INVESTIGATIONS OF THERMAL PLASMA WITH METAL
IMPURITIES.
PART I: THE INFLUENCE OF ELECTRODES COMPOSITION
ON PLASMA PROPERTIES

A.N. Veklich, A.V. Lebid, P.V. Soroka, V.F. Boretskij, I.L. Babich
Taras Shevchenko Kiev National University, Kiev, Ukraine
E-mail: van@univ.kiev.ua

Present paper deals with spectroscopic investigations of electric arc discharge plasma in argon flow between Cu-
Mo and Cu-Mo-LaB4 composite electrodes. Obtained profiles of temperature and electron density were used for
calculation of plasma composition and metals’ content in assumption of local thermodynamic equilibrium (LTE).
Significant influence of LaBg admixture on plasma properties was found.

PACS: 52.25.0s, 52.70.-m, 52.80.Mg

INTRODUCTION

Composite materials on copper base are widely used
for contacts and electrodes in switching devices for the
electrical engineering industry [1,2]. Exploitation
efficiency of switching devices is determined by mass
transfer of electrode’s materials inside discharge gap.
Amount of metal vapours in discharge gap affected by
mutual interaction between electrode’s material and
electric arc plasma, which appeared during switching.
Therefore, investigations of such plasma can be useful
for optimization of new composite materials, their
composition and fabricating technologies.

Plasma of electric arc discharge between Cu-Mo and
Cu-Mo-LaB¢ composite electrodes were studied by
optical emission spectroscopy. Obtained values of
temperature and electron density were used for
calculation of plasma compositions for both electrodes’
types in assumption of LTE.

Such approach allows identify the influence of LaBg
admixture on plasma composition, and, consequently on
erosion properties of studied materials.

It must be mentioned, that gas (vapour) phase mass
transfer of metal is dominated in case of electric arc
discharge between composite Cu-Mo electrodes [3].

1. EXPERIMENT

The arc was ignited in argon flow 6.4 slpm between
the end surfaces of Cu-Mo or Cu-Mo-LaB4 non-cooled
electrodes. The diameter of the rod electrodes was 6
mm, the discharge gap was 8 mm, arc current was 3.5 or
30 A. To avoid the metal droplet appearing, a pulsing
high current mode was used: the current pulse 30 A was
put on the "duty" low-current (3.5 A) discharge. The
high-current pulse duration was 30 ms.

Cu-Mo and Cu-Mo-LaBs composite electrodes were
fabricated by powder metallurgy, particularty, by copper
infiltration of the high-melting component. Ratio of copper and
molybdenum contents in these electrodes was 50%:50%.
Admixture of LaBg in Cu-Mo-LaBg electrodes was less than 1 %.

Technique of one-pass tomographic recording of the
spatial distribution of spectral line intensities was used [4].
Monochromator MDR-12 with 3000-pixels CCD linear
image sensor (B/W) Sony ILX526A accomplished fast
scanning of spatial distribution of radial intensity. Due to the
instability of the discharge, statistical averaging of the
recorded spatial distributions of the radiation characteristics
was carried out.
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Selection of Cul spectral lines and analysis of their
spectroscopic data was previously carried out in [5]. It
was found in preliminary investigations that Cul lines
427.5 nm and 465.1 nm are overlapped by Mol lines
427.6 nm and 465.2 nm during arcing [6]. These lines
were withdrawn from further consideration. So,
Cul spectral lines 510.5, 515.3, 521.8, 570.0, 578.2,
793.3 and 809.3 nm were used for plasma diagnostic in
present work. Boltzmann plot method was applied for
plasma temperature determination.

For registration of spectral line profiles in case of 30 A
was used spectral device combined with Fabry-Perot
interferometer in etalon mode [7]. Electron density was
obtained from half-width of spectral line Cul 515.3 nm in
assumption of dominated quadratic Stark effect.

Unfortunately, such Fabry-Perot interferometer can’t
be used for half-width determination in case 3.5 A
current. So, electron density in this case was calculated
by algorithm based on previously obtained plasma
parameters, namely: temperatures distributions for 3.5
and 30 A, electron density for 30 A, intensities ratio of
Cul and Mol spectral lines. Comprehensive description
of the algorithm has place in work [5].

Plasma of electric arc discharge between Cu-Mo or
Cu-Mo-LaBg in argon flow generally contains atoms
and ions of copper, molybdenum and argon. Plasma in
state of local thermodynamic equilibrium can be
described by equations set, which consist of Saha
equations for each plasma component, equation of
charge neutrality, perfect gas law. Additionally,
expression for ratio of Cu and Mo atoms’ content in
plasma volume were included into equations set. This
expression can be obtained from ratio of Cul and Mol
spectral lines intensities.

2. RESULTS AND DISCUSSIONS

Radial temperature profiles of electric arc discharge are
shown in Fig. 1. Profiles for 3.5 A are almost the same
within measurement error for both types of electrodes. In
contrast, at 30 A significant difference between temperature
profiles for Cu-Mo and Cu-Mo-LaBg has place - in case of
Cu-Mo-LaBgelectrodes temperature are higher.

