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INFLUENCE OF ENERGETICS PLASMATRON
PARAMETERS ON THE YIELD OF ACETYLENE
SYNTHESIS FROM METHANE"

PLOTCZYK, W. W.? Warsaw

The effect of the specific energy of hydrogen on the yield of acetylene synthesis
from methane in a hydrogen jet and the optimum specific energy range were deter-
mined by quasi-equilibrium calculations and experiments.

INTRODUCTION

= As a result of plasma pyrolysis of methane, acetylene was obtained in high
ields. Acetylene synthesis from methane is the subject of many papers, both
heoretical and experimental.

The aim of the theoretical papers is to predict the process yields (methane-to-
cetylene conversion degree, energy consumption in C,H, production) on the
asis of kinetic [1—3] or thermodynamic [1, 2, 4—10] models properly for-
ulated. Among thermodynamic models, the quasiequilibrium models are of
reat importance [1, 2, 4—10]. They are based on the fact that reagents remain
n the reaction chamber of a plasma reactor only some time of an order of 10™*s;
n so short a time, only reactions of a gaseous phase can take place.

The aim of this paper is to determine the effect of hydrogen specific energy,
.., the gas stabilizing arc discharge in the plasmatron, on the yield of C,H,
ynthesis from methane based on the quasiequilibrium model of the process,
laborated earlier [9]. This model makes it possible to predict the process yield
n the basis of the initial temperature of the reaction, the ratio of hydrogen to
he methane flow rates as well as the thermal efficiencies of the plasmatron and
he reaction chamber.

) " Contribution presenied at the 7th Symposium on Elementary Processes and Chemical Reac-
_SN.s Low Temperature Plasma, STARA TURA-DUBNIK, June 13—17, 1988
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Il. MODEL

In a plasmatron the energy introduced into an arc discharge is converted intg
the thermal energy of a plasma jet. The plasma jet can be characterized, fron,
the energetic point of view, by the specific energy of the plasma gas E,, defineg
as the reaction of the plasmatron effective power to the hydrogen flow rate, Thi
energy corresponds univocally to the mean-mas temperature of the hydroge,
plasma [11].

After the introduction of the reaction substrate-methane into the plasma jy
and an instantenous, as it is assumed [12], mixing of gases a mixture of reagen
is obtained, which can be characterized by the composition and the initial megy
mass temperature of the reaction T,. The initial temperature of the reaction j
calculated by solving the energy balance equation at the reaction chamber inpy

7, T,

o T

4

where E;, E is the energy of plasma jet and arc, respectively, 1 the thermal

plasmatron efficiency, V,, V,, the volume of hydrogen and methane, respectively,

C,(h), C,(m) the specific heat of hydrogen and methane, respectively [13].
According to this equation the plasma jet energy is equal to the sum of the

hydrogen and methane enthalpies at the initial temperature of the reaction
E,=En=V,AH,(T)+ V,4H,(T), @

where AH,(T), AH,(T) are the enthalpy changes of hydrogen and methane
from the initial temperature of the reaction to the standard temperature [13].

If the volume ratio of methane to hydrogen is denoted by ¥ and the eq.(2)
is divided by ¥, then a generalized energy balance equation results, it defines the
initial conditions of the process as a function of temperature (T;) and of the
initial composition of the reactants expressed as Y

E,= E,|V,= AH,(T) + YAH,(T), 3

where E, is the effective specific energy of hydrogen [8]. :

It results from equation (3) that the effective specific energy of hydrogen #
equal to the energy contained in 1m?® of the plasma jet, indispensable fof
methane heating by mixing with hydrogen in the volume ratio 1 Y up t0 the
initial temperature of the reaction 7.

Next, conversion of CH, into C,H, takes place in the reaction chamber- The
reagents temperature decreases owing to the endothermic chemical ?ooa.a
as well as the heat exchange through the chamber wall £, . The process 1#
the reaction chamber reaches its final state, which can be characterized by mean®
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of the @cw:a?:m temperature 7, and the methane-to-acetylene conversion
degree Uae — . ‘ .

