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The results of optical emission spectroscopy (OES) investigation of plasma of electric arc discharges in steady-
state mode between Cu-Cr composite electrodes, manufactured at different sintered temperatures: 750, 850, 950 or
1050 °C, is presented. In particular, the impact of sintering temperature on erosion resistanceof such composite
materials, which was determined in indirect manner by estimation of metal vapours content in the midsection of
discharge gaps, is studied by the analysis of plasma parameters. These contents were calculated in assumption of
local thermodynamic equilibrium (LTE) on the base of experimentally obtained radial distributions of plasma

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

INTRODUCTION

Over the last few decades, composite materials have
become widely used due to the specific advantages that
have arisen due to the various useful properties of such
materials individual components [1]. Specifically, the
composites, such as Cu-Cr, are of great interest in the
electric power industry [2], electrical discharge
machining [3, 4], electrical railway system [5] etc.This
interest is explained by numerous excellent properties of
the Cu-Cr materials, which are important for such
branches of industry. First of all, it is high thermal and
electrical conductivity, provided by copper component,
and the second one is refractoriness of chromium.

Moreover, Cu-Cr materials have several very
specificproperties,  but  inherentonly  for  this
composition. Namely, it is a good heterogeneous
property [6], low tendency to welding [2], high strength
[7] etc. Each of these factors makes the Cu-Cr
composites the irreplaceable contact material in trolley
wire [8], vacuum arc quenching chambers of
middle/high power systems [2] or high-current vacuum
circuit breakers [9].

On the other hand, it is obviously, that each field of
application needs different material qualities. As a
result, the various fabrication technologies as well as
numerous stoichiometry of such composite are proposed
nowadays.

For example, it was found in work [10], that Cu-
45 %Cr material provides comparably the lowest
cathode wear, while Cu-50 %Cr provides lowest anode
wear. Moreover, it was concluded in [11] that it is much
more difficultto form a melting pool on a Cu-Cr contact
surface with a higher proportion of chromium. On the
other hand, an increasing of Cr content leads to
decreasing of interruption rate [12].

As it can be concluded, a lot of different studies are
devoted to comparison of various material ratios of

composite Cu-Cr contact materials with aim of
improvement of resulting properties and its application
optimization. However, the improving of this material
performance is still the problem of great importance at
the moment.

Our attention is focused on the influence of sintering
temperature, as a parameter of fabrication technology,
on erosion resistance of such electrodes under condition
of thermal plasma. This topic has already been partially
considered in our previous work [13]. Namely, it was
shown that electrode materials, sintered at temperature
1050 °C, have better erosion resistance in comparison
with those, which were sintered at 750 °C. But, it must
be noted, the investigation of dependence of erosion
resistance behaviour within the mentioned range of
sintering temperature is not completed yet.

According to aforementioned, the aim of this work is
more detailed investigation of the impact of sintering
temperature on erosion resistanceof such composite
materials under thermal action of plasma of electric arc
discharge in steady-state mode at current of 3.5 A. Such
study is provided in indirect manner by estimation of
metal vapours content in midsection of discharge gap
between Cu-Cr composites electrodes, which were
fabricated at sintering temperatures of 750, 850, 950 or
1050 °C.

1. EXPERIMENT

The electric arc discharges in steady-state mode at
current of 3.5 A were studied in air atmosphere between
vertically-oriented composite Cu35 %-Cr65 %
electrodes. The electrodes™ materials were fabricated by
metal powder technology with pressuring and sintering
at different temperatures. Thedischarge gap was 8 mm
in all experiments

The component plasma compositions in the
midsection of discharge gap were calculated in LTE
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assumption on the base of experimentally obtained by
OES the radial distributions of plasma temperature and
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Fig. 1. The radial distributions of components
composition of plasma of electric arc discharges in
steady-state mode between composite Cu-Cr electrodes,
sintered at 750 (a), 850 (b), 950 (c), and 1050 °C (d)
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electron density. The experimental setup and algorithm
of calculation are described in details in our previous
works [14, 15].

