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Abstract 

The work is devoted to the study of the novel process of catalytic decompo-
sition of light hydrocarbons on a catalyst at temperatures of 550 °С and 

600 °C at various pressures. The CVD process is a new COx-free approach 
for hydrogen production. A glass fiber fabric was used as a catalyst, which 
was preliminarily modified by the application of additional outer layers of 

NiO and porous silica. A technical mixture of propane and butane was used 
as feedstock. The main purpose is to investigate the effects of pressure and 

temperature on the production of hydrogen and carbon nanofibers over a 
glass-based catalyst. As a result of the decomposition of the mixture, the 
yield of hydrogen was 266–848 L/gcat, and that of carbon nanofibers was 

3–10 g/gcat. Increasing the pressure of propane-butane mixture decompo-
sition led to an increase of the catalyst lifetime. The highest yield of hy-
drogen and carbon nanofibers was achieved at 1 bar and 600 °C. 
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Key findings 
● The effect of temperature (550, 600 °C) and pressure (1, 2 atm) on the conversion of a propane-butane mixture was 

studied. 

● Novel data on hydrogen synthesis via methane decomposition at pressure higher than 1 atm. 

● Dynamics of catalyst deactivation was investigated. 

© 2023, the Authors. This article is published in open access under the terms and conditions of  

     the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 
 

1. Introduction 

Due to the constantly increasing demand for energy re-

sources that meet modern environmental standards, the 

development of alternative and renewable energy sources 

to replace traditional fuels is an urgent task for the world 

scientific community [1–2]. The most promising and likely 

scenario for solving this problem is the formation of a hy-

drogen economy, where hydrogen is a universal energy 

carrier commensurate with oil, gas and coal. In many re-

spects, hydrogen is superior to other types of fuels, for 

example, high efficiency (the efficiency of power plants is 

80–90%), high environmental friendliness (exhaust gases 

when it is used as a fuel consist of water vapor), versatili-

ty (the ability to accumulate energy obtained from other 

alternative and renewable sources). According to various 

forecasts, this could happen worldwide after 2040, but in 

some regions, the hydrogen economy is already taking 

shape today [3]. To use hydrogen as an automotive fuel at 

compressed natural gas (CNG) filling stations, it is neces-

sary to deliver it to the consumer. It is possible to t deliver 

it in cylinders (at pressures up to 700 atm), but this is an 

energy-intensive process. A more efficient approach is to 

transport hydrogen in a bound state, for example, in the 

form of hydrocarbons and produce hydrogen directly on 

site [4]. Two types of readily available hydrocarbon-

containing gases can be used as sources at CNG filling sta-

tions: natural gas and technical propane-butane mixture 

(PBM). A methane/PBM catalytic converter is installed 

directly at the CNG filling station to produce hydrogen in 

the required amount. Previously, the authors of [5] 

showed that a glass fiber-based nickel catalyst is active in 

the decomposition of methane and light hydrocarbons at a 

temperature of 450 °C and atmospheric pressure. PBM is a 

cheap, easily transportable raw material with safe storage, 

since it does not require high pressures. The second prod-
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uct which is formed during methane decomposition is 

nanofibrous carbon [6–8]. There are a variety of its appli-

cations, and the investigation of such a material is of in-

creasing interest [9–14]. Therefore, in this work, we stud-

ied the effects of temperature (550, 600 °C) and pressure 

(1–2 atm) on the conversion of a propane-butane mixture. 

2. Experimental 

The catalyst support was KT-11-TO high-silicon fiberglass 

fabric (manufactured by Stekloplastik, Zelenograd, Russia) 

containing ~95 SiO2 and 4 Al2O3 (wt%). The glass fabric 

was impregnated with an aqueous solution of silica sol 

(type K-1, NPO IREA, Moscow, Russia) and nickel acetate. 

After impregnation and drying, the glass fabric was sub-

jected to heat treatment by heating from 25 to 500 °C. The 

addition of silica was necessary to create an intermediate 

layer of a secondary porous substrate in order to improve 

the adhesion strength between the NiO surface and the 

glass fabric, while increasing the availability of gaseous 

reagents to the active compound NiO [15]. Using the 

method of transmission microscopy, it was determined 

that the distribution of particles is uniform, the average 

size of NiO particles was 15 nm [5]. 

The experiments were carried out on an Autoclave En-

gineers BTRS-Jn catalytic unit in a metal tubular reactor. 

The catalyst was coiled and placed in a metal flow reactor 

(Figure 1) in an argon flow at a rate of 1.2 L/h. The reactor 

was thermally stabilized at T = 550–600 °C. The propane-

butane technical mixture according to GOST 20448-90 

was used as a feedstock. 

