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o HMZELCHZOM OF PROCESS PARAMETERS
THE PLASMA PYROLYSIS oFf METHANE
TO ACETYLENED
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where: . . .
£ . Eis the energy of the plasma jet and the arc, respectuively, 1 is the thermal
o

officiency of the plasmatron, V,. ¥, is the volume of hydrogen and methane,
respectively. According to the equation the plasma Jetenergy is equal to the sum
of the hydrogen and the methane energies at the initial temperature of the

reaction
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The hydrogen to methane molar ratio, X, which is equivalent to the ratio of the
reagents flow rates, was calculated from the formula

X=VIV, 3)

The thermal efficiency of plasmatrons, 7, which characterizes the relation
between the arc energy E and the energy of the flowing out plasma jet, E,;, was
calculated from the formula

n= EylE =(&— Q. —E)E, S

where £, E, is the energy of the water cooling the cathode and anode,

respetively.
Il. EXPERIMENTAL

The experiments were carried out on a laboratory scale (arc power discharge
10—40 kW) as well as on a larger scale reactor of the arc power of 50—100 kW
at the Nitrogen Plant at Tarnow {18]. The experiments were performed in
an apparatus system (Fig. 1) whose main part is a chemical plasma reactor. It
includes a d.c. arc plasmatron with arc stabilization by the magnetic field, a
reaction chamber in the shape of a cylinder, a freezing chamber consisting of a
heat exchanger of the “‘tube in tube” type.

In experiments with the reactor of the arc power discharge up to 40kW
anodes of 6.5 or 100 mm diameters and a reactor chamber of a diameter of
l0mm and a length of 52 mm were employed. In experiments carried out at a
Power of the arc discharge of 50-—100 kW, anodes of 16 or 18 mm diameters and
reaction chambers of 18 or 20 mm diameters and 54 mm long were used.

The composition of off-gases was determined by gas chromatography. The
flow rate of reactants (¥,,) was calculated on the basis of the content of an inert
8as (nitrogen or argon), intentionally added to the post-reaction gas. The flow
rate of the inert gas was measured by a rotameter. The content of the com-
Ponents V) in the post-reaction mixture was calculated from the formula:

-\\, = A—\MZ\\AEV\A‘ = /\\:li AMV
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where V' is the amount of the inert gas. A, 1s the contents of the inert gas, A s

the contents of the jth component in the post-reaction mixture, V., is the flow
rate of the post-reaction gases.
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Fig. 1. Diagram of chemical plasma reactor,
A I — plasmatron, 2 — reaction chamber, 3 —
h s freezing chamber, a, b — external, internal
H,O cooler, s — solenoid.

HI. RESULTS AND DISCUSSION

From the results of laboratory studies performed earlier [13], the effect of the
initial reaction temperature on the energy consumption and the methane con-
version degree the total U and to acetylene U, was determined. The experiments
were carried out at X = 2. The methane flow rate reached 2.3 m*/h. The reaction
temperature varied in the range of 1700—4000K due to a change of the arc
power from 10 to 40kW. The results of these experiments are presented in
Fig. 2.

It is evident from Fig. 2 that there exists and optimum range of initial
reaction temperature 2900—3600 K in which the energy consumption EC att-
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ains 4 minimum value of 110— 130 MJ/m’ C,H,. In this temperature range the
conversion degree of the substrate to acetylene amounts to 62-—83 %. Above

3400 K the total methane conversion degree exceeds 90 %. As can be seen also
from Fig. 2, an increase of the reaction temperature caused a decrease of
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Fig. 2. Effect of initial reaction temperature 7, on the effectiveness of the process.
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H:mmﬂrm:w and an increase of acetylene contents in the post-reaction mixture I

e om:Em_ range of the reaction temperature the C,H, contents oxoo.n .
8vol. % and CH, decreases below 3 vol. %. ) «
\ In some cases the Interpretation of results is made easier by m::oa:om:w th
E_E“:m:w wm:ma eflective énergy consumption” EC,, Le. energy oo:m:Ew:.oM
calculated in relation to the effective en : j

ergy of the plasma

Fooulare gy p jet [T1, 13, 17

EC, = EC.y, (6)

where 7 is the thermal efficiency of a plasmatron, represents its connection with
the energy consumption EC.
It follows from formula (6) that

EC = EC, /7. (7

It is worthwhile to notice that at n— 1, EC - EC, [17]
- - .\ ’
The use of MQE. makes it possible to eliminate the effect of thermal &mnmoz&

It is evident from Fig. 2 that in the optimum reaction temperature range the
€nergy consumption EC,; also obtains a minimum value of 60— 70 MJ/m?*C,H

