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Abstract— In this study, decomposition of methane hydrate using argon plasma jet investigated in the pressure range of 0.1MPa to 
2.0MPa. The plasma generated under the high-pressure condition, which is difficult to achieve when using radio frequency (RF) 
plasma in the liquid method. By using emission spectrometer analysis, the excitation temperature is found to increase as the gas 
pressure increases, whereas, it decreases as the argon flow rate increases. During the process of plasma irradiation, the required 
essential reactions for methane hydrate decomposition, such as methane hydrate dissociation (MHD), steam methane reforming 
(SMR), and methane cracking reaction (MCR) were not completely satisfied due to an insignificant amount of methane. The gas 
chromatography analysis confirmed that the methane cracking reaction (MCR) was only occurred to generate hydrogen and the C(s), 
due to the absence of C2H2 and C2H4 as the byproducts. In comparison with the other primary reactions of methane hydrate 
decomposition, steam methane reforming reaction became dominant in converting methane into hydrogen. Although the hydrogen 
production efficiency is less than that of radio frequency plasma in liquid, the reduction of CO2 by the thermal decomposition of 
Teflon from CO making it possible is considered as an advanced promising technique in the future. 
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I. INTRODUCTION 

Environmental severe problems in the world by the 
burning of fossil fuels and the increasing of greenhouse 
gases emission including carbon dioxide have paid our 
attention nowadays. The consideration has been focused on 
alternative energy sources such as solar energy, biomass, 
biodiesel [1], geothermal power, and tidal power. All of 
these natural energy resources are presumed to minimize our 
dependency on fossil fuel. Hence, due to its characteristic as 
a clean energy carrier and environmental green nature [2], 
hydrogen has been pointed out as a vital fuel to be used 
which could substitute the current combustion engines in 
which diesel and or gasoline used in common. However, for 
the reason that hydrogen cannot be considered as a 
renewable fuel, it has to be obtained from other primary 
hydrogen-enriched sources such as hydrocarbon or alcohol 
[3] and biomass and organic waste [4]. 

Methane hydrates have become one of the most attractive 
for hydrogen energy resources for the future due to its 

massive reserves in the world, which is possible twice the 
global amount of carbon of all other fossil fuels combined 
[2], [5]. They are crystalline solids formed by a compound of 
methane and water which stable at low temperature and high 
pressure which have an ice-like crystalline lattice of water 
molecules with methane molecules trapped inside. Huge 
resources of hydrates can be found on the ocean floors of 
continental shelves and in the permafrost region [2], [5]. Due 
to the solid form of methane hydrates, the recovery of 
methane involves dissociating or melting methane hydrates 
in situ by raising the temperature above that of hydrate 
formation or decreasing the pressure below that of hydrate 
equilibrium [2]. Therefore, conventional techniques for gas 
and oil recovery are not applicable.  

The application of the in-liquid plasma method by radio 
frequency (RF) under atmospheric pressure has been 
successfully applied to produce 65% of hydrogen from 
cyclopentane (CP) [6], and also from waste oil and n-
dodecane with 70-80% of hydrogen [7], [8]. This method 
has also provided satisfactory results to produce hydrogen 
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from the decomposition of methane hydrate [7], [11]. 
However, in the case of its application under severe 
environments such as high pressure and low temperature, it 
was found that it is relatively formidable to obtain a stable 
plasma irradiation. For the conventional in-liquid plasma 
method, the plasma can be generated as long as the applied 
electric field across the discharge gap is high enough to 
initiate a breakdown. However, under the condition of high 
pressure, the electric field that required to stimulate the 
discharge is fairly high [12]. Thus, a suitable method is 
required to produce hydrogen under critical conditions since 
methane hydrates are stable only at such conditions [9], [10].  

The study of plasma jet has received much attention 
recently due to the versatility of its application.  Some of the 
attention are synthesis of carbon nanotubes [13], 
microparticles/microsphere production [14], [15], surface 
modification[16], diamond deposition [17], and hydrogen 
production[18]. Methane Reformation using a gliding 
plasma jet reactor can produce hydrogen-rich gas with a 
54% H2 yield [19]. Hydrogen generation by the pulsed 
discharge of plasma jet can produce an optimum energy 
yield when using an argon carrier and pure methanol [18]. 
Likewise, discharge plasma in plasma jet method is extended 
beyond the plasma generation region into the surrounding 
ambiance by an electromagnetic field, convective gas flow, 
shockwave, or a gradient of a directionless physical quantity 
such as particle density, pressure, or temperature [20]. The 
combination of its ability to penetrate and propagate into 
narrow gap and flexible dielectrics makes this method easy 
to generate plasma with stable irradiation under the high-
pressure condition [21], [22]. 

