DIAGNOSTICS OF MULTICOMPONENT ELECTRIC ARC PLASMA
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The plasma parameters of electric arc discharge in a gas flow between copper electrodes were investigated. The
electrical conductivity of copper-argon and copper-carbon dioxide plasma was calculated. It was found that at low
temperatures (5000 K<T<9000 K) the electrical conductivity considerably depends on the amount of copper in plasma.
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1. INTRODUCTION

The electric arc between evaporated electrodes has
diverse technological applications. It is well known that
electrode vapours have a determining influence on
properties of arc plasma. The insignificant impurity
(about 1%) of electrode metal vapour appreciably
changes plasma parameters of the discharge in a rather
wide temperature range [1]. Unfortunately the influence
of metal impurity on the plasma of free burning electric
arc discharge in different working gases is not
experimentally investigated in detail yet.

The main aim of this study is a development of
complex diagnostics techniques of determination of
plasma parameters of electric arc discharge in a gas flow
between copper electrodes.

2. TRANSPORT PROPERTIES
OF THERMAL PLASMA

In calculations of the transport properties of thermal
plasma it is necessary to know the proportion between
plasma components at a constant pressure. The method of
calculation of CO, — Cu (or Ar — Cu) plasma composition
was discussed earlier [2]. The content of copper we
determined as Xc=(NcytNcy+)/Ngy. As examples in
Fig. 1-2 the compositions of CO, plasma as well as
plasma mixture CO,-10% Cu are shown. One can see that
copper vapours play key role in ionization processes in
wide temperature range.

At the next stage we can determine the electrical
conductivity o of such plasma mixtures. It can be
obtained according to Grad’s expression [3-4]:
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For argon and argon-copper mixture the Frost’s

expression [5] for electrical conductivity was also used:
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where f,, — distribution function, vF _ function of
collisions electron with heavy particles.

3. EXPERIMENT

The arc was ignited in argon or carbon dioxide flow of
6 slpm between the end surfaces of non-cooled copper electro-
des. The diameter of rod electrodes was of 6 mm, the
discharge gap was of 8 mm, and the arc current was 3.5 and
30 A. The radial temperature profiles T(r) in plasma were
obtained from intensities of Cul spectral lines by the
Boltzmann plot techniques using previously selected
spectroscopic data. The radial profiles of electron densities

Ne(r) in discharge at 30 A were obtained from width of
spectral lines Cul 448.0 nm, broadened due to the quadratic
Stark effect. In the case of low current (3.5 A) absolute
intensity of Cul 465.1 nm spectral line was used.
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Fig. 1. CO, plasma composition
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Fig. 2. Plasma composition of CO, and 10% Cu mixture

In Fig. 3 the radial distributions of temperature and
electron density in argon arc discharge are shown. Two
essentially different modes of arc operation are observed
at arc current 3.5 A (see Fig. 3, aand Fig. 3, b).

The obtained electron density and temperature in
plasma as initial data were used in the calculation of
plasma composition in the assumption of local
thermodynamic equilibrium (LTE). In Fig. 4 the radial
distributions of plasma component in argon arc discharge
are shown. One can see that two modes of arc operation at
arc current 3.5A (see Fig.4,a and Fig. 4,b) differ
considerably by copper concentration in discharge gap. In
Fig. 5 the radial distributions of copper content in such
discharges and electrical conductivity obtained according
to expression (1) or (2) are shown.
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We should note that electrical conductivity essentially
depends on plasma temperature. It is natural that this
conductivity is raised with a current increasing up to 30 A.
One can see that the temperature growth is noticeable in such
arc discharge (see Fig. 3, c). Similar behavior of electrical
conductivity is observed in two modes of arc operation at arc
current 3.5 A. The decreasing of copper content (see
Fig. 5,b) naturally leads to the temperature growth (see
Fig. 3, b) in the arc discharge. Therefore we observe in this
case the not considerable increasing of electrical conductivity
obtained by both Grad’s and Frost’s methods as well (see
Fig. 5,a and Fig. 5,b). So, we must note once again that
copper vapours play key role in this plasma source.
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Fig. 3. Radial profiles of temperature and electron
density in discharge in argon flow at arc currents 3.5 A
(a, b — two modes of arc operation) and 30 A (c)
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We studied plasma of arc discharge in carbon dioxide
flow too (Fig. 6). In Fig. 7 the radial distributions of copper
content in such discharges and electrical conductivity
obtained by Grad’s method (1) are shown. It was found in
our previous investigations that plasma discharge in carbon
dioxide flow at arc current 30 A is not in equilibrium [2].
We developed the calculation technique of the non-LTE
plasma composition. But the detail consideration of this
problem is out of the frame of this work.
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Fig. 4. Radial profiles of plasma components in discharge
gap in argon flow at arc currents 3.5 A
(a, b — two modes of arc operation) and 30 A (c)
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Fig. 5. Radial profiles of copper content and electrical
conductivity in discharge gap in argon flow at arc currents
3.5 A (a, b —two modes of arc operation) and 30 A (c)

CONCLUSIONS

The complex diagnostics technique of determination of
plasma parameters of electric arc discharge in a gas flow

between copper electrodes was developed. The electrical
conductivity of copper-argon and copper-carbon dioxide
plasma was calculated. It was found that at low
temperatures (5000 K< T <9000 K) the electrical
conductivity considerably depends on the amount of
copper in plasma.
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Fig. 6. Radial profiles of temperature and electron density
in discharge in carbon dioxide flow at arc current 3.5 A
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Fig. 7. Radial profiles of copper content and electrical
conductivity in discharge gap in carbon dioxide flow at arc
current 3.5 A
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JAATHOCTUKA MHOTOKOMIIOHEHTHOM 3JEKTPOYTOBOM IJIA3ZMBbI
A.U. Yepeoapuyk, B.D. bopeyxuii, A.H. Bexnuu
HUccnenoBanuce mapaMeTpsl Mia3Mbl JIEKTPOAYTOBOTO paspsiia B MOTOKE Ia3a MEXAY MEIHBIMU IEKTPOAAMHU.
Paccunrana 35E€KTPONPOBOAHOCTD IIIA3MBl MEIb-APTOH M MEAb-YIJICKHCIBIH Ta3. YCTaHOBJICHO, YTO IIPH HHU3KUX
temneparypax (5000 K < T <9000 K) 31mekTpornpoBOIHOCTE CYIIECTBEHHO 3aBHCUT OT KOJIMYECTBA ME/IX B TIIIa3MeE.

JIATHOCTHUKA BATATOKOMITOHEHTHOI EJIEKTPOJIYTOBOI IVIA3MHU
A.l Yepeoapuyk, B.®@. bopeyvkuii, A.M. Bexnuu
JocnimKkyBaucs mapamMeTpy IUIa3MH €JIEKTPOJYTOBOIO pPO3psAy y MOTOLI rady MK MIJHUMH €JIEKTPOAaMH.
Po3paxoBaHO €JIEKTPONpPOBIAHICTD IJIa3MU Milb-aproH Ta Mijb-BYIJIEKHCINH Ta3. BcTaHOBIEHO, IO NMPH HU3BKUX
temneparypax (5000 K < T <9000 K) enekTponpoBiqHICTh CYTTEBO 3AJICKHUTH BiI KUTBKOCTI MiJIi B TUIA3Mi.
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