“For the given initial conditions of the process, the sum of the energies of the
caction products (at the quenching-chamber input) plus the C,H, formation
cnergy the m.ﬁm:ama 85@@528 (A HSy (C,H,)), plus the energy taken up by
(he water cooling the reaction chamber (E, ), represents the plasma jet energy.
If the volumes of the reagents are expressed by the functions of V,, and U,,, the
plasma jet energy s determined by the formula

NM\: = Om QE. ﬁ\ib:mﬁdv = A~ - wav w\ibmiﬂﬁv + ~.MQ§m —\Sumrﬂﬁv +
+ m\rbmxﬁﬁv + OM th m\ibh%@m Ammmwv + m;}

where U, is the methane-to-acetylene conversion degree, AH, (1), AH,(1;),
AH(T) are entalphy changes of acetylene, methane and hydrogen from quen-
ching temperature to standard temperature [13].

For the given initial conditions of the process and for a calculated or assumed
reaction chamber efficiency 1,4, which to a high degree depends on the reaction
temperature and on the specific energy of methane [14, 15}, the generalized
cquation (for V, = 1), which characterizes the final conditions of the process, at
the quenching chamber input acquires the form

E, = E,(1 — 0,,) + 0.5YU, AH%,(C,;H,) + AH(T,) + YAH, (1)), (5

where AH$,(C,H,) is the enthalpy of the C,H, synthesis from CH, at the
quenching temperature.
In the above formula E,,, is also presented in a generalized form. It results

from the definition of the reaction chamber efficiency [14], described by the
formula

Qqn: = Ams - mzrv.\m\w. A@v
where
m:.: = mh.\.ﬁ— ‘.Jl.rv. A\Nv

The parameter Y depends on the parameter X, which was earlier used [9], in
the formula

Y = 1/X (3)

~ ltwas assumed, similarly as in other works [2, 8, 10] that the desired reaction
s the only one taking place in the system, hydrogen supplying the plasmatron
Is regarded as an inert energy carrier, i.e. a diluent of the reaction products {1,
2.7-10], and the process attains an equilibrium at quenching temperature. As
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It is evident from Fig. 2 that the optimum specific energies of :V\anomal.
correspond to the oplimum temperature of the hydrogen plasma. Thus, e.g. g
E, = 17MJ/m"at Y = | there correspond 7, = 3920 K and for E, = mZC\Buﬁ,
Y =0.1T,=2950K.
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Fig. 2. Experimental set-up.

111. EXPERIMENTAL

The experiments were performed at constant hydrogen (4.4 m’/h) and meth-
ane (2.2m’/h) volume fluxes, i e. at a constant initial composition of reagents,
with Y = 0.5 [16]. The specific energy of hydrogen varied within the range of
1700—4000 K by changing the power of the arc from 10 to 40 kW. The app-
aratus is in Fig. 2. The methodology of the experiments was described earlier

[16].
1V. RESULTS AND DISSCUSION

On the basis of laboratory studies [16}, performed earlier, the effect of specific
of hydrogen on the yield of the acetylene synthesis from methane at Yy = 0.5wa8
determined.

it results from Fig. 3 that there exists an optimum range of specific energy
hydrogen 11-—15 MJ/m*H, for which the effective energy consumption (ECy)
attains a minimum of 58—70 MJ/m® C,H,. For this specific energy range, the
conversion degree of the substrate to acetylene (U,,) reaches 6385 %. Above
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1 72,,,5qu the total methane conversion degree (U) exceeds 90 %. It is evident
from Fig- 3 that for the optimum energy of the hydrogen range the energy
nc:mcan:o: EC also attains a minimum of 110—130 MJ/m® C,H,. With a rise

of the specific energy above 17MJ/m*H,, U, decreases. The difference between
¢ and U, indicates that a side reaction take place.

100 1~

80

60

20

Ol oy by v e s b s b
S 1© 15 20

En[M)/mHy)

| oECpi[MimY)
300 .mhv_

50

PR Y S0 N RN TN U U0 T S S S S GO S S P B

S 10

EH) 2
& Myimirs)

Fig. 3. Effect of the specific energy of hydrogen E, on the effectiveness of the process.

