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Abstract: Hydrogen produced by the thermal decomposition of natural gas in a low-temperature plasma 

reactor is the subject of this study. The main advantage of plasma pyrolysis of natural gas is that a high 

yield of hydrogen can be obtained without the emission of carbon monoxide or carbon dioxide since the 

main products of the process are carbon in the solid state and hydrogen. The use of plasma allows the 

decomposition of natural gas without the use of catalysts, which is one of the main problems of current 

technologies for hydrogen production from this feedstock. In this paper, an analysis of the process is 

presented using a thermodynamic equilibrium model based on the minimum of the Gibbs function in 

the temperature range of 500-2500 K. Undesirable components in the system such as carbon dioxide, 

hydrogen cyanide and nitrogen compounds such as ammonia and nitric oxide are evaluated. The 

analysis showed the useful energy of the system per kilogram of feedstock and the efficiency of the 

high-temperature plasma decomposition process in terms of hydrogen produced. The results of the 

numerical analysis showed an optimal temperature for the process evaluation of about 1200 K, at which 

an efficiency of about 50 % is achieved. 

 

Keywords:  hydrogen production, natural gas, thermal plasma reactor, pyrolysis, thermodynamic 

equilibrium 

 
NOMENCLATURE: 

ija  [-]       number of atoms of the jth element in the ith chemical species 

jA  [-]       total number of atoms of the jth element in the system 

,r i
A [/]       relative atomic mass of the ith element 

af  [/]       treated and working medium mass flow ratio 

G  [J]       Gibss free energy 

ig  [kg/kg]       mass fraction of the ith chemical species in the system 
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0
ig [J/mol] specific standard Gibbs free energy

H [J] enthalpy
0
ih  [J/mol]       specific enthalpy of the ith system component at standard conditions 

,0fh [kJ/kg]       specific physical enthalpy of the treated medium at standard conditions 

,HV ih  [J/mol]       molar heat value of the ith fuel component of the system 

sh  [kJ/kg]       specific enthalpy of the system 

1,wm Th  [kJ/kg]       specific enthalpy of the system at the required temperature 

,0wmh  [kJ/kg]       specific physical enthalpy of the working medium at standard temperature 

iM  [g/mol]      molar mass of the ith chemical species 

wmm  [kg/s]       mass flow of the working medium 

fm  [kg/s]       mass flow of the treated medium 

Nn  [mol]       ukupni broj molova sistema 

in  [mol]       number of moles 

sgP  [W]       power of the fuel components of the system 

R  [J/(molK)] universal molar gas constant 
S  [J/K]       entropy 

0
is  [J/(molK)] specific entropy of the ith system component at standard conditions 

T  [K]       temperature 
u  [g]       atomic mass unit 

ix  [mol/mol]  molar fraction of the ith chemical species in the system 
0

f fh  [kJ/kg]       specific enthalpy of formation of the treated medium at standard conditions 
0

f wmh  [kJ/kg]     specific enthalpy of formation of the working medium at standard conditions 

E  [We/Wsg]   required electrical power to the power of the fuel components ratio 

wm [/]       electrical energy to plasma energy conversion ratio 

k  [-]       Lagrange multiplier 

i  [J/mol]       chemical potential 

 
 
 
1. INTRODUCTION  

 

With the introduction of the Renewable Energy Directive (2009/28/ EC) in 2009, the share of renewable 

energy has increased annually and will reach 22 % in 2020. The Renewable Energy Directive has been 

revised several times to provide a path to climate neutrality by 2050. The previous target for the share 

of renewable energy in EU energy consumption by 2030 was 32 %. In July 2021, the target was 

increased to 40 %, while recently, in September 2022, it was raised again to 45 % [1]. Hydrogen has 

been identified as one of the main alternatives to achieve net zero greenhouse gas (GHG) emissions 

announced by governments in recent years. According to the work of Ajanović et al [2], hydrogen can

be categorized as 'grey', 'blue', 'turquoise', 'green' and 'purple', which are shown in Fig. 1. In 2021, 

hydrogen demand reached 94 million metric tons (Mt), resulting in greenhouse gas emissions of 900 Mt 

