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ABSTRACT

A quasi-equilibrium model of synthesis of acetylene from
methane in an argon plasma jet was eleborated which made it
possible %o calculate simply the methane-to-acetylene conver-
sion degree as well as the energy consumption, The agreement
between experimental and calculated results is satisfactory.

1o INTRODUCTION

P{rolysis of methane, a main component of natural gas, in a
plasma jet is of a great importance becouse it is an effectis
ve source of acetylene, valuable chemical raw material /1927
Leutner and Stokes /3/ where the first publish results of
investigations on the acetylene synthesis from methane in a
plasma Jet. Next, many papers were published /4-9/ which to-
pics were considerations on the prediction of ener consump-
tion and methane-to-acetylene conversion degree with formuls-
tion of the corresponding thermodynamic /4-9/ and kinetie/4,%
models, parallely to experimental studies.

The aim of thls papers is modelling of the process by using
chemical thermodynamice principles. It is continuation of
eariel works performed in the argon /10/ plasma concerning
the effect of initial tempsrature of the reaction an the cour
g6 of acetylene synthesis from methane.

In this paper a method the prediction of the s{nthesis yeld
was tentatively elaborated in the from of simple algebraic
relationships. Incomparison with the earlier work the polyno-~
mial of the 6th order, describing the relationship between
argon and methane enthalpies and temperature, was reduced %o
the linear one. Also, the implicit equation, describing the
equilibrium metharie~to-acetylene conversion degree /11/ as a
function of freezing temperature was replaced by a cubic
equation in relation to freezing temperature.

The starting point of the considerations is the energy balan-
ce equation of the process at the reaction chamber input

Epj = Erz: Ve Aﬁa/Trl + VmAHm/Tr/ /1/

-~ energy of plasma jet [MJ]

where: E 3
EPY - energy of arc [MJ
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Vs Vp = volume of argon and methane [é3/£] ’
A Ha/Tr/’ AHm/Tr/ -~ enthalpy of argon and methane at

initial temperature of the reaction Ta/MJ/m%
The literature values /12/ of the enthalpy of argon an
methane were approximated, respectively, by formulas: a + bT
and ¢ + dR . &
It results from this formula that the amount of methane which
is to be introduced into reactor to obtain a required reac-
tion temperature is:

Bp=V_AH/T
T R

for give B, V_ and 1] values.

If the ratio Bf argon methane is denoted by X and the eq-
/1/ divided by V_  a generalised energy balance equation re-
sults, which defilles initial conditions of the process as a
function of temperature T._ and of the initial composition
of reactants expressed as X

B
v, - vii = XaH/T/ + AR/ / /3/
For given initial conditions of the process and for a calcula-~
ted or assumed reaction chamber efficiensy 1 /13/ the
generalized energy balance equation at the frsgging chamber
input acquires the feorm:

By = B/ 1= Myop/+ 055U, ABY/Coly/+ X AR /To/+ By /) [4/

wheres Uac - methane=to-acetylene conversion degree,
~ the freezing /quenching/ temperature
AHO/GZHZ/ - mean enthalpy value of the acetylene from
 methane MI/m’] for Te ¢ 13 o 103k
A‘Ha/TfAASHm/Tf/ - enthalpy of argon and methane at
freezing temperature [MJ/m”|.
The literature values /12/ the enthalpy of ergon and methane
werehapproximated, respectively, by formulass & + fo and
g+ Poe :
It hasfbeen assumed as in other papers /4,6,9,11,14/ that the
only reactlon oceurring in the system is the desired ome and
that it attains equilibrium at freezin§ temperature. .
It has been inferred from this assumption $hat U calecula-~
bed from the energy balance equation /4/ off the pBBcess

o, - " lron = XARy/%/ 4R/ /51
88 0,5 AH°/C321:12/

should be squal to that reaulting from the equilibrium con-
stant Kp expressed by pressure/:

Upo = 1 + 3Tp + KT, + 2K/1 + nlp + nTp%/ /6/
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gor tgggeratures above 1900 K Uae was assumed to be equal
o O, o

The final conditions of the process can be determined by sol-
ving the equation system /5/ and /6/ with respect to T, and
Uggs Taking into account expression of E_ as a functibn of
ingtial temperature /equation 1/ and af4@r appropriate trans-
formations, the following formula is obtalned from right gid:
des of egquation /5/ and /6/

ar> 4+ Br2 4 I, + D = 0 17/

where: A = 0.5 AH°/0232/
B = nX AH~°/0232/
(¢} [¢]
C = 0:5) AH®/C,H,/ + mX AH®/C,H,/ + Xf + h
0
D szH /02H2//0.51 + X1/ - qrch/b + d/!r ® Qrch/qx + ofd

+ Xe + g

The values of coefficient of equations /1-6/ are listed a%
the and of the paper.