Experiments on the decomposition of PBM were car-

ried out at pressures of 0.1–0.2 MPa with a specific con-

sumption of methane at the inlet of 100 L/(h·gcat). The 

concentration of gaseous products was measured on a 

Chromatek-Kristall 5000 gas chromatograph equipped 

with a thermal conductivity detector, a flame ionization 

detector, and an HP-AL/KCL 50 m × 0.32 mm × 8 µm ca-

pillary column (P/N 19091P-K15). 

The microstructure of carbon nanofiber samples was 

studied by scanning electron microscopy (SEM) with field 

emission on a Hitachi SU8000 electron microscope. The 

images were taken in the secondary electron recording 

mode at an accelerating voltage of 2 kV and a working 

distance of 4–5 mm. The textural characteristics of the 

obtained nanofibrous carbon samples were studied by 

low-temperature nitrogen adsorption at 77 K on a 

Quantachrome NOVA 1000e adsorption unit. The specific 

surface area (ABET) was calculated by the BET method. The 

specific surface of the pores remaining after the adsorbate 

filled the micropores (AT) and the volume of micropores 

(VT) were calculated by the comparative t-method of de 

Boer and Lippens, for which the statistical thickness of the 

adsorption film for which was calculated using the de Boer 

equation. The method is based on a comparison of the in-

crements of adsorption values on the adsorption isotherm 

under study and the standard adsorption isotherm ob-

tained on well-characterized non-porous materials. In the 

field of polymolecular adsorption, after the filling of mi-

cropores and other specific centers, these increments of 

adsorption are proportional to the surface, regardless of 

its detailed chemical nature. 

3. Results and Discussion 

Previously [5], it was shown that a Ni-containing glass 

fiber-based catalyst is active in the decomposition of me-

thane and light hydrocarbons at a temperature of 450 °C 

and atmospheric pressure. In this work, the effect of tem-

perature and pressure on the conversion of a propane-

butane mixture was studied. Figure 2 shows the results of 

the catalytic decomposition of PBM at a temperature 

T = 550 °C and a pressure P = 1 atm.  

The maximum volume concentration of hydrogen was 

49.7 vol% after 1 h of catalyst operation. The volume 

concentration of methane at the beginning of the work 

was 51.8 vol% and reached 0 vol% after 6.5 h of the  

process.  

The catalyst worked under these conditions for 35 h 

without loss of activity, and the nonlinear change in the 

volume concentrations of the reaction products after 16 h 

of operation of the glass-fiber catalyst is associated with 

the carbon formation at the active centers of the catalysts. 

 
Figure 1 Appearance of glass fiber catalyst layer. 

 
Figure 2 Change in the volume concentrations of the reaction 

products depending on the reaction time (1 atm, 550 °C). 
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The hydrogen yield in this experiment was 636 L/gcat 

with a nanofiber carbon value of 3 g/gcat. It can be seen 

from the data in Figure 3 that an increase in temperature 

to 600 °C leads to an increase in the maximum volume 

concentration of hydrogen to 58 vol% and within 34 h of 

operation of the catalyst, it decreased to 34 vol%.  

The conversion of PBM under these conditions was 

40.63 vol%. The yield of hydrogen in this experiment 

reached its maximum value and amounted to 848 L/gcat, 

the yield of carbon nanofibers was 10.5 g/gcat. 

An increase in pressure to 2 atm at a process temperature 

of 550 °C leads to a slight decrease in the hydrogen concen-

tration, which amounted to 25.9 vol%, reaching its maximum 

value of 44.7 vol% and remains approximately unchanged for 

5.5 h. In this case, a slight increase in pressure in the system 

was observed due to the carbonization of the catalyst. The 

hydrogen yield in this experiment was 420.3 L/gcat, while the 

nanofibrous carbon yield was 5 g/gcat. 

Figure 4 shows the change in the volume concentra-

tions of the reaction products depending on the reaction 

time at a temperature T = 600 °C and a pressure 

P = 2 atm. Figure 4 shows that with an increase in pres-

sure to 2 atm at a process temperature of 600 °C, the hy-

drogen concentration gradually increases from 43.6 vol% 

and reaches its maximum value of 62.7 vol% after 3 h of 

the experiment. 

 
Figure 3 Change in the volume concentrations of the reaction 

products depending on the reaction time (1 atm, 600 °C). 

 
Figure 4 Change in the volume concentrations of the reaction 

products depending on the reaction time (2 atm, 600 °C). 