CO2 [3]. Hydrogen was used in refineries to remove impurities such as sulfur (40 Mt), in the industrial 
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sector to produce ammonia (34 Mt) and methanol (15 Mt), in the steel industry (5 Mt), in transportation 

for heavy road and rail vehicles (30 kt), while hydrogen demand in the building and energy sectors 

accounted for a negligible share. Most of the hydrogen demand in 2021 was met by 'grey' hydrogen, 62

% of which was produced from natural gas, 18 % from naphtha reforming in refineries, and 19 % from 

coal, so there were no environmental benefits from lower greenhouse gas emissions. At the same time, 

the production of 'blue' hydrogen was less than 1 million tons [3]. Nevertheless, 'blue' and 'turquoise' 

hydrogen will play an important role in the following energy transition, especially to reduce emissions 

from fossil fuels in the short term until sufficient energy can be produced from renewable sources or 

large-scale hydrogen transport is possible. 

 

Fig. 1. The “colours” of hydrogen, adapted from [2] 

The advantages and disadvantages of the most common hydrogen production technologies such 

as natural gas reforming, water electrolysis, and photobiological and thermochemical processes are 

presented in the work of Bespalko et al [4]. Hydrogen can be produced from natural gas by several 

processes: Steam Methane Reforming (SMR), Dry Methane Reforming (DMR), Partial Oxidation 

(POx) and Thermal Decomposition (TD). SMR uses methane from natural gas, which is reacted with 

steam under a pressure of 0.3-2.5 MPa in the presence of a nickel-based or alumina catalyst and 

converted to syngas, a mixture of hydrogen, carbon monoxide, and a few other components [5], [6]. The 

process is carried out at temperatures higher than 800 °C, which are often achieved by burning methane 

as the starting gas [7], [8]. In the case of DMR, methane reacts with carbon dioxide to produce syngas 

with an H2/CO-mole ratio close to 1. Both of the aforementioned processes are endothermic, i.e., they 

require a large amount of energy. POx, on the other hand, is an exothermic reaction with the advantage 

that the energy requirement for the reforming process is lower. The syngas produced by the 

aforementioned technologies is then converted into a hydrogen-rich mixture in a reactor, where high-

purity hydrogen can be obtained by a water gas shift (WGS) reaction in which the carbon monoxide 

produced reacts with water vapour to produce more hydrogen. On the other hand, the WGS reaction can 

lead to excessive carbon dioxide generation in hydrogen-rich gas, as reported in the work of Shagdar et 
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al [9]. Pressure swing adsorption (PSA) is used as the last step to remove mainly carbon dioxide, but 

also water, methane and carbon monoxide from hydrogen-rich gas [10] and to obtain high-purity 

hydrogen of 99 % [6]. Thermal decomposition of methane, also known as pyrolysis [11] or methane

cracking [12], is a process that decomposes methane into carbon and hydrogen without producing 

carbon dioxide or carbon monoxide [13], which makes it a very attractive technology because it does 

not require a carbon capture, utilization, and storage (CCUS) system. The decomposition of methane 

starts at 500-600 °C, but to obtain a high yield of hydrogen, much higher temperatures should be used, 

especially if the process is carried out without a catalyst. It is worth mentioning that during the 

decomposition process, carbon produced as a by-product can play a catalytic role and increase the 

conversion of methane and hydrogen yield [14]. 

