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EXPERIMENTAL STUDY OF THE MECHANISM EROSION MATERIALS
EXPOSED TO LOW PLASMA POWER FLOWS

1 Zh.M. Moldabekov, ¥ A.M. Zhukeshov, 2 V.Ya. Nikullin, 2 A.A. Ereskin, Y A.T. Gabdullina, ¥ A.U. Amrenova

1 al-Farabi Kazakh National University, Almaty, Kazakhstan
2 P.N. Lebedev Physical Institute of Russian Academy of Sciences, Moscow, Russia

In this paper, a low activation of ferritic-austentic steel was studied when it was exposed with plasma. The experiment
was carried out on a plasma focus device with energy of 1.9 kJ, with a pressure of 2.5 torr of deuterium. AFM analysis
shows that cracks up to 2 microns and holes from 81 to 281 nm are found on steel surfaces. The mechanism of the
occurrence of erosion of low-activation ferritic-austentic steel is also indicated. It is established that the mechanism of

erosion depends on the momentum.
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INTRODUCTION

One of the most important tasks of plasma physics [1]
is to study the resistance of materials of the first wall, the
divertor and other nodes of the thermonuclear reactor to
stationary plasma-thermal effects with a capacity of up to
20 mW/m? and intense pulsed duration of 0.1-10 ms and
a power of 1-10 GW/m? [1-3]. Many of the basic prob-
lems investigated and solved but one of the main prob-
lems still not enough investigated is connected with
material science and radiation nuclear physics [1-12].
They are long lasting irradiation and heat loads that are
generated in the fusion devices affect the construction
materials and appearance different of defects on the sur-
face materials. After long lasting radiations it leads to
erosion of the protective coatings of the divertor and the
first wall of the thermonuclear reactor [5].

In [3, 8] work showed that stainless steels were devel-
oped to reduce the ability to be activated by neutrons and
plasma. Also, the important note of the work is connected
with the fact that tungsten is plasma-facing material in
ITER, whereas ferritic-martensitic steels are used as
plasma-facing materials in thermonuclear devices and in-
tended for structural components of ITER. Furthermore,
these steels may be more perspective for use in the fol-
lowing modern generation of nuclear fusion devices of
both types — with inertial and magnetic plasma confine-
ment. Austenitic steels are utilized in working chambers
of these devices.

Macroscopic erosion, characterized by lower specific
energy values, is more dangerous than evaporation and
sputtering [4-6]. In the case of all metals, including aus-
tenitic steels resulting from plasma exposure lead to the
formation of cracks, deterioration of thermal conductiv-
ity, and the release of particles of matter into the vacuum
chamber [7]. In [6-7] were shown that the main factor
leading to damage to materials under the influence of
plasma is thermal loads that lead to melting of the irradi-
ated surface layers, erosion of materials (loss of mass
during evaporation), the formation of various types of
surface defects and micro cracks.

To clarify the physical process of the interaction of
intense plasma flows with protective materials and obtain
vital experimental data, it is impossible to construct and
verify computational and theoretical models of the phe-
nomena occurring. It is necessary to conduct model ex-
periments. This paper will consider the formation of
different types of damage to the surface of materials
when irradiated with pulsed plasma flows of high power
and shows that this can cause deep erosion of the mate-
rial, the most dangerous at relatively low power flows.

EXPERIMENTAL SETUP AND METHOD

OF INVESTIGATION

Dense Plasma Focus device may be suitable for fu-
sion first wall studies and its related material researches.
As is well-known plasma focus devices are sources of
high energy ions [6], electrons, x-rays and neutrons [7—
8] and intense bursts of fast plasma streams. The experi-
mental work irradiation of specimens was carried out us-
ing PF-4 device which cylindrical coaxial electrodes:
anode and cathode (length of anode and cathode 33 mm
and 38 mm respectively) [2, 4]. The insulator used is a
31 mm long ceramic. The energy storage system of the
PF-4 includes a capacitor bank of capacitance 20 pF with
a working voltage of 10-20 kV and 2.6-280 nH. High
voltage is switched using a controllable discharger (air-
filled). The results in this work were obtained by charg-
ing the capacitor bank at 14-18 kV. Deuterium was used
as the working gas at a pressure of about 1-3 torr.

As specimens were used flat square plates of
10x10 mm size made of 10Cr12Mn20W stainless steel.
To eliminate edge effects, sample sizes were chosen so
that they completely blocked the plasma flow. The ther-
mal load Q in each sample was gradually increased from
50 to 230 J/cm?. Irradiation of targets was carried out
with a normal fall of the plasma flow to the surface. To
adjust the experiment after each impact the sample target
was removed from the working chamber setup for meas-
urement of mass loss and analysis by atomic force mi-
croscopy (AFM), x-ray analysis (RSA) and scanning
electron microscopy (SEM).
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RESULTS AND DISCUSSION

Erosion studies of materials in middle-power pulsed
discharges have been completed. In figure present elec-
tron photos of irradiated surfaces of the steels obtained
using the scanning electron and atom force microscope.
They contain the following defects: mainly melting,
pores, droplets and spots of copper redeposited from the
DPF anode (b, ¢). After irradiation surface of the speci-
mens formed wave-like relief, resulting in process re-
melting, evaporation and sputtering etc. [10, 12, 13].
Analysis of the surface materials shows that erosion of
the melt layer occurs mainly due to two erosion mecha-
nisms: due to the ejection of metal drops from the target
surface and due to the movement of the melt along the
target surface.

