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Abstract— In this study, decomposition of methane hydrate using argon plasma jet investigated in the pressure range of 0.1IMPa 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 rateggcreases. During the process of plasma irradiation, the required
essential reactions for methane hydrate decomposition, such ethane 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 (M CR) was only occurred to generate hydrogen and the Cq),
due to the absence of C,H, and C,H, 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 effigsgncy is less than that of radio frequency plasma in liquid, the reduction of CO, by the thermal decomposition of
Teflon from C aking it possibleis considered as an advanced promising techniquein the future.

Keywords—argon plasma jet; methane hydrate; hydrogen production; radio frequency; emission spectroscopy.

massive reserves in the world, which is possible twice the
I.  INTRODUCTION global amo of carbon of all other fossil fuels combined

[2], [5]. Theﬁre 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

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 offolecules V]l"tr? dmethane n;)olefcule; trapﬁed |nS|def.| Hugef
alternative energy sources such as solar energy, biomasd€sources of hydrates can be found on the ocean floors o

biodiesel [1], geothermal power, and tidal power. All of continental shelves and in the permafrost region [2], [5]. Due

these natural energy resources are presumed to minimize o t;‘e So_l'd ll‘orm d(')f m(_ath_ane hydr?f[es, theh reco;]/e(;y of
dependency on fossil fuel. Hence, due to its characteristic adnethane involves dissociating or melting methane hydrates

a clean energy carrier and environmental green nature [2],In Stu by raising th? temperature above that of hydrate
hydrogen has been pointed out as a vital fuel to be usecIormanon or decreasing the pressure below that of hydrate

which could substitute the current combustion engines in €duilibrium [2]. Therefore, conventional techniques for gas

which diesel and or gasoline used in common. However, foran_?_r?” rec?yery are fnor: appllipapclje. | hod by radi
the reason that hydrogen cannot be considered as g e application of the in-liquid plasma method by radio

renewable fuel, it has to be obtained from other primary r€duency (RF) under atmospheric pressure has been
o§uccessfully applied to produce 65% of hydrogen from

cyclopentane (CP) [6], and also from waste oil and n-
odecane with 70-80% of hydrogen [7], [8]. This method
as also provided satisfactory results to produce hydrogen

hydrogen-enriched sources such as hydrocarbon or alcoh
[3] and biomass and organic waste [4].

Methane hydrates have become one of the most attractivcﬁ
for hydrogen energy resources for the future due to its
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from the decomposition of methane hydrate [7], [11]. Magnetic =
However, in the case of its application under severe Stirrer™

environments such as high pressure and low temperature, it

was found that it is relatively formidable to obtain a stable
plasma irradiation. Forrég conventional in-liquid plasma
method, the plasma ca generated as long as the appliec
electric field across the discharge gap is high enough to @
initiate a breakdown. However, under the condition of high

Stirring motor

Pressure
—
gauge

yrmocouple

pressure, the electric field that required to stimulate the : '

discharge is fairly high [12]. Thus, a suitable method is ! .,g,::%} o

required to produce hydrogen under critical conditions since | i

methane hydrates are stable only at such conditions [9], [10]. '\g‘j:)lal‘;fu%a: Snlalelelalelalate Cooler setting
The study of plasma jet has received much attention -

