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The thermal desorption experiments were carried out to study the process of helium outgassing from the stainless
steel 12Cr18Nil0Ti after exposure to a steady state glow discharge (GD) plasma in He atmosphere. The current-
voltage characteristics in different plasma regimes have been measured and estimation of He ions energy has been
made. Measurements of He release from the stainless steel probes showed the saturation of probe surface with He
after the fluencies of ~ 4.10" ion/cm?. The value of He outgassing strongly depends on the regime of GD plasma:
pressure of work gas, discharge voltage, etc. Several maximums, including the maximum at the temperature of
100...150 °C, were registered in the He desorption curves that indicated different He atom states on the surface and
in the nearest surface bulk. Physical mechanisms of such He outgassing are discussed.

INTRODUCTION

Glow discharge plasma cleaning (GDC) in
hydrogen, helium, argon atmosphere [1-5] is one of the
common wall conditioning procedures in plasma
devices. However, along with effective cleaning of the
surface from impurities, this method has a number of
disadvantages: sputtering and over-sputtering of
materials, adsorption and subsequent release of plasma-
forming (discharge) gases [5], etc. The discharge gases
adsorbed by the wall or by other plasma facing
components can then release and serve as an undesirable
additive during plasma experiments. Earlier, a
completely different He desorption behavior for
different metals after GDC in He was observed in work
[3]. Using thermal desorption spectrometer, several
maximums in the curve of He desorption from stainless
steel (SUS316L) were registered. This indicated that
adsorbed He atoms could be in different states with
different binding energies. The nature of desorption
process for trapped gases is not fully understood yet.
Therefore, the additional information in this field will
be useful. Using a thermal desorption pulse method, we
carried out the experiments in the small plasma device
DSM-1 to study He retention and release from the
stainless steel 12Cr18Nil0Ti (a material the vacuum
chamber of Uragan-2M stellarator was made of) after
the impact of helium GD plasma.

1. EXPERIMENTAL SETUP

The DSM-1 plasma facility (diagnostic stand of
materials) was described in detail in [6, 7]. The scheme
of the experimental setup is shown in Fig.1l. The
vacuum chamber is made of the stainless steel
12Cr18Ni10Ti (hereinafter referred to as SS), unheated,
and assembled with vacuum rubber and Viton seals. The
volume of the chamber is 0.35 m®, the plasma facing
wall area is about 0.5 m? The chamber is pumped by a
TMP-500 turbomolecular pump (500 1/s pumping
speed) and a NVR-5 (5 I/s) fore vacuum pump.
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Fig. 1. Scheme of the DSM-1 device
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The samples for studies were similar to the thermal
desorption probes described in [8-10] used for the
measurements of the stainless steel outgassing rate and
the number of gas monolayers on its surface in the
Uragan-2M stellarator. They are made of 12Cr18Nil0Ti
SS in form of a plate with dimensions of
200x10x0.3 mm. Before placing the samples in the
vacuum chamber they were 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. The probe was placed on the wall of the DSM-1
vacuum chamber (see Fig. 1). One end of the probe was
grounded (connected to the wall, which is a cathode)
and another one was connected to a power supply to
provide heat of a sample up to the temperature of
700 °C in stationary or pulse regimes. The anodes (see
Fig. 1) were two symmetrically placed discs made of the
polished stainless steel 12Cr18Nil0Ti with a diameter
of 25 mm and a thickness of 1.5 mm.

After being pumped to the ultimate pressure of
~ 210 Torr, the chamber was filled with working gas
helium (99.998 vol.%) injected through the needle valve



leak to provide a work pressure (4.5-1072...5.6-10°Torr);
then, a steady state GD was switched on. The regimes of
the GD during GDC were at an applied potential varied
with He pressure within the range of 250...369 V and a
discharge current of 150 mA. The length of time of the
samples exposure to plasma was 2, 6, 12, and 20 h
(fluencies 3.6-10%...3.6-10® ion/cm?). The current-
voltage characteristics were measured (Fig.2) in
different regimes and He ions energy was estimated
(Figs. 3, 4).
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Fig. 2. Current-voltage characteristics of GD at
different He pressures

The energy distribution of helium ions was
measured with a method described in [11], using
multigrid analyzer placed at the level of the chamber
wall, which was bombarded with ions. Fig. 3 shows the
energy spectrum of He" ions measured at a working gas
pressure 1.6-107 Torr. With an increase in the working
gas pressure, the maximum of the ion energy
distribution shifts towards lower energies (see Fig. 4).
Then, the sample was remounted from the DSM-1
device. The sputtering yield was measured by the
weight loss method using a VLR-200 balance, similar to
that described in [7]. Erosion coefficient of the SS
2KH18N10T was ~ 0.1 at./ion at the discharge voltage
of 320V. This value of the erosion coefficient
corresponds rather well to the literature data on
sputtering yield of St316 (an analogue of steel
12Cr18Nil10Ti) under He™ ion bombardment with ion
energy of ~100eV [12, 13]. However, our
measurements showed (see Figs. 3, 4) that the main part
of the He ions has energy lower than 100 eV. The
reason for this discrepancy may be the of a large
number of fast charge-exchange atoms, whose
sputtering yield is similar to that of ions.

