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The investigations of the processes of the mass transfer in a discharge gap of electric arc and peculiarity of
interactions of composite electrode surface with discharge plasma were carried out. The optical spectroscopy and
metallographic techniques were used. The unique secondary structure of electrode surface was formed by plasma of an

electric arc discharge in air at arc current under 100 A.
PACS: 52.25.0s, 52.70.-m, 52.80.Mg

1. INTRODUCTION

The component optimization of electrodes remains in
electric industry still an important problem in developing of
composite materials with predetermined properties. It was
found in our previous investigations [1] that the plasma
temperature strongly depends on the electrode composition
and the state of its surface as well. Therefore it is necessary
to investigate the correlation of plasma parameters and
electrode surface state or its erosion properties.

The main aim of this paper is the detailed study of the
efficiency of the mass transfer processes in a discharge gap of
electric arc and peculiarity of interactions of electrode surface
with discharge plasma.

Namely, we studied the influence of plasma of a free
burning in air electric arc on the surface state of composite
materials on the copper base: Cu-Mo or Cu-W.

These materials are obtained by the copper infiltration
of the high-melting component. The last one is a porous
framework which is prepared from Mo-Co or W-Co
powder with additions of copper powder. Cobalt (up to
~2%) is added to decrease the angle of contact of copper
liquid and molybdenum or tungsten. Furthermore because
of peculiarities of the process technology the iron is
always present in such composite materials as an addition.
The matter is that a grinding and a mixing of powders is
carried out in steel ball mills. So, composite materials
Cu-Mo-Co-Fe or Cu-W-Co-Fe in fact were used.

2. EXPERIMENT

The arc was ignited in air between the end surfaces of the
non-cooled electrodes. The diameter of the rod electrodes
was 6 mm, the discharge gap was 2...8mm, and the arc
current was 3.5 and 30 A. To avoid the metal droplet appea-
ring a pulsing high current mode was used: the current pulse
up to 100 A was put on the "duty" weak-current (3.5A)
discharge. The pulse duration ranged up to 30 ms.

The structural changes in the working layer of electrodes
were investigated by the optical microscope "Neophot-2"
and the scanning electron microscope (SEM) with the X-ray
microanalyzer "JSM Super Probe-733", JEOL.

The spatial distribution of metal vapours in a dischar-
ge gap we measured by techniques of optical emission
spectroscopy (OES) [2] and laser absorption spectroscopy
(LAS) [3] as well. So, the efficiency of mass transfer in
an electric arc can be evaluated in such manner.

3. RESULTS AND DISCUSSIONS

3.1. MASS TRANSFER IN A DISCHARGE GAP
Two independent spectroscopy techniques in a study of
the spatial distribution of metal vapours were used. In OES

the temperature profiles T(r) in electric arc between
composite electrodes were obtained from relative
intensities of spectral lines Cu/ 521.8 and 510.5 nm. The
radial profiles of electron densities N¢(r) are obtained from
width of spectral line Cu/ 515.3 nm in a case of prevail
quadratic ~ Stark broadening. The ratio of atom
concentrations Cu and Mo or W in plasma was calculated
from radial profiles of intensities of spectral lines Cul 521.8
and Mol 603.1 nm [2] or WI 589.1 [4] nm in the assump-
tion of the equilibrium of the energy level population.

The obtained electron density and the temperature in
plasma as initial parameters were used in the calculation
of the plasma composition in LTE assumption. As an
additional experimentally obtained parameter we used the
ratio of atom concentrations Cu and Mo [2] or W [4].

So, it can be possible to calculate the concentration of
any considered plasma particle in a discharge gap and the
content of any kind of metal vapours as well.

One another technique of copper vapours visualization
is LAS.

The absorption coefficient at the centre of the spectral
line 510.5 nm in arc plasma volume was measured. We
used the copper vapour laser at this wavelength. The image
of the discharge gap in a parallel laser beam was recorded
sequentially on the CCD matrix with arc and without it.

From the measured coefficient of absorption at the
centre of the spectral line Ky we can calculate the
population of the lower level of this line N,~k,dA. So, in
such manner we could realize the copper vapours
visualization in a discharge gap.

In Fig.1 (a-c) the spatial distributions of k; in arc dis-
charge between Cu-Mo (a) and Cu-W (b, c) electrodes are
shown. We found that the spatial and time profile of k) as
well as copper vapors in arc between Cu-Mo electrodes,
more or less, is stable. In contrast to this case such profile
in discharge gap between Cu-W electrodes is unstable. In
Fig.1 (b-c) two samples copper profiles are shown.

To clarify the proper cause of this phenomenon we in-
vestigated the behavior of arc discharge between two dif-
ferent kinds of electrodes. In Fig.2 (a-c) the images of arc
discharges between Cu-Mo (a) and Cu-W (b, c) electrodes
are shown.