 

Steam methane reforming (SMR) 4 2 23CH H O CO H+ → +  0
298 206 kJ/molH =  [5] 

Dry methane reforming (DMR) 4 2 22 2CH CO H CO+ → +  0
298 247 kJ/molH =  [5] 

Partial oxidation (POx) 4 2 20.5 2CH O CO H+ → +  0
298 36 kJ/molH = −  [8] 

Water-gas shift reaction (WGS) 2 2 2CO H O CO H+ → +  0
298 41.2 kJ/molH = −  [8] 

Thermal decomposition (TD) 4 2( ) 2CH C s H→ +  0
298 74.52 kJ/molH =  [15] 

 

Hrabovsky et al [5] have highlighted the limitations of the above technologies related to the need 

to use catalysts to achieve high methane conversion rates. Park et al [8] and Iulianelli et al [16] also 

pointed out that studies on these processes pay great attention to the catalysts used in the process, their 

activity and stability, the effect of the type and amount of active metal on catalyst performance, and the 

identification of causes of deactivation such as sintering of metallic species and coke deposition. Fan et 

al [17] reported that it is difficult for the catalysts to exhibit high activity and long-term stability 

simultaneously, so most solid catalysts have a lifetime of fewer than 10 hours. Finding suitable catalyst 

candidates for the SRM process is a major technical challenge because the use of catalysts greatly affects 

the performance of the process. Among the most studied catalysts are materials such as Ni, Fe, Co, Al, 

Ru, Rh, Pd, Ir, and Pt [18]. Choi et al [7] added that the use of noble metals as catalysts is expensive 

and prone to impurities with species such as sulfur, and suggested using steam plasma reforming without 

a catalyst. The steam methane reforming can currently be considered a mature process, and commercial 

catalysts have an improved lifetime, even now days most of the problems belong to the coke deposition, 

which is avoided by using high water rates. 

The use of plasma in methane conversion offers several advantages, such as the high quality of 

the synthesis gas produced, easy control of its composition, compatibility with a wide range of 

hydrocarbons (natural gas, heavy oils, and biofuels), compactness and fast reaction time since the 
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plasma is powered by electricity and the fact that no catalysts are needed and thus there is no risk of 

catalyst sensitivity and wear [5], [7], [19]. Due to the high temperatures and high ionization 

corresponding to plasma conditions, thermodynamically favorable chemical reactions can be

accelerated and endothermic reforming processes can be energized without the use of a catalyst [20]. 

Different types of non-thermal and thermal plasmas have already been used for the conversion of 

methane to hydrogen. Among non-thermal plasmas are dielectric barrier discharges (DBD) [21], [22] 

and gliding arc discharges [23], [24], while among thermal plasmas are alternating current (AC) [25], 

Radiofrequency (RF) [26], microwave plasmas (MW) [7], [27]-[29] and also hybrid modifications such 

as direct current (DC) spark discharge plasma [30], AC gliding arc discharge [31], DC-RF [32], etc. 

Hrabovsky et al [5] studied dry and steam methane reforming in thermal plasma and performed 

calculations on the equilibrium composition of the reaction products and energy balances. The observed 

temperature range was 400-6000 K, the pressure was 0.1 MPa, and the chemical species considered 

were: C2, C3, CO, CO2, C3O2, CH, CH2, CH3, CH4, HCO, H2CO, C2H, C2H2, C2H4, O2, O3, H2, OH, 

HO2, H2O, and H2O2. The equilibrium composition of the synthesis gas for methane steam reforming 

exhibited significantly higher yields of hydrogen and hydrogen in atomic form than dry steam 

reforming, where the carbon monoxide yield was higher than the hydrogen yield. The authors also 

performed experimental studies and reported that the minimum energy required to produce 1 kg of 

hydrogen was 79 MJ for steam reforming and 116 MJ for dry reforming, and corresponded to the energy 

expended for the process in the reactor volume rather than the total energy consumed, which includes 

torch efficiency and power loss in the reactor. Czylkowski et al [28] presented experimental results of 

hydrogen production by atmospheric microwave plasma combined with steam reforming of methane. 

