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Objectives. This study is devoted to developing new-generation nickel (Ni) catalysts for the 
purification of a nitrogen–hydrogen mixture from carbon oxides, which should encompass the 
best qualities of the NIAP-07-series solid catalysts.
Methods. This study used derivatographic and radiographic methods; temperature-programmed 
recovery, decomposition, and joint temperature-programmed decomposition and recovery; and 
low-temperature nitrogen adsorption (specific surface determination). The mechanical strength of 
catalysts was determined using an MP-2C device by crushing granules with an applied load on 
the end face. The chemical composition and catalytic activity were determined by the methods of 
TU 2178-003-00209510 Technical Conditions.
Results. Many studies regarding Ni–aluminum (Al)–calcium (Ca) methanation catalyst at all 
stages of its preparation have been conducted. It is demonstrated that Ni hydrocarboxyaluminate, 
a precursor of the active component of the catalyst, is formed when Ni hydroxocarbonate is mixed 
with active alumina in the presence of an aqueous solution of ammonia, and its chemical formula 
is established. Moreover, it was found that the mechanical strength of the catalyst is determined 
by the amount of industrial Ca aluminate added to the Ni–Al composition. The compositions of 
catalysts with different contents of the active component have been optimized. 
Conclusions. The developed catalyst has a low activation temperature and high catalytic 
activity, thermal stability, and mechanical strength and is resistant to organic and alkaline carbon 
dioxide absorbers. The catalyst can be produced in the form of a ring, cylindrical tablets, and 
extrudates of various geometric sizes. The methanation unit at Stavrolen (Budennovsk, Stavropol 
krai, Russia) has begun commercially operating the catalyst. 
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INTRODUCTION

The fine purification of a nitrogen–hydrogen 
mixture (synthesis gas) from carbon oxides is used 
in the large-scale production of synthetic ammonia. 
The quality of methanation catalysts determines the 
performance as well as stability of the operation and 
technical and economic indicators of such industries. 
Methanation catalysts are produced by a number 
of foreign companies. In the Russian Federation, 
methanation catalysts are produced in Novomoskovsk 
by the catalyst production of NIAP-CATALIZATOR.

Methanation catalysts in the form of metal oxides 
contain nickel (Ni) as the active component, have a 
high reduction temperature, are manufactured using 
various carriers, and differ in geometric shape. The 
NKM-series catalysts manufactured in the Russian 
Federation (NIAP-07 and TO-2M)1 are widely used 
in the chemical and petrochemical industries, among 
others.

1 Tekhnicheskie usloviya TU 2178-003-00209510-2006. 
Katalizatory metanirovaniya (Technical Conditions TU 
2178-003-00209510-2006. Methanation catalysts) (in Russ.).
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Цели. Настоящее исследование посвящено разработке никелевого катализатора ново-
го поколения для очистки азотоводородной смеси от оксидов углерода, который должен 
аккумулировать лучшие качества контактов серии НИАП-07.
Методы. Использованы дериватографический и рентгенографический методы ана-
лиза; методы температурно-программированного восстановления, разложения и со-
вместного температурно-программированного разложения и восстановления; низко-
температурная адсорбция азота (определение удельной поверхности). Механическая 
прочность определялась на приборе МП-2С раздавливанием гранул с приложением 
нагрузки на торец. Химический состав и каталитическую активность определяли 
по методикам ТУ 2178-003-00209510.
Результаты. Выполнены исследования никельалюмокальциевого катализатора ме-
танирования на всех стадиях его приготовления. Показано, что при смешении гидрок-
сокарбоната никеля с активным оксидом алюминия в присутствии водного раствора 
аммиака происходит образование гидросокарбоалюмината никеля, являющегося пред-
шественником активного компонента катализатора, и установлена его химическая 
формула. Обнаружено, что величина механической прочности катализатора определя-
ется количеством технического алюмината кальция, добавляемого в Ni–Al композицию. 
Оптимизированы составы катализатора, имеющего различное содержание активного 
компонента. 
Выводы. Разработанный катализатор имеет пониженную температуру активации, 
высокую каталитическую активность и термостабильность, большую механическую 
прочность, устойчивость к воздействию органических и щелочных абсорбентов-поглоти-
телей углекислого газа. Катализатор может изготавливаться в форме кольца, цилин-
дрических таблеток и экструдатов с различными геометрическими размерами. 
Начата промышленная эксплуатация катализатора в установке метанирования 
ООО «Ставролен», г. Буденновск, Ставропольский край, Россия.

