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The radia profiles of the plasma parameters of the electric arc between electrodes from composition materias on
the base of cooper Cu-Mo are studied by optical spectroscopy techniques in the assumption of the local thermodynamic
equilibrium (LTE). The occurrence of the secondary structure in electrodes’ working layers under effect of the electric
discharge was found by metallographic technique. The influence of the investigated electrode composition and its
secondary structure nature on the plasma axial temperature and itsradia distribution is shown.

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

1. INTRODUCTION

A wide application of composition materids in the
electrical device industry inspired a renewed interest in
the investigation of plasma of an electric arc discharge
between such material electrodes. A study of arc plasma
parameters will be able to facilitate the optimization of
various manufacturing equipments.

Electrical and thermophysical properties of compo-
sition materiads on copper base predetermine the wide
popularity of their application, especially, for contacts of
switching devices. Processes occurred in free burning
electric arc discharges can be serve as model of processes
between contacts of switching devices.

The composition materials on the copper base Cu-Mo
can be produced by various techniques. The first of them
is the solid-phase sintering as a most often used the
technique of powder metallurgy. However, the method of
the electron-beam evaporation with the following
condensation of the vapor stream on the rotating substrate
is more economically sound. The composition materia
condensed from vaporous phase has gradient micro-
layered and micro-dispersed structure.

In this paper the radia profiles of plasma parameters
of the electric arc between electrodes from composition
materiads Cu-Mo with various structures are studied by
optical spectroscopy. The condition of the electrode
surface is studied by metall ographic technique.

2. EXPERIMENTAL TECHNIQUE

The arc was ignited between the end surfaces of the
non-cooled electrodes. The discharge gap |« was of 2, 4, 6
or 8 mm. The diameter of the rod dectrodes was of 6 mm.
To avoid the metal droplet appearing a pulsing mode was
used: the current pulse up to 30 A was put on the "duty"
weak-current (3.5 A) discharge. The pulse duration ranged
up to 30 ms. A quasi-steady mode was invedigated.

Because of the discharge spatia and tempora ingtabi-
lity the method of the single tomographic recording of the
spectral line emission was used. A CCD linear image sen-
sor accomplished fast scanning of spatial distributions of
radiation intensity. It alows the recording of the radial
distributions of unsteady-state arc radiation intensity in
arbitrary spatial sections simultaneously. The synchroni-
zation of operation of the CCD linear image sensor with
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the external eectrical drcuit is stipulated. The 1SA
interface dot of IBM PC in a control and data exchangeis
used. The hardware and software was especially designed
for laboratory and industry plasmainvestigations[1].

3. RESULTS AND DISCUSSIONS
3.1PLASMA INVESTIGATION OF THE ELECTRIC
ARC DISCHARGE BETWEEN Cu-Mo ELECTRODES
PRODUCED BY THE SOLID-PHASE SINTERING

We used composition materials Cu-Mo (50/50). The
temperature profiles T(r) in electric arc between Cu-Mo
electrodes were obtained from réative intensities of
spectral lines Cul 521.8 and 510.5 nm. Theradia profiles
of electron densities Ng(r) are obtained from width of
spectral line Cul 515.3 nm in a case of prevail Stark
broadening. The ratio of atom concentrations Cu and Mo
in plasma was calcul ated from radial profiles of intensities
of spectral lines Cul 521.8 and Mol 603.1 nm in the
assumption of the equilibrium of the energy leve
population. In Fig. 1, 2 and 3 radia profiles T(r), Ng(r)
and N /Ny, in the average cross section of the discharge
gap | = 8 mm are shown.

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
the Saha's equation for copper, nitrogen, oxygen and
molybdenum atoms, dissociation equation for nitrogen
and oxygen molecules, the equation of plasma dectrica
neutrality and Dalton’s law as well. As an additional
experimentally obtained parameter we used the ratio of
atom concentrations Cu and Mo [1].
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Fig.1. Radial profiles of temperature
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Fig.2. Radial profiles of electron density
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Fig.3. Radial distributions of atom concentration ratio
of copper and molybdenum

In Fig. 4 equilibrium plasma composition is shown. It
is possible to caculate the content of copper and
molybdenum in plasma of the discharge gap. In Fig. 5
contents of Cu and Mo in plasma are shown. It is visible
the content of copper is predominated by two orders of
magnitude in plasma of the electric arc. The increasing of
the content of metal vapors at the discharge periphery can
be possible explained by the phenomenon of the
ambipolar diffuson (demixing). The additionally
confirmation of such assumption is the spatia separation
of different plasma components according to ther
ionization energies[2, 3].

n;, cm's Cu-Mo
1E18¢ N2

1E16

1E14 ¢

1E12

1E10
0

r, mm
Fig.4. Plasma composition of electric arc between
Cu-Mo electrodes

Furthermore as the pressure of saturated vapors of
copper above the eectrode surface some orders exceeds
the pressure of molybdenum vapors the predominance of
the copper atom concentrationsin plasmais natural.

It is interesting to note that the content of copper in
plasma of the electric arc between copper electrodes is
about 0.6 % at the discharge axis [4]. In this case of Cu-
Mo dectrodes the content of copper prevails by the order
of magnitude.
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In paper [5] was found the working layer at Cu-Mo
electrode surface is formed by the influence of the electric
arc discharge. The structural changes in a working layer
of electrode were studied by metallographic analysis of
microvolumes of a working layer too. Such secondary
modified surface of electrode has a capillary structure.
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Fig. 5. Contents of copper and molybdenumin plasma

The low thermal conductivity of such modified sur-
face of Cu-Mo electrodes in comparison with single-com-
ponent Cu electrodes results in copper overheating and its
rejection into the discharge gap. Such erosion mechanism
can be makes for decreasing of plasma temperature of arc
discharge caused by the intensive copper rejection.