The macroscopic mechanism of erosion materials
which occur droplet ejection might be determined by
weighting and reducing the specimen thickness of the tar-
gets before and after the plasma exposure. The results of
weighing the steel specimens and a calculation of the
layer thickness d evaporated before and after plasma ir-
radiations presents in table. Melt motion leads to dis-
placement of the material along the surface and this
mechanism might be analyzed through the measurement
of the surface specimens by SEM. As shown in fig-
ure (d, e) formed 5 pm to 10 pm micro-cracks and from
81 nm to 281 nm holes. Analysis showed that the differ-
ent kind of damaged material surface depending on the
number of plasma impulse, the power flux density of the
radiation and thermal properties of the target material.

c)

Figure. The microscope investigation
result of 10Cr12Mn20W stainless steel
irradiated in the PF-4 device by deu-
terium plasma: specimen of appearan-
ce after 10-pulse plasma exposed (a);
scanning electron microscopy: 10
pulses (b), 20 pulses (c), 30 pulses (d);

i atom force microscopy: 20 pulses (€)

Table. Results of mass weighing of specimens under

irradiation
Target Total Thickness of
Target distance | Number | mass Mass loss evaporated
sam- per pulse,
from ano- | of shots | loss Am, layer per one
ple mg
de, nm mg pulse d, ym
1 60 10 =~ (.53 0.052 0.56
2 60 20 ~1.1064 0.055 0.67
3 60 30 ~1.83 0.061 0.78
CONCLUSION

The analysis shows that at specific parameters, the
plasma action leads to the destruction of materials. The
dominant mechanism of destruction of materials is a
macroscopic mechanism that causes the entrainment of
matter by fragments and drops, the accumulation of
cracks in the material, changes in the surface relief and
an increase in the rate of evaporation and melting. Infor-
mation on the macroscopic erosion of materials will be
used in the future to build computational models that al-
low predicting the erosion rate, as well as the amount and
composition of erosion products in a tokamak with reac-
tor parameters.
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ITASMA ATBIHIAPBIMEH 9CEPJIECKEH KE3AEI'T MATEPUAJIJIAPIBIH
IPO3UACBIHBIH MEXAHU3MIH DKCHIEPUMEHTTI 3EPTTEY

D 3K.M. Moaaa6exos, V) A.M. Kykemos, 2 B.5l. Huxyaaun, 2 A.A. Epeckun, Y A.T. F'aéayuna, Y A.Y. Ampenosa

D on-Dapabu amvindazer Kasax, ¥nmmulx ynueepcumemi, Anmamol, Kazaxcman
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ArarraH KXyMBICTa TOMEH OelceHAIpiTeH (eppUT-MapTEHCHTTI OOJATTHIH TUIa3Ma aFbIHIAPBIMEH dCepiiecyi 3epTTEI .
DKcrepuMeHT 3HepreTukachl 1,9 k/[)k OomaThlH IMIa3MalblK KOHIBIPFRICEIHIA 2,5 TOpp HedTepuH Ta3 KbICHIMBIHA
KYPTi3inai. ATOMIBIK KYIITiK MHUKPOCKOMNTHIK Talaay HOTIDKENepi OomaTThH OeTiHAe 2 MKM JEHiHT1 ChI3aTTap KOHE
81-280 mxMm pefiiHri TecikTep maiima 6osraHbH KepceTTi. COHBIMEH KaTap TOMEH OeJCeHIIpiareH peppuT-MapTeHCHTTI
Oomat OeTiHIeri JIpO3WSHBIH Maiima 0oy MexaHu3Mi kepceTinmmi. [laiima OoiFaH 3pO3HMSIBIK MEXaHHM3M IDIa3Ma
aFbIHAAPBIHBIH UMITYJIbChIHA TAYEJNIUIITT KOpCeTiI .

Tyiiin co30ep: niazmanvix QOKyc, col3ammap, MaMwblIbIK JAKMbIPYAAp, IPO3ust, Mamepuaioapovly CayieieHyi.

SKCIHEPUMEHTAJIBHOE UCCJIEJJOBAHUE MEXAHU3MA 3PO3UN MATEPHUAJIOB
MPU BO3JENCTBUU NOTOKOB ILJIAZMbI

1) Moagadekos .M., V) dKykemos A.M., 2 Huxynaun B.5., ? Epecknn A.A., Y Taoayiuna A.T., ) Ampenosa A.Y.

D Kazaxckuii nayuonanvnoiii ynueepcumem um. ans-®@apaou, Anmamot, Kazaxcman
2 @uzuueckuii uncmumym um. I1. H. Jlededeea Poccuiickoii akademuu nayx, Mockea, Poccus

B nmamnHOIl paboTe mccienoBaHO BO3ACHCTBHE IDIa3MBI Ha OOpasmbl (EeppUTHO-MAPTEHCUTHON CTadM C HHU3KOH
aKTUBaIMed. OKCHEepUMEHT ObUT mpoBeleH Ha ycTaHoBKe «[lmasMeHHBIN (okyc» mpH cCleayommx mapaMmerpax
mra3MenHon oopadorku: Q = 1,9 x/Ix, npu masienuu P = 2,5 Topp meiitepust. Anann3 ACM moKas3pIBacT, 4TO IOCIIE
BO3ICHUCTBUS IJIa3MBbl Ha CTAJIBHBIX IOBEPXHOCTSIX OOHAPYKEHBI TPEIMHBI JUTMHOM 0 2 MKM H 1OpHI 0T 80 10 280 MKM.
Taroke ObUT HCCIIEJOBAaH MEXaHU3M PAa3BUTHUS 3PO3HHU B 00pa3max GpeppuTHO-MapTEHCUTHOHN CTaJId C HU3KOW aKTHBAINEH
B 3aBHCHUMOCTH OT KOJINYECTBA HMITYJIHCOB.

Knioueswie cnosa: nnasmennsiti hokyc, mpewjunsl, 6b10poc Kaneib, 3po3us, 001yeHue Mamepuaos.
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