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In this work the plasma of electric arc discharges between Cu-Cr composite electrodes, which material were
pressured and sintered at different temperatures 750 or 1050°C, are investigated by Optical Emission Spectroscopy
(OES). The Scanning Electron Microscopy (SEM) with Energy-Dispersive X-ray Spectroscopy (EDXS) are used to
study the working surface of electrodes, modified by thermal effect of breaking electrical arc in the air atmosphere.
The erosion intensity of electrodes’ material due to plasma-surface interaction is estimated in indirect way by
determination of metal vapours content in the discharge gap in an assumption of local thermodynamic equilibrium
(LTE). The plasma composition is calculated in this case on the base of experimentally determined plasma

parameters: temperature and electron density.
PACS: 52.70.-m, 52.80.Mg

INTRODUCTION

Nowadays, the issue of developing new composite
materials, improving the characteristics of existing ones
and optimizing their manufacturing technologies are
still relevant due to continuous development of most
branches of electric power industry. The composites
materials on the base of copper and chromium mixture,
where perfect electrical and thermal conductivity of
copper as well as refractoriness of chromium play a
predominated role in the resistance to thermal effect of
electric arc discharge plasma, which occurs during
contact switching, are particular interest.

The Cu-Cr composites have long been used as the
electrodes” materials in  vacuum arc quenching
chambers of middle/high power [1] and in various
devices of electrical discharge machining [2, 3].

It is well-known, that a lot of different technologies
of manufacturing of such composite materials (e.g.
powder metallurgy) are developed as well as a large
number of different variations of its component ratio are
proposed. Each of these factors can significantly influence
the output characteristics of fabricated composites.

It was found in the work of Rieder et al. [4], that
contact resistance of composite Cu75-Cr25 electrodes,
as expected, is lower in comparison with Cu50-Cr50. In
addition, the authors emphasized that the erosion of the
contacts increases slightly when initial metal powders
with smaller particle size are used in the production.

Fundamentally other studies are presented in the
work of Lahiri et al. [5], which are devoted to the
comparison of various technologies for the fabrication
of Cu-Cr composites. It was found in a result of study,
that the explosive compaction of mechanically alloyed
Cu-Cr powder followed by solid-state sintering or
coating of mechanical powder with Cu followed byuni-
axial cold compaction and solid-state sintering could be a
better option for production of electrical contact materials.
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The solid-state sintering technology was investigated
by Papillon et al. [6] as well. The authors founded that
chromium as a component of the composite material has
good heterogeneous properties that allow it to attach
volatile compounds formed from surface oxides, which
in turn prevents swelling of the material pores.

As it can be concluded from aforementioned, the
composite Cu-Cr material characteristics are strongly
depend on many factors, each of which requires careful
research with the aim of optimization of manufacturing
technologies.

Thus, Cu-Cr contact materials, manufactured by
sintering technology, are characterized by a small
residual porosity, which can significantly affect the
electrical and thermal properties, which in turn can
significantly affect the erosion behavior of the
electrodes. The porosity of the material can be reduced
by increasing the temperature, at which the composite
materials are sintered.

This parameter, namely sintering temperature, of
such composite material production is not enough
studied, which can affect the output material
characteristics.

It can be noted, that such composite electrodes,
fabricated at a sintering temperature of 750°C, have
already been investigated in our previous work [7]. But
the effect of the sintering temperature, at which the
electrodes are manufactured, remained outside the
frame of mentioned study.

Thus, the aims of this work are the investigation and
qualitatively comparison of composite Cu-Cr electrodes
manufactured at sintering temperatures of 750 and
1050°C. Such kind of comparison is carried out by
estimation of metal vapour content in discharge gap
originated due to the interaction between electrode
surface and thermal plasma of the electric arc discharge.
Namely, OESis used to study the thermal plasma
parameters of arc discharge between Cu-Cr composite
electrodes as well as SEM with EDXS isapplied to
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study the modified working surface of such electrodes.
In particular, plasma temperature was determined by
Boltzmann plot technique in assumption of Local
Thermodynamic Equilibrium (LTE) and electron
density is determined from the Full Width on Half
Maximum (FWHM) of copper spectral. The above-
mentioned metal vapour content is calculated on the base
of these plasma parameters in LTE assumption as well.

