INVESTIGATION OF DC GLOW DISCHARGE IN CO2 USING OPTICAL
EMISSION SPECTROSCOPY

V.A. Lisovskiy, H.H. Krol, S.V. Dudin
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

E-mail: lisovskiy@yahoo.com

The results of investigations of a glow discharge in carbon dioxide by the method of optical emission spectros-
copy are presented. Processes in negative glow, positive column and anode glow are considered in detail. In the
negative glow, bright radiation lines of both atoms and molecules and their ions are observed: O, O*, CO, O,, CO*
and molecular continuum. In the positive column, a weak continuum and emission lines of CO», CO, and O mole-
cules are seen. The emission lines of CO molecules dominate in the anode glow against the background of the con-
tinuum, and also lines of molecular and atomic oxygen are visible. Axial intensity distributions of a number of lines
are presented for the entire discharge gap between the cathode and the anode.

PACS: 52.80.Hc

INTRODUCTION

Direct current glow discharge in CO; is widely used
for pumping carbon dioxide gas-discharge lasers [1]. In
recent years, there has been a growing interest in plasma
conversion of greenhouse gases (the main one of which
is CO,), to compounds such as methanol (CH3OH) or
synthesis gas (CO/Hy), that are important raw materials
for the chemical industry or can be used as a fuel for
internal combustion engines [2-4]. In addition, CO- is a
significant part of atmospheres on the planets and satel-
lites of the solar system. Therefore, it is of interest to
convert CO; into oxygen and carbon monoxide CO,
which can be used as a rocket fuel [5-8]. Studies of dis-
charges in CO; are also carried out because of their use
in various types of plasma reactors.

This paper is devoted to optical spectral analysis of
the structure of a glow discharge in carbon dioxide. Alt-
hough there are many studies in the literature on the
properties of glow discharge in various gases (see, for
example, [9-23]) and, in particular, in CO, [24-27], but
usually its spectral studies were carried out in short
tubes, or the authors measured the radiation spectra of a
discharge at several specific points (cathode glow, nega-
tive glow or positive column) without plotting axial
profiles of the radiation line intensities along the entire
tube. The aim of this work was the experimental study
of the longitudinal structure of a glow discharge in car-
bon dioxide by means of optical emission spectroscopy.

1. EXPERIMENTAL

To investigate the glow discharge, a discharge
chamber was used schematically shown in Fig. 1. The
discharge was ignited in the horizontal part of T-shaped
tube made of glass. The anode could move along the
axis of the discharge tube (internal diameter 56 mm), its
diameter is 55 mm. In this paper, the distance between
the cathode and the anode was equal to 300 mm.

Carbon dioxide was fed into the vessel to the pres-
sure p =1 Torr. The investigations were carried out at a
discharge current of 40 mA.

A compact Qmini spectrometer (RGB Lasersys-
teme) was used to measure the emission spectra of the
discharge plasma. For the analysis of molecular gas
spectra, we used the Pearse and Gaydon handbook [28].
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Fig. 1. The scheme of the experimental setup

2. EXPERIMENTAL RESULTS

Let us consider the emission spectra emerging from
the brightest parts of a glow discharge in carbon diox-
ide. In particular, we pay attention to the spectra for
negative glow (Fig. 2), a positive column (Fig. 3), and
anode glow (Fig. 4).

See Fig. 2 shows that the spectrum of negative glow
differs in the variety of radiation lines. It contains bright
lines of atomic oxygen: 777 nm (corresponds to electron
transition from the 5P level to the 5S° level), 844 nm
(from 3P to 3S% and 926 nm (from °D° to 5P). In the
visible part of the spectrum, the molecular continuum is
clearly pronounced, which extends from about 350 nm
to 800 nm. The reason for its appearance, apparently, is
the dissociation of electron-vibrationally excited CO;
molecules. Over the continuum background, bright lines
of CO molecules (Angstrom system, the transition B X
— AI) and Oz (Schumann-Runge system, B3 —
X 3%) are observed. In the negative glow, the line of the
molecular ion CO* (Comet-tail system, the transition
A1 — 23 to the ground state) with the wavelength of
427 nm is also well expressed, as well as lines of atomic
oxygen ions, for example, with the wavelength of
391 nm (the transition from 2D to 2P°). Such a large
number of emission lines of neutral molecules, atoms
and their ions indicate that a large number of fast elec-
trons enter the negative glow from the cathode layer,
capable not only of exciting or dissociating molecules of
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Fig. 2. Spectrum of radiation emitted from the nega-
tive glow (distance from the cathode is z = 3 mm)

carbon dioxide, but even of ionization of the resulting
dissociation products.

Now consider the optical emission spectrum from
the positive column. It follows from Fig. 3 that the in-
tensities of the emission lines of the positive column are
small, about an order of magnitude lower than in the
negative glow. The spectrum consists of emission lines
of the CO molecules that dominate, as well as the weak-
er CO; and O; lines. The intensity of the lines of atomic
oxygen becomes comparable with the noise level of the
spectrometer. The molecular continuum became less
visible. Apparently, in the positive column, the dissocia-
tion of CO, molecules is obstructed, as indicated by the
absence of emission lines for atomic oxygen.

