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The results of tungsten-niobium alloy synthesis by pulsed compression plasma flows impact are presented. The
tungsten plates with a 2 pm thin niobium coating were treated with dense compression plasma flows generated by a
quasi-stationary plasma accelerator. The plasma influence with the absorbed energy density of 35-70 J/cm? and
pulse duration of 100 ps melts the niobium coating and a part of the tungsten substrate, which makes their liquid-
phase mixing and WNb alloy synthesis after the crystallization possible. Simulation of the temperature distribution
in the top layer of the tungsten after the plasma treatment proves the melted state. The methods of scanning-electron
microscopy (SEM) as well as X-ray diffraction (XRD) were used for the structure and phase composition detection.
The obtained results showed the thickness of the WNb alloy 10-20 um where W(Nb) bec solid solution had been

found.
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Introduction

The operation of the thermonuclear cham-
ber with plasma localized area surrounding
by a magnetic field implies the high heat flux
acting to the wall [1-5]. It provides high rate
of heating and cooling of the surface that re-
sult in mechanical stress and destroying. Up
to now, the improvement of thermo-
mechanical properties of tungsten is still a
crucial problem.

The pronounced problems of the pure
tungsten can be overcome by formation of
the tungsten-based alloys. The methods of
tungsten-based alloys production usually use
the powder technologies where fine metal
particles are compacted together at high tem-
peratures [6-7]. However, the formed powder
alloys have rather high porosity and their ra-
diation resistance is rather poor. The bulk
alloys are considered as more preferable
from the applied point of view. As the thin
sub-surface layer plays more important role
in the erosion processes, radiation effects,
mechanical and wear resistance, we can sug-
gest to make a bulk alloy just only on the sur-
face of any other metal. In this case the sys-
tem will save the physical properties of the

basic metal but the surface properties will be
modified.

Among the alloying elements in tungsten,
niobium presents with high melting point,
high corrosion resistance and low thermal-
neutron absorption cross-section [8-9]. In the
present work, it is proposed to use the pulsed
action of compressive plasma flows on the
tungsten with preliminary deposited niobium
coating to form tungsten-niobium (WNb) al-

loy.

Materials and Methods

The tungsten samples as plates with di-
mensions of 10x10 mm and thickness of 2
mm were used. After the surface cleaning,
the Nb coating was formed by the method of
arc-vacuum deposition in inert Ar atmos-
phere. The thickness of the Nb coating was 2
um. The Nb/W “coating/substrate” system
was subjected to the compression plasma
flows (CPF) generated in a magnetoplasma
compressor of compact geometry. The plas-
ma stream was formed in a “residual gas”
mode in which a pre-evacuated vacuum
chamber was filled with nitrogen up to the
pressure of 3 Torr. The time of stable com-

15-1 Meacoynapoonas kongpepenyus « Bzaumooeticmsue uznyuenuii ¢ meepovim meiomy, 26-29 cenmsops 2023 e., Munck, berapyco
15th International Conference “Interaction of Radiation with Solids”, September 26-29, 2023, Minsk, Belarus

198



Cexyus 3. Bausinue uznyyenutl Ha cmpyKkmypy u ceoticmea Mamepuaios
Section 3. Radiation Influence on the Structure and Properties of Materials

pression flow of 100 ps is considered as
pulse duration. After this time the plasma
stream is unstable and starts to dissipate. The
samples were placed inside the chamber in a
vertical position on the distance of 10-6 cm
from the plasma source. The plasma stream
was produced during the gas discharge be-
tween electrodes with the voltage of 4.0 kV.
The structure and phase composition of the
materials modified by the plasma flows
mainly depend on the heat energy transferred
to the surface layer. The used parameters of
the plasma generating provide the absorbed
energy density in the range from 35 to 70
Jlcm? [10]. The CPF influence on the Nb/W
samples was made by three and five pulses
with a time between each of them of 20-30 s.

The varied absorbed energy density of the
plasma impact allowed forming the WNDb
alloys with different Nb concentrations. The
elemental composition of the alloys was
studied by the energy-dispersion X-ray mi-
croanalysis (EDX) on Oxford MaxN analisa-
tor working at the accelerating voltage of 20
keV in the combination with scanning-
electron microscope (SEM) LEO 1455 VP.
This method was used for both surface and
cross-sections morphologies investigation.
The phase composition of the modified lay-
ers in the WNb alloys was revealed by means
of the X-ray diffraction (XRD) method with
Ultima IV RIGAKU diffractometer in the
Bragg-Brentano geometry with parallel
beams in Cu Ko radiation (with the wave-
length 0.154178 nm). The error in the lattice
parameters determination with XRD method
was 0.05%.