The yield of hydrogen in this experiment was 266.5 

L/gcat, carbon nanofibers was 3 g/gcat. It is important to note 

that under these conditions, the catalyst surface was rapidly 

carbonized and the experiment time was reduced to 5 h. 

Table 1 presents data on the integral yields of hydro-

gen and nanofibrous carbon under various conditions. It 

can be seen that the yields of hydrogen and nanofibrous 

carbon reach their maximum values during the catalytic 

decomposition of a commercial propane-butane mixture at 

a pressure of one atmosphere, a temperature of 550–600 °C 

and amount to 636 L/gcat and 848 L/gcat, respectively. 

It is known that the activity of a reaction catalyst directly 

depends on the amount of Ni in the catalyst [16]. In [17], the 

influence of the catalyst composition on the conversion of 

propane with the production of hydrogen 7–108 mol H2/gcat 

was studied. However, it should be noted that the nickel con-

tent was 40–50% with the addition of promoting additives 

(Cu, Mo). The authors of [18] decomposed light C1–C4 hydro-

carbons and their mixtures on a catalyst of complex composi-

tion 15%Ni·5%Co·5%Fe·5%Cu·2%Mo/VCC, obtaining data 

comparable to this work. Whereas in this work, 12–38 H2/gcat 

was obtained on low-concentration monometallic systems 

[19–22]. At the same time, a glass fiber-based catalyst has 

a number of advantages over a granular catalyst, such as 

higher mechanical strength and ease of transportation, 

organization of loading into the reactor virtually elimi-

nates gas leakage through its bed [23]. The conditions for 

the process of decomposition of the propane-butane mix-

ture do not greatly affect the structure of the resulting car-

bon. Table 2 shows typical textural characteristics of the 

resulting carbon product.  

4. Limitations 

The further issues will be linked with the development of 

pilot plants for catalytic decomposition of methane or C1-

C4 hydrocarbons over fiberglass catalysts. The reaching 

of optimum activity of catalysts will be achieved by cre-

ating new nanoparticle-based fiberglass systems with 

enhanced conversion of C1-C4 hydrocarbons.  

5. Conclusions 

Thus, the results of the experiments showed that the glass 

fiber material coated with nickel has prospects for appli-

cation in the process of catalytic pyrolysis of light hydro-

carbons, for example, PBM, and can be used as a catalyst 

in the utilization of associated petroleum gases. The most 

efficient process for the catalytic decomposition of light 

hydrocarbons on a Ni-containing glass fiber catalyst is the 

catalytic decomposition of a technical propane-butane 

mixture at a temperature of 600 °C and a pressure of 

2 atm, but due to the high rate of carbonization of the cat-

alyst surface, research should be continued with optimiza-

tion of the process: introduce a promoting additive and/or 

select the experimental conditions. 
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Table 1 The influence of temperature and pressure of the process on the maximum volume concentration of hydrogen, the yield of hy-

drogen and carbon during the experiment (the PBM was used as a feedstock). 

Pressure, atm Temperature, °C С(H2)max, vol.% η(Н2), L/g cat. η(С), g/gcat 

1 550 49.7 636.1 3 

1 600 58.0 848.0 10.5 

2 550 44.7 420.3 5 

2 600 62.7 266.5 3 

 

Also, a great advantage of carrying out the process of 

catalytic decomposition of PBM at 600 °C and a pressure 

of 1 atm is the highest yield of hydrogen η(Н2) = 848 L/gcat 

and carbon nanofibers was η(С) = 10.5 g/gcat. The future 

studies will be devoted to estimating the effect of higher 

pressures (above 5 bar) and ways to enhance the hydrogen 

yield. 

● Supplementary materials 

No supplementary materials are available. 

● Funding 

This work was financially supported by the State Task of 

Ministry of Science and Higher Education of Russia 

(FSUN-2023-0008). 

● Acknowledgments 

None. 

● Author contributions 

Conceptualization: A.M.P., M.V.C., A.V.K. 

Data curation: P.B.K. 

Formal Analysis: A.M.P., M.V.C., A.V.K. 

Funding acquisition: A.M.P., M.V.C., A.V.K., P.B.K. 

Investigation: A.V.K., P.B.K., A.G.B. 

Writing – original draft: M.V.P., M.V.C. 

Writing – review & editing: A.G.B, M.V.P., M.V.C. 

● Conflict of interest 

The authors declare no conflict of interest. 

