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CHEMICAL REACTIONS IN THE CORONA
DISCHARGE IN CO AND ITS MIXTURES")

‘M. TEGELHOFOVA?), V. MARTISOVITS?), Bratislava

.. The chemical reactions in the corona discharge in CO and its mixtures with H.O, H.,
N. for decreasing the concentration of CO were investigated. The rzaction CO+H,

. yielded the best result, since there the drop of the concentration of CO has the value of
50 % through the synthesis of 8 CH,, organic acids and aldehydes. In the reaction
CO+N: no &.»Enom conE._,&

gé PEAKIMH B KOPOHHOM PA3PANE, IIPOMCXOIAIEM
B YTIEKHCIIOMTA3E M ETO CMECHAX CH.O, H,, N,

B paGoTe MpOBENEHO HCCNEROBIHME XMMHMYECKMX PeaKipsil B KOPOHHOM paspse,
HPOHCXORAIIIEM B YIMCKHCTOM rase H ero cMecax ¢ H:O, H;, N; ¢ ymensmaromeitcs
kxonueHtpammeit CO. Peaxumas CO+H, pana caMble nyunme pesynbTathi, Tak Kax
B 3TOM Cityyae HanenHe konnenTpamu CO pocturaer 50 % u3-3a cumrresa CO,, CH.,
OPraHMYecKHMX KMCIOT M anbfierugos. B peaxmum CO+N,; ve HaGniofanuch HuKaxue
LMaHHBL.

' L INTRODUCTION

In the ﬁmma few years great attention has been paid to the study of elementary
processes and chemical reactions taking place in low temperature plasma. Plasma
devices creating w_wno in low temperature plasma. Plasma devices created unusual
8:&505. that is 'why some reactions impossible under usual conditions can be
carried out i:r the’ :n_u of these devices. One of the discharges burning under
mgomvrnno vnnme.o is the corona discharge. As shown in [1] the negative corona
discharge acts on the exhaust gases of motorcars so that the 8:8:550: of
polycyclic E.onnn hydrocarbons, which are contained in the exhaust gases,
decreases. .H.r_m ~nw% to the possibility of using the corona discharge for a decrease

9 Oo:ﬁg_ﬂou E,omn:aon_ at the 3rd Symposium on Elementary Processes and Chemical wn»onoa
in the Low Temperature Plasma in Krpsovo, September 22—26, 1980.

*) Department of Experimental Physics, Mathematical and Physical Faculty of OoBoEE University,
Milynsk4 dolina, 842 15 BRATISLAVA, Czechoslovakia.
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- which made it possible to evacuate the discharge tube, filling the liquid up to the
Unamm.ﬁn of mmanm_.ﬂoa vapour, filling up two gases simultaneously, frozen of the
reaction products in a vacuum trap that could be closed and making the extraction
of gas samples into the two'IR

possible. A more detailed description of the apparatus is in [2].
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1. DISCUSSION

The results obtained from analysis of the IR absorption spectra of the investi-
gated samples are in Table 1. It seems that from the obtained results the following
conclusions can be deduced as regards the possible use of the corona discharge for
decreasing the CO concentration in exhaust gases. ;
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Fig. 1. IR absorption spectrum of CO after the Fig. 2. IR absorption spectrutn of CO after the
action of the negative corona discharge. action of the positive corona discharge.
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Fig. 3. IR absorption spectrum of the CO + H: mixture after the action of the negative corona discharge. =~
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Fig. 4. IR absorption spectrum of the CO + H.O mixture after the action of positive corona discharge.
80
oo k-
g
9
Q 40
'
20
. | L ] 1
i i . - S2f .y
6 7 8 9 1 n I * B 0 > 0 B ovoew]

Fig. 5. IR absorption spectrum of the CO + H.O mixture after the action of the negative corona discharge.
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v Fig.6. TR absorption spectrum of the CO + H. mixture after the action of the positive corona discharge.
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Fig. 7. IR absorption spectrum of CO: after the action of the negative corona discharge.
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Fig. 8. IR absorption spectrum of CO, after the action of the positive corona discharge.

1) For a decrease of the CO concentration it seems advantageous to mix it with
hydrogen while the positive and the negative corona discharge in the mixture of
CO+H:;ina 1 : 1 ratio leads to a decrease of the CO concentration up to 50 %
and all the introduced hydrogen is consumed in forming reaction products (CH,,
CO,, aldehydes, ketones, organic acids). It is possible that in a mixture witha 1 : 3
or 1:4 ratio the decrease of the CO concentration in the mixture would be
considerably greater. The results are the same in both polarities of the discharge.