2. RESULTS AND DISCUSSION

The radial distributions of plasma component
compositions in midsection of discharge gap between
Cu-Cr composites electrodes, which were fabricated at
sintering temperatures of 750, 850, 950 or 1050 °C are
shown in Fig. 1.

As it was mentioned above, the equilibrium
assumption is used in the base of plasma composition
calculation. Therefore, the physical solutions of
analytical model [14, 15] in such calculations may
indicate that the LTE can be realised in plasma channel
of electric arc discharge between each type of composite
electrodes.

It is clearly observed, that electrical conductivity of
electric arc discharge plasma between all types of
composite electrodes is provided predominantly by
chromium due to its relatively low ionization energy in
comparison with copper atom (6.77 and 7.74 eV,
respectively). This conclusion is in a good
agreementwith our results, obtained in the previous
investigation [15].

Moreover, in spite of the fact, that chromium is
refractory component, its concentration in midsection of
discharge gap is higher than concentration of copper
atoms. It can be explained by higher content of
chromium component in initial composite material
(Cu35 %-Cr65 %). This tendency is typical for
discharge between all types of composites, besides
electrodes, which was sintered at 750 °C. Based on this,
it can be assumed that increasing of sintering
temperature leadsto decreasing of evaporation rate of
copper as a component of composite materials.

The radial distributions of metal vapours content
(copper and chromium) in plasma (Figs. 2-4) are
calculated from corresponding component composition
by equations:

Xeu % = (Neu + N&) - 1005
Xer, % = (Nep + N - 100/,
Xuetar % = Xy + Xer)

where N; is a total particle concentration in the plasma
of electric arc discharges in steady-state mode.

It can be concluded from the analysis of Fig. 2, that
copper vapour content in  discharge  gap
remainsinvariable within the accuracy of an experiment
for electrodes, sintered at temperatures 850, 950, and
1050 °C. At the same time the copper vapour content is
noticeably higher in discharge gap between electrodes,
sintered at 750 °C, but is not exceed the chromium
evaporation for this temperature. In contrast to this the
essential sintering temperature dependence of chromium
vapour contents is observed (see Fig. 3).
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Fig. 2. The radial distributions of copper vapour
content in plasma of electric arc dischargebetween
composite Cu-Cr electrodes
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Fig. 3. The radial distributions of chromium vapour
content in plasma of electric arc dischargebetween
composite Cu-Cr electrodes
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Fig. 4. The radial distributions of metal vapour
content in plasma of electric arc dischargebetween
composite Cu-Cr electrodes

So, it can be concluded finally, that metal vapour
content in plasma (see Fig. 4) and, in turn, erosion rate,
is caused predominantly by evaporation of chromium
component of Cu-Cr composite electrodes.
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Thus, it is found, that the content of metal vapour
decreases with increasing of sintering temperatures, at
which the composite Cu-Cr materials were fabricated. It
can be stressed, that the copper vapour content
decreases with increasing of sintering temperature up to
850 °C, after that it remains practically invariable. At
the same time the tendency of the decreasing of
chromium evaporation is still observed up to sintering
temperature of 1050 °C.

Finally, such comparison suggests that increasing of
sintering temperatures positively impacts on erosion
resistance of such composites under thermal action of
plasma of electric arc discharge in steady-state mode at
current of 3.5 A.

It must be noted additionally, the methods, applied
in this work, can be proposedforindirect investigation of
materials erosion properties.

CONCLUSIONS

The plasma of electric arc discharges in steady-state
mode  between  composite  Cu-Cr  electrodes,
manufactured at sintering temperatures of 750, 850, 950
or 1050 °C, is investigated by OES. Namely the radial
distributions of plasma components composition and
corresponding radial distributions of metal vapour
content in midsection of discharge gaps, are calculated
on the base of experimentally obtained plasma
temperatures and electron densities.