● Additional information 

Author IDs: 

M.V. Popov, Scopus ID 55925982600; 

M.V. Chudakova, Scopus ID 37561000100;  

P.B. Kurmashov, Scopus ID 57206473427; 

A.G. Bannov, Scopus ID 54788777600; 

A.V. Kleimenov, Scopus ID 57193235773. 

 

Websites:  

Gazpromneft – Industrial innovations LLC, 

https://innovations.gazprom-neft.ru/; 

Novosibirsk State Technical University, 

https://en.nstu.ru/; 

Center of Physicochemical Methods of Research and 

Analysis, https://cfhma.kz/cfhma/.  

Gazprom Neft PJSC, https://www.gazprom-neft.ru/. 

References 

1. Parkinson B, Tabatabaei M, Upham DC, Ballinger B, Greig C, 

Smart S, McFarland E. Hydrogen production using methane: 

Techno-economics of decarbonizing fuels and chemicals. Int J 
Hydrog Energy. 2018;43:2540–2555. 

doi:10.1016/j.ijhydene.2017.12.081 

2. Qian JX et al. Methane decomposition to produce CO -free 
hydrogen and nano-carbon over metal catalysts: A review. 

2020. Int J Hydrog Energy;45:7981–8001. 

doi:10.1016/j.ijhydene.2020.01.052 
3. Global Hydrogen Review 2021. Int Energy Agency. 2021. 

https://iea.blob.core.windows.net/assets/3a2ed84c-9ea0-

458c-9421-d166a9510bc0/GlobalHydrogenReview2021.pdf 
4. Abbas HF, Wan Mohd WD. Hydrogen production by methane 

decomposition: A review. Int J Hydrog Energy. 2010;35:1160–

1190. doi:10.1016/j.ijhydene.2009.11.036 

5. Popov MV, Zazhigalov SV, Larina TV, Cherepanova SV, Ban-
nov AG, Lopatin SA, Zagoruiko AN. Glass fiber supports modi-

fied by layers of silica and carbon nanofibers. Catalysis Sus-

tain Energy. 2017;4(1):1–6. 
6. Khudaish EA, Al-Badri A. A modified Hummers soft oxidative 

method for functionalization of CNTs: Preparation, charac-

terization and potential application for selective determina-
tion of norepinephrine. Synth Met. 2021;277:116803. 

doi:10.1016/j.synthmet.2021.116803 

7. Shibaev A, Yusin S, Maksimovskii E, Ukhina A, Bannov AG. 
Chemical treatment of graphite nanoplatelets and their use in 

supercapacitors. Russ J Appl Chem. 2016;89(5):739–745. 

doi:10.1134/S1070427216050098 

8. Uvarov NF, Mateyshina YG, Ulihin A, Yusin S, Varentsova V, 
Varentsov V. Surface electrochemical treatment of carbon 

materials for supercapacitors. ECS Meet Abstr. 

2009;37:2817–2817. doi:10.1149/1.3299286 
9. Sysoev VI, Gusel’nikov AV, Katkov MV, Asanov IP, Bulusheva 

LG, Okotrub AV. Sensor properties of electron beam irradiat-

ed fluorinated graphite. J Nanophotonics. 2015;10:012512. 
doi:10.1117/1.jnp.10.012512 

10. Rakow EG. Nanotubes and fullerens. M: Logos; 2006. 376 p. 

11. Brester AE, Golovakhin VV, Novgorodtseva ON, Lapekin NI, 

Shestakov AA, Ukhina AV, et al. Chemically treated carbon 
nanofiber materials for supercapacitors. Dokl Chem. 

2021;501:264–269. doi:10.1134/s0012500821120016 

12. Bannov AG, Prášek J, Jašek O, Zajíčková L. Investigation of 
pristine graphite oxide as room-temperature chemiresistive 

ammonia gas sensing material. Sensors. 2017;17. 

doi:10.3390/s17020320 
13. Liu S, Wang Z, Zhang Y, Zhang C, Zhang T. High performance 

room temperature NO2 sensors based on reduced graphene 

oxide-multiwalled carbon nanotubes-tin oxide nanoparticles 
hybrids. Sensors Actuators B Chem. 2015;211:318–324. 

doi:10.1016/j.snb.2015.01.127 

14. Li L, He S, Liu M, Zhang C, Chen W. Three-dimensional mes-

oporous graphene aerogel-supported SnO2 nanocrystals for 
high-performance NO2 gas sensing at low temperature. Anal 