2) From the practical point of view it would be convenient to mix CO with water

‘vapour. In our experiments in a CO + H,O mixture the pressure of water vapour

v Table 1
The results of positive and negative corona discharge acting on CO, CO,, CO+H,, CO+H.0

Filling Polarity of "Characteristical frequencies of result sample from IR
discharge absorption spectra

COo + 620, 645, 2260 cm™' — CO,
780, 800, 2020 cm™', — Fe(CO)s contamination
2000—2200 cm™ — CO

CcoO - 620, 645, 2260 cm ™' — CO,
780, 800, 2020 cm™* — Fe(CO)s contamination
20002200 cm™' — CO

CO—H.0 + 645 cm™ — CO,
2000—2200 cm™ — CO
CO—H.0 ~ 645 cm™ — CO,

900—1300 cm™' — group C—O—C, def. C—OH
1600—1800 cm™" — group C=0
20002200 cm ™' — CO

CO—H, + 670, 2340, 2370 em™' — CO,

1305, 1530, 29003160 cm ™', — CH.
1350 em™" — plane def.—CH,—CO—CH,
1440, 1650 cm™ — sym. and antisym. val. COO~
1740 cm™ — group —C=0
2000—2200 cm™' — CO
3500 cm™ — out of plane def. —OH
CO—H, . - 670. 2340, 2370 ecm™ — CO,
1305, 1530, 2900—3160 cm™' — CH,
1350 cm™" — plane def. CH,—CO—CH,
1440, 1650 cm™' — sym. and antisym. val. COO"
1740 cm™" — group —C=0
2000—2200 — CO
3500 cm™ — out of plane def. — OH

CO, + 667, 2340, 2370 cm™ — CO,
; 2000—2200 cm™ — CO
Co, ~ 667, 2340, 2370 cm™* — CO,

2000—2200 cm™" — CO
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Pressure of introduced Composition of result Quantity of sample
gases sample ; components
CO — 87.8 kPa - CO, : . 5%
: Fe(CO). 5%
. . : (80
CO —878kPa v CO, 1-2%
MHOAOOY M e\c
CO.— 87.8 kPa 3 COo. trace quantity .
H;O — 0.2 kPa (6)
CO — 87.8kPa CO, . trace quantity
H,O — 0.2 kPa co
ethers, aldehydes, ; trace quantities
ketones, organic
acids :
CO — 36.5kPa CO. 20%
H, — 36.5 kPa CH, : 20 %
co 50 %.
aldehydes, ketones,
organic acids together 10 %
CO — 36.5kPa CO, 20 %
H, — 36.5 kPa CH., . 20 %
Cco : 50%
aldehydes, ketones, .
organic acids together 10 %
CO, — 87.8kPa Co,
co 30 %
CO, — 87.8 kPa CO. ,
Cco , . 3—4%

reached the pressure of saturated vapour at 20 °C, i.e. 0.2 kPa. Many reaction
products with a low extinction coefficient in the IR region cannot manifest
themselves sufficiently in the IR absorption spectra of the CO + H,O mixture. The
observed spectrum is similar to the spectrum of the mixture of CO+H,, especially
in the 800—1900 cm ™ region but the concentration of the reaction products is one
order lower. The small quantity of the reaction products is caused by the small
concentration of water vapour. The situation in exhaust gases is different. Their
temperature is about 80—100 °C; the saturated vapour pressure of water at this
temperature is high; the water is the combustion product and that is why it is in
exhaust gases in both stages in a sufficient quantity with a pressure of about 50 kPa.
From the point of view of the result utilization of the positive or the negative
corona discharge is the same. The negative corona discharge gave a somewhat
greater concentration of the reaction products. -
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3) The behaviour of the corona discharge in pure CO; causes the reverse
dissociation of CO, to CO in the negative corona discharge to be minimal. Because
of this effect the use of the negative corona discharge was given priority as a means
for the decrease of the CO concentration in mixtures of CO + H, with regard to the
fact that CO, is one of the reaction products.

4) The corona discharge used for removing the carbon monoxide from exhaust
gases in the same way as it was used for removing the polycyclic aromatic
hydrocarbons in the invention No. 178566 would burn on the boundary of air and
the exhaust gases. From this point of view the mixture of CO +N, gains
importance. From the IR absorption spectra of the reaction products from the
CO+N; mixture in the corona discharge it resulted that in the mixtire cyanides
resp. compounds with a nitril group in the gas or liquid state did not occur, which is
from the point of view of the application of the corona discharge to exhaust gases
the essential criterion.
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