They observed the hydrogen production rate (how many grams of hydrogen are produced per 1 hour), 

the energy yield of hydrogen production (the ratio of the hydrogen production rate to the absorbed 

microwave power), the methane conversion efficiency, and the volume concentration of hydrogen in 

the exhaust gas. The results showed that the absorbed microwave power ranged from 3.5 to 4.5 kW, and 

the hydrogen production rate, methane conversion efficiency, and hydrogen concentration increased, 

while the energy yield decreased as the absorbed microwave power increased. The best results for 

hydrogen production rate and energy yield were 192 gH2/h and 42.9 gH2/kWh, respectively. Abanades 

et al [33] reported that in catalytic cracking, the temperatures are below 1000 °C, but the problem is 

catalyst deactivation due to coke formation.  

The carbon black industry has struggled to keep pace with both tightening environmental 

regulations and the incumbent technology relying on thermal-oxidative decomposition of heavy 

aromatic oils. Monolith Corporation is a leader in this space, having successfully commercialized its 

methane pyrolysis process utilizing an electric plasma torch to thermally decompose natural gas into 

carbon black and hydrogen. The Monolith plasma-based technology is combustion free and has a 

substantially reduced environmental footprint relative to traditional carbon black manufacturing. 
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Monolith has a vision for its technology to play a key role in the pathway to net-zero through carbon-

free hydrogen and clean carbon black [34]. 

Further research on methane cracking is needed because the most important prerequisite for the

development of a reliable technology for hydrogen production that can be used on a large scale is to be 

able to operate in continuous mode, which has not yet been achieved. In this paper, the results of a 

numerical study of the thermal plasma decomposition process of natural gas for obtaining a high yield 

of hydrogen are presented. The equilibrium model is based on the minimum of the Gibbs function and 

was explained in our previous work [35, 36, 37] on cases of agricultural biomass and hazardous waste 

in steam or air plasma gasification. The objective of the study is to demonstrate the effectiveness of the 

proposed operating conditions on the efficiency of the process. The parameters of interest are the 

equilibrium composition of the system in the studied temperature range with special attention to the 

undesirable components such as carbon dioxide, hydrocyanic acid, and nitrogen compounds, and a ratio 

of useful and input power of the system. 

 

2. MATERIALS AND METHODS 

2.1. Thermodynamic equilibrium model 

By modifying the Clausius, inequality for irreversible processes a process in a system at constant 

pressure and temperature is spontaneous if the total entropy change (system and environment) is greater 

than zero, and the enthalpy change is less than zero. The enthalpy possessed by a thermodynamic system 

can be used partially, which depends on the state of the environment, so it consists of a usable and an 

unusable part. The maximum possible energy that can be obtained at constant pressure from a system 

is essentially the maximum non-expansion work or Gibbs free energy, which can be determined as 

G H TS            (1) 

 When it comes to a system consisting of i=1, N chemical species, the concept of chemical 

reactivity of each species is introduced, as a special state quantity. Looking back at the definition of 

Gibbs energy, as the maximum available energy of the system, it is concluded that chemical reactivity 

is nothing but a partial molar Gibbs function. Therefore, Eq. (1) can be written in the following form 

1

N

i i
i

G n           (2) 

At constant pressure, the activity of the ith component of the system can be defined as follows 

0 ln i
i i

N

n
g RT

n
         (3) 
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Combining equations (2) and (3) gives the expression for the total Gibbs free energy

0

1

ln
N

i
i i

i N

n
G n g RT

n
        (4) 

The expression for free Gibbs energy (4) contains the standard enthalpy of formation of the ith 

chemical species. According to the condition of the spontaneity of the process in a system, the 

equilibrium composition will be reached in the case when the total Gibbs free energy reaches a minimum

value [38, 39]. Therefore, to determine the equilibrium composition of the system, it is necessary to 

determine the coordinates of the minimum of equation (4) while respecting the boundary condition 

1

N

ij i j
i

a n A   1,j M        (5) 

where aij is the number of atoms of the jth element in the ith chemical species, Aj is the total number of 

atoms of the jth element in the system. To determine the minimum of equation (4), it is most suitable to 

use the method of undetermined multipliers of the Lagrange function 

0

1 1

ln
N K

i
i i k ij i j

i kN

n
L n g RT a n A

n
 1,k K    (6) 

By differentiating equation (6) by all independent variables and equating the differential to zero, 

an equilibrium system is obtained that establishes a connection between the parameters of the system in 

equilibrium [40, 41]. 

