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Plasma of electric arc between asymmetric one-component Cu and Ni electrodes was investigated by optical
emission spectroscopy. Radial distributions of temperature and electron density were determined in the average
cross section of arc column. Plasma composition was calculated on the base of experimentally obtained tempera-
tures and electron densities as initial data in the assumption of local thermodynamic equilibrium. It was found that a
cathode surface plays predominated role as a erosion source of metal vapors in arc discharge plasma. The proposed
technique can be used for estimation of the erosion properties of different contact materials.

PACS: 52.70.-m, 52.80.Mg

INTRODUCTION

It is well known, from one hand, that composite ma-
terials are proposed to be used in fabrication of elec-
trodes or contacts of switching devices nowadays [1].
The advantage of such materials is a combination of
high erosion resistance, high thermal conductivity and
electrical conductivity.

From another hand, the single-component wires or
cables from different materials sometimes are used in
modern electric networks. A breakdown of isolation
occurs between such conductors in emergencies during
overvoltage in the power system. As a result, the arc
discharge take place between conductors. So, it is a rea-
son that the surface of the wires or cables is damaged
and the lifespan of the electric circuits can be reduced.
The study of the erosive stability of asymmetric materi-
als is an actual and unresolved problem still today. The
development of new manufacturing technologies and
optimization of the component content of electric wire
and cables will increase their electric and mechanical
strength.

The main aim of this paper is the investigation of
behaviour of asymmetric electrodes from copper and
nickel under the influence of discharge plasma of free-
burning electric arc in air atmosphere. The content of
metal vapour admixtures, which are evaporated from
electrodes, is determined by optical emission spectros-
copy. So, the erosion intensity of contact materials can
be determined.

1. EXPERIMENTAL INVESTIGATIONS

The free burning electric arc was ignited in air be-
tween the end surfaces of the non-cooled electrodes [2].
The diameter of the rod electrodes was 6 mm and arc
currents was 3.5 A. The discharge gap was 8 mm. Elec-
trodes were positioned vertically: asymmetric discharge
was realized. Namely, copper and nickel are used as
materials of one-component electrodes. The polarity of
upper and bottom electrodes of DC arc in different ex-
periments can be able to reverse. So, both materials, i.e.
Cu and Ni were used as a cathode or an anode in upper
and bottom position.

The one-pass tomographic recording of the spatial
distribution of spectral line intensities was used in the
first techniques [3]. Monochromator MDR-12 with
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3000-pixels CCD linear image sensor (B/W) Sony
ILX526A accomplished fast scanning of spatial distri-
bution of radial intensity. Due to the instability of the
discharge, statistical averaging of the recorded spatial
distributions of the radiation characteristics was carried
out.

2. RESULTS AND DISCUSSION

The radial distributions of plasma temperature were
determined in the middle section of discharge gap
(Fig. 1). The techniques of Boltzmann plot in the as-
sumption of local thermodynamic equilibrium (LTE)
was used. In this study spectral lines Cu | 427.5, 465.1,
510.5, 515.3, 521.8, 578.2, 793.3, 809.3 nm were used
[2]. Radial distributions of plasma temperature coincide
within the measurement error for all investigated modes
of arc discharge. One can see, that nor the position or
polarity of electrodes are not the determining parame-
ters, which define the temperature of electric arc at cur-
rent 3.5 A.

The plasma temperature at the axis and its radial pro-
file are very similar to those, which take place in the free
burning electric arc in air between copper electrodes [3].

The electron density is obtained from electric con-
ductivity, which can be calculated by solution of energy
balance equation (Elenbaas-Heller) in assumption of
LTE in plasma [3]. Previously, the measurement of
electric field has been carried out in positive plasma
column of arc discharge. As an example, the radial pro-
file of electron density of electric arc discharge between
one-component Cu and Ni electrodes at current 3.5 A
arc shown in Fig. 2. As one can see, the calculated elec-
tron density profiles have also the same values within
the adequate accuracy for all positions and polarities of
asymmetric electrodes.

The composition of air-copper-nickel plasma mix-
ture can be calculated on the base of experimentally
measured temperature and obtained electron density in
the LTE assumption [4]. Such approach provides the
quantitative determination of radial profiles of metal
vapours in the discharge gap.