Ключевые слова: гидрирование, оксиды углерода, никелевый катализатор, фазовый 
состав, механическая прочность, активация, каталитическая активность, промышленное 
внедрение.
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An increase in the established capacity of the 
ammonia synthesis unit from 1360 to 1700 t/day led 
to a decrease in the temperature of the synthesis gas at 
the inlet of the methanator to 270–290℃, indicating 
that methanation catalysts must be improved. Such 
improvement should be implemented through 1) 
the development of technology that would make 
it possible to obtain the active component, Ni, in a 
highly dispersed state; 2) the creation of technology 
that would enable the preparation of catalysts with 
a low activation temperature (220–230℃) that can 
be operated at high space velocities; and 3) the 
manufacturing of a catalyst that has various geometric 
shapes (cylindrical tablets, rings, and extrudates with 
or without an aperture).

This study is devoted to developing new-
generation catalyst that encompasses the best qualities 
of the NIAP-07-series solid catalysts. 

The object of the study is a Ni–Al (aluminum)–
calcium (Ca) catalyst. Ni hydroxocarbonate (NHC), 
active alumina, industrial Ca aluminate (talyum), and 
aqueous ammonia were used as raw materials for its 
preparation.

MATERIALS AND METHODS

To determine the phase composition and 
dispersion of crystallites, X-ray diffraction studies 
were performed using a DRON-3 diffractometer 
(CuKα−radiation with a graphite monochromator on 
a reflected beam). To identify the phases, we used 
the database of the Joint Committee on Powder 
Diffraction Standards. Complex thermal studies were 
carried out using an OD-103 optical derivatograph 
(linear temperature rise rate of 5℃/min.). The 
total specific surface area was determined by low-
temperature nitrogen adsorption. Total porosity was 
calculated from true and bulk density data. Bulk 
density was calculated by the formula 

ρ = (m1 – m2)/V, 

where m1 is the mass of the measuring cylinder with 
an absorber, kg; m2 is the mass of the graduated 
cylinder without an absorber, kg; and V is the volume 
of the cylinder, dm3.

The mechanical strength was determined using an 
MP-2C device by crushing granules with an applied 
load on the end face. The chemical composition and 
catalytic activity during the process of methanation 
in a pilot plant at a pressure of 3.0 MPa and a space 
velocity of W = 4000 h−1 were determined by the 
methods described in TU 2178-003-00209510. The 
decomposition and activation processes were studied 
using temperature-programmed decomposition (TPD) 
and reduction (TPR) on a thermochromatographic 
installation.

RESULTS AND DISCUSSION

Catalyst development was based on many years 
of experience operating methanation catalysts [1–9] 
(in particular, those in the NIAP-07 [NKM] series) as 
well as on the results of studies regarding mixed-type 
catalysts [10–18].

The basis of the new-generation methanation 
catalyst NIAP-07-07 (NKM-7) is a Ni–Al compo-
sition, which is a precursor responsible for catalytic 
properties. It was found that the most profound 
interaction between nickel hydroxocarbonate (NHC) 
and active alumina (γ-Al2O3) occurs when the Al2O3/NiO 
ratio is no more than 1.2.

To identify the differences in the synthesis of the 
Ni–Al composition, X-ray studies of samples 1–4 were 
carried out, in which the concentration of aqueous 
ammonia used in the preparation (Table 1) and the non-
processed mechanical mixture of  NHC+γ-Al2O3 differed. 
To determine the interplanar spacing for all the studied 
samples, a line of 100% intensity corresponding to 
the reflection from a plane with a Miller index of 003 
for Ni hydroxocarboaluminate (NHCA) was recorded 
at a speed of 0.25°/min in the angle range 2θ = 8–14°. 

Table 1. The effect of the concentration of an aqueous solution of ammonia 
on the interplanar spacing of the Ni-containing phase

Sample № СNH4OH, % d, Å

Mechanical mixture NHC+γ-Al2O3 Unprocessed 5.2

Talcovite  (Ni6Al2(OH)16CO3·4H2O) – 7.54

1 0 7.6

2 5.0 7.8

3 15.0 7.8

4 25.0 7.8



Nickel catalysts for nitrogen–hydrogen mixture purification from carbon oxides

24

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2020;15(2):21-29

According to the data given in card 15-0087 (PCPDF-
WIN 1999 database), the Ni-containing phase 
Ni6Al2(OH)16CO3·4H2O (talcovite) has an interplanar 
spacing of d = 7.54 Å and a hexagonal lattice.

Using data from the X-ray diffraction method 
of analysis, the interplanar spacing of the formed Ni-con-
taining phase was determined (Table 1).

