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SIMPLE THERMODYNAMIC MODELS OF ACETYLENE
SYNTHESIS IN A HYDROGEN PLASMA JET')

PLOTCZYK, W. W..%) Warszawa

The effect of reaction temperature on the yield of acetylene synthesis from meth-
anc i a hydrogen plasma jet and the optimum temperature range were determined by
cquilibrium calculations and cxperiments.

I. INTRODUCTION

Acetylene synthesis from methane has been the object of many experimental and
model studies [1—| 1. Among thermodynamic models, the quasiequilibrium
models are of great importance [1—3]. They are based on the fact that reagents
remain in the reaction chamber of 4 plasma reactor only for the time of an order
of 107*s: in so short a time, only reactions of the gaseous phase can take place.

The aim of the present studies was to evaluate the usefulness of the quasie-
quilibrium model for calculating the energy consumption during the synthesis
of C;H, from CH, as well as the usefulness of the degree of methane conversion
into acetylene, on the ground of the initial temperature of the reaction of the

hydrogen-methane molar ratio and the thermal efficiency of the plasmotron and
reaction chamber.

1I. MODEL

The starting point of the present considerations consists of the energy balance
equation of the process at the reaction chamber input, which describes the initial
conditions of the synthesis

£y = En= VAH(T) + V,,AH,(T) M

where E,, E is the energy of the plasma jet and arc, n is the plasmotron
efficiency, ¥, V.. are the volume of hydrogen and methane, AH(T), AH (T)) are
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the enthalpy changes of hydrogen and methane from the initial temperature of
the reaction to standard temperature (298 K).

For the given initial conditions of the process, the sum of energies of the
reactions products (at the quenching chamber input) plus the C,H, formation
energy at the standard temperature AH3,(C,H,), plus the energy taken up by
water cooling the reaction chamber E,,, represents the plasma jet energy. If the
volumes of reagents are expressed as a function of Vi and U, the plasma jet

energy is determined by the formula

ms, =0.5U, _\EBQ%H\V +(1-U,) -\sbtaxﬁv + L5U,, _\SBE\AH\ + @)
l—l —\:Bt\%ﬁv A_l O.MQS. m\ib&@xﬁﬂ”wzuv + mzx.
where: U, is the methane-to-acetylene conversion degree, bt%dv, m:_\sﬁt
AH(T) are the entalphy changes of acetylene, methane and hydrogen upon the
transition from the quenching temperature and the standard temperature.

If the volume ratio of hydrogen to methane is denoted by X and the eq. (1)
is divided by V,, then a generalized energy balance equation results, which
defines the initial conditions of the process as a function of temperature 7, and
of the initial composition of the reactants expressed as X

where £, is the effective specific energy of methane [8].

For the given initial conditions of the process and for a calculated or assumed
reaction chamber efficiency 7,,,, which to a high degree depends on the reaction
temperature and on the specific energy of methane [8], the generalized equation
(for V,, = 1) which characterizes the final conditions of the process — at the
quenching chamber input — acquires the form

Nm,i = m\:A— - dﬁgv + O.MQ&AB$@AONI~V + RBE&ANM + BmiAﬁvu AA.V

where 4HY,(C,H,) is the enthalpy of the acetylene synthesis from methane at
quenching temperature.

It was assumed, similarly as in other works [2,7, 11], that the desired reaction
is the only one taking place in the system, hydrogen supplying the plasmotron
is regarded as an inert energy carrier, i.e. a diluent of the reaction products [1,
3, 1], and thata the process attains an equilibrium at quenching temperature,
As a consequence it can be concluded that the methane-to-acetylene conversion
degree calculated from the energy balance equation

QS - MSA le_v _ \%\BN.N»ANMV - b:EANMV AMV
0.54H3(C,H,)
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should be equal to thar computed from the equilibrium constant K expressed by

pressures [7]
U VX AWK 1 L299)/VKI(1 —xy —_ y
- 2A(K + 1299 /K . ©

The final conditions of the process can be determined by solving the equation
System (5) and (6) with respect to 7, and u,.
Effective energy consumption EC,, calculated relative to the plasma jet

energy. defined as the ratio of £, to the volume of acetylene, is expressed by the

formula
mmv:. = "F ] ﬁ —

O.M N\S. ~\E Q o

energy

\;.m above method yields the minimum, 5230&:&5_.8__% Justifiable value of
unit energy consumption,

The R_.m:o:m_:.c between equilibrium conversion degrees and effective energy
consumption EC,, for various compositions of the H,—CH, mixture is given in
Fig. 1. The reaction chamber efficiency was assumed to be 80%,.

consumption is lowest at the highest methane contents in its mixture with
hydrogen (low value of X).