In this study, the argon plasma jet adopted as the method 
for the decomposition process of methane hydrate ranging 
from 0.1 to 2.0 MPa because this method is applicable under 
the condition of high pressure. Argon plasma jet is not 
confined by electrodes and can be adjusted to the small gap 
[22]. As well, there are yet no studies reported regarding of 
the characteristics of plasma under the high-pressure 
condition, also the decomposition process of methane 
hydrate by the argon plasma jet method. The analysis of 
emission spectrum of the plasma jet and the gas yield, as 
well as the efficiency of hydrogen production from the 
decomposition process,  are investigated in this study. This 
is another step in the process with the ultimate goal of 
producing hydrogen from hydrate fields on the seabed and in 
permafrost regions using an in-liquid plasma method.  

II. MATERIAL AND METHOD 

2.1. Formation of methane hydrate.   

Fig. 1 represent the apparatus for synthesizing methane 
hydrate which consists of a methane gas supply tube, cooling 
bath, stirring motor, magnetic stirrer, pressure gauge, 
thermocouple, and computer. About 90 grams of shaved ice 
and 10 grams of methane hydrate seed inserted into the 
cooling bath (60 mm inner diameter, 140 mm height, 400 ml 
volume, and maximum working pressure of 15 MPa.), which 
has been previously washed by water. Pressurized methane 
gas then injected into the cooling bath, 30 mm above the 
bottom.  

 
 

Fig.1 Apparatus for synthesizing methane hydrate  
 

The temperature was maintained constant at 1°C using 
ethylene glycol, and a magnetic stirrer (40 mm) rotated at 
500 rpm to stir up the solution of methane gas and shaved 
ice. Methane gas pressurized to about 7.0MPa, and the 
temperature of methane hydrate formation monitored by a 
thermocouple located at the underneath of the cooling bath. 
Pressure and temperature throughout the process recorded 
every hour. The methane hydrate formation process 
completed after 70 hours, and then synthetic methane 
hydrate collected. The methane hydrate was stored in a 
refrigerator to prevent the dissociation of the methane 
hydrate as a further cooling process, [23].  

2.2.  Argon plasma jet irradiation for methane hydrate 
decomposition. 

The experimental apparatus of the argon plasma jet shown 
in Fig.2. For maintaining the high-pressure level, a pressure 
control valve attached to a gas outlet which increased the 
pressure inside the reactor vessel to the target pressure. The 
reactor temperature kept at 0°C by a surrounding copper 
tubing coil refrigerated by circulating ethylene glycol. 

 

 
 

Fig.2 Experimental design of argon plasma jet irradiation for methane 
hydrate decomposition 

 
Plasma irradiated by applying a 27.12MHz high-

frequency power source (T161-5766LQ, Tramway) to an 
electrode unit. An insulator made of a heat-resistant polymer 
resin (PEEK, up to 500°C) was attached to the apparatus to 
prevent energy loss and carbide generation. The electrode 
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unit for the argon plasma jet applied in the experiment is 
shown in Fig.3. A 1.5mm diameter electrode tip positioned 
on the axis of a 1.8mm diameter stainless steel tube, where 
its surface insulated by another tube made of Teflon. A 
copper cylindrical tube installed as a counter electrode. 
Additionally, a hole for gas extraction drilled on the side 
wall of the stainless steel tube. A plasma jet irradiated from a 
2.0mm diameter hole drilled in the counter electrode 
through, which was the argon gas flowed from a stainless 
steel tube connected to the supply tube of argon. The Ar gas 
flow controlled at the desired rate of 200mL/min by a flow 
meter connected to the apparatus. 

