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Investigations had been carried out of the influence of Ta alloying (2...16 wt.%) in W-coatings on their erosion
behavior in steady state plasmas of Penning discharges in different gases: argon, nitrogen, and hydrogen. The
coatings were deposited on stainless steel substrates by argon ion sputtering of targets made from appropriate
metals. For comparison the erosion behavior had been examined of pure W and Ta coatings obtained by the same
method. It was shown the essential decrease of an erosion rate after Ta addition in W coatings. The possible physical

mechanism is suggested to explain such erosion behavior.

PACS: 52.40.Hf, 79.20.R

INTRODUCTION

The creation of new functionally graded materials
on the basis of tungsten and investigations of their
properties, in particular erosion behavior, are very
important now in view of ITER construction. The
admixture of various materials, e.g., of Cu, Ta in W is
used to improve its mechanical properties [1-5]. What
about erosion of such two components systems it was
shown in [2] that the erosion rates for (W-5%Cu)
samples are near to that for dense W samples in spite of
presence of easily sputtered copper. When Ta is added
in the W coatings this leads to increasing of film
mechanical properties as it is observed in [4]. So it was
the certain interest to examine an erosion behavior of
W-Ta coatings under plasmas impact.

1. EXPERIMENTAL AND RESULTS

The experiments were carried out at the DCM-1
device (IPP NSC KIPT, bench for diagnostics of
materials under plasmas irradiation, Fig.1) under
operating conditions of mirror Penning discharge [3],
which was ignited at magnetic field 0.05T, at work gas
pressure about 0.2 Pa. The discharge voltage values
were 1 keV, irradiation doses were 10*®...10" ions/cm?
The samples for studies were stainless steel disks of
25 mm diameter, coated by W, Ta or W-Ta films of
different thickness and composition. The scheme of the
erosion experiments is clear in Fig. 1.

The method of argon ion-plasma sputtering of
tungsten and tantalum targets using the gas-plasma
source (ISSPMT NSC KIPT) was applied to obtain pure
W, Ta and W-Ta coating with tantalum concentration
from 2 to 16 %. The design and principle of operation of
the gas-plasma source (GPS) used for production of
multicomponent coatings is described in detail in [6]. In
the present paper a vacuum chamber comprises a GPS
in the form of a tubular anode of 200 mm in diameter
and 380 mm long with a tungsten hot cathode. Outside
the anode there is a focusing coil, which generates a
magnetic field of about 50 Oe. Experiments were
carried using a filament current of a tungsten spiral of
100 A at a positive anode potential in the range of
+50 V and under argon pressure of ~ 0.8 Pa. The
discharge current was 35 A. Sputtering targets were
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polycrystalline W and Ta plates onto which a negative
potential of -700 V has been applied. The concentration
of elements in the coatings was given by the ratio
between the areas of tungsten and tantalum targets. The
anode-target distance was 50 mm. The ion-current
density on the target was 10...20 mA/cm? Coatings
were deposited on substrates at a negative potential of
-50 V. The thickness of coatings has been measured by
the  “shadow  knifes”  method wusing  the
microinterferometer MII-4 and was ~3pum. The
element concentration in the coating was measured by
the X-ray fluorescence method with the spectrometer
“Sprut”.
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Fig. 1. Scheme of the experimental device DSM-1

Experimental technique for erosion rate measurement
by weight-loss method had been described in detail in
the previous works [7, 8]. The main error of erosion
coefficient measurements was ~ 30 % and was mainly
caused by some current instability on the initial stage of
discharges due to impurity flow from cathodes. This was
the reason of large difference in erosion coefficients in
hydrogen plasma in compare with literature data.

The erosion coefficient values measured after argon,
nitrogen and hydrogen plasmas impact for W, Ta and W-
Ta coatings in dependence on atomic number of
bombarding ions and alloy addition Ta concentration in
W are shown in Figs. 2, 3.
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Fig. 2. W-Ta coatings erosion coefficient versus
atomic number of bombarding ions
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Fig. 3. W films erosion rate dependence on the Ta
concentration

2. DISCUSSION

It is seen in Fig.3 the addition of Ta leads to essential
decrease of erosion rate (sputtering coefficient/yield),
especially for light (hydrogen) ions. For hydrogen
plasma erosion coefficient W-16%Ta coatings is about
0.018 at/ion H" instead of ~0.038 atf/ion for pure W
coatings. In the case of N* bombarding ions it is only
0.22 and 0.3 at/ion, consequently. In both cases a
decrease in the erosion rate of W-Ta coatings is near
linear dependence on the concentration of the doping
material (Ta). The experiments in argon plasma had
shown negligible influence of Ta alloy addition.

