SPECTROSCOPY OF ELECTRIC DISCHARGE PLASMA IN METAL
VAPOURS

A.N. Veklich, V.Ye. Osidach
Taras Shevchenko Kyiv National University

The radial profiles of the temperature and electron density in the plasma of the electric arc between composition
electrodes based on cooper (Cu-Mo, Cu-W) are studied by optical spectroscopy techniques. The electron density and
the temperature in plasma as initial parameters were used in the calculation of the plasma composition in local
thermodynamical equilibrium (LTE) assumption. We used the Saha’s equation for copper, nitrogen, oxygen and W (or
Mo) atoms, dissociation equation for nitrogen and oxygen atoms, the equation of plasma electrical neutrality and

Dalton’s law as well. So, it would be possible to determine the amounts of metal vapours in plasma.

PACS: 52.70.-m, 52.80.Mg

INTRODUCTION

As well known, parameters of electric arc plasma which
appear between contacts surfaces of switching devices
depend on the electrodes materials. The copper based
composition materials (for example, Cu-W and Cu-Mo) are
often used in the electrical engineering as electrode
materials.

In our previous investigations of free burning in air
electric arc between consumable electrodes we
determined the electron density and the temperature in
plasma by the optical spectroscopy [1, 2]. In a case of
LTE the plasma composition can be calculated. So,
obtained in such manner plasma parameters can be used

for developing of the physical model of this
multicomponent plasma source.
1. EXPERIMENTAL SETUP

The experimental setup was described in our previous
paper [1]. The electric arc is ignited between two non-
cooled electrodes E1, E2 (see Fig.1). No stabilization of
arc column is used. The discharge column is focused on
entrance split of the monochromator MDR-12 by the lens
O. The image of the arc was rotated on 90e by Dovet
prism to realize the measurements of radial profiles of
spectral intensities. The CCD linear image sensor SONY
ILX526A provided a registration of spectral lines on exit
split of monochromator. The ISA slot of IBM PC in
control and data transferring was used.
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Fig.1
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In such manner experimental setup allows to
determine the radial distribution of radiation from any
cross section of plasma object on specific spectral line.
The hardware and software was especially designed for
laboratory and industry plasma research.

The investigation was carried out at the arc current
30A and discharge gaps lix = 2, 4, 6 and 8 mm between
Cu, Cu-W, Cu-Mo and Cu-Mo-LaB¢ electrodes. In
discharge gap of 8 mm the measurements were performed
for the various distances from cathode (FC): 1 mm, 2 mm,
4 mm (center), 6 mm and 7 mm. The temperature radial
profiles were calculated from relative intensities of two
Cul spectral lines 521.8 and 510.5 nm.
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In a combination with a Fabry-Perot interferometer
the spectrometer provides simultaneous registration of
spatial and spectral distribution of radiation intensities
(see Fig.2)[2].

Thus, the spectrometer allows measuring contours of
spectral lines in different spatial points of plasma volume.

As the plasma source is not uniform there is a problem
to obtain the local values of plasma parameters in a
discharge (electron density in our case of dominating
Stark broadening of spectral line Cul 515.3 nm) using this
interferogramm.

In a previous paper the method based on the
simulation of such experiment was suggested [2].

229



2. RESULTS AND DISCUSSIONS
2.1 RADIAL DISTRIBUTIONS OF THE
TEMPERATURE AND ELECTRON DENSITY IN
THE PLASMA OF THE ELECTRIC ARC

In Fig. 3 the obtained radial distributions of the
temperature (a, b, c, d, e) and electron density (f) in
plasma of electric arc discharge between cooper and
composition electrodes on the cooper base are shown.
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2.2 PLASMA COMPOSITION OF THE ELECTRIC
ARC DISCHARGE BETWEEN Cu-W, Cu-Mo

ELECTRODES IN AIR

The obtained electron density and the temperature in
plasma as initial parameters were used in the calculation



of the plasma composition in LTE assumption. We used n
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CHEKTPOCKOIIHUS SJIEKTPOPA3PSITHOM IIJIA3MbBI B IIAPAX METAJLJIOB
A.H. Bexnuu, B.E. Ocuoau

MertoaM ONTHYECKOW CIIEKTPOCKOIIMM TIOJMYYEHBl pajualibHble HPOQHIM TEeMIepaTrypsl M 3IIEKTPOHHOMN
KOHIIEHTpAIlMX B TUIa3Me JIEKTPHYECKON TyTrH MEeXTy KOMITO3UIIMOHHBIMH 3JIEKTpoamMu Ha ocHoBe Meau (Cu-Mo, Cu-W).
B mnpenmnonoxeHur Halu4Ms JOKAJIBHOTO TEPMOAMHAMHUYECKOTO PaBHOBECHS JUIsI pacueTa paBHOBECHOIO COCTaBa
IUTa3Mbl B KauecTBE 0a30BBIX ITapaMETPOB HCIIOJIB30BaHBI AJIEKTPOHHAs KOHIIEHTpalWs W TeMIlepaTrypa IUIa3MBbl.
Pemanace cuctema, cocrosimas u3 ypasHeHMd Caxa Ul aTOMOB MEJIM, a30Ta, KUCIOpoAa M Bosbdpama (unu
MoONIMO/IeHa), YpaBHEHMH IUCCOIMALMK IS MOJIEKYJ a30Ta M KHCIOpOJa, YPaBHEHHUS JIIEKTPOHEHTPaATbHOCTH M
ypaBHEHUsI, ONMMCHIBArOIero 3akoH JlaimproHa. Peann3oBaHHas TaknuM 00pa3oM METOAMKA ITO3BOJIUT OIPEAEIHUTH
coZiepKaHMe NTapOB METAIJIOB B IUIA3ME.

CHEKTPOCKOMNIS EJEKTPOPO3PSITHOI IIVIASMHU Y IAPAX METAJIIB
A.M. Bexnuu, B.E. Ocioau

MeTogamMu ONTHYHOI CHEKTPOCKOMIl BU3HAUEHI paiaibHi Mpogiiai TeMmepaTypl Ta €IeKTPOHHOI KOHIIEHTpAIl B
I1a3Mi eJIeKTPUYHOI AYTM MK KOMIO3MIIHHUMH enekTpoAamMu Ha ocHoBi Mini (Cu-Mo, Cu-W). ¥V mnpumymieHHi
HASBHOCTI JIOKAJIbHOI TEPMOIMHAMIYHOI PIBHOBAard JJIs OOYUCIICHHS PIBHOBAYXHOTO CKIIAAY IUIa3MHU B SIKOCTI 0a30BUX
mapaMeTpiB BUKOPHCTaHI EJEKTPOHHA KOHIEHTpAIis Ta TeMIleparypa IUIa3MH. Po3B’s3yBasack cHCTEMa, MI0
CKJIaZIAa€Thes 3 piBHsIHE Caxa Juis aToMiB Miji, a30Ty, KHCHIO Ta Bosb(ppamy (abo MoiibaeHy), piBHSHb AUCOLHALIT IS
MOJIEKYJI a30Ty Ta KHCHIO, PIBHSHHS €JIEKTPOHEHTPAILHOCTI 1 PIBHAHHS, 10 omucye 3akoH [lanbroHa. PeamizoBaHa
TaKUM YHHOM METOJMKA J03BOJIUTh BU3HAYMTH BMICT MApiB METAJIB Y TIa3MI.

231