As one can see the drop mass transfer of metal (Fig.2, c)
as well as a gas (vapour) phase transfer (Fig.2, b) is realized
in discharge gap between Cu-W electrodes. The dominated
gas (vapour) phase mass transfer of metal (Fig.2, a) is
realized in discharge gap between Cu-Mo electrodes.
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Fig. 1. Spatial profiles of copper vapours between
composite Cu-Mo (a) and Cu-W (b, c) electrodes

a b c
Fig.2. Images of arc discharges between composite Cu-
Mo (a) and Cu-W (b, ¢) electrodes
In Fig.3 radial distributions of copper atom concentration
in average cross section of discharge gap between copper

(1), composite Cu-Mo (2) and Cu-W (3, 4) electrodes are
shown.

One can conclude that in Fig.1 (c) and in Fig.3 (curve
4) the results of investigation in case of drop mass transfer
of metal in the arc gap between Cu-W electrodes are
shown. Fig.1 (b) and in Fig.3 (curve 3) correspond to gas
(vapour) phase transfer in a gap between such electrodes.
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Fig.3. Radial distributions of copper atom concentration in
discharge gap between copper (1), composite Cu-Mo (2)
and Cu-W (3, 4) electrodes

To clarify the efficiency of the mass transfer processes in
a discharge gap and peculiarity of interactions of electrode
surface with arc plasma we carried out additional surface
investigations by metallographic technique.

3.2. PLASMA-SURFACE INTERACTIONS

The structural changes in a working layer of electrode
were studied by metallographic analysis of microvolumes
of a working layer.

Such secondary modified surface of electrode has a
complicated structure on the surface of the composite
electrode on a copper base under effect of plasma of a
high current arc discharge (1...100 kA) in air [1].

Another kind of unique secondary structure formation is
observed on the surface of the composite materials Cu-Mo or
Cu-W at a discharge current under 100 A (3.5 or 30 A). The
input power in this case is less than in previous one.

In Fig.4 (a) the secondary structure on the surface of
Cu-Mo electrode treated by a single pulse current of 30 A
and duration of 30 ms is shown. Surface fragments in
more detailed scales are shown in Fig.4 (b, c).

The similar formation of the secondary structure is
observed in the Cu-W composite electrodes [see Fig.5].

The directional crystallization of eutectics colonies takes
place on the above mentioned component electrodes surface
in the investigated modes of electric arc discharge. Between
these colonies the solid solution on the oxides of the compo
sition, which depends on element components in a solution
under an arc spot, is formed. Then the oxides, which have a
high saturation pressure, are vaporized. The hollow spaces
are realized in the tungstates (molybdates). These low-
melting eutectics probably form the walls of the observed
boxes on the electrodes surface (Fig.4 b, ¢ and Fig.5, b). As
a result of the directional crystallization the unique boxes
walls are formed on the electrodes surface in the
investigated modes of electric arc operation.
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Except particles and their conglomeration which
are formed in the liquid melt crystallization the clear facet
crystals are observed on the electrodes surface (Fig.5,a).
Such crystals can be formed in the process of condensation
from the vapour phase of erosion products which are
contained in the discharge gap.
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IJTIABMA DJIEKTPUYECKOM JYTU MEXKITY SJIEKTPOJIAMU U3 KOMITIO3UIIMOHHBIX MATEPUAJIOB
H.JI. bBaouu, B.®. bopeukuii, P.B. Munaxoea, A.H. Bexnuu

MertannorpaguyeckuMi  MeTOJaMH W METOJaMH  ONTHYECKOU
MaccolepeHoca B pa3pAgHOM IIPOMEXKYTKE 3JIEKTPHUECKOW IyTH.

CIIEKTPOCKOIIUU  HCCIEAOBAHbl  MPOLIECCHI
M3ydeHa 0COOCHHOCTH B3aMMOJCHCTBHSA

MTOBEPXHOCTH KOMITO3UIIMOHHBIX 3JIEKTPOAOB C pa3psaHoi ruiazmoi. OOHapy)KeHa yHHKajJbHas BTOPHYHAsI CTPYKTypa
MIOBEPXHOCTHU 3JIEKTPOIOB MO BIMSIHUEM TYTrOBOTO pa3psjia B BO3Ayxe MpH cuile Toka 1o 100 A.

IIJIA3BMA EJJEKTPHYHOI YT MIK EJTEKTPOJIAMHA 3 KOMITIO3UIIMHUX MATEPIAJIIB

LJI. babiu, B.®. bopeuvkuii, P.B. Minaxoea, A.M. Bexnuu
MertanorpadiYyHIMH METOAaMH Ta METOJAaMH OINTHYHOI CIIEKTPOCKOIIi TOCTIMKEHI MPOLECH MAacOIepeHocy y
PO3PSIIHOMY TIPOMDKKY €JIeKTpHYHOI Jyrd. BuBueHa 0cOOMMBICTh B3a€MOJIIT MOBEPXHI KOMIO3UIIWHUX €IEKTPOIIB 3
pO3psiHOIO IUIa3Mol0. BusiBieHa yHiKalbHa BTOPHMHHA CTPYKTypa IIOBEPXHI €JIEKTPOJIB MiJ BIIMBOM JyTOBOTO

PpO3psAny B MOBITPi TpH crti cTpyMmy 1o 100 A.
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