 

 
 

Fig.3 Electrode unit of the argon plasma jet  
 

About 7g of methane hydrate produced from the cooling 
bath inserted in the reactor vessel. The plasma jet input 
power was set to 250W for a net power of 200W after 
subtraction of the reflected power. Immediately after the 
plasma jet initiation, the pressure in the reactor vessel was 
adjusted to the target pressure of from 0.1MPa to 2.0MPa by 
adjusting the control valve. Plasma irradiation time recorded 
until the entire amount of methane hydrate dissolved, and the 
generated gases collected by the water displacement method. 
By this method, generated gas caught from the exhaust tube 
connected to the reaction vessel by displacing the gas above 
the liquid [6], [10]. Analysis of the gas content from the 
decomposition of methane hydrate was performed using a 
gas chromatograph (Shimadzu 8A), which argon as the 
carrier gas under a flow rate of 34 mL/min and a head 
pressure of 600 kPa. The temperature for the column was 60 
oC, while the temperature of injector and detector were 
160oC.  

In this study, the gas yield defined by dividing the 
percentage of the ratio of the peak area of the gas content 
from gas chromatography analysis with the percentage of the 
total summation of gas content in the air with the amount of 
oxygen and nitrogen neglected. Also, during plasma 
irradiation, the emission spectroscopy measurement was 
conducted using a multichannel spectral analyzer 
(Hamamatsu Photonics-PMA 11 C7473-36). 

III.  RESULTS AND DISCUSSION 

A.  Formation of methane hydrate 

There was a rapid formation of methane hydrate in the 
cooling bath at the beginning process after the stirrer was 
turned on. Then a concurrent pressure decrease was occurred 
to about 6MPa and a temperature increase of about 1°C due 
to the exothermic reaction, as shown in Fig. 4. The basic 
formula of methane hydrate is CH4.nH2O, where n is the 
stoichiometric number (hydrate number), which describes a 
variable number of water molecules in its lattice structure. 

The formation of synthetic methane hydrate in the present 
study required around 70 hours at a pressure range of 6 to 
7MPa and temperature range of 272 to 279K. By direct 
measurement, the hydrate number (n) calculated from the 
amount of gaseous methane and water released during the 
hydrate decomposition at constant pressure.  
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Fig. 4 Pressure and temperature of methane hydrate during the formation 

process. 
 

A small amount of methane hydrate (± 6 grams) was 
taken from the 100 grams of synthetic methane hydrate 
produced.  Values of 0.2896 of mol H2O and 0.049107 of 
mol CH4 obtained after using the water displacement method 
and stoichiometric calculation. The n value was then 
determined by the following equation: 

     (1) 

Hence, the hydrate number of synthetic methane hydrate 
in this experiment was determined to be 5.9, which can be 
written as CH4.5.9H2O in the basic formula of methane 
hydrate. Along the natural methane hydrate equilibrium 
boundary for a stoichiometric number n = 5.81 to 6.10 [24]. 
The pressure ranges from 1.9 to 9.7MPa, and the formation 
temperature ranges from 263 to 285 K. Hence, the synthetic 
methane hydrate used in this experiment adequately 
represent the properties of actual methane hydrate in nature. 

B. Emission Spectroscopy of Argon Plasma Jet 

The variation in emission intensities of several ArI lines 
as a function of pressure shown in Fig. 5. 
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Fig.5 Optical Emission intensity of argon I line as a function of pressure 
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Fundamentally, the emission intensity influenced by 
microscopic electric fields from the adjacent ions and 
electrons, which leads to a stark broadening of the spectral 
lines, which extended by increasing the pressure [25]. Based 
on previous research by Nomura et al., the gas temperature 
of plasma is known to be about 3500 K under atmospheric 
pressure [25]. In this experiment, the spectrum dominated by 
Ar and Cu emission lines. The emission line spectrum of the 
argon plasma jet at different pressures shown in Fig. 6. 
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Fig.6 The emission line spectrum of the argon plasma jet at different 
pressures (flow rate 200mL/min & pressure range of 0.1-2.0MPa) 

The excitation temperature, Texc is a plasma parameter that 
characterizing a population of excited atomic levels [26]. 
This temperature evaluated from the inverse of the slope of a 
plot of the natural logarithm of ‘lijλij/(giAij)’ versus the 
transition of upper-level energy (Ei). Such a plot referred as 
a Boltzmann plot. The Boltzmann method employed under 
the assumption of local thermodynamic equilibrium (LTE) 
[27]–[31]. LTE plasma constraints that transitions and 
chemical reactions be dominated by collisions and not by the 
radiative processes, as well the local gradients of the plasma 
properties (temperature, density, thermal conductivity) are 
low enough to let a particle in the plasma reach an 
equilibrium [29].  

