ESTIMATION OF TUNGSTEN AND ODS TUNGSTEN DAMAGES AFTER
DENSE PLASMA EXPOSURE IN PF-12 AND PF-1000
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The paper presents experimental investigations of damages in pure tungsten and ODS (oxide dispersed
strengthened) tungsten under dense plasma shots. The experiments were performed with plasma focus devices PF-12
and PF-1000 with a power flux density of 10°...10"> W/cm? using deuterium. The surface morphology of the targets
exposed to plasma streams is analyzed using electron and optical microscopy. Due to the plasma effect, different
surface structures, such as wave-like structures, a melted layer, a mesh of microcracks, droplets, craters, crevices and
holes appear. Both the original and irradiated samples were investigated by local X-ray spectroscopic analysis and by

X-ray phase-shift analysis.
PACS. 52.40.Hf

INTRODUCTION

At present the construction and planning of a number
of large fusion facilities (ITER, NIF, LMJ) based on
different plasma confinement principles is under way.
Thus it is necessary to contribute to the knowledge-based
understanding of the performance and adequacy of pure
tungsten (different grades), beryllium, CFC (carbon fiber
composite) under extreme energy and particle loads [1,2].

ODS tungsten strengthened by different metal oxides
such as Y,0;, CeO,, ZrO,, ThO; (in this study, by La,05)
may be a suitable candidate for divertor targets of
thermonuclear reactors [3]. Interest in these materials can
lead to new ways of improvement of the mechanical
properties of the materials. Therefore, it is of importance
to analyze different tungsten grades and alloys under
various irradiation conditions. In our research, plasma
focus devices enabling different regimes of irradiation are
used as high energy plasma and radiation generators.

1. EXPERIMENTAL DEVICE

Samples of tungsten and tungsten doped with 1% of
La,O; (WL10) have been exposed to a varying number of
pulses of deuterium plasma streams produced by plasma
focus devices PF-12 and PF-1000 [4,5]. In PF-12 the
distance from the anode was 3.5 — 10.5 cm, while the
power flux density was about 5:10%, 5:107, 5:10° W/cm®.
The energy of fast ions was about 100 keV and the slow
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Fig. 1. SEM views of exposed W (a) and WL10 (b) surface
after 2 PF-12 plasma pulses of a power flux density of
500 MW/cm’
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plasma 0.1...10 keV. Pulse duration of the distance of
3.5 cm was 200 ns and at 10.5 cm is 0.1 ms (secondary
plasma with an energy of a few eV). In PF-1000 the
distance from the anode was 7.5 cm, the power flux
density was about 10'> W/cm® and the pulse duration was
200 ns.

The target samples (manufactured in PLANSEE) were
prepared using methods of powder metallurgy including
tungsten restoration from WO;_, oxide, isostatic pressing,
sintering and rolling. The lanthanum oxide particles were
finely distributed. The 20x20 mm W and WL10 samples
were 2 and 4 mm thick, respectively.

2. EXPERIMENTAL RESULTS

The surfaces of irradiated specimens were investigated
by using scanning electron microscopy (SEM) and optical
microscopy (Fig.1 and Fig.2). After plasma processing
surface and volume defects can be found on the materials.
On the samples surface there are relief changes, which
allow to estimate and characterize the defects density on
the surface layer.

Analysis shows that all samples are covered with a
melted layer, a mesh of microcracks and bubbles. On
some materials a smoothing of the surface has occurred as
a result of a long exposure to plasma. The duration of
such influence can reach tens or, maybe, hundreds of
microseconds.

Fig. 2. SEM views of exposed W (a) and WLI10 (b)
surfaces after 2 PF-1000 plasma pulses of a power flux
density of 10" W/em.?
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From the images of cross-sections (Fig. 3) it can be
seen that the melted layer is about 5 pm thick. The
exposure of a dense plasma flux, which is considered as a
continuous medium, leads to the development of waves
on the melted surface. The mesh of cracks that appears on
the surface is caused by crystallization of the melted layer
by fast cooling. As lanthanum doping lowers the melting
temperature, melting bubbles appear on the materials.
Atomization of the surface continues until the alloy’s
melting temperature is reached.

Fig. 3,a,b present etched cross-section of samples.
One can see the rolling layers, while the section has been
made perpendicular to the rolling direction. The second
phase (see Fig. 3,b) involves strokes elongated along the
rolling dirgcti_on._

Fig. 3. Cross-sections of irradiated etched W (a) and
WLI10 (b)

The lanthanum doping changes the picture of the
defects developed on the surface. This fact is confirmed
by local X-ray spectroscopic analysis and X-ray phase-
shift analysis. The X-ray diffractograms were made in
Moscow A. A. Baikov Institute by a Dron-6 device using
Cug, radiation. Analysis shows second phase particles,
which play a major role in the cracks formation and
development. The phases data for both materials are
presented in Table.

The results of W and WL10 X-ray phase-shift analysis

Condition of | Second phases | Second phases in
alloy in W WLI10
Non-irradiated W;0; WO;; La,03;
sarnple W-99%, W30- La2W1,25O6,75;

1% La2O3 3WO3
Irradiated sample
after irradiation W-98%; W;0- | W;0; La,0s;
with 2 deuterium | 1%; WO3-1% | La,WOsq;
plasma shots, La,03;.3WO0;
q=10" W/em®

Thus in the composite alloy there are second phase
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particles, which are situated close to each other, having
their own physical, chemical and mechanical properties
and influence on the material behavior. The X-ray
diffraction results show that non-irradiated samples have
a rolling texture in the (200) direction, which is absent in
the surface melted layer of the irradiated samples (see
Fig. 4). On the samples of pure tungsten such texture is
not found.