recently due to the versatility of its application. Some of the Cooling Bath

attention are synthesis of carbon nanotubes [13],
microparticles/microsphere production [14], [15], surface — —
modification[16], diamond deposition [17], and hydrogen Fig.1 Apparatus for synthesizing methane hydrate
production[18]. Methane Reformation using a gliding
plasma jet reactor can produce hydrogen-rich gas with a The temperature was maintained constagiat 1°C using
54% H, yield [19]. Hydrogen generation by the pulsed ethylene glycol, and a magnetic stirrer (40 ) rotated at
discharge of plasma jet can produce an optimum energy500 rpm to stir up the solution of methane gas alﬁshaved
yield when using an argon carrier and pure methanol [18].ice. Methane gas pressurized to about 7.0MPa&nd the
Likewise, discharge plasma in plasma jet method is extendedemperature of methane hydrate formation monitored by a
beyond the plasma generation region into the surroundingthermocouple located at the underneath of the cooling bath.
ambiance by an electromagnetic field, convective gas flow, Pressure and temperature throughout the process recorded
shockwave, or a gradient of a directionless physical quantityevery hour. The methane hydrate formation process
such as particle density, pressure, or temperature [20]. Theeompleted after 70 hours, and then synthetic methane
combination of its ability to penetrate and propagate into hydrate collected. The methane hydrate was stored in a
narrow gap and flexible dielectrics makes this method easyrefrigerator to prevent the dissociation of the methane
to generate plasma with stable irradiation under the high-hydrate as a further cooling process, [23].
pressure condition [21], [22]. L _—
In this study, the argon plasma jet adopted as the method-2- Argon pl_a_snm jet irradiation for methane hydrate
for the decomposition process of methane hydrate ranging decomposition.
from 0.1 to 2.0 MPa because this method is applicable under The experimental apparatus of the argon plasma jet shown
the condition of high pressure. Argon plasma jet is not in Fig.2. For maintaining the high-pressure level, a pressure
confined by electrodes and can be adjusted to the small gagontrol valve attached to a gas outlet which increased the
[22]. As well, there are yet no studies reported regarding of pressure inside the reactor vessel to the target pressure. The
the characteristics of plasma under the high-pressurereactor temperature kept at 0°C by a surrounding copper
condition, also the decomposition process of methanetubing coil refrigerated by circulating ethylene glycol.
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
decompogition process, are investigated in this study. This
is anothéWstep in the process with the ultimate goal of ~ Methane hy‘"
producing hydrogen from hydrate fields on the seabed and in :
permafrost regions using an in-liquid plasma method.

Pressure

Generated
ssure Gas

Argon
gas tube

o

I MATERIAL AND METHOD

2.1. Formation of methane hydrate. Reactor

vessel Matching Box
Fig. 1 represent the apparatus for synthesizing methanecooler '—x

hydrate which consists of a methane gas supply tube, cooling®""
bath, stirring motor, magnetic stirrer, pressure gauge,
thermocouple, and computer. About 90 grams of Sha_ved ice Fig.2 Experimental design of argon plasma jet irradiation for methane
and 10 grams of methane hydrate seed inserted into the hydrate decomposition
cooling bath (60 mm inner diameter, 140 mm height, 400 ml
volume, and maximum working pressure of 15 MPa.), which  Plasma irradiated by applyig a 27.12MHz high-
has been previously washed by water. Pressurized methan#equency power source (T161-5766LQ, Tramway) to an

gas then injected into the cooling bath, 30 mm above theéelectrode unit. An insulator made of a heat-resistant polymer
bottom. resin (PEEK, up to 500°C) was attached to the apparatus to

prevent energy loss and carbide generation. The electrode

RF power source
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unit for the argon plasma jet applied in the experiment is The formation of synthetic methane hydrate in the present
shown in Fig.3. A 1.5mm diameter electrode tip positioned study required around 70 hours at a pressure range of 6 to
on the axis of a 1.8mm diameter stainless steel tube, wher&é MPa and temperature range of 272 to 279K. By direct
its surface insulated by another tube made of Teflon. A measurement, the hydrate numbey ¢alculated from the
copper cylindrical tube installed as a counter electrode.amount of gaseous methane and water released during the
Additionally, a hole for gas extraction drilled on the side hydrate decomposition at constant pressure.

wall of the stainless steel tube. A plasma jet irradiated from a

2.0mm diameter hole drilled in the counter electrode — T — 282
through, which was the argon gas flowed from a stainless —
steel tube connected to the supply tube of argon. The Ar gas .. g 1280%
flow controlled at the desired rate of 200mL/min by a flow % %
meter connected to the apparatus. — 278‘5
o) o
— 4 )
Cu Counter Electrode Stainless tube é 276&
. / Argon gas o 3 2743
7T f— 2
Electrode  Hole " Teflon 1Lk Cooling bath set to 8C 272
tip 5
Matching box 0 ) \ ) \ ) \ ) \ ) \ 270
— 0 12 24 36 48 60
= Elapsed time [hr]
Fig. 4 Pressure and temperature of methane hydrate during the formation
Fig.3 Electrode unit of the argon plasma jet process.