The relationship between emission intensity of line (Iij) 
and excitation temperature, Texc is shown by the following 
equation [26], [29]–[32]: 

          (2) 

Where λij is the wavelength, gi is the statistical weight of 
the upper level, Aij is the transition probability, Ei is the 
upper-level energy, k is the Boltzmann constant, N (T) is the 
total number density of neutrals, and U(T) is the partition 
function.  

Fig. 7 constructs the Boltzmann plots from the net 
intensity of Argon I lines, the spectroscopic properties 
referred to in the NIST database [33]. Considering that 
N(T)/U(T) is a standard constant for all lines under a specific 
temperature, N(T)/U(T) neglected in the calculation. The 
spectral lines that have been used to estimate the excitation 
temperature are shown in Table 1. 

 

TABLE I 
THE SPECTRAL LINES OF ARGON I USED FOR ESTIMATE THE EXCITATION 

TEMPERATURE 

No. Substa
nce Wavelength Configuration of upper level 

1 Ar I 706.7 nm 3s23p4[3P]5p→3s23p4[3P]5d 
 

2 Ar I  738.4 nm 3s23p5[2P°3/2]4s→3s23p5[2P°1/2]4
p 

3 Ar I  763.5 nm 3s23p5[2P°3/2]4s→3s23p5[2P°3/2]4
p 

4 Ar I  801.5 nm 3s23p5[2P°3/2]4s →3s23p5[2P°3/2]
4p 

5 Ar I  811.5 nm 3s23p5[2P°3/2]4s→3s23p5[2P°3/2]4
p 

6 Ar I  842.5 nm 3s23p5[2P°3/2]4s →3s23p5[2P°3/2]
4p 

7 Ar I  852.1 nm 3s23p5[2P°1/2]4s →3s23p5[2P°1/2]
4p 

8 Ar I  912.3 nm 3s23p5[2P°3/2]4s→3s23p5[2P°3/2]4
p  

The excitation temperature obtained from the emission 
intensity of the argon I lines were found to be in the range of 
4477 - 7576K with the pressure range of 0.1 to 2.0MPa. The 
usage of copper as the electrode tip reveals that some 
luminescence in the copper spectra observed with the region 
between 327 and 578 nm.  The usage predominantly 
attached to Cu I at the pressure of 0.1MPa while Cu II with 
the wavelength of 589.46 nm was detected at the entire 
pressure level (0.1 to 2.0MPa) as shown in Fig. 6.  
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Fig.7 Boltzmann plots for measured intensity of argon I lines (flow rate 
200mL/min & pressure ranged 0.1 – 3.0MPa) 

The excitation temperatures obtained at different gas 
pressures summarized in Fig. 8(a). It is revealed that the 
excitation temperatures increase with the increase of gas 
pressure. It can be referred to a higher frequency of electron 
collisions with the increase of pressure that affects to the 
excitation temperature enhancement [31]. The highest 
excitation temperature is obtained at 1.0MPa. However, any 
further increases in pressure consequence in raised excitation 
temperature.  

Plasma irradiation performed along the argon flow rate 
range from 100 to 3000mL/min, and it found that Texc comes 
to be reduced from 3960 to 2082K with an increased flow 
rate of argon as shown in Fig. 8(b). The same trend reported 
by using micro-discharge at medium to high pressure in 
argon [34]. On the other hand, a decrease in excitation 
temperature with an increased pressure has been reported at 
low-pressure argon plasma discharge [25], low power 
microwave plasma [31], and high pressure of in-liquid 
plasma in water [30]. Fig. 8(b) shows that the excitation 
temperature tends to be decreased by an increase of argon 
flow rate. An identical trend reported at a high argon flow 
rate at atmospheric pressure for microwave plasma [26]. 
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Fig.8 Correlation of gas pressure (a) and argon flow rate (b) with excitation 
temperature of argon  

C. Influence of Electrode Materials and Plasma Impedance 
Stability 

The plasma irradiation performed by using two different 
materials for the tip of the electrode: tungsten and copper to 
investigate the effect of the type of electrode used on the 
argon plasma jet as shown in Fig.11(a) and 11(b). When the 
tungsten electrode used, the reflected power was unstable 
and difficult to adjust with the matching box. Conversely, it 
was much more stable using the copper electrode, and 
adjustment of the reflected power was fairly easy. However, 
melting and damage to the used of copper electrode was 
observed after the experiment. 