1. EXPERIMENT

The breaking arc discharges in the air atmosphere at
current of 120 A were as the object of research in this
work. The scheme of the experimental setup is shown in
Fig. 1.
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Fig. 1. Scheme of experimental device

The arc was ignited between the upper fixed cathode
and the lower anode, which is connected to the
pneumatic drive. The registration of plasma emission
spectra, started after the operation of the last one, was
performed using a Newton 940 spectrometer in the
high-speed mode (1000 frames/s) in the spectral
range from 400 to 600 nm. Calibration of the spectral
device sensitivity was performed using a deuterium lamp.

2. RESULTS AND DISCUSSIONS

In Fig. 2 the temporal evolutions of plasma emission
spectra of arc discharge between Cu-Cr composite
electrodes, compressed at a sintering temperature of 750
and 1050 °C, are shown respectively.

The clearly observed atomic spectral lines of Cu |
465.1, 510.5, 515.3, 521.8, and 529.2 nm were used to
determine the plasma temperature by the Boltzmann
plot technique.

Each above-mentioned line during temporal
evolution was approximated by the Voigt function with
account of the contribution of the spectrometer
instrumental function to the width of the spectral line. It
was assumed that the spectral line broadening by
Doppler effect is negligible in such discharge
conditions. Chromium spectral lines were not used in
this work due to the impossibility of separating the Cr |
spectral lines profiles in the appropriate manner.
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Fig. 2. Temporal evolution of plasma emission spectra
of electric arc discharge between Cu-Cr composite
electrodes pressured and sintered at temperature:

a—750and b —1050 °C

It should be noted, that the spectral lines Cu I 570.0
and 578.2 nm, traditionally, are also can be used in
Boltzmann plot technique [8]. But, as it turned out, both
of these spectral lines can not be perfectly resoluted due
to the presence of chromium spectral lines with close
wavelengths. Therefore, the Cul570.0 and 578.2 nm
lines were not included in the determination of plasma
temperature  within  frame of this work. The
spectroscopic data, used in Boltzmann plots, were
clearly selected in previous study [8].
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Fig. 3. Temporal evolution of plasma temperature of arc
discharge between Cu-Cr composite electrodes
pressured at sintering temperature 750 and 1050 °C
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Fig. 4. Temporal evolution of electron density in
discharge plasma between Cu-Cr composite electrodes
pressured at sintering temperature 750 and 1050°C
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Fig. 5. Temporal evolution of metal vapour contents and
current in the electric discharge plasma between Cu-Cr
composite electrodes pressured and sintered at
temperature: a— 750 and b — 1050 °C

The obtained temporal evolution of spectral lines
intensities are used to determine the temperature
behaviours by Boltzmann plot technique during
discharge operation.

The electron densities’ behavior is obtained from the
temporal evolutions of the Cu I 515.3 nm spectral line
FWHM in assumption that the quadratic Stark effect is
the dominant mechanism of this line broadening [9].
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Fig. 6. Images of non-modified cathode surfaces
(electrode materials, pressured and sintered at
temperature: a — 750 and b — 1050 °C)
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Fig. 7. Images of modified cathode surfaces (electrode
materials, pressured and sintered at temperature:
a— 750 and b —1050°C)
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The temporal evolutions of the temperatures and
electron densities in the plasma of electric arc discharges
between composite Cu-Cr electrodes, pressured at
different sintering temperatures, are shown in Figs. 3, 4,
respectively. As one can see, both parameters coincide
within the measurement uncertainty.
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Fig. 8. Elemental mapping of non-modified cathode
surfaces (a, b, ¢, and d) and modified cathode surfaces
(e, f, g and h) (electrode materials, pressured and
sintered at temperature 750 (a, b, e, and f)
and 1050 °C (c, d, g, and h))
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The presented plasma parameters are used as the
input data of the equations system for calculation of the
plasma equilibrium composition. The algorithm of this
calculation is presented in [7].