An X-ray analysis revealed that NHC was absent 
from the phase composition, and a new Ni-containing 
compound was recorded. It is worth noting that 
the use of ammonia during the preparation of an 
aqueous solution causes the interplanar spacing of 
the new Ni-containing phase to increase to 7.8 Å, 
which attests to the fact that, during the preparation 
at the mixing stage, a chemical interaction occurs 
between NHC and alumina with the addition of the 
[Al(OH)4]

−1 anion into the NHC structure due to its 
anion exchange to СО3

−2 [19]. 
An analysis of the obtained data shows that, 

regardless of the concentration of an aqueous solution 
of ammonia, the interplanar spacing of this compound 
remains constant and equal to 7.8 Å (Table 1), allowing 
us to assume that the dispersion of this Ni-containing 
phase in the prepared samples will also remain 
constant. X-ray diffraction studies of activated 
samples 1–4 showed that the dispersion of Ni in said 
samples does not change and remains  at  60–70 Å. 
Since the resulting Ni-containing compound is a 
precursor of the NIAP-07-07 (NKM-7)-brand Ni 
methanation catalyst prepared through the chemical 
mixing of the initial raw material components in 
an aqueous ammonia medium, it is of particular 
interest to study the composition of this compound. 
An analysis of the experimental data obtained using 
derivatographic and radiographic methods of analysis, 

temperature-programmed recovery, decomposition, 
and combined  recovery allowed us to establish 
that the structure of the Ni component of the Ni–Al 
composition after being treated with an aqueous 
solution of ammonia along with Ni contains the anions 
[Al(OH)4]

−1, CO3
−2, and OH−1. Thus, this compound 

is NHCA. It was established experimentally that the 
NHCA composition formed during the preparation of 
Ni–Al has a structure similar to that of NHC.

To prepare a Ni–Al–Ca catalyst containing 25 
(p. 1), 28 (p. 2), 31 (p. 3), and 36 (p. 4) mass % NiO, 
varying amounts Ca aluminate were added to the 
Ni–Al composition. Table 2 shows the calculated 
data of the catalyst mixture’s chemical composition. 
It is worth noting that the minimum amount of 
Ca aluminate (28%) will have a catalyst mixture 
containing 36% NiO, and the maximum amount of 
Ca aluminate (45.5%) will have a catalyst mixture 
containing 25% NiO.

A mechanical mixture consisting of non-calcined 
Ni–Al mass, Ca aluminate, and graphite was molded 
in the form of rings with external diameters of 10 mm 
and tablets with diameters of 6 mm.

Table 3 presents data related to the phase 
composition, mechanical strength, and bulk density of 
the finished catalyst that has passed the hydrothermal 
treatment (HTT) stage.

With equal values of the mechanical strength of 
all the studied experimental batches at the input of 
the tablet machine, after the tablet machine and in the 
finished catalyst values of the mechanical strength 
differ (Table 3). 

The increase in the mechanical strength of the 
catalyst after the HTT stage from 15–17 to 64–78 MPa 
is explained by the fact that the Ca aluminate added 

Table 2. Calculated content of the components in the catalyst mixture

Table 3. Phase composition, mechanical strength, and bulk density of the finished catalyst 
with different contents of NiO–Al2O3 and Ca aluminate

Batch № 1 2 3 4

NiO–Al2O3, mass % 54.5 61 67.6 72

Calcium Aluminate, mass % 45.5 39 32.4 28

Batch № Phase composition Mechanical strength, MPa γ, kg/dm3

1

Ni hydroxocarboaluminate, γ-Al2O3, С3АН6, Al(OH)3, 
CaCO3, graphite

78 1.05

2 75 1.07

3 67 1.07

4 64 1.08
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to the Ni–Al composition acts as a hydraulic binder, 
which hydrates during hydrothermal treatment, 
and the hydration products in the form of highly 
basic Ca aluminate (C3AH6–3CaO·Al2O3·6H2O) 
and Al hydroxide modifications gibbsite form a 
mechanically strong catalyst frame. Small pressing 
forces and the use of the HTT stage contribute to the 
fact that in the finished catalyst, there is practically 
no internal microstress that has a negative effect on 
the mechanical strength during either its activation or 
future operations.

To determine the minimum activation 
temperature, studies were carried out using the TPR 
method. Studies have shown that the activation 
process of the NIAP-07-07 catalyst is combined with 
the decomposition of the Ni component (NHCA) and 
is multistage.