As can be seen, equation /7/ determines the freezing tempera-
ture as a function of initial temperature reaction, reaction
chamber efficiency, and reactants ratio X,

The freezing temperature of the process is calculated from
equation /7/. Afterwards the equilibrium methan-to-acetylene
conwersion degree U is calculated from equation /5/ or
/6/. The tnit energy®8onsumption Z defined as the ratio of
are egergy te the amount of acetylene n is determined by
formula.

2E 2X/a + bT./ + 2X/c + 47
z.g.ga il r/ /8/

Ugel Uae * 1

The above method gives the minimum thermodynamically justi-
fiable value of unit energy consumption.

2¢ BXPERIMENTAL

The experimental investigation were performed using of chemi-

cal plasma reactor /7/. The reactor consisted of three prin-

cipal parts:

1 = plasmatron PL~100 with swirling stabilisation of low-vol-
tage doc. arec of argon jet,

2 - water-cooled reaction chamber -~ 8 mp diameter, 54 mm long

3 = freesing /quenching/ chamber, which incorporated a double-
pipe heat exchanger.

The diameter nozzle-anode dependencing on the arc power was

changed from 3,6 to 5 mm. -

The effect of the initial temperature on the acetylene syn-

theais from methsne in an argon plaesma jet at conssant ratio

/equal to 2/ of argon to methans flows was investigate the

given apparatus gystem. The constant flows of argon =2 m’/h

and methane -1 m3/h were maintained. 4 change in arc power

from 4 to 16 kW caused mn incremcse of the initial reaction

temperature from 1900 te 6000 K.
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The initial and freezing temperature of the reaction were ealk
culated from the material and energy balance. At start of fre-
ezing the sum of enthalpies of unchanged methane, reaction
products, and argon is equal to the enthalpy received by coo-
ling water of the freezing chamber. It was assumed that du-
ring freezing the composition of products does not change.
The enthalp{ received by cooling water of particular parts of
the chemical reactor was determined calorimetrically.

3. RESULTS

The results of experiments and ecalculations are presented in

Pig, 1. The experimental results are aproximated by the doted

line, The full thickened line presents the results of caleu-

lations performed by earlier methodics /18/, le.e. withouth

gimplifieation in formulas desgribing the dependence of the

enthaply of argon and methane on temperature as well of the

methane conversion degree on the ratio argon/methane and the

thermod{namic equilibrium constant.

It results from analysis of experimental date that:

1. the increase of temperature caused an expeméntigl increase
of methane~to=acetylene conversion degree Uge from 0.2
to 0,86, Above 4000 K the conversion degree éxceeded 0.8,
Phe total methane conversion degree is higher than Ugs,
it is similar to calculated valuess

2, in the temperature range gf 2600 = 4200 K a minimum energy
consumption 93 - 101 MJ/m” CoHp was observed.

It results from Pig. 1 that the model of calculations propo-

sed render well the course of experimental relationships. It

peems that in the case of homogeneous, quasi-equilibrium of

decomposition of methane to acetylene the method proposed ean

be useful for fast and simple mathematically predieting of

gynthesis {ield as well as experiment planning by using a

chemical plasma reactor. .

Our experimental values of the methane-to-acetylene conversica

degree are lower and, as a consequence, of the ensrgy consum-

ption are higher then the calculated ones which is due tos

i1, The assumption of model- according to which the desired
reaction is taking place only. Actually, CpHy synthesis
and acetylene polymerization proceed to some extend simul-
taneously.

2, The cooling rate of the ofter reaction mixture /5/ is too
low which causes a decomposition of acetylene to the ele-
ments.
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NOMENCLATURE

The follbwing numerical values of coefficilents in equation
/1=6/ were used;

a8 = 4.345 L 10- k= - 1.845
b = 2,073 ¢ 1075 35 56544 ° 1073

c = - 1,122 « 10°1 k = - 2,418 « 10~9
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=

=

R M0 o

2,05 « 1072 1= ~0.311
8 . 1074 m= 1,561 ¢ 10=3
2,05 « 105 n = = 1,708 « 10-6

- 5,78 ¢ 102 AHO/CoHp/ = 18433 [MI/m3]

1,005 » 104
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