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ABSTRACT

The conversion of CO/H, mixtures to light hydrocarbons pre-
ferently to methane waé investigated experimentally, The con-
version degree depends on discharge time, CO/H ratio, and
pressure. The hydrocarbon formation will be kiﬁetically
explained by an ionic mechanism based on a successive il atom
transfer, Due to plasmacatalytical sensibilization He respe.Ar
additions cause a distinct increase of the conversion degree.

1o _ INTRODUCTION

Because of their favourable properties for nonthermal reaction
activation glow discharges are preferently applicated in per-
Torming chemical reactions / 1 /. They are especially suigable
for the activation of such reactions resp. product synthesis
which couldn't be realized under the thermal conditions of a
low temperature arc or jet plasma. A mixture of CO and H 3

the synthesis gas, is such a chemical system which opposg to
be converted to other compounds, especially to hydrocarbons,
(= H.C.) by means of thermal activation. The conversion of
CO/H,-mixtures to simple hydrocarbons in nonthermal electrical
discﬁarges was treated in several papers / 2 // 3 /. The
attempts succeeded however in obtaining small conversion
degrees of CO — H.GC, especially to CH, as main product, and
low partial pressures of formed H.C., %hich depend on the
kind of the discharge, the reactions conditions (e.g. strea-
ming or static systems, the discharge parameters and the
CO/Hz—ratio.

The following investipgations are concerned with the plasma-—
chemical CO/Il,~conversion to light H.C.under strong nonthermal
activation cofiditions. It was the aim of the investigations

to look for suitable operation conditions for high conversion
degrees and for gaining new informations on the kinetics and
the mechanism of the plasmachemical conversion process. Most
attention was payed to the sensibilization of CO/H.-conver-
sion by means of gas additions based on plasma catilysis, that
is to achieve by additional nonthermal reaction activation pro-
duct concentrations,which exceed the equilibrium values.Accor-
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ding to previous investigations on sensibilization in radia-
tion chemistry and plasmacatalytical CH,/N,-conversion to
hydrazine / 4 /, the plasmacatalysis shgula be performed by
means of additions of He and Ar gas to the original CO/H.-
mixbure, :

2¢  EXPERIMENTAL

The investigations were performed on a experimental device
consisting of 2 equal discharge glass tubes T, and T, (Fig.1).
T, was operated under static conditions and sgrved ag reactor
fgr the synthesis of stable products, which were extrated by
a Toepler-pump for gaschromatographic analysis. Tube T,served
as source for mass spectrometric analysis of the interﬁediate
iounlc species formed during discharge operation by means of

a double focussing so called plasma mass spectrometer., T
worked under flowing gas conditions, BElectrodes (cold me%al—
lic cylinders) and discharge conditions were chosen in order
to ensure the formation of an utmost high cathode fall, the
important presupposition for establishing high activation
conditions., The discharge was operated by a high voltage
direct current generator. The operation conditions varied in
the range of 600 = 1000 V and 50 = 75 mA at neutral gas
pressures of 13 - 400 Pa.

J._ RESULTS

The obtained results may be summerized as follows:

- Unter the nonthermal conditions of a glow discharge CO/H.-
nixtures will be converted to simple H.C. As main product m&-
thane was observed., The second important product, ethane,
appeared in concentrations of an order of magnitude smaller
than those of methane. From other H.C. products like C.H,,
cenq, C,H, and C H1O ouly traces could be detected. Fu%tger—
more smgl§ amounts of CO,, 0, 0,,and CH,0 were mass spectro-
metrically identified as“reaftion producté too.

~ The conversion degree o of CO —» CH, strongly depends on
discharge time resp. energy input and 06/H concentration
ratio., The highest conversion degrees in tﬁe order of 12%
were obtained at medium discharge times of 100 s and at COAL~-
concentration ratios of 10%, that is at a high excess of H,%
The methane content in the product gas does’nt exceed 3 %:

~ The conversion degree o¢ CO —» CH, increases proportio-
nally with the neutral gas pressure iﬁdependently of the
CO/H,~concentration ratio (Fig. 2).

- Additions of He resp., Ar as plasmacatalytical acting gas
cause a manifold increase of the conversion degree, in the
case of He values were achieved which were up to 7 times
greater than for He free conditions (Fig. 3).