Starting from a temperature of  210–220℃, 
gibbsite is decomposed to γ-Al2O3 and water, 
and interlayer water is removed from the NHCA. 
Simultaneously, a certain amount of highly 
dispersed NiO is formed and reduced to Ni. The 
process of removing interlayer water is accompanied 
by the formation of a finely dispersed phase of Ni 
hydroxoaluminate, which decomposes upon further 
heating in the hydrogen duct with the release of CO2 
into the gas phase. In the same temperature range 
(270–370℃), NiO begins to be actively activated. 
The maximum rate of NiO activation at this stage is 
achieved at 330℃. The bulk of NiO is reduced when 
the temperature is 380–650℃.

Table 4 shows results of catalytic activity in the 
methanation reaction of the studied catalysts with 
different contents of the active component and also, for 
comparison, the catalytic activity of the NIAP-07-01 
catalyst containing 39% NiO, which is used as a 
standard sample to evaluate the correct operation 
of the installation. The CO content in the nitrogen–
hydrogen mixture at the inlet to the methanation 
reactor was 0.65–0.72 vol %, which is 2–3 times more 
than its content before being added to an industrial 
methanator.

An analysis of the presented experimental data 
on the catalytic activity of the studied catalysts shows 
that after activation at 210℃, the regulatory value 
of CO (<10 ppm) in the purified gas is not reached. 
However, a mere 10℃ increase in the activation 
temperature caused the catalysts to exhibit identical 
catalytic activity regardless of the content of the 
active component. The temperature of the CO slip in 
the purified gas is 214℃. A further increase in the 
activation temperature to 230℃ leads to an increase 
in catalytic activity only in catalyst samples with a 
high content (36–39 mass %) of the active component. 
It must be noted that the activation of the studied 
catalysts at 220–230℃ makes it possible to achieve 
high values of catalytic activity sufficient for their 
industrial operation.

Thus, the conducted studies have confirmed 
that the NIAP-07-07 catalyst begins to be activated 
at 220℃, which is more than 100℃ cooler than the 
methanation catalysts used for industrial conditions.

Table 4. The catalytic activity of Ni catalysts during the methanation process

Activation 
temperature, 

℃

The residual CO content in the purified gas, ppm

СО content in the purified gas, 
vol %

NIAP-07-01 NIAP-07-07

 mass % NiO

39 25 31 36

After 210 >10 >10 >10 >10 0.70

After 220 0.00 0.00 0.00 0.00

0.70215 0.00 0.00 0.00 0.00

214 >10 >10 >10 >10

After 230 0.00 0.00 0.00 0.00

0.72

215 0.00 0.00 0.00 0.00

214 0.00 0.00 0.00 0.00

213 0.00 >10 0.00 0.00

208 0.00 – 0.00 0.00

207 >10 – >10 0.00

202 – – – 0.00

201 – – – >10
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After 550 0.00 0.00 0.00 0.00

0.65

176 0.00 0.00 0.00 0.00

175 0.00 >10 0.00 0.00

171 0.00 – 0.00 0.00

170 0.00 – >10 0.00

167 0.00 – – 0.00

166 0.00 – – >10

154 0.00 – – –

153 >10 – – –

Activation 
temperature, 

℃

The residual CO content in the purified gas, ppm

СО content in the purified gas, 
vol %

NIAP-07-01 NIAP-07-07

mass % NiO

39 25 31 36

Table 4. Continued

It can also be noted that, even with an active 
component content of 25–31 mass %, the developed 
catalysts will ensure stable long-term operation 
in compliance with the regulatory values of the 
methanation stage since the working temperature of 
the methanator is 300–320℃.

The activation process at 550℃ led to a 
significant increase in catalytic activity for all samples 
studied. One can note that the catalytic activity tends 
to increase as the content of the active component 
increases. In addition, it was found that the developed 
catalysts practically retain their catalytic activity at 
165–175℃ even after overheating at 650℃ for 30 h, 
which confirms their high thermal stability.

In ammonia synthesis units, the converted gas 
is purified from CO2 in absorbers using absorbers 
such as Beinfield and Karsol alkaline solutions as 
well as organic absorbers in the form of aqueous 
solutions of monoethanolamine and activated 
methyldiethanolamine [20, 21]. Due to technological 
violations, the absorption of absorbents from the 
stage of purification of the converted gas from CO2 
to the methanation reactor can occur. In most cases, 
for Ni–Al catalysts, a decrease in catalyst activity 
and an increase in the gas-dynamic resistance of 
a methanation reactor occur [22]. As a result of 
these studies, it was established that the developed 
catalysts remain highly stable when exposed to these 
absorbents at 280–320℃ [23, 24].