 
 
 
 
 
 
 

 
 

 
 

 
   
    

Fig.11 Effects of plasma jet from two types of electrode tip  
(a) Tungsten, (b) Copper 

 
During the process of plasma irradiation, which 

maintained for about 60 seconds, the color of plasma turned 
out to be light yellow. Also, as the pressure increased 
between 0.1 and 2.0MPa, the reflection power was reduced. 
Consequently, the increased in-system pressure indicated an 
increase of net power supply [25]. 

D. Methane Hydrate Decomposition by RF Argon Plasma 
Jet 

The gas yield from methane hydrate decomposition by the 
argon plasma jet concurs with the previous results [9], [10], 
for which hydrogen (H2), carbon monoxide (CO), carbon 
dioxide (CO2), and methane (CH4) were the main products. 
However, some hydrocarbon molecules such as C2H2 and 
C2H4 were not detected. The result of analysis of the gas 
yield from the hydrate plasma-induced decomposition is 
shown in Table 2 and on the bar chart in Fig.9.  

(a) 

(b) 
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TABLE II 
RESULT OF ANALYSIS OF THE GAS PRODUCED FROM HYDRATE 

DECOMPOSITION (NET INPUT POWER: 200W) 

Gas 
Pressure 

(Mpa)  

Gas 
production 
rate [mL/s] 

H2% O2% CO% CH4

% 
CO2

% 

0.1 1.67 27.69 11.20 2.26 56.30 2.55 

0.5 0.17 9.96  2.71 10.90  74.43  0.00  

1.0 0.10 4.97  2.57 3.76  88.70  0.00  

1.5 1.67  1.52  1.03 0.00  97.45  0.00  

2.0 0.67  2.33  9.52 0.00  94.81  0.00  

 

 
Fig.9 Content of product gases with increase of pressure 

Despite argon plasma jet irradiation was successfully 
generated at high pressure, the hydrogen yield shows a 
tendency to decrease as the pressure increase. It is assumed 
that due to the simultaneous flow of argon gas during the 
process of plasma irradiation inside the reactor vessel, a 
substantial amount of CH4 was forced out earlier into the 
collecting bath of product gases before the decomposition 
process initiated. Consequently, the required basic reactions 
for the methane hydrate decomposition as shown in Eqs. (3) 
to (8) were not completely satisfied, due to an insignificant 
amount of CH4 that remained inside the reactor vessel. In the 
initial process, methane hydrate dissociation (MHD) reaction 
produced CH4 and H2O [9], [10]. Then the release of CH4 
reacted with the water that turns into steam by the plasma 
simultaneously decomposed to yield H2, CO, and CO2 by the 
reaction of steam methane reforming (SMR).  

The required basic reactions for the decomposition 
process of methane hydrate are as follows: 

 
 Methane hydrate dissociation (MHD): 
1. CH4⋅5H2O → CH4 + 5H2O(g),   ΔH = +53.5 kJ/mol [35]   (3) 
 Steam methane reforming (SMR) : 
2. CH4 + H2O → 3H2 + CO,  ΔH = +206.16 kJ/mol   (4) 
3. CO + H2O → H2 + CO2, ΔH = -41.16 kJ/mol   (5) 
 Methane cracking reaction (MCR) : 
4. CH4→ 2H2 + C (s),         ΔH = +74.87 kJ/mol                   (6) 
5. 2CH4→ 3H2 + C2H2,       ΔH = 376.47 kJ/mol                  (7) 
6. 2CH4→ 2H2 + C2H4,       ΔH = 202.21 kJ/mol                  (8) 

 
Notwithstanding that there is a trend for the rate of H2 

production to decrease as the pressure increases by 

employing the argon plasma jet, the formation rate of carbon 
dioxide was observed to decrease (see Fig. 9). The hydrogen 
and CO production rates should vary simultaneously 
according to the methane steam methane reforming reaction. 
This suggests an alternative production mechanism for CO, 
which is thought to be due to the pyrolysis of Teflon from 
the electrode. The absence of C2H2 and C2H4 as the 
byproducts observed from the content analysis of product 
gas by the gas chromatograph. It is to confirm that the 
methane-cracking reaction (MCR) only taken place to 
generated hydrogen and the C(s), estimated by the balance of 
reaction in Eqs. (6).  