3.2PLASMA INVESTIGATION OF THE
ELECTRIC ARC DISCHARGE BETWEEN Cu-Mo
ELECTRODESPRODUCED BY THE ELECTRON-
BEAM EVAPORATION

We used electrodes produced by technique of elect-
ron-beam evaporation, which have a multilayered Cu and
Mo structure [6]. These layers are normally located to the
working surface of edectrodes. The investigation was
carried out at the arc current 3.5 A and discharge gaps |«
of 4 mm. The temperature radia profiles were calculated
from relative intensities of Cul spectra lines: 521.8,
515.3, 510.5 and 465.1 nm.

The examples of obtained temperature radial profiles
in the average cross section of discharge gap are shown in
Fig.6. The curve 1 corresponds to the case the electrode
surface with secondary structure and curve 2 corresponds
to another case without secondary structure. It is visible
that secondary structure leads to the temperature
decreasing at the discharge axis. The radia temperature
gradient in this case is less significant as well. Probably
this effect may be caused by destruction of the micro-
layered structure of electrodes.

The temperature profiles obtained by different pairs of
spectra lines are practicdly coincided at least within the
experimental accuracy. It is possble to conclude that the
Boltzmann law in level population of copper atoms is
realized. Therefore, we can assume that LTE takes place
in plasma.

The structural changes in a working surface of
electrode were studied by metallographic anaysis of
microvolumes of this surface too. Such secondary
modified surface of electrode has a complicated structure.
Probably such working surface is characterized by
different properties of copper and molybdenum erosion.
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Fig. 6. Radial profiles of temperature

CONCLUSIONS

The radia profiles of temperature and eectron
densities in the plasma of dectric arc discharge between
composition Cu-Mo electrodes produced by various
techniques were measured by optical spectroscopy
techniques. On the base of thisinitial data the calculation
of equilibrium composition of a plasma mixture was
carried out in a case of Cu-Mo éectrodes produced by the

solid-phase sintering. The content of metal vapors in
plasmais defined.

By metalographic anaysis of microvolumes the
structura changes in a working surface of electrode were
studied. The processes occurred in the discharge gap are
determined by erosion of the electrode materid and
condition of its surface.

The obtained results alow to make some conclusions
concerning of processes of the electrode material erosion
in arc. The spectroscopy techniques yield results, which
arenot at variance with metall ographic technique results.

The further complex studies of composition materias
will alow to optimize the contact and €l ectrode content.
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IIJIABMA SJIEKTPOAYT'OBOI'O PA3PSIJIA MEXKIY Cu-Mo 9JIEKTPOIAMHA
H.JI. babuu, /I.B. Yyxanenxo, H U. I peuaniok, A. . Knypenko, P.B. Munakoea, B.E. Ocuoau, A.H. Bexnuu

MeTomaMu ONITHYECKON CIIEKTPOCKOIIMH B MPEAIONIOKEHHH JIOKAIBHOTO TEPMOIMHAMUYECKOr0 paBHOBecHs (JITP)
WCCIIEIOBAaHbl pajualibHbIe MPOQHUIN IAapaMEeTPOB IIa3Mbl 3JICKTPUYECKONM MAYTH MEXIy OJICKTPOJaMH U3
KOMITO3MILIMOHHBIX MaTepHalioB Ha ocHoBe Memu Cu-Mo. MeramiorpaguyeckuMl METOZaMH  yYCTAHOBJICHO
BO3HMKHOBEHHE BTOPUYHOH CTPYKTYphl B pPabodeM CJ0€ 3JIEKTPOAOB IOJ BIMSHHEM 3JIEKTPHYECKOTO pa3psia.
[TokazaHo BIWSIHHME CTPYKTYpPBI MCCIEAYEMbIX 3JIEKTPOAOB M MX PabodnX MOBEPXHOCTEH Ha TEMIEpaTypy IIa3Mbl Ha
OCH pa3psifia U ee paJuaabHOE PacTIpeICIeHHE.

IJIASMA EJIEKTPOAYT'OBOI'O PO3PSIAY MIK Cu-Mo EJIEKTPOJAMMU

LJI. Babiu, /1.B. Yyxanenko, M.1. I peuantox, A.I. Knuypenxo, P.B. Minakosa, B.€. Ocioau, A.M. Bexnuu

MeTomaMy ONTHYHOI CIIEKTPOCKOITii B TPHIYIIEHHI JIOKAIBHOI TepMoauHaMidHoi piBHoBaru (JITP) mocmimkeHo
panianbHi mpodisi mapaMeTpiB MIa3MH eIeKTPHYHOI AYTH MiXK €JIeKTPOAaMH 3 KOMITO3UIIMHNX MaTepialliB Ha OCHOBI
Mmigi Cu-Mo. MeranorpadivyHUMA METOIaMH BUSBIICHO YTBOPEHHSI BTOPUHHOI CTPYKTYPH y POOOYOMY HIapi eNeKTPO/IiB
i BIUIMBOM ENEKTPUYIHOTO po3psany. [loka3aHO BIDIMB CTPYKTYpH OOCITIDKYBAaHHX EJCKTPONIB Ta iX poOodmx
ITOBEPXOHPb Ha TEMITEpaTypy IUIa3MHU Ha OCi po3psay Ta ii pamianbHUN PO3IIOALT.
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