The metal vapour contents in the discharge plasma
between both types of electrodes, calculated in such
way, are shown in Fig.5, respectively. Some
oscillations of such contents can be explained by
according character of current oscillation.

It may indicate the identical behaviour of the both
electrodes material under the influence of thermal
plasma of electric arc discharge at current 120 A. These
results are not in agreement with our previous, obtained
at 3.5 A [10], which showed that electrodes, pressured
and sintered at temperature 1050°C, have better erosion
resistance. On the other hand, it must be stressed, that
the spatial resolution was not provided within this study.

To more detail clarify the plasma-surface interaction
the SEM with EDXS is used. In Figs. 6, 8,a-d the non-
modified cathode surfaces of both electrodes types are
shown. The modified cathode surfaces by thermal effect
of electric arc discharge plasma are shown in Figs. 7,
8,e-h. It is clearly observed, that the surface of both
different cathodes are significantly change. Specifically,
the copper, as a non-refractory component of composite
electrodes (bright areas), melts inside the electrode and
accumulates at the working surface layer. Taking into
account the dimensions of these areas, we can conclude
concerning the degree of arc discharge plasma impact
on the electrodes.

As one can see, the electrodes areas, in which copper
has melted, does not exceed 200 pum for both Cu-Cr
composite electrodes. Consequently, the results of SEM
of the electrodes surface confirm the conclusions of the
OES that the plasma-surface interaction consequences
of electric arc discharge between composite Cu-Cr
electrodes, pressured at different temperatures, are the
same.

CONCLUSIONS

The plasma-surface interaction of electric arc
discharges between two types of composite Cu-Cr
electrodes, manufactured at the sintering temperatures
of 750 or 1050°C, are investigated. Namely, the
temporal evolutions of metal vapour contents were
calculated on the base of experimentally determined by
OES plasma parameters (temperature and electron
density). Additionally, the SEM with EDXS was
applied to investigate the surfaces of electrodes
modified by the thermal effect of electric arc discharge
plasma.

It was found, that the influence of thermal effect of
electric arc discharge plasma is the same between
composite Cu-Cr electrodes, manufactured at different
sintering temperatures. It may indicate the identical
behaviour of the both electrodes material under the
influence of thermal plasma of electric arc discharge at
current 120 A. These results are not in agreement with
those, obtained at 3.5 A, which showed that electrodes,
pressured and sintered at temperature 1050 °C, have
better erosion resistance.

The results of SEM of the electrodes surface confirm
the conclusions of the OES that the plasma-surface
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interaction, consequences of electric arc
dischargebetween  composite  Cu-Cr  electrodes,
pressured at different sintering temperatures are the
same for both electrodes types.
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B3AUMOJIEMCTBUE ILJIABMA-IIOBEPXHOCTH B JIEKTPOYTOBBIX PA3ZPSJIAX MEXY
KOMIIO3UTHBIMU Cu-Cr-2JIEKTPOAAMU