Fig. 4. SEM view of the WL10 original sample (a) and
WL10 exposed sample (b)

The analysis shows a decrease of the tungsten lattice
parameter and the volume of the elementary cell in the
alloy after irradiation, which may be associated with the
interstitial atoms withdrawal (N, H, O).

In the (200) direction on the diffractogram the
maximum possible relative uncertainty of the peak
intensity and position is 0.3 with the 95% confidence
level. On this basis it can be confirmed that the change of
the lattice parameter is in this range. With more accurate
measurements the change of this parameter can be more
significant, because the intensity of the other lines does
not change.

The solubility of interstitial impurities in tungsten is
negligible even at tungsten melting temperature [6].
Possibly the openings for exit occur in the second phases
on the surface layer, over which the burst of melted
material and bursting expansion appear (see Fig. 5).

CY N NI S oL

Fig. 5. The irradiated surface of WL10 in different
resolutions demonstrating the impurity influence on
material damages after dense plasma shots
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CONCLUSIONS

Irradiation of pure tungsten and WL10 composite
alloy with high-temperature plasma produces surface
melting. The melted layer is 5 um thick, which leads to
defective structure formation. The content of dispersive
oxides leads to expansion of the material (the expansion
may be greater than in the case of pure tungsten) and, in
cooling time, to generation of cracks. According to our
results, the changes of WL10 caused by a power flux
density of 10" W/ecm® during 200 ns of plasma-material
interaction are similar to those found by Klimov et al [7],
who used a weaker power flux density but longer
interaction. This indicates that the given type of damages
are universally important, no matter what the power flux
density or duration of interaction, if only the power flux
density overpasses a certain threshold value.
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OLIEHKA IMOBPEXJIEHUM BOJIb®PAMA U ODS BOJIb®PAMA ITOCJIE BO3JIEUCTBUS INIOTHOM
JEATEPUEBOM IIVIABMbI HA YCTAHOBKAX I1®-12 1 [1®-1000

B. llupokoesa, T. Jlaac, A. Ilpuumemc, E.B. /lenuna, M./I. Ilpycaxoea, M. IlLlonvy

[IpencraBneHsl pe3yabTaThl MCCIENOBAHUH IOBPEXKICHUI B YHUCTOM BoOJb(paMe M Boib(pame, JIETHPOBAHHOM
JHUCIEPCHBIMU, OKCHIAMHM I0J BO3ICHCTBHEM IUIOTHOHM IUTa3Mbl. DKCIIEPUMEHTH! ObUIH NPOBENEHB HAa YCTAaHOBKAaX
maasMeHHsll Gokyc IID-12 u [ID-1000 B jeiitepueBoil mmasme ¢ mioTHocThio Mommoctd 10°...107 W/em?.
Mopdosoruss moBepxHOCTEH MUIIEHEH, OOJy4YEeHHBIX IUIa3MEHHBIMH MOTOKaMH, ObLIa HCCIENOBaHA C MOMOIIBIO
CKaHMPYIOIIET0 JJIEKTPOHHOIO MHKPOCKONA M OINTHYECKOr0 MHUKpOckorna. Ha moBepxHOCTHM Matepuaia ObuH
0OHapy>KeHbI pa3nuyHbIe 1e(EeKThl, TAKHE KaK PacIIaBJICHHBIN CIIOH, BOJHOOOpa3HbIE CTPYKTYPHI, CETh MUKPOTPEILVH,
OpBI3rH, KpaTepbl, HAIUIBIBEI W TOpbl. O0a Marepuana 10 W TOcie OOJIydeHHs TaKKe HCCIEAOBAIHMCH C ITOMOIIBIO
PEHTI€HOCIIEKTPAIEHOTO U PEHTI€HOBCKOTO (ha30BOI0 aHAIIM30B.

OLIHKA YIIKOIXEHb BOJIb®PAMY I ODS BOJIb®PAMY ITICJISI BILIUBY I'YCTOI JIEUTEPIEBOI
IIJTA3MH HA YCTAHOBKAX [I®-12 TA IIP-1000

B. llupokoesa, T. Jlaac, A. Ilpiiimemc, €.B. Jvomina, M./l. IIpycakosa, M. Illonvy

[MpencraBneHi pe3ynbTaTh JOCIHIIKEHb IOLIKO/PKEHb Y 4YHCTOMY Bosb(Gpami Ta Bojib(dpami, JeroBaHomy
JMCIIEPCHUMH, OKCHJIAaMHU IIiJ] BIUIMBOM TyCTOl Iu1a3Mu. ExcriepumenTH Oynv NpOBEIEHI Ha YCTAaHOBKAaX IUIa3MOBHMN
doxyc TId-12 Ta [ID-1000 Ha meiitepiesiit miasmi 3 ryctunoro notyxHocti 10°...10" W/ecm?®. Mopornoris mosepxoHs
MillleHeH, ONpPOMIHEHMX IUIa3MOBHMH IIOTOKaMH, Oyja JOCHiKeHa 3a JOTOMOTOI0 CKaHYIO4OTO €JIeKTPOHHOTO
MIKpOCKOIa Ta ONITHYHOTO Mikpockora. Ha nmoBepxHi marepiany Oyiu BUsIBIEHI pi3HiI NedeKTH, Taki K pO3IUIaBICHUN
map, XBIJIEHOAIOHI CTPYKTYpPH, CiTKa MIKpOTPIIIWH, OpU3KH, KpaTepH, HarwwBH 1 mopu. Obuaa MaTepiaau 10 i micis
OTIPOMIHEHHS TaKOXK JOCIIHKYBAIHCS 32 JOTIOMOTOI0 PEHTI€HOCIIEKTPAIBHOTO i PEHTTEHIBCHKOTO (ha30BOTO aHATI3iB.
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