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Introduction

A pulsed corona discharge is an efficient source for producing weakly ionised, non-

thermal plasma at atmospheric pressure. Such a plasma can be conveniently used for various

plasmachemical applications, namely for the removal of low level pollutants from carrier gas. In

the present contribution we report on electrical and optical characteristics of the pulsed corona

discharge generated in a coaxial wire-tube electrode geometry in flow of pure nitrogen. For the

design of gas tight coaxial reactor we used the results of measurements previously done at our

laboratory [1] in "wire between two parallel plates" geometry. Also a more powerful pulse

voltage generator with a higher repetition rate was developed.

Experimental set up

Experimental set up is schematically shown in the Fig. 1. The wire anode (Ag coated Cu
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wire, 0=0.75 mm) is placed coaxially inside the grounded stainless steel cylindrical cathode

(O=56mm, 600 mm length). The reactor is gas tight and it is equipped with a system for mixing
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of gases and their flow rate control. The two stage Marx generator of the erected capacity C=2nF

producing positive pulses of the peak voltage up to 100 kV is used for discharge feeding. The

wire anode is grounded through the resistive load of about 100Q to form the voltage pulse. The

discharge voltage and current waveforms have been measured by the high time resolution voltage

divider and Rogowski coil respectively. The discharge was mostly operated at the peak voltage

U=55kV with the rise time T ^ I O ns at the repetition rate f=10Hz. The discharge current reached

the peak value of I=650A with the pulse duration FWHM of T=130ns. All electrical signals

(voltage, total current, probe current as well as signals from photomultipliers) have been

monitored by 2Gs/s, 4 channel, digitising HP54542A oscilloscope. Emission spectra in the

spectral band of 200-450 nm have been registered by J.Y. HR-320 monochromator equipped with

300 G/mm or 2400 G/mm gratings and intensified multichannel array detector IRY512/G/B.

Results

Basic discharge parameters

The typical waveforms of the voltage and discharge current are shown in the Fig.2. The
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approximately constant (R=40fi) within the time interval between 40 ns and 160 ns from the

beginning of the voltage pulse.
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Individual streamer current measurement

Three wall current probes {<X>=\ mm) has been used to observe the individual streamer

current. Illustrative

waveform is shown 0.18

in the Fig. 3. <£ o.16

Several hundreds

of such signals

were analysed to

determine that the

mean streamer

current is in the

range of 50-

100mA. Supposing

that the only one

streamer reaches

the probe at the Fig.3.

given time and comparing the typical discharge current (650A) to the mean streamer current (50-

100mA), one could estimate the number of streamers propagating simultaneously in discharge

chamber to be within the range of 6500 to 13000. This corresponds to the linear density of 10-20

streamers per 1 mm of the anode wire. In spite of the complexity of simultaneous propagation of

the large number of streamers, close each other, it seems that the shape of streamer current

waveform could be explained by one dimensional simulation published recently[2].

Average velocity of streamer propagation

The average streamer propagation velocity has been estimated from the measured time

delay between the light signals originated near the anode and cathode respectively. The light has

been collected by two Hamamatsu R928 photomultipliers and monitored by the oscilloscope.

Two appropriate light pipes parallel to the discharge axis (one close to the central wire, another

close to the cylindrical chamber wall) have been determined by using single lens / triple aperture

combination. The average velocity has been estimated to be of 2.106 m/s at typical discharge

parameters. The increase of velocity with increasing value of applied voltage has been observed.
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Multichannel emission spectroscopy

We have observed emission spectrum in the region 200-450 nm from the N2 corona

discharge pulsed at 10 Hz along the symmetry axis through quartz window and imaging optics.

The light has been sampled with the integration time of 0.5 sec, thus the spectrum is averaged not

only over many streamers along the axis but also over several discharge pulses.

Emission spectrum consists of intense bands of NO-y system (A2E-X2n) , N2-2.positive

system (C3nu-B
3ng) and quite weak N2M.negative system (B2Iu

+-X2Ig
+). A part of the Av=-3

sequence, displayed

on Fig. 4, of the

2.PG system of N2

((0,3), (1,4) bands )

shows an excellent

separation of

vibronic bands

within the sequence.

No rotational

structure of the

band profile can be

seen due to low

resolution of the

spectroscopic

apparatus. Because

of the low nitrogen flow rate with respect to pulsing frequency minor oxygen impurity is

continuously transformed to NO. In fact we observe emission induced from mixture of nitrogen

with NO impurities. Considering low rotational excitation, vibrational distributions of

N0(A2I,v) and N2(C
3FIu,v) has been determined by integrating area of individual band profiles

within a sequence. Vibrational distributions roughly follow Boltzmann distribution with

Tvib=2540 K for N2(C3nu,v) and Tvib=1600 K forNO(A2£,v) [3].

Population of N2(C3nu) state is balanced by direct excitation from ground N2(X'E) state

by collision with high energy streamer electrons , radiative deexcitation via 2.PG emission and

collisional quenching with N2(X'lg
+,v) molecules. Also for NO(A2I) state several excitation/

quenching mechanisms can be important in addition to y-bands radiation : (i) direct electron
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impact excitation from ground NO(X2fl) state, (ii) association of N(4S) and O(3P) atoms, (iii)

quenching of N2(A
3ZU

+) metastables by NO(X2FI) molecules.

The gas temperature has been verified from the band profile of (0,3) and (1,4) bands of

N2 2.PG system by means of standard fitting technique [4] using molecular constants by Roux

[5]. Experimental band profiles have been quite well numerically reproduced for rotational

temperature Trol=300±20 K. Such value can be expected as a consequence of low energy deposit

in the discharge.

From the intensity ratio of N2M.NG (0,0) and N2-2.PG (0,3) bands, average electron

energy of -9.5 eV has been estimated by means of excitation-quenching model [6].
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