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Hydrogen outgassing from stainless steel was investigated after sample treatment by different plasmas: VHF/RF
pulse discharges during wall conditioning in the Uragan-2M torsatron, with RF pulse plasma heating regime in
Uragan-2M, with steady state plasma of magnetron type discharges in DSM-1 device, with pulse plasma in the
plasma accelerator QSPA Kh-50. For comparison the rate of hydrogen release from SS samples was measured after
their saturation in molecular hydrogen gas at the low pressure of ~102 Torr at the room temperature. The
measurements of hydrogen release rate were carried out with thermal desorption method and mass-spectrometry. It
was observed the significant differences in hydrogen outgassing behavior for samples treated with different
hydrogen plasma. The possible reasons of distinctions in kinetics of hydrogen interaction with stainless steel are

discussed.
PACS: 52.40.Hf

INTRODUCTION

Hydrogen retention in the vacuum chamber walls of
plasma devices and its evolution during plasma device
operation can strongly influence on plasma parameters,
so investigations of hydrogen behavior, namely,
hydrogen gas outgassing and retention in stainless steel,
as the main wall material, are very important. During
operation of Uragan-2M (U-2M) stellarator wall
material (12Kh18N10T stainless steel, analog to St316)
may be exposed to different hydrogen plasmas: plasma
of VHF/RF pulse discharges of various cleaning
regimes, plasma of RF work regime [1, 2].

In this work, using earlier developed impulse thermal
desorption method [3], the influence was examined of
different plasmas treatment of samples in U-2M in situ
on hydrogen retention and release from 12Kh18N10T
stainless steel. In addition the measurements of
hydrogen outgassing rate in the special stand had been
carried out after plasma treatment of SS samples in the
plasma accelerator QSPA Kh-50, with steady state
plasma of magnetron type discharges in DSM-1 device.
Also, for comparison, saturation in molecular hydrogen
gas was used at the low pressure of 1.3 Pa (~102 Torr)
and at room temperature.

1. EXPERIMENTAL

For all experiments the samples for studies were the
strips made of similar to U-2M vacuum chamber
material, i.e. stainless steel (SS) 12Kh18N10T with such
dimensions of 10x190x(0.3...0.5) mm. Before SS
sample placing in plasma device it was cleaned with
such procedures: fine sandpaper cleaning, wiping with
special fabric wetted in clean branded gasoline, drying,
wiping with special fabric wetted in 96 % ethanol,
drying.

Then the initial hydrogen outgassing ¢ from the SS
sample was measured in the special device GAS
(Fig. 1)
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Fig. 1. Scheme of the experimental device for the study of
gas release, hydrogen sorption, hydrogen permeability:
1 — W-Re thermocouple; 2 — flow; 3 — probe; 4 — vacuum
chamber; 5 — mass spectrometer; 6 — nitrogen
condensation pump; 7 — diffusion pump; 8 — for-vacuum
pump; 9 — hydrogen balloon; 10 — gelium balloon
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Fig. 2. Temperature dependence on the heating time:
circles — thickness of SS sample is 0.3 mm,
squares-sample thickness is 0.5 mm

Direct current impulse heating of the samples was
used during experiments in the GAS and in U-2M. The
dependence of probe temperature on the time of heating
at the 5 V applied voltage is presented in Fig. 2. The SS
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probe temperature was measured by a W-Re
thermocouple attached into the probe centre.

It is seen that 4 seconds is sufficient to provide probe
heating to the temperature of 250...300°C and
8 seconds to 500°C. Before the treatment, each sample
to be analyzed was placed in the GAS and after
pumping to 2-107 Torr was baked at the temperature of
700°C during 1 hour. It is enough to remove the
principal amount of hydrogen dissolved in the sample.
To control the degree of degassing, after cooling the
samples to room temperature, impulse heating was first
carried out to 300°C, in order to remove surface gases.
Then after cooling to room temperature, the sample was
heated once more, but to the temperature of 500°C at
which the initial specific rate of hydrogen outgassing
(hydrogen release) g from the metal volume was measured
(Fig. 3, Fig. 5 - point 1) by thermal desorption method
earlier described in [3]. Outgassing rate was calculated
according to equation: q = (P-Po,)S/F, where S is the
pumping speed, and F is the area of the probe surface
heated to 500°C. Py is the initial pressure and P is the
maximum pressure after sample heating. Using mass-
spectrometry it was shown (Fig.4) that mainly
hydrogen desorbs from SS sample at this temperature.
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Fig. 3. Apparatus signal during impulse heating of
the SS sample to the temperature of 500

Then such samples were installed in the U-2M
stellarator [1, 2], DSM-1 [4] or in the plasma accelerator
QSPA Kh-50 [5] for hydrogen plasma treatment.