It was found, that the sintering temperatures impacts
on erosion resistance of such composite materials under
thermal action of plasma electric arc discharge in
steady-state mode at current of 3.5A. It can be
confirmed by decreasing of metal vapours contents in
midsection of discharge gap with increasing of sintering
temperature, at which composite electrodes™ materials
were fabricated.
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TEPMHUYECKOE BJIUAHUE IIJIABMbI JIEKTPOAYTI'OBOI'O PA3PAJJA HA KOMIIO3UTHBIE
Cu-Cr-MATEPHUAJIBI

A. Mypmanuyes, A. Bexnuu, B. bopeuxuii, M. bapmnoea, JI. /locman, /Inc. luwka, /]. Illumek, A. Tonouun

IMpencTaBneHsl pe3yabTaThl HCCICTOBAHMS TUIA3MBI IyTOBBIX PAa3psiiOB B YCTAHOBHBLIEMCS PEXHME METOAAMH
onTtHyeckoil smuccuoHHON crekTpockonuu (O9C) mexny anektpogamMu u3 CuU-Cr-KOMIO3HTHBIX MaTepHalIoB,
M3TOTOBJICHHBIX TMPH Pa3IMYHBIX Temreparypax crekanws: 750, 850, 950 u 1050 °C. B wactHOCTH, Ha OCHOBE
aHaJIM3a MapaMeTPOB IIa3Mbl HCCIIEIOBAHO BIMSHHE TEMIIEpaTyphl CHEKaHUS Ha 3PO3HOHHYIO CTOHKOCTH TaKHX
KOMITO3HIIMOHHBIX MaTepHaJIOB, KOTOPasi ONpeAesIach KOCBEHHBIM CIIOCOOOM — ITyTEM OIEHKH COAEPKaHUs IapoB
METaJUIOB B CPEHEM CEUCHUH Pa3pSAHBIX MIPOMEKYTKOB MEXIy 3JIeKTpoaamMu. PacmpeneneHus conepkaHus apoB
METAJUIOB OBUIM pAacCUMTaHBl B TPEINOJOKECHUU JIOKAJIbHOTO TEPMOIMHAMHYECKOTO PABHOBECHS Ha OCHOBE
SKCHEPUMEHTAIBHO IMOJNYYCHHBIX PpAJAMANbHBIX paclpeAeleHui TeMIepaTypbl IUIa3Mbl M 3JIEKTPOHHON
KOHIIEHTPAITIH.

TEPMIYHHMM BILIUB IIJIA3MH EJEKTPOJAYTOBOI'O PO3PSITY HA KOMITIO3UTHI
Cu-Cr-MATEPIAJIN

O. Mypmanues, A. Bexnuu, B. bopeuvkuii, M. bapmanoea, JI. Jlocman, /[xc. Iliwxa, /1. IHlumex, O. Tonouun

IMpencraBneno pe3ynbTaTH OCHIIKEHHS IUIa3MHM JIYTOBHUX DPO3PSAIIB y CTalliOHAPHOMY PEXHMI METOAaMHU
ontu4HOI eMiciiiHoi ciektpockorii (OEC) mix enexrpomamu 3 Cu-Cr-koMIIO3UTHHX MaTepiajliB, BATOTOBICHHUX IIPU
pizHux Temneparypax cmikanus: 750, 850, 950 Ta 1050 °C. 3okpema, Ha OCHOBI aHaji3y NapameTpiB IUIa3MHU
JIOCHIZDKEHO BIUTMB TEMIIEPATypH CIIIKaHHS Ha epo3iliHy CTIMKICTh TaKMX KOMIO3WIIMHUX MarepiaiiB, sKa
BH3HAYaJach y HENPSIMHHA CHOCI0O — NUIIXOM OLIHKM BMICTYy MapiB METalliB Y CEpeIHBOMY Mepepi3i po3psaHHUX
MPOMDKKIB MiX eleKkTpojaMu. Po3moxinm BMICTy mapiB MeTamiB Oynu po3paxoBaHi B NPHITYIIEHHI JOKaIbHOI
TEPMOAWHAMIYHOI PIBHOBArM HAa OCHOBI EKCIIEPHMEHTAJbHO OJEPKaHWX pPaJiaIbHUX PO3MOAITIB TeMIIEpaTypH
IUTa3MH 1 eNICKTPOHHOT KOHIICHTPALIi.

ISSN 1562-6016. BAHT. 2021. Nel(131) 101