About 7g of methane hydrate produced from the cooling A small amount of methane hydrate (+ 6 grams) was
bath inserted in the reactor vessel. The plasma jet inputtaken from the 100 grams of synthetic methane hydrate
power was set to 250W for a net power of 200W after produced. Values of 0.2896 of mob® and 0.049107 of
subtraction of thegeflected power. Immediately after the mol CH, obtained after using the water displacement method
plasma jet initiatioM¥the pressure in the reactor vessel wasand stoichiometric calculation. The value was then
adjusted to the target pressure of from 0.1MPa to 2.0MPa bydetermined by the following equation:
adjusting the control valve. Plasma irradiation time recorded
until the entire amount of methane hydrate dissolved, and the Hydrate number (n) = mol Hp0 fn methane hydrate g
generated gases collected by the water displacement method. mel CHy inmethane hydrats

By this method, generated gas caught from the exhaust tube Hence, the hydrate number of synthetic methane hydrate
connected to the reaction vessel by displacing the gas abovg, this experiment was determined to be 5.9, which can be
the liquid [6], [10]. Analysis of the gas content from the \yritten as CH.5.9HO in the basic formula of methane
decomposition of methane hydrate was perforﬁd using anydrate. Along the natural methane hydrate equilibrium
gas chromatograph (Shimadzu 8A), which alg®n as thepoyndary for a stoichiometric number n = 5.81 to 6.10 [24].
carrier gas under a flow rate of 34 mL/min and a head The pressure ranges from 1.9 to 9.7MPa, and the formation
pressure of 600 kPa. The temperature for the column was 6@emperature ranges from 263 to 285 K. Hence, the synthetic
C, while the temperature of injector and detector were pethane hydrate used in this experiment adequately

160°C. . . i o represent the properties of actual methane hydrate in nature.
In this study, the gas yield defined by dividing the

percentage of the ratio of the peak area of the gas contenB. Emission Spectroscopy of Argon Plasma Jet

from gas chromatography analysis with the percentage of the The variation in emission intensities of several Arl lines
total summation of gas content in the air with the amount of s a function of pressure shown in Fig. 5.

oxygen and nitrogen neglectedAlso, during ma
irradiation, the emission spectroscopy measureWent was 70672 ¢ 1 o 611.53m
conducted using a multichannel spectral analyzer ——738.39nm —oa2.ds ) 100¢
(Hamamatsu Photonics-PMA 11 C7473-36). 300Q=76821 nm o oiaz0 EF‘:SOO
> @ n
c i > |
.  RESULTSAND DISCUSSION 22000 1600
A. Formation of methane hydrate 2 1
. . : 9 , 1400
There was a rapid formation of methane hydrate in the £140q. / |
cooling bath g&the beginning process after the stirrer was © 1200
turned on. Th&¥a concurrent pressure decrease was occurred A
to about 6MPa and a temperature increase bout 1°C due OO oE 1 15 5 25 3 0
to the exothermic reaction, as shown in Fi§¥4. The basic > Gas Pressure [MPa]

formula of methane hydrate is GhH,O, wheren is the
stoichiometric number (hydrate number), which describes a Fig.5 Optical Emission intensity of argon | line as a function of pressure
variable number of water molecules in its lattice structure.
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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 spectrallhis temperature evaluated from the inve

The excitation temperaturgg, is a plasma parameter that
characterizing a population of excited ic levels [26].
of the slope of a

lines, which extended by increasing the pressure [25]. Baseglot of the natural logarithm of jA;/(gA;)" versus the

on previous research by Nomura et al.,

the gas temperaturgransition of upper-level energy JESuch a plot referred as

of plasma is known to be about 3500 K under atmospherica Boltzmann plot. The Boltzmann method employed under
pressure [25]. In this experiment, the spectrum dominated bythe assumption of local thermodynamic equilibriunTE)

Ar and Cu emission lines. The emission line spectrum of the[27]-[31].

argon plasma jet at different pressures shown in Fig. 6.