0

1

ln 0
K

i
i k ij

kN

n
g RT a

n
        (7) 

1

N

N i
i

n n            (8) 

1

N

ij i j
i

a n A   1,j M        (9) 

Expression (7) can also be written in the following form 

0

1

exp
K

i N i k ij
k

n n g a RT        (10) 

The inequality sign in equation (7) comes from the condition of achieving the minimum of the 

function L ( 0L ), where if the corresponding chemical species exist in the system, the equality sign 

appears in equation (7). By replacing expression (10) in expressions (8) and (9) with the condition of 

the existence of a chemical species, a system of equations is obtained 
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0

1 1

exp
N K

N ij i k ij j
i k

n a g a RT A (11)

and

0

1

exp 1 0
K

N i k ij
k

n g a RT        (12) 

The solution of the system of equations (11)-(12) is obtained by an iteration procedure, which 

results in the chemical composition of the system that is in thermodynamic equilibrium. 

The value of the standard Gibbs free energy is determined based on equation (1) using available 

databases 

0 0 0
i i ig h T s           (13) 

The total enthalpy of the system, Hs at temperature T, is calculated by summing the specific 

enthalpies of all species. 

( ) ( )
1

N

s i i
i

H T n h T
=

=           (14) 

The polynomial coefficients of the temperature dependence of the Gibss free energies and the 

heat of formation (at the standard condition and temperature 0 K) of species, were taken from the 

literature [38, 39]. These data correspond to the data of JANAF. 

 

2.2. Mass and energy balance 

 This research work discusses the process of thermal decomposition or pyrolysis of methane, the main 

component of natural gas, in a low-temperature plasma reactor to obtain a high yield of hydrogen. The 

composition and properties of the natural gas used in the model are given in Tab. 1. 

Table 1. Natural gas composition and characteristics at the reactor inlet 

Gas components Lower heating value Higher heating value Density 
CH4 C2H6 N2 CO2 LHV HHV ρg 

%vol  3kJ/m  3kWh/m  
3kg/m  

95.96 2.16 0.72 0.28 34,798.00 11.31 0.71 
 

It was assumed that the fuel (natural gas) enters the plasma reactor at a temperature of 25 °C 

(298.15 K), passes through an electric arc, and at the exit are obtained the components of the system 

that are in thermodynamic equilibrium at a certain (desired) temperature. As the fuel passes through the 

plasma reactor, it receives the energy of the electric arc, breaking the covalent bonds in the hydrocarbon 

molecules (CH4 and C2H6) and producing carbon in the solid phase (graphite) and hydrogen (H2). 

Although dissociation of hydrogen occurs at higher temperatures, above 2000 K, it is not of interest in 
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this study because the dissociated hydrogen atoms reassemble very quickly into a stable hydrogen 

molecule as the system cools. Carbon in the solid state, which is a byproduct of the process, is usually 

in the form of graphite, i.e., soot, and is therefore considered an undesirable side effect in this study.

Otherwise, high temperatures and the presence of a large amount of carbon in the reactor lend 

themselves to the production of other carbonaceous compounds, such as calcium carbide (CaC2), silicon 

carbide (SiC), and many others. 

