DECOMPOSITION OF DICHLOROETHANE VAPOR
IN BARRIERLESS DISCHARGE

V.1 Golota, LM. Zavada, O.V. Kotukov, D.V. Kudin, S.V. Rodionov, A.S. Pismenetskii,
Y.V. Dotsenko

National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine

Decomposition of dichloroethane vapor in the low-temperature plasma of barrierless gas discharge was
investigated. High-voltage pulsed power supply forms high-voltage pulses of microsecond duration (1...2,2 ms) with a
pulse repetition rate of 1...15 kHz and amplitude up to 15 kV. That voltage pulse shape was not changed by
dichlorethane vapors in the air. At the same time, as dichlorethane vapor concentration was increased, so the amplitude
of current pulse was decreased. Active radicals formed as a result of decomposition are easily oxidized by atomic
oxygen and ozone, which are simultaneously synthesized from the air in barrierless discharge. It was shown, that
dichlorethane decomposition reached 100% at the power of 100 W.

PACS: 82.30.Lp, 52.90.+z, 52.80.Hc

INTRODUCTION

Gas emissions of industrial facilities are very
dangerous pollutants for environment. For example, even
low concentration of specific VOCs can be accumulated
and may have adverse health effects ("low doses" effect).
That is why the development of new, more sophisticated,
methods for air purification are an actual task [1]. The
low-temperature plasma of barrierless gas discharge is
the best source of charged particles and active radicals,
which strongly influence decomposition, and oxidation
of wide range of toxic chemicals [2]. Dichloroethane is
one of the typical pollutants. It simulates the species of
halocarbon, a very dangerous gas contaminant. MPC for
dichloroethane in the air is 1 mg/m3.

The studying of dichloroethane decomposition in
the barrierless gas discharge is the main goal of the
research. It allows determining the prospects of air
purification from halocarbons by plasma chemical
methods.

EXPERIMENTAL SETUP

Saturated gas mixture was prepared by bubbling of
the air flow through the vessel with liquid
dichloroethane. The initial dichloroethane concentration
(CICH2CH2CY) in the air was 1000 mg/m’. Flow rate of
gas mixture through plasma chemical reactor was
0.5 /min.

Plasma chemical reactor (PCR) of coaxial type
included central electrode with the set of star-like
electrodes (100 pieces, the electrode gap of 5 mm) and
the tubular electrode. Volume of PCR is 1000 cm®. Both
electrodes were made of stainless steel.

High-voltage pulsed power supply forms high-
voltage pulses of microsecond duration (1...2,2 ms) with
a pulse repetition rate of 1...15 kHz and amplitude up to
15 kV. The rise time of the pulse is 0,5...1,5 ms. The
electric signals were recorded with a Tektronix
TDS-2024 digital oscilloscope, bandwidth of 100 MHz.

The basic scheme of the experimental setup is
shown in Fig. 1.

The power of the discharge was determined by the
average current of the source and by the voltage on the
primary winding of the transformer.
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Fig. 1. Basic scheme of the experimental setup

The sample for the analysis of gas composition of
plasma-chemical reaction products was taken from the
air flow immediately at the outlet of plasma chemical
reactor. The sample was analyzed on gas chromatograph
HP 5890 Series II, equipped with capillary
chromatographic column Rtex-5 (30 m, 0.53mm ID,
1.5 pm df), with chemical composition of static layer of
5% diphenyl and 95% dimethyl polysiloxane, and flame-
ionization detector of HP 19231 type. This
chromatographic column allows separating hydrocarbons
of the different structure (alcohols, halocarbons,
aromatic, alkanes, etc.). The flame-ionization detector
allows detecting any hydrocarbon compounds with high
sensitivity. Hydrogen from hydrogen generator SRI
H2-40 was used as “carrier” gas. Hydrogen flow rate
through the chromatographic column was 30 ml/min.
The concentration of dichloroethane was determined
from calculation of area under chromatographic peak.
The chromatograph was calibrated using pre-prepared
mixture of dichloroethane and air at well-known
parameters of stationary saturation of the air with
dichloroethane vapor.

182 PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2010. Ne 6.

Series: Plasma Physics (16), p. 182-184.



RESULTS

The typical oscillogram of voltage and current pulses for
discharge in the air flow saturated with dichloroethane
vapors is shown in Fig. 2.

Fig. 2. Typical oscillogram (500 ns/div) of voltage
(lower, 2 kV/div) and current (upper, 100 mA/div)
pulses. Consumption of the mixture of dichloroethane
and air vapor through the PCR is 0,5 I/min

Note, that voltage pulse shape was not changed by
dichlorethane vapors in the air. At the same time, as
dichlorethane vapor concentration was increased, so the
amplitude of current pulse was decreased.

The amplitude of high-voltage pulse for plasma-
chemical reactor with the discharge gap of Smm was
59kV at the pulse-repetition frequency of 15 kHz.
When amplitude of high-voltage pulse achieves 8.1 kV,
the spark breakdown occurs.

As atomic oxygen and ozone are also formed in the

barrierless discharge, dichlorethane decomposition
products are additionally oxidized in the mixture.
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As the bond, energies for dichlorethane
molecule are (kJ / mol) 402.08 (C-H), 332.21 (C-Cl),
368.19 (C-C), the most probable intermediate products
of dichlorethane decomposition are:

CICH,CH,Cl+e=CICH,CH, +CI~, (1)
CICH,CH,Cl +e=CICH, +CICH, . (2

Active radicals formed as a result of decomposition
are easily oxidized by atomic oxygen and ozone, which
are simultaneously synthesized from the air in barrierless
discharge.