Moreover, aforementioned experimentally obtained
data of temperature and calculated electron densities can
be plotted on the diagram in the coordinates N, and T,
(Figs. 3, 5, 7, and 9). Additionally, the profiles of electron
density in air plasma with different contents of metal va-
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pours as a function of temperature can be plotted as well
in these figures. The contents of metal vapours are de-
fined as follows:

— the content of copper vapours Xc, in plasma
Xew % = (Ney + Ney+)-100/2Ny and

— the content of nickel vapours Xy; in plasma
XNi, % = (NNi + NNi+)'1OO/ZNk,
where N¢y, Neus+, Nni, and Ny;i. are the concentrations of
copper and nickel atoms and ions, and >Ny is the total
amount of particles in plasma.

As one can see, that all experimental data are in re-
gion between curve of pure air plasma
(air/Cu/Ni(100/0/0)) and curve of air-metal vapours
plasma mixture (air/Cu/Ni(99/1/0) and
(air/Cu/Ni(99/0/1)). It means, that content of metal va-
pours in plasma does not exceed 1%. It should be noted,
the plasma is mostly in equilibrium along the entire
width of the arc channel.

The content of the impurities of metal vapours of
different elements in plasma varies depending on the
polarity of the applied voltage to the electrodes (Figs. 4,
6, 8, and 10). As we can see, the most intensive metal
erosion take place from the electrode that is used as a
cathode. Nevertheless, the total content of vapours of
copper and nickel in plasma of the arc discharge at cur-
rent 3.5 A is 0.2 — 0.5%. We can conclude, that just this
parameter plays a key role in processes which provide
necessary temperature and electron density in the arc
channel plasma.

The additional study of the surface of working layers
of electrodes, treated by plasma of electric arc, was per-
formed. The images of electrodes surface, obtained by
the digital camera, are shown in Figs. 11-14.

It was found, that the erosion zones on the surface of
the nickel cathode are formed predominantly as a point
focus (see Figs. 11 and 14). Moreover, the formation of
erosion zones of the electrode material does not depend
on the location of the nickel cathode in this case (i.e.
independently on position: upper or bottom its arrange-
ment).
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Fig. 1. Radial distributions of plasma temperature
of arc discharge between one-component Cu & Ni elec-
trodes (o and m — Cu in upper position; A and A —Ni
in upper position; open symbol — cathode in upper
position; close symbol —cathode in bottom position)
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Fig. 2. Radial distributions of electron density
of plasma of electric arc discharges between
one-component Cu & Ni electrodes (o and m — Cu
in upper position; A and A — Ni in upper position;
open symbol — cathode in upper position;
close symbol —cathode in bottom position)
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Fig. 3. The dependence of electron density from
temperature for plasma of electric arc discharge
between one-component Ni (cathode in upper position)
and Cu (anode in bottom position) electrodes
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Fig. 4. The radial distributions of copper and nickel
vapours contents in plasma of electric arc discharge
between Ni (cathode in upper position) and Cu (anode
in bottom position)
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Fig. 5. The dependence of electron density from
temperature for plasma of electric arc discharge
between one-component Ni (anode in upper position)
and Cu (cathode in bottom position) electrodes
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Fig. 6. The radial distributions of copper and nickel
vapours contents in plasma of electric arc discharge

between Ni (anode in upper position) and Cu
(cathode in bottom position)
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Fig. 7. The dependence of electron density from temper-

ature for plasma of electric arc discharge between one-

component Cu (cathode in upper position) and Ni (an-
ode in bottom position) electrodes
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Fig. 8. The radial distributions of copper and nickel
vapours contents in plasma of electric arc discharge
between Cu (cathode in upper position) and Ni
(anode in bottom position)
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Fig. 9. The dependence of electron density from
temperature for plasma of electric arc discharge
between one-component Cu (anode in upper position)
and Ni (cathode in bottom position) electrodes
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Fig. 10. The radial distributions of copper and nickel

vapours contents in plasma of electric arc discharge

between Cu (anode in upper position) and Ni (cathode
in bottom position)
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Fig. 12. Ni (anode in upper position) and Cu (cathode in bottom position)

Fig. 14. Ni (cathode in bottom position) and Cu (anode in upper position)
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Contrary to the cathode, the nickel anode is evapo-
rated uniformly throughout the surface without the for-
mation of peculiar point focuses, which are similar to
the craters (see Figs. 12 and 13).

In contrast to the nickel material, both copper elec-
trodes are evaporated more or less uniformly from the
surface-distributed melted pool. There are no sharply
defined craters on the surface of the copper anode or
cathode, regardless of the polarity and position of the
electrodes (see Figs. 11-14). Only the places of the ini-
tial arcing on the both electrodes are observed, which
arise when the discharge is ignited. The lack of craters,
which are characteristic for nickel cathode, can be ex-
plained by a higher thermal conductivity of copper as
compared with nickel.