Chem. 2015;87:1638–1645. doi:10.1021/ac503234e 

https://doi.org/10.15826/chimtech.2023.10.3.06
https://www.scopus.com/authid/detail.uri?authorId=55925982600
https://www.scopus.com/authid/detail.uri?authorId=37561000100
https://www.scopus.com/authid/detail.uri?authorId=57206473427
https://www.scopus.com/authid/detail.uri?authorId=54788777600
https://www.scopus.com/authid/detail.uri?authorId=57193235773
https://innovations.gazprom-neft.ru/
https://en.nstu.ru/
https://cfhma.kz/cfhma/
https://www.gazprom-neft.ru/
https://doi.org/10.1016/j.ijhydene.2017.12.081
https://doi.org/10.1016/j.ijhydene.2020.01.052
https://iea.blob.core.windows.net/assets/3a2ed84c-9ea0-458c-9421-d166a9510bc0/GlobalHydrogenReview2021.pdf
https://iea.blob.core.windows.net/assets/3a2ed84c-9ea0-458c-9421-d166a9510bc0/GlobalHydrogenReview2021.pdf
https://doi.org/10.1016/j.ijhydene.2009.11.036
https://doi.org/10.1016/j.synthmet.2021.116803
https://doi.org/10.1134/S1070427216050098
https://doi.org/10.1149/1.3299286
https://doi.org/10.1117/1.jnp.10.012512
https://doi.org/10.1134/s0012500821120016
https://doi.org/10.3390/s17020320
https://doi.org/10.1016/j.snb.2015.01.127
https://doi.org/10.1021/ac503234e


Chimica Techno Acta 2023, vol. 10(3), No. 202310306 ARTICLE 

 5 of 5 DOI: 10.15826/chimtech.2023.10.3.06   

15. Baranov DV, Zagoruiko AN, Zazhigalov SV, Lopatin SA, 
Mikenin PE, Pisarev DA, Popov MV. Microfiber catalyst or 

carrier for catalysts and method for preparing the same. Pa-

tent RF 2624216. 2017 July 03. 
16. Reshetenko TV, Avdeeva LB, Ismagilov ZR, Chuvilin AL, Ush-

akov VA. Applied Catalysis A: General. 2003;247:51–63. 

17. Soloviov EA, Kuvshinov GG. Influence of the catalyst compo-

sition on the process of hydrogen production by selective cat-
alytic pyrolysis of propane. Al’ternativnaya Energetika I 

Ekologiya. 2011;10:127–132. 

18. Tursuniva NG, Musulmanov NKh, Faizullaev NI, Ikramov A. 
Obtaining nanocarbon and hydrogen by catalytic decomposi-

tion of low molecular weight hydrocarbons. Universum: 

khim. biol. 2023;103:43-52 (in Russian) 
19. Zagoruiko AN, Bal'zhinimaev BS. Kataliticheskie protsessy na 

osnove steklovoloknistykh katalizatorov [Katalitichesky pro-

cesses on the basis of glass-fiber catalysts]. Khimicheskaya 

promyshlennost' segodnya – Chemical Industry Today. 
2011;2:5–11. (In Russian) 

20. Zagoruiko AN, Lopatin SA, Bal’zhinimaev BS, Gil’mutdinov 
NR, Sibagatullin GG, Pogrebtsov VP, Nazmieva IF. The pro-

cess for catalytic incineration of waste gas on IC-12-S102 

platinum glass fiber catalyst. Catalysis Industry. 
2010;2(2):113–117.  

21. Balzhinimaev BS, Paukshtis EA, Vanag SV, Suknev AP, Zago-

ruiko AN. Glass-fiber catalysts: Novel oxidation catalysts, 

catalytic technologies for environmental protection. Catalysis 
Today. 2010;151(1–2):195–199 

22. Shinkarev VV, Glushenkov AM, Kuvshinov DG, Kuvshinov GG 

New effective catalysts based on mesoporous nanofibrous 
carbon for selective oxidation of hydrogen sulfide. Applied 

Catalysis B: Environmental. 2009;85:180–191. 

doi:10.1016/j.apcatb.2008.07.011 
23. Kuvshinov DG, Kurmashov PB, Bannov AG, Popov MV, 

Kuvshinov GG. Synthesis of Ni-based catalysts by hexameth-

ylenetetramine-nitrates solution combustion method for co-

production of hydrogen and nanofibrous carbon from me-
thane. Int J Hydrogen Energy. 2019;44(31):16271–16286. 

doi:10.1016/j.ijhydene.2019.04.179 

 

https://doi.org/10.15826/chimtech.2023.10.3.06
https://doi.org/10.1016/j.apcatb.2008.07.011
https://doi.org/10.1016/j.ijhydene.2019.04.179