In 2017, an NIAP-07-07 catalyst with a lower 
activation temperature was loaded into the methanator 
of the CO methanation unit of the Pyrogas Separation 

and Benzene Production workshop at Stavrolen 
(Budennovsk, Stavropol krai, Russia). The catalyst 
was activated by process gas. After heating, the 
temperature in the methanator was increased to 220℃, 
and the CO content at the inlet of the reactor was increased 
to 0.7–0.8 vol % with a load of 4000–6000 m3/h. After 
the methanator began operating (inlet temperature: 
235℃; temperature in the catalysis zone: 255℃), the 
total residual content of CO and CO2 in the purified 
methane–hydrogen fraction was less than 1 ppm. The 
catalyst provides the necessary degree of purification 
from oxygen-containing compounds at a load of 
feedstock of up to 16 000 m3/h. 

CONCLUSIONS

It was established that, under the selected conditions 
for preparing a mechanical mixture of HNC and active 
alumina with a liquid reagent, a chemical interaction 
occurs between the two and NHCA is formed as a result 
of this chemical reaction. The compositions of the 
catalyst with various amounts of the active component 
were optimized, and the temperature regions of the active 
phase precursor’s activation process were determined. 
The catalyst has a low activation temperature and high 
catalytic activity, thermal stability, and mechanical 
strength. It can be created from the same catalyst 
mixture by tableting or extrusion in the form of granules 
of various geometric shapes and sizes. As a result, the 
catalyst has been used for industrial purposes.

The authors declare no conflicts of interest.



Evgeniy Z. Golosman, Vasiliy N. Efremov, Аnna V. Kashinskaya

27

Тонкие химические технологии = Fine Chemical Technologies. 2020;15(2):21-29

СПИСОК ЛИТЕРАТУРЫ

1. Справочник азотчика, под ред. Е.Я. Мельникова. 
М.: Химия; 1986. 512 с.

2. Очистка технологических газов, под ред. Т.А. Се-
меновой и И.Л. Лейтеса. М.: Химия; 1977. 488 с.

3. Производство аммиака, под ред. В.П. Семенова. 
М.: Химия; 1985. 368 с.

4. Справочное руководство по катализаторам для про-
изводства аммиака и водорода, под ред. В.П. Семенова. Л.: 
Химия; 1973. 248 с.

5. Березина Ю.И., Шумилкина В.А., Семенова Т.А. и 
др. Катализаторы метанирования. Обзорн. информ. Сер. 
Азотная пром-сть. М.: НИИТЭХим; 1986. 46 с. 

6. Обзор и анализ работы реакторов и катализаторов 
на установках производства этилена и переработки пиро-
конденсата. М.: ООО «ВНИИОС-НАУКА»; 2004. 10 c.

7. Голосман Е.З. Очистка технологических и выбросных 
газов с использованием промышленных цементсодержащих 
катализаторов. Химическая технология. 2000;12:25-35.

8. Вакк Э.Г., Шуклин Г.В., Лейтес И.Л. Получение 
технологического газа для производства аммиака, метано-
ла, водорода и высших углеводородов: теоретические ос-
новы, технология, катализаторы, оборудование, системы 
управления: учеб. пособие. М.: 2011. 478 с. ISBN 978-5-
98801-033-3

9. Димиденко И.М., Янковский Н.А., Степанов В.А., 
Никитина Э.Ф., Кравченко Б.В. Аммиак. Вопросы техно-
логии, под общ. ред. Н.А. Янковского. Донецк: ГИК «Но-
вая печать». ООО «Лебедь», 2001. 497 c.

10. Ефремов В.Н., Данюшевский В.Я., Греченко 
А.Н., Голосман Е. З., Якерсон В.И. Формирование нике-
левого катализатора с различным соотношением окиси 
алюминия и алюмината кальция. Кинетика и катализ. 
1979;20(5):1315-1323.

11. Якерсон В.И., Голосман Е.З. Катализаторы и це-
менты. М.: Химия; 1992. 256 с. ISBN 5-7245-0762-5

12. Промышленный катализ в газохимии, под ред. С.В. 
Афанасьева. Самара: АНО «Издательство СНЦ»; 2018. 160 с.

13. Газимзянов Н.Р., Гартман В.Л. Особенности экс-
плуатации катализаторов метанирования на предприятиях 
нефтепереработки и нефтехимии. Катализ в промышлен-
ности. 2006;4:44-51.

14. Дульнев А.В., Обысов А.В., Дормидонтова С.Г. 
Способ получения катализатора метанирования: пат. 
2472587 РФ. Заявка № 2011144743/04; заявл.03.11.2011; 
опубл. 20.01.2013. Бюл. № 2.

15. Обысов А.В., Гартман В.Л., Вейнбендер А.Я., Су-
хоручкина Л.А. Способ получения никель-алюмо-хромо-
вого катализатора для окислительно-восстановительных 
процессов, в частности, для метанирования оксидов угле-
рода: патент 2205068 РФ. Заявка № 2002103954/04; заявл. 
18.02.2002; опубл. 27.05.2003.