In the U-2M SS sample was treated during RF
discharge pulsing cleaning regime when two RF-
generators with power about 50 kW of each operated at
low magnetic field (up to 0.1 T). Power of the one
generator (f =5 MHz) was applied to the frame antenna.
Second generator power (4.8 MHz) was applied to the
three-half-turn antenna. Pulse duration was 20 ms and
the pulse duty cycle was 4 pulses/min. After two hours
of such plasma impact the long time pumping during 18
hours was carried out. Then the measurements of
hydrogen release rate were carried out accordingly to
above described procedure (see point 2 in Fig. 5). After
hydrogen release measurement the operation regime
switches to the following: RF power from two
generators was applied to two antennas. One of them
(f = 4.8 MHz, 50 kW) was launched to the frame
antenna and the second one (f = 5 MHz, 120 kW) was
connected to three half-turn antenna. The pressure of
working gas (hydrogen) was within the range 6-10° to
2-10% Torr, the magnetic field was ~0.36 T. Plasma
pulses duration was 5...25 ms, in series of one pulse per
2 min. After two hours operation in such a regime,
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U-2M vacuum chamber was pumped to the pressure of
about 1...2-10% Torr. Then the second measurement
(see point 3 in Fig. 5) of hydrogen release from the SS
probe was carried out at the same 500°C temperature in
U-2M.. It is seen that hydrogen release rate increased in
more than one order of magnitude. As the diffusion flow
from the metal is proportional to hydrogen
concentration in it, this result means essential increase
of hydrogen content in the SS probe.
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Fig. 4. Mass spectrum at a sample temperature of
500 C

The treatment in DSM-1 was carried out in
hydrogen plasma of stationary magnetron discharge
(ion energy 0.7 keV and fluence 6-10% ions/m?). In this
case the sample served as a cathode. After plasma
treatment the sample was installed in GAS to measure
hydrogen release rate according to above described
method (see points 4, 5 in Fig. 5).

The SS sample treatment in the quasi-stationary
accelerator QSPA Kh-50 was carried out at a power of
0.1...0.6 MJ/m?. The fluence was 5-10% ion/m?, pulse
duration 0.25 ms, ion energy 0.4 keV [2]. At 0.6 MJ/m?
power, the surface of the sample was melting, and at
0.3 MJ/m? and lower power the sample temperature was
below the melting point. After plasma treatment SS
samples was installed in stand GAS to measure
hydrogen release rate (see points 6-12 in Fig. 5).

For comparison, hydrogen release rate was
measured for SS sample saturated in a molecular
hydrogen atmosphere at a pressure of ~10 Torr during
24 hours (see point 13 in Fig. 5). These measurements
were carried out in situ in the GAS.

2. RESULTS AND DISCUSSION

Itis seen in Fig.5 that hydrogen release rate in
U-2M after operation regime increased in more than one
order in comparison with exposure to RF discharge
cleaning regime. It one could explain by essential
difference in hydrogen particles energy in different
regimes of operation. As the diffusion flow from the
metal is proportional to hydrogen concentration in it,
this result means essential increase of hydrogen content
in the SS sample (walls) after operation in work regime.

Hydrogen outgassing from SS samples saturated in
steady state discharges in DSM and in the plasma
accelerator QSPA Kh-50 is close in value (see points 6-
12 in Fig. 5). Behind of essential difference in treatment
times (8 hours for DSM and 2.5 ms for QSPA) it means
that only particle energy and fluence play the main role.
Note, the changes in the sample surface state (melted or
not) can cardinally influence on kinetics of hydrogen
interaction with stainless steel (Fig. 6).
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CONCLUSIONS
1.E-02 The significant difference was observed in hydrogen
outgassing behavior for samples treated with different
hydrogen plasmas. The minimum hydrogen release was
= 1.E-04 - measured after RF discharge cleaning regime. After RF
pulse plasma heating regime hydrogen release rate
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; 18057 increased in more than one order. It one could explain

1.E-06 - by essential difference in hydrogen particles energy.
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Fig. 5. Rates of hydrogen release from SS samples of heat load to surface (lower than SS melting point)
at the temperature of 500 leads to essential increase of hydrogen saturation.
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BJUSHUE PA3JIMYHBIX TUIIOB BOJIOPOTHON OBPABOTKHA HA MOTJIOIIEHUE
N BBIAEJEHUE BOAOPOJA U3 CTAJIM 12X18H10T

