni/-Al2O3, the bimetal-

lic sample Ni-Co/-Al2O3 exhibits higher activi-

ty in the methane decomposition reaction. Mon-

ometallic Ni/-Al2O3 catalyst is more active 

than Co/-Al2O3. Cobalt oxide should not be 

considered as an active center for the decompo-

sition of methane, but as a modifying additive 

to increase the activity of the nickel catalyst. 

After testing in the decomposition of me-

thane for 300 minutes, the catalysts were in-

vestigated by TGA and SEM methods. SEM re-

sults (Figure 7) confirm the presence of carbon 

in filamentary form. The results of the study of 

catalysts by the TGA method are shown in Fig-

ure 8. The thermochemical state of the sample 

is described by the curves: T (temperature), 

DTA (differential thermo analytical), TG 

(thermogravimetric) and DTG (differential 

thermogravimetric), the last curve is a deriva-

tive of the TG-function. As a result of dynamic 

heating of the samples, the DTA, DTG, and TG 

curves indicated manifestations caused by the 

occurrence of various types of reactions in the 

system. Among them carbon oxidation reac-

tions, and polymorphic transformations of Ni 

and Co in the composition of the samples were 

determined. 

Studies of the Ni/-Al2O3 sample under dy-

namic heating conditions (from 20 to 1000 °C) 

showed on the thermal curves a series of effects 

due to the emission into the atmosphere of mo-

lecular water (5.75%), carbon (C = 4.0%) and 

loosely bound solid particles from the product 

of the final calcination during its sublimation. 

All these emissions were within the range of 

20–160 °C, 255–576 °C, and 576–1000 °C, re-

spectively, Figure 8. Due to the small amount 

of these thermally active components in the 

sample, the DTA line reacted weakly to the en-

dothermic effects of dehydration, leaving only 

weakly developed peaks on the curve at 105 

and 190 °C. Carbon oxidation in the range 

255–576 °C also proceeded without any special 

exothermic deviations of the curve under con-

sideration. It should be noted that this DTA 

curve has a pronounced endothermic effect at 

450 °C, which indicates a polymorphic trans-

formation of the metal component, Ni, present 

in the complex. 

The thermal behavior of Co/-Al2O3 (Figure 

9) over the entire measured temperature range 

is similar to that of the Ni/-Al2O3 sample 

(Figure 8). However, in contrast to it, the con-

sidered cobalt complex includes a smaller num-

ber of centers holding H2O, OH, and C. In this 

regard, the total weight loss (9.26%) of the sys-

tem under consideration was lower than the 

weight loss (17%), which is marked by the Ni/-

Al2O3 sample. The studied system also left on 

the DTA-curve an endothermic manifestation 

at 450 °C, which is associated with a reversible 

polymorphic transition of the cobalt-containing 

component of the sample from the  to  state 

The heating curves of Ni-Co/-Al2O3 differ 

significantly from the curves of the above cata-

lysts. The main difference when the sample is 

Figure 8. Derivatogram of Ni/-Al2O3 sample. Figure 9. Derivatogram of Co/-Al2O3 sample.  
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heated in the range of 240–570 °C is the intro-

duction of a large flow of thermal energy into 

the system, caused by combustion in the carbon 

sample. The observed heat flux formed a pow-

erful exothermic effect on the DTA curve with a 

peak at 335 °C. The sample weight is reduced 

by 11.26% (a well-defined step on the thermo-

gravimetric curve). The combustion rate of car-

bon (over time and temperature) is well con-

trolled by the downward descending peak 

marked on the DTG curve, 335 °C in Figure 10. 

 

4. Conclusion 

The study of the activity of low-percentage 

monometallic and bimetallic nickel, cobalt-

containing catalysts in the decomposition of 

methane in the temperature range 550–800 °C 

showed that, in comparison with monometallic 

catalysts Co/-Al2O3, Ni/-Al2O3, the bimetallic 

of Ni-Co/-Al2O3 exhibits more high activity in 

the reaction of methane decomposition. Accord-

ing to their activity in the conversion of me-

thane at 600 °C, the catalysts can be arranged 

in the following order: Ni-Co/-Al2O3 (Хсн4 = 

86%) > Ni/-Al2O3 (Хсн4 = 15.3%) > Co/-Al2O3 

(Хсн4 = 1.2%). It was determined that cobalt ox-

ide should not be considered as an active center 

for the decomposition of methane, but as a 

modifying additive to increase the activity of 

the nickel catalyst. 

The study of the physicochemical character-

istics of the catalysts by BET, XRD, SEM, TPR-

H2, and TGA showed that the modification of 

Ni/-Al2O3 with cobalt oxide leads to a uniform 

distribution of nanosized particles of the active 

phase on the surface of the support granules in 

the form of a homogeneous dispersion. An in-

crease in the activity of a bimetallic catalyst in 

the decomposition of methane in comparison 

with monometallic catalysts is due to an in-

crease in the dispersion of the active phases of 

the catalyst, as well as the formation of a nick-

el-cobalt alloy. In this case, the reducibility of 

the catalyst is facilitated, which ensures an in-

crease in the concentration of metal particles - 

active centers, which can be the reason for the 

increase in the catalytic properties of the bime-

tallic catalyst. 
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