After choosing the optimal temperature of the system, the required power of the plasmatron can 

be determined. The power is calculated based on the required enthalpy of the working fluid to achieve 

the desired system temperature. The required enthalpy of the working fluid can be calculated by 

establishing the energy balance of the system in the following form 

1

0
, ,0wm f s wm wm T f f f fm m h m h m h h       (15) 

where , /wmm kg s - the mass flow of the working medium, , /fm kg s - the mass flow of the treated 

medium, , /sh kJ kg - the specific enthalpy of the system at the optimum temperature, 
1, , /wm Th kJ kg - 

the required specific enthalpy of the working medium, ,0 , /fh kJ kg - the specific enthalpy of the treated 

medium at the reference temperature, 0 , /f fh kJ kg  - the enthalpy of formation of the treated medium 

at the reference temperature. Based on equation (1), the required enthalpy of the working fluid can be 

expressed as follows 

1

0
,0

,

wm f s f f f f

wm T
wm

m m h m h h
h

m
       (16) 

In the ideal case, if all losses in the conversion of electrical energy to plasma energy of the 

working medium are neglected, the required power is equal to the product of the mass flow and the 

difference between the required enthalpy and the enthalpy at the reference temperature: 

1

0
, ,0wm wm wm T wm f wmP m h h h         (17) 

where ,0wmh - is the physical enthalpy of the working medium at the reference temperature and 

0 , /f wmh kJ kg - is the enthalpy of creation of the working fluid at the reference temperature. 

A system at optimum temperature contains a considerable amount of energy, but only a portion 

of this energy can be utilised because the system must undergo a rapid cooling process to prevent the 

formation of unwanted compounds. The useful energy of the system is equal to the energy contained in 

the fuel components of the system at the reference temperature. At this temperature, if the physical 

enthalpy of the fuel components of the system is neglected relative to the enthalpy of formation, the 

useful energy of the system is equal to the product of the mass flow rate and the lower heating values 

of the combustible components. 
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,
1

n

sg wm f i HV i
i

P m m x h         (18) 

where i sx mol kg - is the number of moles of the combustible components per kilogram of the system, 

, , /HV ih kJ mol - is the heat output of the fuel component of the system per one mole, and n is the number 

of combustible components of the system.

The ratio of these powers can be expressed in terms of the electrical power required to produce 

one unit of syngas power 

wm
E

wm sg

P

P
           (19) 

where /wm  is the ratio of conversion of electrical energy into plasma energy of the working fluid.  

3. RESULTS AND DISCUSSION 

Figures 2-4 show the equilibrium composition of the system as a function of temperature determined 

by the presented methodology of pyrolysis of natural gas in a low-temperature plasma reactor. 

  
Fig. 2 Mass fractions of system components Fig. 3 Volume fraction of system components 

  
Fig. 4 Volume fraction of undesirable components Fig. 5 Useful power and input power 
 

Figures 1-2 clearly show that the proportion of combustible components, especially methane, 

decreases with increasing temperature, while the proportion of graphite and hydrogen in molecular form 
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increases in proportion to its decrease. This process is practically completed at a temperature of 1500 

K. Undesirable components of the system are shown in Fig. 3, where it is noticeable that with increasing 

temperature the proportion of hydrocyanic acid and nitrogen monoxide increases, while the proportion

of ammonia and carbon dioxide decreases. The proportion of carbon monoxide increases sharply up to 

a temperature of 1000 K, after which its growth stops and the value does not change with a further 

increase in temperature. Considering that the proportions of nitrogen monoxide and hydrogen cyanide 

increase more than the proportions of ammonia and carbon dioxide decrease with increasing 

temperature, as well as the fact that the first two undesirable compounds are harmful, it can be concluded 

that, from this point of view, a lower temperature is more suitable. 