16. Рождественский В.П., Полянский А.Б., Антипов 
А.В., Лямина Л.А. Катализатор для синтеза метана: пат. 
1287356. СССР. 1984.

17. Кладова Н.В., Борисова Т.В., Качкин А.В., Мака-
ренко М.Г. Способ получения катализатора для гидриро-
вания ароматических соединений, для метанирования СО 
и СО2: 2186623 пат. РФ. Заявка № 2001106564/04; заявл. 
11.03.2001; опубл. 10.08.2002. 

18. Голосман Е.З., Ефремов В.Н. Получение и очист-
ка защитных атмосфер на промышленных катализаторах. 
Deutschland. Saarbucken: Palmarium Academie Publishing; 
2016. 68 c. ISBN 978-3-659-72283-7

REFERENCES

1. Mel’nikov E.Ya. (Ed.). Spravochnik azotchika (Nitric 
directory). Moscow: Chemistry; 1986. 512 p. (in Russ.).

2. Semenova T.A., Leites I.L. (Eds.). Ochistka 
tekhnologicheskikh gazov (Process gas cleaning). Moscow: 
Chemistry; 1977. 488 p. (in Russ.).

3. Semenov V.P. (Ed.). Proizvodstvo ammiaka (Ammonia 
production.). Moscow: Chemistry; 1985. 368 p. (in Russ.).

4. Semenov V.P. (Ed.). Spravochnoe rukovodstvo 
po katalizatoram dlya proizvodstva ammiaka i vodoroda 
(Catalysts guide for ammonia and hydrogen production). 
Leningrad: Chemistry; 1973. 248 р. (in Russ.).

5. Berezina Yu.I., Shumilkina V.A., Semenova T.A., et al. 
Katalizatory metanirovaniya. Obzorn. inform. Ser. Azot. Prom. 
(Methanation catalysts. A Review. Nitrogen Industry Series). 
Moscow: NIITEKhim; 1986. 46 p. (in Russ.).

6. Obzor i analiz raboty reaktorov i katalizatorov 
na ustanovkakh proizvodstva etilena i pererabotki 
pirokondensata (Review and analysis of the operation of 
reactors and catalysts in plants for the production of ethylene 
and pyrocondensate processing). Moscow: VNIIOS-
NAUKA; 2004. 10 p. (in Russ.).

7. Golosman E. Z. Treatment of process and exhaust gases 
using industrial cement-containing catalysts. Khimicheskaya 
tekhnologiya = Chemical Technology. 2000;12:25-35 (in Russ.). 

8. Vakk E.G., Shuklin G.V., Leites I.L. Poluchenie 
tekhnologicheskogo gaza dlya proizvodstva ammiaka, 
metanola, vodoroda i vysshikh uglevodorodov: teoreticheskie 
osnovy, tekhnologiya, katalizatory, oborudovanie, sistemy 
upravleniya (Obtaining process gas for the production of 
ammonia, methanol, hydrogen and higher hydrocarbons: 
theoretical foundations, technology, catalysts, equipment, 
control systems). Moscow: 2011. 478 p. ISBN 978-5-98801-
033-3 (in Russ.).

9. Dimidenko I.M., Yankovskii N.A., Stepanov V.A., Nikitina 
E.F., Kravchenko B.V. Ammiak. Voprosy tekhnologii (Ammonia. 
Technology issues), N.A. Yankovskii (Ed.). Donetsk: GIK Novaya 
Pechat’. OOO Lebed’; 2001. 497 p. (in Russ.).

10. Efremov V.N., Danyushevskii V.Ya., Grechenko 
A.N., Golosman E.Z., Yakerson V.I. Formation of a nickel 
catalyst with a different ratio of aluminum oxide and calcium 
aluminate. Kinetika i Kataliz = Kinetics and Catalysis. 
1979;20(5):1315-1323 (in Russ.).

11. Yakerson V.I., Golosman E.Z. Katalizatory i tsementy 
(Catalysts and cements). Moscow: Khimiya; 1992. 256 p. (in 
Russ.). ISBN 5-7245-0762-5

12. Afanas’ev S.V. (Ed.). Promyshlennyi kataliz v 
gazokhimii (Industrial catalysis in gas chemistry). Samara: 
ANO SNTs Publishing House; 2018. 160 p. (in Russ.).

13. Gazimzyanov N.R., Gartman V.L. Features of 
methanetion catalyst operation at petrochemical and oil refining 
plants. Kataliz v Promyshlennosti = Catal. Ind. 2006;4:44-51 
(in Russ.).