The role of the positive column is that it transfers the
current from the cathode parts of the discharge (cathode
sheath, negative glow and dark Faraday space), to the
anode. Thus, in the positive column, such a value of the
reduced electric field E/p is established, at which the
production of electrons due to ionization compensates
for all their losses due to ambipolar exit to the walls of
the tube and attachment to gas molecules [14, 16]. Since
at the gas pressure of 1 Torr the ambipolar losses are
low and attaching to weakly electronegative oxygen
molecules is not significant, the high electron energies
are not needed to maintain a positive column in COa.
Therefore, the electrons excite the existing molecules of
background CO,, as well as the molecules CO and Oy,
entering the positive column from the negative glow.

Finally, under the conditions of our experiments, an-
odic glow is observed near the anode surface (photo in
Fig. 5). The emission spectrum in this case predomi-
nantly consists of lines of CO molecules, but bright
lines of O, are visible as well, and even lines of atomic
oxygen disappearing in the positive column appear.
From this, as well as from the presence of intense mo-
lecular continuum, it can be concluded that in the anode
glow the electron energy is sufficient for the dissocia-
tion of CO, molecules and, apparently, the dissociation
of O, molecules can also occur.

The anode layer controls the flow of electrons to the
anode, equating the density of the chaotic current to its
surface to the current density in the external circuit. At
low pressures, when a directional and/or diffusion flux
of fast electrons accelerated in the cathode sheath reach-
es the anode, the voltage drop on the anode layer has a
negative sign, which leads to the repulsion of low-
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Fig. 3. Radiation spectrum emerging from the positive
column (distance from the cathode is z = 150 mm)

energy electrons back into the plasma [10, 11, 15, 17].
However, under our conditions, fast electrons overcome
only a quarter of the gap between the electrodes. Almost
all the rest of the tube is filled with a positive column
that contacts the anode through the anode layer.

Now consider the axial profiles of several character-
istic lines. Fig. 5 shows the discharge photo and axial
profiles of the emission lines of CO; (369 nm), CO (412
and 483 nm) and O, (437 nm) molecules, as well as O
(777 nm) and CO* (427 nm) molecular ions. The cath-
ode in the photo is located on the left, and the anode is
on the right. The thickness of the cathode layer under
our conditions does not exceed 2 mm. After the cathode
layer, the negative glow follows, next the dark Faraday
space, the positive column, the dark anode space, and
the thin anode glow film (about 1 mm thick).

Let's pay attention to the processes in the negative
glow. Electrons emitted from the cathode surface are
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Fig. 4. Optical emission spectrum from the anode
glow (distance from the cathode is z = 299 mm)

accelerated in a high electric field, and electronic ava-
lanches develop in the sheath. An intensive flow of fast
electrons enters the negative glow from the cathode
sheath. In the negative glow, the electric field strength is
very low, the acceleration of the electrons stops, there-
fore in this region of the discharge the electrons only
lose energy. The energy of a significant part of the fast
electrons leaving the cathode layer exceeds the energy
corresponding to the maxima of the molecular excita-
tion cross sections. These electrons lose energy effec-
tively in inelastic collisions, so the probability of the
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excitation of molecules by such electrons increases, and
therefore the maxima are reached in the intensity pro-
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Fig. 5. Photo of the glow discharge and axial
profiles of intensity of different lines

files of the lines at some distance from the boundary of
the cathode sheath.

It can be seen from see Fig. 5 that over the whole
negative glow the intensities of all the lines are mono-
tonically decreasing (with equal rate for all the lines)
according to an exponential law. The length of the nega-
tive glow is equal to the distance that the fastest elec-
trons pass through the gas, coming from the cathode
surface and passing through the entire cathode sheath,
without experiencing a large number of inelastic colli-
sions. In the dark Faraday space, the intensities of all the
investigated emission lines continue to decrease until
they become comparable with the noise level of the
spectrometer. The energy of the electrons is insufficient
to accomplish ionizing collisions. The current transfer is
accomplished predominantly by the diffusion flux of
electrons that are fast in the negative glow, but are ran-
domized and lose a significant part of their energy to-
ward its end. These more energetic electrons, with fur-
ther distance from the cathode, are partially lost on the
walls of the tube. Therefore, starting from some distance
to the cathode, these electrons can not carry the dis-
charge current, the electric field strength increases, and
a positive column appears. Under our conditions, it was
almost homogeneous, but in its central part a brighter
narrow region formed. This may be a single striation,
which is usually observed at low gas pressures and low
discharge currents [19, 29].