The energy analysis, shown in Fig. 4, indicates that the useful energy of the system per kilogram 

of fuel increases with the increase of the process temperature, reaching a maximum value of about 1500 

K, after which it remains constant with a further increase in temperature. This is to be expected 

considering that the maximum fuel conversion has taken place in the process, i.e., complete pyrolysis 

of natural gas has occurred and the maximum possible concentration of hydrogen has been reached. The 

input power per kilogram of fuel is composed of the power supplied by the fuel (natural gas) and the 

power of the plasma reactor. The power of the fuel is a constant value and is defined by the mass flow 

of the fuel and its thermal power, while the power of the plasma reactor increases with the increase of 

the temperature. In contrast to the output power, this power increases as expected, even though the 

pyrolysis process ends at 1500 K. Therefore, it is obvious that a further increase of the process 

temperature above 1500 K does not make sense, since the additional energy would be spent on a further 

increase of the physical enthalpy of the products, formation of undesirable compounds, and dissociation 

of hydrogen. None of the above processes is desirable in the pyrolysis of natural gas. Increasing the 

physical enthalpy is not practical, considering that once the equilibrium concentration of the system is 

reached at the desired temperature, very rapid cooling, known as quenching, is required to prevent the 

reversibility of the process as well as the formation of undesirable compounds that would form during 

slow cooling. Considering that the heat dissipated during the quenching of the system represents a pure 

loss of the process, it is clear why a further increase in temperature is undesirable. 

The energy at the input of the system is equal to the sum of useful energy and energy losses. The 

energy losses consist of the energy contained in the graphite byproduct, the energy extracted from the 

system by quenching, and other energy losses that are an order of magnitude less than the two 

mentioned. The efficiency of the process is shown in Fig. 5. 
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From Fig. 6 it can be seen that the efficiency of the process increases with increasing temperature 

and reaches a maximum at a temperature of about 1200 K, which is about 50 %. However, as already 

analyzed, the process of pyrolysis of natural gas at this temperature is not yet complete, i.e., the 

proportion of hydrogen has not yet reached its maximum. In the temperature range of 1200-1500 K, the 

increase in the hydrogen content is about 1.3 % compared to the total value, and the increase in the 

power of the plasma reactor is about 17 %, which means that the energy of the plasma torch is mainly 

used to increase the physical enthalpy of the system. Considering that the increase of the physical 

enthalpy of the system is a pure loss and that the increase of the hydrogen content is negligible, it follows 

that the optimal temperature for the natural gas pyrolysis process is 1200 K, considering the energy 

analysis. 

Fig. 7 shows the electricity consumption for hydrogen production, assuming that the degree of 

conversion to plasma energy is 100 %. From the figure it can be seen that about 36.5 MJ are needed to 

produce one kilogram of hydrogen at a temperature of 1200 K. 

 

4. CONCLUSION  

 

The article deals with the process of pyrolysis of natural gas to obtain hydrogen in a low-temperature 

plasma reactor. The hydrogen yield was determined by calculating the equilibrium composition of the 

system using the Gibbs free energy minimization method. The applied methodology showed the 

temperature dependence of the equilibrium composition of the system. The results of the one-

dimensional numerical analysis show that the efficiency of the process increases with increasing 

temperature and reaches its maximum at a temperature of 1200 K when an energy efficiency of about 

50 % is achieved. The resulting system must be cooled (quenched) very quickly to prevent reversibility 

and the formation of undesirable compounds. In analyzing the process, it was assumed that the only 

useful product would be hydrogen, while carbon in the form of graphite was considered a byproduct. It 

         Fig. 6 The efficiency of the process       Fig. 7 Electricity consumption 
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is certainly possible to use graphite in another form, but that could be the subject of new research in this 

area. Pyrolysis of natural gas produces undesirable and harmful compounds, mainly carbon monoxide, 

ammonia, hydrogen cyanide and nitrogen monoxide. The analysis of the obtained results has shown that

from the ecological point of view, a lower process temperature is more advantageous. The developed 

model of the natural gas pyrolysis process in a low-temperature plasma reactor opens opportunities for 

further research aimed at the utilization of graphite by-products as well as the use of waste heat from 

the quenching process of the system. In addition, further analysis can be directed to the process of 

natural gas gasification in a low-temperature plasma reactor using water as the working medium. 
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