14. Dul’nev A.V., Obysov A.V., Dormidontova S.G. 
Method of producing a methanation catalyst. RF Pat. 2472587. 
Publ. 20.01.2013 (in Russ.).

15. Obysov A.V., Gartman V.L., Veinbender A.Ya., 
Sukhoruchkina L.A. Method of preparing nickel-aluminum-
chromium catalyst for reduction-oxidation processes, in 
particular, for carbon monoxide methanation. RF Pat. 2205068. 
Publ. 27.05.2003 (in Russ.).

16. Rozhdestvenskii V.P., Polyanskii A.B., Antipov A.V., 
Lyamina L.A. Methane synthesis catalyst. USSR Inventor’s 
Certificate 1287356. 1984 (in Russ.).



Nickel catalysts for nitrogen–hydrogen mixture purification from carbon oxides

28

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2020;15(2):21-29

About the authors:
Evgeniy Z. Golosman, Dr. of  Sci. (Chemistry), Main Researcher, NIAP-KATALIZATOR (10, Svyazi ul., Novomoskovsk, 

Tula oblast, 301660, Russia). E-mail: evgolosman@yandex.ru. https://orcid.org/0000-0002-3805-7884
Vasiliy N. Efremov, Cand. of  Sci. (Engineering), Main Specialist on Catalysts, NIAP-KATALIZATOR (10, Svyazi ul., 

Novomoskovsk, Tula oblast, 301660, Russia). E-mail: vne45@yandex.ru. https://orcid.org/0000-0002-7913-5754
Anna V. Kashinskaya, Head of the Laboratory of Physical and Chemical Research, NIAP-KATALIZATOR (10, Svyazi 

ul., Novomoskovsk, Tula oblast, 301660, Russia). E-mail: anutka-20005@yandex.ru. https://orcid.org/0000-0002-6629-4983

Об авторах:
Голосман Евгений Зиновьевич, доктор химических наук, главный научный сотрудник, ООО «НИАП-КА-

ТАЛИЗАТОР» (301660, Россия, г. Новомосковск, Тульская область, ул. Связи, д. 10). E-mail: evgolosman@yandex.ru. 
https://orcid.org/0000-0002-3805-7884

19. Нечуговский А.И., Греченко А.Н., Голосман Е.З. 
Изучение взаимодействия гидроксокарбонатов металлов с 
алюминатами кальция в водной среде. Журн. прикл. химии. 
1990;63(8):1747-1751.

20. Лейтес И.Л., Аветисов А.К., Язвикова Н.В., Су-
воркин С.В., Байчток Ю.К., Дудакова Н.Б., Деев К.Н. Ис-
следование физико-химических свойств модифицирован-
ного МДЭА-абсорбента для тонкой очистки синтез-газа 
от диоксида углерода в производстве аммиака. Хим. пром. 
сегодня. 2003;1:34-41. 

21. Аветисов А.К., Кононов С.М., Соколов А.М., Байт-
чок Ю.К., Суворкин С.В., Лейтис И.Л., Дерипасов В.В. 
Опыт модернизации отделения абсорбционной очистки 
агрегата синтеза аммиака АМ-70 на ОАО «Невинномыс-
ский азот» с заменой МЭА-раствора на МДЭА-сорбент рос-
сийского производства. Хим. пром. сегодня. 2003;2:22-24.

22. Нечуева Л.Г., Березина Ю.И., Язвикова Н.В., Чу-
динов М.Г., Глаголева Л.И. Производство азотных удобре-
ний. Труды ГИАП. 1979;55:37-44.

23. Кашинская А.В., Ефремов В.Н, Голосман Е.З., 
Поливанов Б.И. Исследование и внедрение в промышлен-
ность наноструктурированного никельцементсодержаще-
го катализатора процесса метанирования. Всероссийская 
научно-техническая конференция «Проблемы науки». Ма-
териалы конференции. Часть 1. Химия и химическая тех-
нология. ФГБОУ ВО РХТУ им. Д.И. Менделеева, Новомо-
сковский институт (филиал). Новомосковск: 2019. с. 24-36.

24. Ефремов В.Н., Голосман Е.З., Кашинская А.В., 
Поливанов Б.И., Полушин А.П. О разрушении активи-
рованных никелевых катализаторов метанирования под 
воздействием неорганических сорбентов СО2. Хим. пром. 
сегодня. 2018;4:14-21.

17. Kladova N.V., Borisova T.V., Kachkin A.V., 
Makarenko M.G. Method of synthesis of catalyst for 
hydrogenation of aromatic compounds, for methanation of CO 
and СО2. RF Pat. 2186623. Publ. 10.08.2002 (in Russ.).