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 ling (I
and excitation temperaturegdis shown by the following
equation [26], [29]-[32]:

dijdi NiTI
in(252) = - s+ ()

Where);; is the wavelength,; gs the statistical weight of
the upper level, Ais the transition probability, ;Hs the
upper-level energy is the Boltzmann constar, (T) is the
total number density of neutrals, abi{T) is the partition
function.

Fig. 7 constructs theBoltzmann plots from the net
intensity of Argon | lines, the spectroscopic properties

ferred to in the NIST database [33]. Considering that

(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.

)

400( . . . . . .
| *0.1MPa*
:53000 .
3 - A
3 811.53
wzooc_ 2 \ -
o N
2 ~ 8\ 81 5.%
c ~N o a3 S«
/ \\ N
200 400 600 800
Wavelength [nm]
400( : T T T T T
| *0.5MPa*
3000- A
2000~ *
1000~ Cull E Ei
0 — \‘ \*."A
200 400 600
Wavelength [nm]
400CF,) ompar '
53000
S,
2
©2000-
(O]
E
1000~
0 T T 1
200 400 600 800
Wavelength [nm]
400C : I : I : I
| *2.0MPa*
3000~ .
2000~
1000~ cun &
ohe \
200 400 600 800

Wavelength [nm]
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)
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TABLE |
THE SPECTRALLINES OF ARGON | USEDFOR ESTIMATE THE EXCITATION
TEMPERATURE

No. Stqut():zta n/avelength Configuration of upper level
1 | Al | 706.7nm é§3p“[3Pl5p—>3§3p“[3Pl5d
2 | arl | 738.4nm [ES3p[P%]4s-3S3p Pol4
3 | arl | 7635nm | 3S3pP%J4s—3S3p P4
4 | arr | 8015nm | 3S3p *Pd4s —3S3p P4
5 | Arl 811.5 nm | 3S3p P 4535 3p P4
6 Arl 842.5nm | 3S3p°P%14s —3s3p7 Py
7 Ar | 852.1 nm ?:52395[2P°1/2]43 —353p Py
8 | Arl | 912.3nm | 3S3p[P%J4s—3S3p P4

Qhe excitation temperature obtained from the emission

intensity of the argon | 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 | at the pressure of 0.1MPa while Cu Il with

the wavelength of 589.46 nm was detected at the entire
pressure level (0.1 to 2.0MPa) as shown in Fig. 6.



-3 {0 0.1MPa;T,.= 4973K © 3.0MPa; = 8561K |, -4 =, T T T T T
i 0 1.5MPa;T,=7577K o
s 400d
<
[}
£
o 300d
|_
c
9o
IS
= 2000
x
L L | L | L | L | L | L
500 1000 1500 2000 2500 300C
Argon flow rate [mL/min]
-6 s

N I T N -
12.9 13 131 132 133 13_9'5 Fig.8 Correlation of gas pressure (a¥%And argon flow rate (b) with excitation
E; [eV] temperature of argon

i

Fig.7 Boltzmann plots for measured intensity of argon | lines (flow rate

200mLimin & pressure ranged 0.1 3.0MPa) C. Influence of Electrode Materials and Plasma Impedance

Sability

The excitation temperatures obtained at different gas The pla irradiation performed by using two different
pressures summarized in Fig. 8(a). It is revealed that thematerials f8®the tip of the electrode: tungsten and copper to
excitation temperatures increase with the increase of gasdnvestigate the effect of the type of electrode used on the
pressure. It can be referred to a higher frequency of electrorargon plasma jet as shown in Fig.11(a) and 11(b). When the
collisions with the increase of pressure that affects to thetungsten electrode used, the reflected power was unstable
excitatiob;emperature enhancement [31]. The highestand difficult to adjust with the matching box. Conversely, it
excitatioM®emperature is obtained at 1.0MPa. However, anywas much more stable using the copper electrode, and
further increases in pressure consequence in raised excitatioadjustment of the reflected power was fairly easy. However,
temperature. melting and damage to the used of copper electrode was

Plasma irradiation performed along the argon flow rate observed after the experiment.
range from 100 to 3000mL/min, and it found tfig{. 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 §
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 argo
flow rate. An identical trend reported at a high argon flow
rate at atmospheric pressure for microwave plasma [26].