.: follows from Fig’3 that amoﬂam&:m the contents of hydrogen in the
mixtures .2:: methane, which is equivalent to an increase of Y, results in a
decrease in the energy consumption EC,;. Furthemore, it follows from formula
(15) that to a higher plasmotron efficiency there corresponds a lower energy
nozchw:o.z EC. The above mentioned conclusions were utilized in studies
ﬁ_vmmﬁmﬂwma‘_: an experimental plasma installation with an arc power of 50—
ments , (situated) at the Nitrogen Plant ,_,mw:oi [7, 17]. The results of measure-
e are .Uﬁmmm:ﬁa in the Table. .Hw_m dates in the Table show that a low energy
oaoaw:c:n: EC, below 60 MJ/m Owif are obtained to the of a high —

¢y plasmatron as well as a reaction chamber.
al :Mmoam that .Em nﬂ.nmo::wa calculation model well illustrates the experiment-
y found relationships between the degree of the methane conversion into
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Table 1
Measurement results obtained using a high-efficiency plasmatron on a lerge laboratory scale

Parameters Units 1 2 3 4 5 6
P kW 61.2 63.4 66.4 74.8 96.7 998
v, m’ (per 1 h) 10 12 12 12 18 18
v, m* (per | h) 12 9 14.7 135 15 15
Y ! 1.2 0.75 122 111 0.83 0.83
n % 84.6 88.3 87.5 875 88.4 87.4
E, MJ/m*H, 18.6 16.2 17.4 19.6 17.1 174
T K 4050 3900 3950 4100 3900 3950
T K 3100 3300 3400 3200 3330 3300
EC, MJ/m*C,H, 536 59.7 52.1 52.3 59.6 60.4
EC MJ/m*C,H, 63.3 67.6 59.4 59.8 67.5 69.1
U, % 58.0 76.1 54.6 66.7 68.7 69.3

acetylene and energy consumption, on the one hand, and the specific energy of
hydrogen on the other.

Subsequently it was attempted to calculate the parameters of the process

production of acetylene in a hydrogen plasma jet carried out on a semi-commer- -

cial scale. The operating conditions of this reactor of an arc power of 1 MW with
the diaphragm quenching of the reaction products were calculated earlier [9] for
the plasmatron and the reaction chamber efficiencies equal to 83 and 80 %,
respectively, and the hydrogen plasma jet temperature 4000 K. Under these
conditions the hydrogen specific energy is 18.4 MJ/m’, the hydrogen flow rate
162 m*/h, the methane flow rate 168.8 m*/m the energy consumption should be
58 MJ/m*C,H, and the acetylene to methane conversion degree 92 %.

Next, the process with gasoline freezing of the methane pyrolysis products
was calculated based on earlier studies [18]. It was assumed that both in the
Jaboratory and on a semi-commercial scale investigations at the same effective
specific energy of gasoline (7 MJ/kg), the same additional amounts of 0.25 m’ of
C,H, and 0.5m’ of C,H, per 1kg of the raw material introduced are obtained.
It is expected that, after the introduction of 94.8 kg of gasoline into a reactor of
1 MW arc power the energy consumption decreases in the production of C,H,
and C,H, + C,H,down to 42 and 27 MJ/m?, respectively. These values are close
to those obtained in a modified industrial installation of Hiils Co. [19, 20}.

On the basis of the results of laboratory studies, quasi-equilibrium calcula-
tions and industry experiments one can say that a specific energy of hydrogen
higher that 15 MJ/m*H,, a methane/hydrogen molar ratio higher than 0.7, high
plasmatron and reaction chamber efficiencies and quenching products pyrolysis
of methane by means of liquid hydrocarbon: favour low energy consumption
in the production of C,H, form CH, (or the natural gas).
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BJMSHUE YHEPTETUYECKUX MAPAMETPOB MJAZMATPOHA
HA OOEKTUBHOCTD NMPOUECCA CUHTE3A AUETUJIEHA U3 METAHA

Tlpoiece npoBeacHO B CTPYE BOAOPOAHOM HIIA3Mbl reHepepUpPOBAHHON B Ayre MOCTOAHHOTO
Toka. BoapeifcThie YACNHHOM JHEPFHU BOIOPOIA, TEPMUUECKOrO KILA. NAa3MOTPOHA ¥ MOJIAPHOTO
OTHOWIEH MR MeTaH/BO/10PO HA IGPCKTHBHOCTb 1POLECCA ONPEACIICHO TaK NIPH NOMOMUIN KBA3UPAB-
HOBECHBLIX PACUETOR KAK ¥ TIPH NOMOILH IKCCPUMEHTOB.
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