18. Golosman E.Z., Efremov V.N. Poluchenie i ochistka 
zashchitnykh atmosfer na promyshlennykh katalizatorakh 
(Obtaining and purification of protective atmosphere on 
industrial catalysts). Deutschland. Saarbucken: Palmarium 
Academie Publishing; 2016. 68 p. (in Russ.). ISBN 978-3-
659-72283-7

19. Nechugovskii A.I., Grechenko A.N., Golosman E.Z. 
Study of the interaction of metal hydroxocarbonates with 
calcium aluminates in an aqueous medium. Russ. J. Appl. 
Chem. 1990;63(8):1747-1751 (in Russ.).

20. Leites I.L., Avetisov A.K., Yazvikova N.V., Suvorkin 
S.V., Baichtok Yu.K., Dudakova N.B., Deev K.N. Investigation 
of the physicochemical properties of the modified MDEA 
absorbent for fine purification of synthesis gas from carbon 
dioxide in the production of ammonia. Khim. Prom. Segodnya 
= Chem. Ind. Today. 2003;1:34-41 (in Russ.).

21. Avetisov A.K., Kononov S.M., Sokolov A.M., 
Baitchok Yu.K., Suvorkin S.V., Leitis I.L., Deripasov V.V. 
Experience of modernization of the absorption cleaning unit 
of the ammonia synthesis unit AM-70 at Nevinnomysskii azot 
with the replacement of the MEA solution with a Russian-
made MDEA sorbent. Khim. Prom. Segodnya = Chem. Ind. 
Today. 2003;2:22-24 (in Russ.).

22. Nechueva L.G., Berezina Yu.I., Yazvikova N.V., 
Chudinov M.G., Glagoleva L.I. Nitrogen fertilizer production. 
Trudy GIAP = Procc. of GIAP. 1979;55:37-44 (in Russ.).

23. Kashinskaya A.V., Efremov V.N., Golosman E.Z., 
Polivanov B. I. Issledovanie i vnedrenie v promyshlennost’ 
nanostryktyirovannogo nikel’tsementsoderzhashchtgo katalizatora 
protsessa metanirovaniya (Research and implementation of 
a nanostructured Nickel-cement-containing catalyst for the 
methanation process in industry). All-Russian scientific and 
technical conference “Problems of science.” Conference 
proceedings. Part 1. Chemistry and chemical technology. D.I. 
Mendeleyev Russian State Technical University, Novomoskovsk 
Institute (branch). Novomoskovsk: 2019. Р. 24-36 (in Russ.).

24. Efremov V.N., Golosman E.Z., Kashinskaya A.V., 
Polivanov B.I., Polushin A.P. About destruction of nickel 
catalysts of a methanation under the influence of inorganic and 
organic absorbents CO2. Khim. Prom. Segodnya = Chem. Ind. 
Today. 2018;4:14-21 (in Russ.).

mailto:evgolosman@yandex.ru
https://orcid.org/0000-0002-3805-7884
mailto:vne45@yandex.ru
https://orcid.org/0000-0002-7913-5754
mailto:anutka-20005@yandex.ru
https://orcid.org/0000-0002-6629-4983
mailto:evgolosman@yandex.ru
https://orcid.org/0000-0002-3805-7884


Evgeniy Z. Golosman, Vasiliy N. Efremov, Аnna V. Kashinskaya

29

Тонкие химические технологии = Fine Chemical Technologies. 2020;15(2):21-29

Submitted: December 26, 2019; Reviewed: February 18, 2020; Accepted: April 03, 2020.

Ефремов Василий Николаевич, кандидат технических наук, главный специалист по катализаторам, ООО 
«НИАП-КАТАЛИЗАТОР» (301660, Россия, г. Новомосковск, Тульская область, ул. Связи, д. 10). E-mail: vne45@yandex.ru. 
https://orcid.org/0000-0002-7913-5754

Кашинская Анна Вячеславовна, заведующая лабораторией физико-химических исследований, ООО «НИАП-КА-
ТАЛИЗАТОР» (301660, Россия, г. Новомосковск, Тульская область, ул. Связи, д. 10). E-mail: anutka-20005@yandex.ru. 
https://orcid.org/0000-0002-6629-4983

Translated from Russian into English by H. Moshkov
Edited for English language and spelling by Enago, an editing brand of Crimson Interactive Inc.

mailto:vne45@yandex.ru
https://orcid.org/0000-0002-7913-5754
mailto:anutka-20005@yandex.ru
https://orcid.org/0000-0002-6629-4983