A. Mypmanuyes, A. Bexnuu, B. bopeuxuii, M. Bapmaoesa, JI. /locman, /{»nc. Huwka, /1. Illumex, A. Iaiiooc,
A. Tonouun

Meroxamu onTH4eckoil aMuccronHo# cniekrpockonuu (ODC) mccieayercs mia3Ma 3JIeKTPOAYTOBBIX Pa3psiioB
Mexay komno3uTHbiMu Cu-Cr-siekrponamu, Marepuan KOTOPBIX B IIPOLECCE HW3TOTOBIICHHUS IOJBEPTacs
MPECCOBAHUIO U CIICKaHWIO Npu pasHbix Temiepatypax: 750 wmu 1050 °C. Iy uzydeHus: pabodel MOBEPXHOCTH
AJIEKTPO/IOB, MOABEPrarolieics TEPMHUYECKOMY BO3JCHCTBUIO PAa3phIBHOI 3JIEKTPHUYECKON Iyru B aTMmochepe
BO3/yXa, UCIOJIb30BaHA CKaHMPYIOIIAs 3JEKTpOoHHAs MHUKpockonus (COM), nomonHeHHas SHEproAUCIepCHOHHON
pertreHoBckoi  cmektpockommei (D/IPC). HMHTeHCHBHOCTH 53pO3MM MaTepHaja 3JIEKTPOIOB BCIEICTBHE
B3aHMOHeﬁCTBHﬂ IJ1a3Ma-MmoBEPXHOCTH OLICHMBAJIACh KOCBCHHBIM METOAOM IIYTEM OINPCACIICHUA COACPIKAHNA ITapOB
METAJUIOB B pa3psAHOM IPOMEXYTKE B IPEIIOJIOKCHUN JIOKAITLHOTO TepMOJIuHamm4yeckoro pasHosecus (JITP).
CocraB 1uia3Mbl B 3TOM Cllyda€ pPacCUMTaH M3 HKCIIEPUMEHTAIbHO IMOJIYYEHHBIX IapaMeTPOB: TeMIIEpaTypsl H
3JIEKTPOHHOM KOHIIEHTPALUH.

B3AEMOJIA IJTASMA-IIOBEPXHSA B EJIEKTPOAYT'OBUX PO3PAJAX MI’K KOMIIO3UTHUMHM
Cu-Cr-EJIEKTPOJAMHU

0. Mypmanues, A. Bexnuu, B. bopeuvkuit, M. bapmanoesa, JI. /locman, /[xc. Iliwka, /1. Illumex, A. Iaiiooc,
0. Tonouun

MetogaMn ONTHYHOI €MiCIHHOI CHEKTPOCKOMIi IOCHIKYETbCA IUTa3Ma EJIEKTPOIYTOBHX PO3PSAIB  MiX
komro3utHuMu Cu-Cr-enekTposamMu, Marepial SKUX Y IpoIleCi BUTOTOBICHHS MiJJaBaBCs IPECYBAHHIO Ta
CHIKaHHIO TP pi3HUX Temmepatypax: 750 a6o 1050°C. Hdnst mociijukeHHS poOOYOi MOBEpXHI €JNEKTPOJIB, SKi
3a3HalM BIUIMBY TEPMIiYHOI Aii PO3PHBHOI €JNEKTPUYHOI JyrH B aTMocdepi MoBiTpsi, BUKOPUCTOBYETHCS CKaHyrO4Ya
eslekTpoHHa Mikpockormisi (CEM), normoBHeHa eHeproaucrepciiiHoro peHTreHiBchKkoro crektpockomiero (EPC).
InTeHcuBHICTH €po3ii MaTepiady eNeKTPOJiB BHACIIJOK B3a€MOJIl IIa3Ma-TIOBEPXHs OLHIOBANACh y HENPSIMHI
crocid NUIIXOM BH3HAUCHHS BMICTY NapiB MeETaliB y pPO3PAIHOMY IPOMDKKY B HPHUIIYIICHHI JOKaJIbHOI
tepmoauHaMiuHoi piBHoBaru (JITP). Cxiax mmasmu B JaHOMY BHIIQJKy PO3PAaxOBaHMH 3 EKCIIEPUMEHTAIILHO
OTPHUMAaHHUX MapaMeTpiB IIa3MU: TEMIIEPATypH Ta eJIEKTPOHHOT KOHILIEHTpAIIil.
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