CONCLUSIONS

It was found in the study of plasma of electric arc
between asymmetric one-component Cu and Ni elec-
trodes at current 3.5 A by optical emission spectrosco-
py, that:

— the thermal plasma is mostly in local thermodynamic
equilibrium along the entire width of the arc channel
in the average cross section of discharge gap;

— the most intensive metal erosion take place from the
electrode that is used as a cathode;

the total content of vapours of copper and nickel in
plasma of the arc discharge at current 3.5 A is
0.2...0.5%;

the erosion of the surface of all electrodes mostly
does not depend on their position; the erosion of the
material of the electrodes depends on their polarity.
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HCCIEJOBAHMUE IIJIABMBbBI DJIEKTPOAYTI'OBOI'O PA3PAIA
MEXIY INIABKUMMU Cu- ! Ni-9JJEKTPOJAMU

M.M. Knewuu, A.H. Bexnuu, C.A. @ecenxo, B.®. bopeykuii, J1.A. Kpauko

MeTonaMu ONTHYECKONW SMHUCCUOHHOM CIIEKTPOCKONMHU MCCIEN0BaHa IIa3Ma 3JIEKTPOLYrOBOTO paspsana MexIy
accumerpuueckumu CuU- u Ni-anextpomamu. PaguanbHsie pacmpeieicHUss TeMIIepaTyphbl U 3JIEKTPOHHOW KOHIICH-
TpallMU U3MEPEHB! I CPEIHETr0 MOMEPEeYHOro CTOoN0a AYrH. DKCIEPUMEHTAIBHO IOJyYeHHBIE TeMIlepaTypa H
SNEKTPOHHAsI KOHIEHTPALUS UCIOJIb30BaHbl KaK BXOAHBIE JaHHBIE U pacdeTa KOMIIOHEHTHOIO COCTaBa IJIa3MBbl.
[TokazaHo, 4TO 3PO3MHM MOJ BO3ACHCTBHEM 3JIEKTPHUECKOTO TYrOBOTO paspsia B OOJbIIEH CTETIEHH IOJBEPIKEHBI
MOBEPXHOCTU T€X 3JIEKTPOJOB, KOTOPHIE HMCIOIb30BAIUCH B KauecTBe Karoja. IIpennoxeHHas METOIUKA MOXKET
OBITH HCIIOJIb30BaHa JUIS OLEHKH 3PO3NOHHBIX CBOMCTB Pa3IMUHBIX KOHTAKTHBIX MaTepHalIoB.

JOCJILIKEHHSA IIJIASMU EJIEKTPOAYTI'OBOT'O PO3PAY
MIX INIABKUMMH Cu- TA Ni-EJIEKTPOJIAMHU

M.M. Knewuu, AM. Bexnuu, C.0. @ecenko, B.®. Bopeyvkuii, JI.0O. Kpauko

MeroamMu ONITHYHOT €MICIHHOT CIIEKTPOCKOIIIT OCIIJKEHO TUIa3My eJIEKTPOIYTOBOTO PO3psiy MiX acCHMETpHY-
HUMH OJHOKOMITOHEHTHUMHU CU- Ta Ni-enektponamu. PamianbHi po3noaiay TeMepaTypH Ta eleKTPOHHOI KOHIICHT-
pauii BUMIpsHI U CepeHbOTO TOIEPEYHOro CTOBNA OYrd. ExcriepuMeHTanbHO OTpUMaHi TeMIeparypa Ta eleKT-
POHHA KOHIIEHTpALlisi BUKOPHUCTAHI K BXIJHI JaHi JUIS pO3paxyHKy KOMIIOHEHTHOTO CKJIaay Iuia3Mu. [lokasaHo, mo
€po3ist Mae MiCIle TiJ] BIUINBOM €JICKTPOAYTOBOTO PO3psAY MEPEeBa)KHO Ha MOBEPXHI THX ENEKTPOMIB, SIKI BUKOPHC-
TOBYBAJIHCS K KaTOJ. 3alporlOHOBaHA METOJIUKAa MOKe OYTH BHKOPHCTaHA JJIs OLIHKH €pO3iiHUX BIaCTUBOCTEH
PI3HUX KOHTAKTHUX MaTepiaiB.
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