In Sﬂ mooos.a stage of the laboratory work the effect of the ooEvomEow Mm
the reaction mixture (defined by X) on the yield of the acetylene production
from methane was studied. The results of experiments performed in the opti-
mum range of reaction temperatures are given in Table 1.

of the energy consumption EC.
| Ooﬂvm:mw% of experiments 4 and 5 shows that at similar EC, and X a higher
plasmatron efficienc corresponds to a decided] .
e -ney, n, y lower energy consumption
of EC. This is evident from formula (). ® P

Table 1
Experimental parameters (a laboratory-scale reactor)

Parameters Units i 2 3 4 5
P kw 28.5 22.5 28.5 26.0 30.6

I

\m _W 3240 2940 3250 3030 3040

; Y 2.1 1.90 1.48 1.05 0.93
(] 55.3 59.3 58.4 66.4 459

EC MJ/m? 118 95.9 92.4

Table 2
Experimental parameters (a large-scale plasmatron)

parameters Units ! 2 3 4
g kW 61.2 64.3 96.7 99.8

y m?/per hi 10 12 18 18

r K 3090 3330 3260 3300
‘,ﬂ | 0.83 1.33 1.2 1.2
" % 84.6 88.3 88.4 87.4
£ MJ/m? 63.4 67.6 67.5 69.1
£C,, MJ/m? 53.6 59.7 59.7 60.4
0, % 64.8 76.5 69.8 - 695
Y% 58 76.1 68.7 69.3

It follows from laboratory studies that a reaction temperature in the range of
2800—3400 K a hydrogen/methane molar ratio lower than 1.5 and a plasmatron
efficiency above 60 % favour low energy consumption in the production of
acetylene from methane.

The above-mentioned conclusions are used in studies performed in an experi-
mental plasma installation of the arc power of 100 kW, at the Nitrogen Plant at
Tarnow. The results of measurements are represented in Table 2.

The data from Table 2 show that a low energy consumption EC, below
70MJ/m* C,H, is obtained owing to the use of a high-efficiency plasmatrons.
The thermal efficiency of the reaction chamber [15, 19} attained values of 75
—80 %. This value approaches those obtained by Jasko and Laktuszyn
(20] in a reactor of 1 MW power, with the freezing of the reaction product with
awater spray. It results from literature data [2, S, 8] and our studies [18, 21] that
a fast quench of the reaction mixture (during the C,H, synthesis from gaseous
hydrocarbons) by a liquid hydrocarbons spray instead of diaphragm freezing
results in a further decrease of energy consumption. To perform such a task, an
additional chamber of 10 mm diameter and 37 mm long has been added to the
main reaction chamber.

In the laboratory reactor of a 50 % efficiency an arc power of 35kW and a
rwanomm:\an:—mzn ratio 2 and the reaction temperature 3700 K, due to an
application of n-hexane freezing the C,H, concentration was increased from

10.5 to 15.0, that of C,H, from 1 to 7.5 vol. %, and the energy consumption EC
decreased from 115 to 65 MJ/m’ C,H,. Also, a decrease in the energy consump-
tion in the production of the CH, + G,H, mixture from 110 to 43 MJ/m® was
observed. The energy consumption £C,, calculated in relation to the plasma jet
‘nergy, was equal to 58-—33 MJj/m? GCH, and 55—21MJ/m* CH, + C,H,,
Tespectively.

It can be assumed that the application of high-efficiency plasmatron and
*®action chambers can result in a further decrease of energy consumption.

131



In Hiils Co., gaseous hydrocarbons were, pyrolysed in the reactor
10 MW arc power and a plasmatron efficiency exceeding 80 % [2, 8].
Energy consumption of up to 30—35MJ/m’ C,H, + C,H, was obtaineq gl
freezing the reaction products with liquid hydrocarbons. H

An analysis of these and other literature data [1, 10] suggests that plas
technology is competitive with other techniques of C,H, production such as E
carbide method and natural gas partial-combustion. ]
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BJUSTHUE PABOYMX [TAPAMETPORB ITPOUECCA HA YOPEKTUBHOCTh
IIASMEHHOT O [IMPOJIN3A METAHA A0 AHETHUJIEHA _
Mcenenosano Bosneitcreye navanbuoil TEMIIEPAaTYPhl peakiu, MOapHOTo oTHowerud M
CH, u tepmuueckoro k.n.a. nnasmatpona Ha >¢dektusHocts cuntesa C,H, us CH, » c1pf
BOJOPO/IHOM NAa3Mbl. ONpPENENeHO ONITHMANEHDIC BEIHYHHb] NMapaMeTpos npoiecca a1s KOTOPH
PACXO/1 JHEPIUM JOCTUraeT CAMBIX HUIKMX BEJIUUHH.
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