The area of chromatographic peaks was controlled
in the experiment.

The typical chromatogram of dichloroethane is
shown in Fig. 3.
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Fig. 3. Chromatogram of dichloroethane vapor

It should be noted that there are no other
chromatographic peaks on chromatograms in the
experiment. Only dichlorethane peak was recorded. At
different power only the amplitude and the area of
dichlorethane chromatographic peak were changed. The
dependence of dichlorethane vapor decomposition level
on the power at the air flow rate of 0,5 I/min is shown in
Fig.4.
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Fig. 4. Dependence of dichlorethane decomposition level
on the power

While the discharge power is increased, the level of
dichloroethane decomposition is increased too. It is
shown in the plot at the Fig. 4. It can be assumed, that
such behaviour is described according to/in accordance
with Vasilyev-Kobozev-Eremin law. According to this
law the rate of chemical reaction in discharge of this type
is proportional to the discharge specific power.

There is no dichlorethane chromatographic peak at
the power of 100 W in the experiment. Therefore, in pre-
breakdown regime with the voltage pulse amplitude of
7.9 kV the dichlorethane decomposition reached 100%.
The exposition time for dichlorethane-air mixture in
PCR was 12 s. The discharge area of plasma chemical
reactor is not large.
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1.Emissions of dichloroethane can be decomposed by
low-temperature plasma gas discharge.

2.The level of decomposition can reach up to 100%
when the discharge power comes up to 100 W.

PA3JIOKEHHUE ITAPOB JIUXJIOP3TAHA B BE3BAPBEPHOM PA3PSIJIE
B.U. I'onoma, JI.M. 3asaoa, O.B. Komiokos, /I.B. Kyoun, C.B. Poouonos, A.C. Ilucemenemckuii, FO.B. /loyenko

HUccrnenoBanoch pasiokeHHE MMapoB IUXJIOPITaHA B HU3KOTEMIIEPATypHOU IUTa3Me 0e30aphepHOro TI'a30BOTO
paspsizna. BRICOKOBOIBTHEIN MCTOYHHUK MUTAHUS TO3BOJIIET (JOPMHUPOBATH UMITYJIBCHl MHKPOCEKYHIHOW JITUTEILHOCTH
(1...2,2 Mkc) ¢ gacroroit 15 k' u ammmutynoit 1o 15 xB. UMmynsc HampspkeHUS HE U3MEHSUICS UL CMECH MapoB
JIUXJIOPITaHa C BO3AYXOM OTHOCHUTEIHHO YHCTOTO BO3IAyXa. B TO ke BpeMs MpH pocTe KOHIICHTPAIIUH JUXJIOpITaHa B
BO3yX€ IMPOUCXOAWIO CHIDKCHHE aMIUIATYIBl WMITYJhCa TOKA. AKTHBHBIC paJHKalbl, KOTOpbIC (OPMHUPYIOTCS B
pe3ynpTaTe pPa3NoKCHHUS TUXJIOPITaHA, JIETKO OKHUCIAIOTCS AaTOMapHBIM KHCIOPOIOM W O30HOM, MapaiielsHO
obpasytromemMcss B 6e30appepHOM paspsiie u3 Bo3ayxa. [lokazaHo, 9To mpu BiokeHHON MomHocTH mopsaka 100 Bt
CTeTIeHb pa3JoKeHus auxiopatana gocruraet 100 %.

PO3KJAJTAHHS ITAPIB JIIXJIOPETAHY Y BE3BAP’€EPHOMY PO3PS I
B.I. I'onoma, JI.M. 3asaoda, O.B. Komiokos, /I.B. Kydin, C.B. Podionos, A.C. Ilucemeneuvkuii, 10.B. /Jloyenko

JocmimkyBanocst po3KIaJaHHs MapiB IiXJOPETaHy y HHU3bKOTEMIICpATypHId Iuia3Mi 0e30ap’e€pHOro ra3oBOro
po3psiy. BucokoBosibTHE JKeperno KHUBJIEHHS 103BOIsIE (POPMYBATH IMITYJIbCH MIKpOCEeKyHIHOI 1oBXHHH (1...2,2 MKC)
3 gacrororo 15 k[ Ta ammiTynoro g0 15 xB. IMnysbc Hanpyru He 3MIHIOETBCS JUIS CyMIIIM IapiB JiXJIOpeTaHa 3
MIOBITPSIM BIZJHOCHO YMCTOTO IOBITpsA. B TOIi ke yac mpu 3pocTaHHi KOHIEHTpali AiXJopeTaHa B MOBITPi BijgOyBasocs
3HIDKEHHSI aMIUTITYZM IMITyJIbCa CTPYMY. AKTHBHI PaMKaid, MO (OPMYIOTECS BHACIIIOK PO3KIaJaHHs IiXJIOpETaHy,
JIETKO OKHCIIOIOTCSl aTOMapHHM KHCHEM Ta O30HOM, IO MAapaJieIbHO CHHTE3YIoTca 3 moBiTps. Ilokaszano, mo mpu
BKJIaJeHii moTy>kHocTi nopsaaky 100 Bt crymine po3kinaganss gixnoperany carae 100%.
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