1000( — T T " T " T " T (a) (b)

'i' Fig.11 Effects of plasma jet from two types of electrode tip
5 (a) Tungsten, (b) Copper
g 8000 During the process of plasma irradiation, which
g— maintained for about 60 seconds, the color of plasma turned
) out to be light yellow. Also, as the pressure increased
'Z 6000 between 0.1 and 2.0MPa, the reflection power was reduced.
o Consequently, the increased in-system pressure indicated an
:@ increase of net power supply [25].
'S
ﬁj 4000 D. Methane Hydrate Decomposition by RF Argon Plasma
L L | L | L | L | L
0 05 _1_ 15 2 25 3 Jet
Gas Prggsure [MPa] The gas yield from methane hydrate decomposition by the

argon plasma jet concurs with the previous results [9], [10],
for which hydrogen (k), carbon monoxide (CO), carbon
dioxide (CQ), and methane (CH were the main products.
However, some hydrocarbon molecules such #s,@nd
C.,H, 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.
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TABLE Il employing the argon plasma jet, the formation rate of carbon
RESULT OF ANALYSIS OF THE GAS PRODUCEDFROM HYDRATE dioxide was observed to decrease (see Fig. 9). The hydrogen
DecomMPOSITION(NET INPUT POWER: 200w) . .
and CO production rates should vary simultaneously

Gas Gas CH. | co, according to the methane steam methane reforming reaction.
Pressure | production | H% | Of% | CO% | 0" | “of This suggests an alternative production mechanism for CO,
(Mpa) rate[mL/g] . . .
o1 167 2769l 1120 226l sedo 2k which is thought to be due to the pyrolysis of Teflon from
. i i i : . i the electrode. The absence oftHg and GH, as the
05 0.17 9.96| 271 10.90] 74.430.00 byproducts observed from the content analysis of product
1.0 0.10 497| 257 3.76 | 88.70 0.00 gas by the gas chromatograph. It is to confirm that the
15 1.67 152| 1.03 0.00| 9745000 methane-cracking reaction (MCR) only taken place to
20 007 233 952 000 9281000 gene.rate.d hydrogen and thg,Gestimated by the balance of
reaction in Egs. (6).
‘ The possibility of the hydrogen and the,@eneration as
120 ¢ 2% mOPY BCO% DCHAY% mCOR% mCxHy a by-product by methane-cracking reaction (MCR) also
_ R TR ’ P correspond to the Fig. 10 that illustrates the amount of
100 [ oy effective energy (enthalpy) used for the decomposition of 1
_ mole of methane hydrate to produce hydrogen gising the
= r argon plasma jet depends on the pressure. Mo er, in a
X 80 f . .
= real hydrate system in a porous medium. C(s) attached to the
© r reactor wall in the experiment also attach to the surface of
>‘; 60 | the porous medium. The deposition of,®n the porous
8 r medium could substantially reduce its permeability and let
40 F the blockage of the porous medium to interfere with
[ . hydrogen production [9].
20 | H 5000 =
L OB L] M . B

0.1 05 1.0 15 2.0 4000
Gas Pressure [MPa]
Fig.9 Content of product gases with increase of pressure = 3000

S i
Despite argon plasma jet irradiation was successfully =2 r = MCR
generated at high pressure, the hydrogen yield shows a 2 2000 4 SMR
tendency to decrease as the pressure increase. It is assume 8 3 = MHD

that due to the simultaneous flow of argon gas during the E

process of plasma irradiation inside the reactor vessel, a 1000
substantial amount of CHwas forced out earlier into the
collecting bath of product gases before the decomposition

process initiated. Consequently, the required basic reactions 0
for the methane hydrate decomposition as shown in Egs. (3) 0.1 65 10 15 20
to (8) were not completely satisfied, due to an insignificant Gas Pressure [MPa]

amount of CH that remained inside the reactor vessel. In the Fig.10 Net amount of energy used for methane hydrate decomposition by
initial process, methane hydrate dissociation (MHD) reaction 290" Plasma Jet

produced Cli and HO [9], [10]. Then the release of GH Besides, Fig.10 also reveals that the enthalpies required

r(_eactled with lthz water thatjturn_s llnto stean:j by Lhe rE’Iasm"’lduring the process tend to remain constant as the pressure
simultaneously decomposed to yield €O, and C@by the  j,1eas5es for the methane hydrate dissociation reaction

reaction of steam methane ref(_)r ing (SMR). .. (MHD), while the rest of primary reactions, i.e. Steam
The required basic reacti for the decomposition