The possibility of the hydrogen and the C(s) generation as 
a by-product by methane-cracking reaction (MCR) also 
correspond to the Fig. 10 that illustrates the amount of 
effective energy (enthalpy) used for the decomposition of 1 
mole of methane hydrate to produce hydrogen using the 
argon plasma jet depends on the pressure. Moreover, in a 
real hydrate system in a porous medium. C(s) attached to the 
reactor wall in the experiment also attach to the surface of 
the porous medium. The deposition of C(s) on the porous 
medium could substantially reduce its permeability and let 
the blockage of the porous medium to interfere with 
hydrogen production [9]. 

 

 
Fig.10 Net amount of energy used for methane hydrate decomposition by 
argon plasma Jet 

Besides, Fig.10 also reveals that the enthalpies required 
during the process tend to remain constant as the pressure 
increases for the methane hydrate dissociation reaction 
(MHD), while the rest of primary reactions, i.e. Steam 
methane reforming (SMR) and methane cracking reaction 
(MCR) show a tendency to increase. In term of comparison 
with the other basic reactions, it was found that steam 
methane reforming (SMR) reaction became dominant 
concerning of converting methane into hydrogen.  

E.  Efficiency of Hydrogen Production 

The hydrogen production efficiency determined by 
dividing the energy output in the outlet stream, defined as 
the molar flow of hydrogen multiplied by the lower heating 
value of hydrogen with the radio frequency input power for 
the plasma irradiation. This parameter should be considered 
as a significant factor regarding of performance of the argon 
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plasma jet for methane hydrate decomposition process. This 
is not just a measurement of the methane hydrate 
decomposition process for hydrogen production but also an 
evaluation of energy efficiency that concerns to any future 
commercial cost.  

The hydrogen production efficiencies depicted in Fig. 12. 
Although the hydrogen production efficiency is relatively 
low for argon plasma jet compared to RF in-liquid plasma 
method from the previous study, the reduction of carbon 
dioxide by the thermal decomposition of Teflon from carbon 
monoxide making it possible to be considered as an 
advanced promising technique. The hydrogen yield will 
become a significant challenge that must be improved in the 
future to enhance the hydrogen production efficiency of 
argon plasma jet. 
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In the previous study by Eka Putra et. al.[9], by the 
conventional in-liquid plasma method, plasma can only be 
generated at atmospheric pressure [9]. While using the argon 
plasma jet at the same input power of 200 Watt, the plasma 
can successfully to generate higher pressure than 
atmospheric pressure (range from 0.1 MPa to 2.0MPa). In 
practical condition, generating plasma under high pressure 
will give the result to the increase of input power. However, 
in the current study, by applying argon plasma jet, plasma 
can generate higher pressure with lower input power. Also, 
this study became the first time in observing the 
characteristic of argon plasma jet under very high pressure 
(2.0 MPa) mainly in the decomposition of methane hydrate.  

IV.  CONCLUSIONS 

Decomposition of methane hydrate has become feasible 
under high-pressure levels for hydrogen production. Even 
though the hydrogen production efficiency in the present 
study is less than that of the radio frequency plasma in-
liquid, the reduction of carbon dioxide by the thermal 
decomposition of Teflon from carbon monoxide making it 
possible to consider as an advanced promising technique in 
the future.  

The excitation temperature has been determined from 
Boltzmann plot method with the pressure range of 0.1 to 
2.0MPa. Due to a higher frequency of electron collisions 
from ions and atoms, the excitation temperature increases 
from 4477 - 7576K along with an increase of gas pressure, 

whereas along the argon flow rate range of 100 to 
3000mL/min, it reduces from 3960 to 2082K.  

As the pressure increases, the enthalpy required during the 
process tend to remain constant for the methane hydrate 
dissociation reaction (MHD), while the rest of the first 
reaction, i.e., Steam Methane Reforming (SMR) and 
Methane Cracking Reaction (MCR) tend to increase. In 
comparison with the other necessary reactions, showed 
steam methane reforming (SMR) reaction become dominant 
concerning of methane conversion into hydrogen. The 
content analysis of product gas by the gas chromatography 
confirmed that Methane Cracking Reaction (MCR) taken 
place only to generated hydrogen and the C(s) during plasma 
irradiation, due to the absence of C2H2 and C2H4 as the 
byproducts.  

Despite the fact that the plasma irradiation generation is 
more stable at high pressures over that of the radio frequency 
plasma method, further improvement in the apparatus in the 
future is required to obtain higher hydrogen generation 
efficiency. 
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