4, DISCUSSION

The experimental results mainly the methane formation from
CO/H,-mixtures may be explained by a sequence of ion molecule
reac%ions based on a successive H atom transfer to COt-~con-
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tainig molecules, The initial step of the mechanism is the
CO"=ion formation by elec;ron impaot or preferently by charge
Lransfer processes with H', H and H3+-ions, respectivly.
Starting with the COt-ion, sufcessive’reactions with H mole-
cules lead to product ions in the sequence of CHOt, CH50%,
CH,Ot and CHyO". These product ions may react simultaneously
with CO-molecules by which in dependence on the stage of
hydrogeneration C/H-radical-ions were formed., The mechanism
can be characterized in detail as follows:

I+ } Ho .
H,* + +
2 CHO" + CO ———» CH' + 002
§ Hy
+ +
CH20 + CO ——t CH2 + 002
1
[ L o

+ +
CH3O + CO — CH3 + CO2

1 .

CH, 0" + CO — oH,* + C0,

co +{e' — co*

The different product ions, the O-containing ions as well as
the C/H-radical ions will be neutralized on the negatively
charged tube walls., The low pressure in the tube favours the
neutralization reactions on the wall for which the probability
is higher by a factor of 10% compared with volume reactions,
In such neutralization reactions on the walls O atoms may be
abstracted and react subsequently with hydrogen to water mo-
lecules resp. C/ll-radicals may recombine to higher H.C, The
presented reaction scheme is verified by several experimental
facts:

~ All of the ionic species occurring in the reaction scheme,
the O-containing ions as well as the C/H radical ions have
been idenfified by plasma spectrometry,

~ The listed ion molecule reactions are well known from simi-
lar reaction conditions and are characterized by high cross
sections / 5 /.

—- The presence of CO., as well as of H,0 molecules in the
discharge tube has be&n identified mas§-spectrometrically.

- The time denpendence of CH,~ and C.H.-molecule formation
indicates, that C,I. moleculed were f8rﬁed not only via me-
thane but also via primary C/H radicals.

The occurrence of a plasmacatalytic effect in sensibilization
of the CO/H, conversion to H.C, by additions of He and Ar to
the reactiofi system may be interpreted as an approvement of
the proposed mechanism. Due to the presence of He or Ar atoms
in the discharge additional charge transfer resp, Penning
iogization processes will be initiated,from which additional
CO" ions arise

+ b
He™ b+ 00— CO" + He 2)
e (23s) J
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If He' ions react fipst via charge transfer processes with
H,-moleculs, then CO" ions will be ;ormed'by subsequent charge
tgansfer processes with H,* resp. H® ions. The distinct sen-
sibilizing effect caused By excited or ionized He resp. Ar
atoms in the plasma is the result of the much higher cross
sections of charger transfer-reactions compared to that of
electron impact ionization. So by the round-about-way of He
resp. Ar ionization finally more CO*-ions will be formed than
by the direct electron impact ionization.

5o CONCLUSIONS

1. CO/H, mixtures will be converted to light hydrocarbons,
preferen%ly to methane, by nonthermal activation in a glow
discharge.

2, The conversion degree of CO/H, to methane and the methane
partial pressure depend on dischagge time resp. energy input,
CO/H2 ratio, and discharge pressure,

3. The CO/H, conversion to hydrocarbons will be kinetically
explained by“an ionic-mechanism based on a successive H atom
transfer to CO*-containing molecules.

4. The conversion degree to methane will be distinctly in-
creased by a plasmacatalytical sensibilization effect due to
additions of He resp. Ar to the CO/H2 system,
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Fig. 1 ¢ Schematic drawing of the apparatus. T - discharge
tube, MS - mass spectrometer, TP - Toepler pump,
P - product gas probe, G - gas reservoir,
M - manometer.
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Fig. 2 : Partial pressure of formed methane versus discharge
pressure, of different ratios of CO/H, as parameter.
Discharge time 100 s, discharge currefit 75 mA.
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Fig. 3: Influence of He resp. Ar additions on the conversion
degree of CO —s» CH, in the CO/Hp glow discharge.
Discharge time 100"'s, discharge current 75 mA.