I EXPERIMENTAL

The experiments were performed at constant hydrogen (4.4 m/h) and meth-
ane (2.2 m¥h) volume fluxes, i.e. at a constant initial composition of reagents,
X =210 Reaction temperature varied within the range of 1700—4000 K by
changing the power of the arc from ¢ to 40 kW. The apparatus and the
methodology of experiments have been described earlier [10). The initial tem-
perature of the reaction was calculated by the formula ().
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IV. RESULTS AND DISCUSSION

The results of an analysis of our earlier work [10] are presented in Fig. 2. It
results from Fig. 2 that there exists an optimum range of initial reaction tem-
perature (2600—3300 K) for which the effective energy consumption EC,, ob-
tains a minimum of 60--70 Mi/m* C,H,. For this lemperature range, the
conversion degree of the substrate to acetylene U, reaches 54— 85%, Above

EC also attains a minimum 110——130 MJ/m* C,H,. With an rise of temperature

above 3500 K, U, decreases. The difference between U/ and U,. indicates that a
side reaction take place.
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Fig. 1. Dependence of U.. and EC,; on the ini-
ol tial reaction temperature 7, for various H,/CH,
molar ratios X.
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2000 3000 4000 T [K] Fig. 2. Effect of initial reaction temperature T
on the effectiveness of the process.

It follows from Fig. 1 that a decrease of the content of hydrogen in the
mixture with methane, which is equivalent to a decrease of X, results in a
decrease in energy consumtion £C,. Furthermore, it follows from formula 8
that a higher plasmotron efficiency corresponds to a lower energy consumption
EC. The above mentioned conclusions were utilized in studies performed in an
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experimental plasma installation with and arc power of 50100 kW at the

ﬁmmﬂomn: Plant Tarnow [6. 9]. The results of measurements are presented in the
able 1.

Tablc |

Measurement results obtained using a Em:.aﬁ&n:nw plasmotron on a large laboratory scale.

Parameters Units i 2 3
P kW 61.2 63.4 66.4 74.8 96.7 99.8
v, m*/per 1 b/ 12 9 14.7 13.5 15 15
X ] 0.83 1.33 0.81 0.89 1.2 1.2
7 % 84.6 88.3 87.5 87.5 88.4 87.4
T, K 3100 3300 3400 3200 3300 3300
EC, MJ/m’C.H, 53.6 59.7 52.1 52.3 59.6 60.4
EC MJ/m’C,H, 63.3 67.6 59.6 59.8 67.5 69.1

e Yo 58.0 76.1 54.6

of 83 and 80%, respectively, and with plasma Jet temperature of 4000 K. Under
the above conditions ap Vi=162m'/h, T. = 3200 K and X' =0.96 the unit
€nergy consumption ought to be 58 MJ/m? C,H, and degree conversion metha-
ne-to-acetylene 92%. This value approaches o those obtained by Jasko and
rm_ﬁ:m:m: [12] in a reactor of I MW power, with the freezing of the reac-
tion products with a water spray.
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MPOCTASA TEPMOJAMHAMMUYECKAS MOAEJL IPOUECCA CHHTE3A
ALUETHJEHA B CTPYE BOJAOPOAHOM MAA3IMBI
B pabore onpeneneno BAMAHKE HAYANLHON TemnepaTypui Peakuny Ha addexTHBHOCTDL

Ipoleccd CUHTE34 AUETUIICHA U3 MET4dH4 B CcTpye BOAOPOAHON NNa3mpt Hd OCHOBE pacyeTros pas-
HOBECHS U IKCNEPUMEHTOB.
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