A dark anode space appears between the positive
column and the anode glow, in which the minima are
observed on the axial profiles of the intensities of the
emission lines. The anode plays the role of the electron
collector, the space near it is depleted by fast electrons
that go to its surface. The depleted region glows weaker,
which we see as a dark space. In the anode glow, the
intensity of the CO lines becomes even higher than in
the negative glow. Here, the electrons are accelerated to
the anode surface in the positive anode voltage drop.
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CONCLUSIONS

Thus, in the present work, a glow discharge in CO-
was studied by optical emission spectroscopy. The re-
sults are given for gas pressure of 1 Torr and discharge
~yrrent of 40 mA. Particular attention is paid to the pro-

1sses occurring in the negative glow, the positive col-
1n and the anode glow. It is shown that in the negative
ow bright emission lines of both atoms and molecules
1d their ions are observed: atomic oxygen 777, 844 and
26 nm; atomic oxygen ions O* (391 nm); bright lines
fF CO (the Angstrom system) and O, (Schumann-Runge
rstem); molecular ion CO* (427 nm, Comet-tail sys-
m). Also, the molecular continuum (350 to 800 nm) is
early pronounced. In the positive column, the lines of
ns and atoms disappear, against the background of a
eak continuum, only the emission of CO,, CO and O>
olecules is seen. In the anode glow the intensity of the
ntinuum, the molecular and atomic lines increase sig-
ficantly and may even exceed the corresponding in-
«nsities in the negative glow. Axial intensity profiles of
a number of characteristic emission lines have been
constructed for the entire interval between the cathode
and the anode.
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UCCJEJOBAHUE TJIEIOUETO PA3PSIA B CO; METOJOM ONITUYECKON SMUCCUOHHOM
CHEKTPOCKOIIMA

B.A. JIucoeckuii, I.I'. Kpons, C.B. /[youn

[TpuBeneHbI pe3ynbTaThl UCCIENOBAHUI TICIOMIETO pa3psjaa B YIJIEKUCIOM ra3e METOJOM ONTHYECKON dMHUCCH-
OHHOH CHEKTPOCKONUH. PaccMOTpeHbI MoApOoOHO MPOIIECChl B OTPUIIATEILHOM CBEUEHUH, TOJIOKUTEILHOM CTOJI0E U
aHOJIHOM CBEYECHHMU. B OTpHUIIATEeTbHOM CBEUYECHUHN HAOIONAIOTCS SIPKHUE IMHUU U3ITy4eHUs] KaKk aTOMOB, TaK M MOJIe-
Kyl u ux wonos: O, O*, CO, Oz, CO*, 1 MOJEKYJIAPHBIA KOHTHHYYM. B HOJOKHUTENEHOM CTOJI0OE BUIHBI CIa0OBIi
KOHTHHYYM | JuHuU u3inydeHust mosiekys COz, CO u O,. B aHogHOM cBeueHHH Ha (JOHE KOHTUHYYMa JOMUHUPYIOT
THAN u3nydeHns Morekyn CO, a takoke BUIHBI THHUKA Oz M aTOMapHOTO Kuciaopoxaa. [IpencTaBieHsl oceBbIe mMpo-
(WM MTHTEHCUBHOCTEH psia TMHUHN IS BCETO Pa3psTHOTO MPOMEKYTKa MEXITy KaTOJJOM U aHOJIOM.

JOCJIKEHHS TJIIIOYOI'O PO3PSIY B CO2; METOJ0OM OINITUYHOI EMICIMHOI
CIHEKTPOCKOIII

B.0O. Jlicoscovkuii, I'.I'. Kponw, C.B. /lyoin

Hageneni pe3ynbTaTé JOCTIKEHD TIIIOYOT0 PO3PSAY Y BYTICKUCIOMY Ta3l METOJOM ONTHYHOI eMiCiiHOT CIeK-
Tpockormii. PO3risHyTO MOKIaJHO MPOIECH B HETATHBHOMY CBITiHHI, TO3UTHBHOMY CTOBII 1 aHOJHOMY CBITiHHI. Y
HETaTMBHOMY CBITiHHI CIIOCTEPIirarOThCst SICKPaBi JIiHii BUITPOMIHIOBAHHS SIK ATOMIB, Tak i MOJIEKyY i ix iowis: O, OF,
CO, 0,, CO*, Ta MONEKyISIpHUI KOHTHHYYM. Y TIO3UTHBHOMY CTOBITI BHIHO CJIa0KWil KOHTHHYYM i JIiHiT BUIIPOMi-
HioBaHHS Mosekyn COz, CO ta Oz. B aHogHOMY CBiTiHHI Ha ()OHI KOHTHHYYMY JOMIHYIOTH JiHii BUIIPOMIHIOBaHHS
monexyn CO, a Takox BuaHi niHii O i aTomapHOTo KHcHI0. HaBeneHi ochoBi mpodisi iHTEHCUBHOCTEH Psimy JTiHIN
JUISL BCHOTO PO3PSAHOTO IIPOMDKKY MIJK KaToJIOM Ta aHOJIOM.

ISSN 1562-6016. BAHT. 2018. Ne6(118) 209