Note, the measured erosion rate in hydrogen plasma
for pure Ta film is 0.01 at/ion and 0.038 at/ion for W
coatings. l.e., sputtering of Ta under light ion
bombardment is essentially lower than that for W. This
difference is less for W and Ta erosion rates under
nitrogen plasma impact. And in the case of heavy ions
bombardment (Ar") the erosion of W is a little lower
than for Ta. Really, it is clear from Fig. 4 that the
dependence of ion induced sputtering yield on metal
properties (melting temperature, density, boiling point
etc,) is much lower for heavy ions than for light ones.
So, the observed erosion rate decrease after Ta addition
in W coatings could be caused by more erosion resistant
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Ta on the surface and in the nearing surface layer of the
coating. Of course, this is the preliminary results and to
know more exactly the nature of erosion decreasing the
additional investigations are needed.
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Fig. 4. Ar" and H" ions induced sputtering yields at
normal incidence [9, 10] versus melting temperature of
various metals

CONCLUSIONS

The W, Ta, and W-Ta coatings erosion coefficients
had been measured after steady state mirror Penning
plasma discharges impact. It had been shown that
addition of Ta (2.5...16 wt.%) in W coating leads to
essential decrease of W erosion rate, especially for light
ions. For hydrogen plasma erosion coefficient of W-
16 %Ta coatings is about 0.018 at/ion H* instead of
0.038 at/ion for pure W coatings. In the case of N*
bombarding ionsit is only 0.22 and 0.3 at/ion,
consequently. In both cases a decrease in the erosion
rate of W-Ta coatings is near linear dependence on the
concentration of the doping material (Ta). The
experiments in argon plasma had shown negligible
influence of Ta alloy addition. Taking into account the
obtained results and literature data on ion induced
sputtering of metals, such erosion behavior could be
caused by more erosion resistant Ta on the surface and
in the nearing surface layer of the coatings.
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3PO3UOHHOE MOBEJEHUE W-Ta-IIJIEHOK B IVIA3BME CTALITUOHAPHOI'O
OTPAKATEJIBHOT' O PA3PAJIA TIEHHUHT A

B.A. Benoyc, M.H. bonoapenko, I.11. I'nazynoe, A.B. Hnvuenxo, A.C. Kynpun, A.JI. Konomonckuii,
B.M. JIynés, B./]. Osuapenko

Uccnenyercst BausHUe jerupyromiei gobasku Ta (2...16 Bec.%) B W-IuieHKe, Ha 3PO3HMOHHOE MOBEICHUE B
wiasMe paspsjga IleHHWHTa pasiMdHbBIX ra3oB (aproHa, a3oTa W BOAOpPOJa). IIOKPHITHS HAHOCHJIMCH ITyTEM
pacrbUIeHHsT HOHAMH aprOHA MUIIEHEH W3 COOTBETCTBYIONIMX META/IOB Ha MOMAJIOKKY M3 HEP)KABEIOIIEH CTajH.
Jlnst cpaBHEHMS MCCIIEI0BAHO APO3HOHHOE MOBEJCHUE B Pa3IMYHBIX ra3ax OMHOKOMIOHEHTHBIX W- u Ta-TuIeHOK,
TIOJTyYIEHHBIX TeM ke MeToioM. OGHAPYKEHO CYIIECTBEHHOE YMEHBIIEHHE CKOPOCTH 9PO3MH TIocie gobasienus Ta
B W-ntokpsITas. [Ipearaercs QU3MUECKUii MEXaHU3M ISl OOBACHEHHUS TAKOTO TTOBEIACHUS SPO3HH.

EPO3IMHA MOBEJAIHKA W-Ta-TIIBOK Y IJIA3MI CTAIIIOHAPHOI'O BIJIEUBHOI'O PO3PSTY
INEHHIHT A

B.A. benoyc, M.M. bouoapenxo, I'Il. I'nazynos, A.B. Invuenxo, O.C. Kynpin, O.J1. Konomoncuovkuii,
B.M. Jlynvos, B./]. Osuapenko

JocmipKyeThes BILTHB Jieryiodoi qobasku Ta (2...16 Bar.%) B W-mniBmi Ha epo3iiiHy moBeAiHKY B ruia3mi po3psay [leHninra
pi3HMX Ta3iB (aprony, a3oTy i BoJieHI0). [IOKpUTTS HAHOCHIIHCS IIUISIXOM PO3MMIIIOBAHHS 10HAMM aproOHY MillIleHeH 3 BiJIOBITHHUX
METaliB Ha MAKIAAKY 3 HepkaBirouoi cTami. /I TOpIBHSHHSA [OCHi[PKeHa epo3iifHa TIoBemiHKa B PI3HUX raszax
onHOKOMITIOHEHTHUX W- 1 Ta-MOKPUTTIB, OTPUMAHUX THUM K€ METOZOM. BHSBICHO icTOTHE 3MEHIIEHHS NIBUIKOCTI €po3ii miciist
nonasaHHs Ta B W-nokputTs. [IpononyeTbest (i3uuHMil MEXaHi3M IS OSICHEHHS! TaKOi MTOBEAIHKH epo3ii.
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