M.H. Bouoapenxo, I'Il. I'nazynos, A.J1. Konomonckuit, A.B. Jlo3un, B.E. Mouceenxo, H.H. Axcénoe,
HU.E. I'apxkywa, C.C. I'epawjenko, B.A. Maxnaii

I'azoBblienieHHe BOJOpOAa U3 OOpa3loOB HEP)KABEIOMIEH CTall MPOBOAWIOCH IOC]IE 00pabOTKU pa3IUIHON
Ia3Moi: UMITYIIbCHBIX paspsmoB YKB/BU Bo BpeMsi 4HCTKH CTEHKH B TOpcaTpoHe Yparan-2M, B pexxuMe Harpesa
mwia3mel ¢ BU-umnynscom B Yparane-2M, B cTallMOHapHO M1a3Me pa3psiioB MarHETPOHHOTO THUIIA B YCTPOHCTBE
JACM-1 ¢ wmnynbcHOW mmasMoi, B mwiasMeHHoM yckopurene KCITY X-50. Kpome Toro, mis cpaBHEHUS
HCTIOJIb30BAJIOCh HACHIIIEHUE B MOJIEKYJIIPHOM Ia3000pa3HOM BOJOpOJE NMpU HU3KoM jasienuu (~102 Topp) u
KOMHATHOW TeMmepaTtype. M3MepeHuss CKOpPOCTH BBIAENEHUS BOJOPOAA IMPOBOJMWINCH METOJOM TEPMHUYECKOH
JIecOpOLM C y4acTHEM Macc-ClieKTpoMeTpun. Habmronanmch CyliecTBEHHBIE pa3jiMyuusl B XapakTepe BbIICICHUS
BOJIOpO/a JiIsi 00pasoB, 00pabOTaHHBIX Pa3MYHON BOJOPOIHOH miaa3Moi. OOCYXIar0TCsl BOZMOXHBIE PUYUHEI
pa3nuuuii B KHHETUKE B3aMMOJEICTBYS BOJOPO/Ia C HEPHKABEIOUIEH CTalbo.

BILIWB PI3HUX TUIIIB BOJHEBOI OBPOBKH HA TIOTJIMHAHHS TA BUJALIEHHA BOJIHIO
I3 CTAJII 12X18H10T

M.M. bonoapenxo, I'.1l. I'nazynos, O.J1. Konomoncwokuii, O.B. Jlozin, B.€. Moicecnko, M.M. Axcbonos,
LE. I'apkywa, C.C. I'epawenko, B.O. Maxnaii

lazoBuaineHHs BOJHIO 13 3pa3KiB HEPKaBiFOUOl CTaJli MPOBOAWIOCS Iicias OOpPOOKHM pi3HOIO IIJIa3MO¥o:
iMmynscHUX po3paniB YKX/BY mix yac 9nCTKHU CTIHKH B TOpCaTpoHi Yparan-2M, y pexumi HarpiBy miazmu 3 BU-
iMIoyaecoM B Yparaui-2M, y cTamioHapHIM Tmia3mi po3psaiB MarHeTpoHHoro Ttumy B mpuctpoi JCM-1 3
IMITYJIbCHOIO ~ IIa3Moro, y Iuia3mMoBomy mnpuckoproBaui  KCIIIT X-50. Kpim Toro, /mjis mOpiBHSIHHS
BHKOPHCTOBYBAJIOCS HACHYEHHsS B MOJIEKYISPHOMY Ia3oIofiOHOMY BOAHI mpu HuU3bKoMy THCKY (~102Topp) Ta
KiMHATHI# TemrepaTypi. BuMiproBaHHs IIBUAKOCTI BUAUICHHS BOJHIO MPOBOIIIUCS METOJOM TEPMIYHOT AecopOIii
3a y4acTio Mac-criekTpomerpii. CriocTepirayiics iCTOTHI BIJMIHHOCTI B XapakTepi BHAUJICHHS BOIHIO IUISl 3pa3KiB,
00pOOIICHHUX Pi3HOIO BOJHEBOIO IUIa3MO0. OOTrOBOPIOIOTHECS MOXKIIHMBI MIPHYUHH BiIMIHHOCTEH B KIHETHII B3a€MOII1
BOJIHIO 3 HEPIKABIFOUOK CTAILITIO.
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