Results and Discussion

The depth of the layer in tungsten alloyed
with niobium as well as the depth dis-
tribution of niobium depending on the ab-
sorbed energy density were analyzed in cross
sections of the samples using SEM and EDX
techniques. The niobium concentration pro-
files are presented in Figure 1.

A detailed study of the SEM-images of
cross sections structure of the W-Nb alloys
produced by the CPF impact made it possible
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Figure 1. Niobium concentration profile over the
depth in the WNb alloy formed by the CPF impact
with the absorbed energy densities of (a) 35 J/cm? and
(b) 70 J/cm?

to find the fine grains growth (Figure 2).

The SEM-image (Figure 2b) obtained on
the boundary between the unmelted tungsten
and the melt clearly shows the growth of co
lumnar grains perpendicular to the interface.
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Figure 2. SEM-images of the top layer cross-section
for the WNb alloy formed by the CPF impact with the
absorbed energy density of 70 J/cm? (different magni-
fications)

The average thickness of the columns is
50-100 nm. The chaotic tungsten enriched
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areas appears in the melt because of insuffi-
cient mixing. Fine cells were revealed on the
surface of the tungsten in the area where nio-
bium atoms had been detected (Figure 3).
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Figure 3. SEM-image of the cell structure on the sur-
face of the WNb alloy formed by the compression
plasma flows impact at the absorbed energy density 70
Jlem?

The mean size of the cells is about 300
nm. The appearance of the cells on the sur-
face as well as thin columns in the cross-
section structure results from instability of
moving crystallization front.

The Figure 4 shows the X-ray pattern of
the initial state of the sample, which clearly
shows the diffraction reflexes of both poly-
crystalline tungsten (JCPDS no. 00-004-
0806) and niobium (JCPDS no. 00-034-
0370) coating.
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Figure 4. XRD pattern of the Nb/W system in the ini-
tial state

The diffraction reflexes of niobium phase
disappear on the X-ray diffraction patterns of
the samples after the plasma treatment (Fig-
ure 5).
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Figure 5. XRD patterns of the WNb alloys formed
after three pulses of the CPF impact at different ab-
sorbed energy densities

Such niobium coating as a separate phase
disappears; however, the niobium determina-
tion in the surface layer by means of the ele-
mental analysis makes it possible to dissolve
in the crystal lattice and to form solid solu-
tions. The phase composition of the modified
tungsten is controlled by the niobium con-
centration as well as the absorbed energy
density during the plasma exposure.

However, at the absorbed energy density
of 35 J/cm?, the diffraction lines are more
broadened. The deconvolution of the broad
diffraction lines allowed finding the superpo-
sition of two lines corresponding to two dif-

ferent phases (Figure 6).
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Figure 6. Deconvolution of W and W(Nb) solid solu-
tion diffraction lines

Both diffraction patterns show the pres-
ence of a relatively narrow diffraction line at
higher diffraction angles which can be asso-
ciated with phase of pure tungsten without
any niobium atoms. Indeed, the lattice pa-
rameter equaled to 0.3175 nm is slightly
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higher than that of the standard value. The
second line on the side of smaller diffraction
angles is characterized by a large FWHM
(full width on the half-maximum), and corre-
sponds to the bcc phase with the lattice pa-
rameter of 0.3202 nm. This broadened dif-
fraction line can be associated with the nio-
bium solid solution phase based on the tung-
sten lattice W(ND).

Conclusions

The presented results showed the possibil-
ity of WNDb alloy synthesis with high-energy
pulsed plasma stream influence on the tung-
sten with 2 um Nb coating. The plasma
treatment melts the niobium coating and a
part of the tungsten substrate that makes it
possible to mix both liquid layers and pro-
duce WNb alloy. The composition of the al-
loy is determined by the relation between the
thicknesses of the melted layers and, as a re-
sult, by the absorbed energy density. The
plasma flow with the absorbed energy densi-
ty in the range of 35-55 J/cm? predominantly
melts the niobium coating and pro-duces the
solid solution W(Nb) in the areas contacting
with the tungsten. The lattice parameter of
the bcc solid solution W(Nb) depends on the
niobium concentration. The thickness of the
WNDb alloy synthesis increases from 10 to 20
um with absorbed energy density rising from
55 to 70 J/cm?. The highest absorbed energy
density of 70 J/cm? provides the uniform ni-
obium distribution in the modified layer with
the niobium concentration of 4 at.%.
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