It is well known that increasing of metallic vapour
content in plasma volume leads to temperature
decreasing. So, lower content of metallic vapour
(copper and/or molybdenum) in plasma can be assumed
in case of Cu-Mo-LaB; electrodes at 30 A current.
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Fig. 1. Radial temperature profiles of electric arc discharge between Cu-Mo (a) and Cu-Mo-LaBg (b) electrodes
at current 3.5 (m) and 30 A (O)

Calculated plasma compositions of electric arc
discharge between Cu-Mo and Cu-Mo-LaBg for 3.5 and
30 A currents are shown in Fig. 2 and Fig. 3.

One can see, that electric conductivity of plasma
channel mainly supports by copper ionization.

Naturally, in contrast to high-melting molybdenum, the
amount of copper vapour in plasma volume is dominant.
In case of 3.5 A current contents of copper and
molybdenum are in reasonable agreement for both types
of electrodes.
Discrepancy in metallic vapour amount for Cu-Mo
and Cu-Mo-LaBg electrodes has place in case of 30 A.

In the next step, the radial distributions of copper
atoms and ions (X, % = (Nc,+Nc,+) ¥*100/5.N;) and
molybdenum (Xy,, % = (Nyso+Nyo+) ¥100/5N;) content
for both types of electrodes at 30 A current are
calculated (see Fig. 5).

One can see, that contents of copper are in good
agreement for both electrodes’ types, while content of
molybdenum are significantly lower for electrodes with
LaBs admixture. It leads to temperature increasing for
Cu-Mo-LaB¢ in comparison to Cu-Mo electrodes at
30 A current.
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Fig. 2. Plasma composition of electric arc discharge between Cu-Mo electrodes at 3.5 (a) and 30 A (b)
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Fig. 3. Plasma composition of electric arc discharge between Cu-Mo-LaBg electrodes at 3.5 (a) and 30 A (b)
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Fig. 4. Content of copper and molybdenum in plasma of electric arc discharge
between Cu-Mo (a) and Cu-Mo-LaBg (b) electrodes at 30 A

CONCLUSIONS

Electric conductivity of electric arc discharge
between Cu-Mo and Cu-Mo-LaBg composite electrodes
mainly supports by copper ionization. Plasma
composition and consequently erosion properties of
both electrodes types in 3.5 A current mode are in good
agreement. However, presence of LaBs admixture
causes plasma temperature rising and decreasing of
molybdenum content in case of 30 A. This effect can be
caused by qualitative changes in plasma-surface
interaction at power input increasing.
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UCCJIETOBAHMS TEPMHUYECKOM IJIA3MbI C IPUMECSMHA METAJLJIOB.
YACTSH I: BIUSAHUE COCTABA JJIEKTPO/I0B HA CBOMCTBA IJIA3MBI

A.H. Beknuu, A.B. Jlebeow, I1.B. Copoxa, B.®. bopeukuit, HJI. babuu

PaGoTa mocBsleHa CHEKTPOCKOINMYECKUM MCCIEAOBAHMAM IUIa3Mbl JJIEKTPOLYTOBOTO pPa3psia MEXKAy
Cu-Mo u Cu-Mo-LaB¢ KoMIO3UTHBIME 31€KTPOJAMH B IIOTOKe aproxa. IlomydeHHbIe pacipeaeieHus TeMIepaTyphl
U DJIEKTPOHHOM KOHIIEHTPAalUM HCHOJBb30BAHBI I pacdeTa cocTaBa IUIa3Mbl U COAEPKAHHS METAUIOB B
MPEINOTI0KEHUU COCTOSHUS JIOKAIbHOTO TEPMOJUHAMUYECKOTO PAaBHOBECHS. Y CTAHOBJIEHO CYLIECTBEHHOE BIMSIHUE
npumMecu LaBg Ha cBolicTBa m1a3Msl.

JOCJIJIPKEHHSA TEPMIYHOI IJIA3MU 3 TOMIIIIKAMHU METAJIIB. YACTHUHA I: BILIUB
CKUIAQY EJIEKTPOJIB HA BJIACTHUBOCTI IIVIA3SMU

A.M. Bexnuu, A.B. JIe6iow, I1.B. Copoka, B.®. bopeuvkuii, I1.J1. baoiu

Po6oTa nmpucBsiueHa CIEKTPOCKOMIYHIM JOCTKEHHAM IIIa3MH €JIEKTPOIyTOBOTO PO3PSIAY MiK KOMIO3HUTHUMH
Cu-Mo Tta Cu-Mo-LaB¢ KOMHO3UTHIMH €IEeKTPOJaMH B IMOTOII aproHy. OTpuMaHi pO3MOiUIKM TeMIIepaTypu Ta
€JIEKTPOHHOT KOHLIEHTPALIl BAKOPUCTAHO YISl PO3PaXxyHKy CKJIaay IUIa3MH Ta BMICTYy METAJIB y NMPUITYIIEHHI CTaHy
JIOKaJIBHOI TEPMOJIMHAMIUHOI piBHOBaru. BeraHoBiieHo cyTTeBuit BIuMB oMiliku LaBg Ha Bi1acTHBOCTI M1a3Mu.
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