_ methane reforming (SMR) and methane cracking reaction
process of methane hydrate are as follows: (MCR) show a tendency to increase. In term of comparison
with the other basic reactions, it was found that steam

¥ Methane hydrate dissociation (MHD): methane reforming (SMR) reaction became dominant

1. CHsBH0O - CHs+5H,0y), AH =+53.5kJ/mol [35] (3)

+g@Ateam methane reforming (SMR) : concerning of converting methane into hydrogen.

2. + H,0 — 3H, + CO, AH = +206.16 kJ/mol (4 - .

z co4+ H;J e f M RE=241 1Ko ((5)) E. Efficiency of Hydrogen Production

<~ Methane cracking reaction (MCR) : The drogen production efficiency determined by
4. CHs— 2H; + C(y), AH = +74.87 kJ/mol (6) dividing®e energy output in the outlet stream, defined as
5. 2CH;~ 3H, + GHp,  AH =376.47 kJ/mol Q0 the molar flow of hydrogen multiplied by the lower heating
6. 2CHs— 2H, + GHs  AH =202.21 kJ/mol (8)

value of hydrogen with the radio frequency input power for
the plasma irradiation. This parameter should be considered

Notwithstanding that there is a trend for the rate of H o4 5 gignificant factor regarding of performance of the argon
production to decrease as the pressure increases by
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plasma jet for methane hydrate decomposition plass. Thisvhereas along the argon flow rate range of 100 to
is not just a measurement of the methane hydrate3000mL/min, it reduces from 3960 to 2082K.
decomposition process for hydrogen production but also an As the pressure increases, the enthalpy required during the
evaluation of energy efficiency that concerns to any future process tend to remain constant for the methane hydrate
commercial cost. dissociation rgaction (MHD), while the rest of the first

The hydrogen production efficiencies depicted in Fig. 12. reaction, i.e\®Steam Methane Reforming (SMR) and
Although the hydrogen production efficiency is relatively Methane Cracking Reaction (MCR) tend to increase. In
low for argon plasma jet compared to RF in-liquid plasma comparison with the other necessary reactions, showed
method from the previous study, the reduction of carbon steam methane reforming (SMR) reaction become dominant
dioxide by the thermal decomposition of Teflon from carbon concerning of methane conversion into hydrogen. The
monoxide making it possibla to be considered as ancontent analysis of product gas by the gas chromatography
advanced promising techniqb The hydrogen vyield will confirmed that Methane Cracking Reaction (MCR) taken
become a significant challenge that must be improved in theplace only to generated hydrogen and thgdmiring plasma
future to enhance the hydrogen production efficiency of irradiation, due to the absence ofHz and GH,4 as the
argon plasma jet. byproducts.

Despite the fact that the plasma irradiation generation is

Gas Pressure [MPa]
Fig.12 Efficiency of Hydrogen Production from decomposition of methane
hydrate [4]

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 argors
plasma jet at the same input power of 200 Watt, the plasma
can successfully to generate higher pressure thani6l
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, [7]
in the current study, by applying argon plasma jet, plasma
can generate higher pressure with lower input power. AIso,[S]
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. [9]

IV. CONCLUSIONS

Decomposition of methane hydrate has become feasiblel10]
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-[11]
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 in12]
theyfuture.

e 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,

(23]
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2 more stable at high pressures over that of the radio frequency
- 5T L4 30 plasma method, further improvement in the apparatus in the
— I ° A,fgas 7] fut_ur_e is required to obtain higher hydrogen generation
=1.5- — efficiency.
3 s,
>
g 20 2
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