After about a 1-hour exposure on the atmosphere,
the SS probe was installed in the special stand GAS
(described in [9]) for the measurements of the total
outgassing rate and He-release (outgassing) rate. The
methods for determining the outgassing rate g of SS and
the number of monolayers N of impurity gases on its
surface is described in detail in [8-10]. It is noteworthy
that after being installed in the stand vacuum vessel, all
SS probes were heated together with the chamber walls
at the temperature of 100...150 °C during 1 h. This was
necessary to obtain a good ultimate vacuum
(~2 10" Torr) after opening the chamber to the
atmosphere and to clean a sample surface from
impurities. So, it was important to check whether
helium is desorbed at these temperatures. The value of
outgassing rate is proportional to a pressure change in
the vacuum chamber during pulsed heating of the SS
probe to the temperature of 120...700 °C.

0,006 -

0,005 |-

He ion current, arb.unit

0,001 -

0,000
0

0,004

0,003 -

0,002

50

100

150

1
200

lon energy, eV
Fig. 3. Energy distribution of He™ ions reaching the
wall measured at the work gas pressure 1.6-10 Torr
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Fig. 4. Energy distribution of He™ ions measured at the
work gas pressure 2.8-10% Torr

The change of a total pressure was measured with
the ionization gauges PMI-10-2 and PMI-2. At the same
time, He partial pressure was measured with mass-
spectrometer MX-7304. In the first case, the rate of gas
release was expressed in (Torr1)/(s-cm?). In the second
one, the results are given in the form of time
dependences of the values of the helium ion current (in
arbitrary units). For both cases, a pressure increase
during the sample heating is proportional to the gas
concentration on the metal surface. Therefore, by
measuring the pressure increase during desorption, one
can say about the kinetics of the behavior of helium
under various regimes of GDC. To estimate the
percentage of helium released in relation to the total gas
outgassing, the MX-7304 mass spectrometer was
calibrated according to the data of the PMI-10-2 and
PMI-2 ionization gauges. In Figs. 5-7, the apparatus
curves show the change in the helium pressure in the
measurement chamber of the stand when the sample is
pulsed to the temperatures of 120 °C (see Fig.5) and
700 °C. For the latter two variants the plots are
presented: with (see Fig.6) and without (see Fig. 7)
preheating of the sample at the temperature of 120 °C.
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Fig. 5. He release during SS probe pulse (1 s) heating:
t; — start heating; t, — maximum sample temperature is
about 120 <C, switch off heating
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Fig. 7. He release during SS probe pulse heating (12 s)
without preheating at 100...150 <C: t,— switch on
heating; t;— 700 <C, switch off heating

2. RESULTS AND DISCUSSION

Figs. 5-7 show that helium release starts at the
temperature lower than 100 °C and outgassing rate
increases almost immediately after switching on
heating. The next maximums of He desorption are
observed at the temperatures of 250...300; ~ 450...500,
and 650...700 °C. It means that helium is held in the
stainless steel in different states with different activation
energies of desorption. However, in [3], very low
helium release from the SUS316L steel at temperatures
of <150 °C was detected after GDC in helium. The
reason may be in the differences in the surface
properties of the studied steels (for example, the degree
of contamination) and in the features of the techniques
and methods.

Low energy He ions and atoms could be trapped
near the metal surface similar to other residual gases
such as water vapor, hydrogen, nitrogen, CO, CO,, etc.,
forming weak bonds with the molecules of these gases
adsorbed in pores and micropores, cracks, and
microcracks on the surface of the chamber material.
Islands of carbides, nitrides, oxides, various films, etc.
can also adsorb some amount of the helium. This helium
has very low desorption energy and can be desorbed
even at the temperature < 100 °C, as was observed for
graphite in [3]. The stainless steel samples used in our
experiments have another composition and, possibly, a
greater amount of contaminants in the form of carbides,
oxides, carbon films, etc., which leads to the appearance
of a desorption peak at low temperature, unlike data for
the stainless steel SUS316L in work [3]. As Figs. 6, 7
demonstrate, the amount of such He strongly decreases
even after one pulse heating to 120 °C. For the full
removal of such helium from the sample surface, the
standard stationary heating at the temperature of

100...150 °C of the vacuum chamber together with the
sample during one hour is enough.

He* + H He' o
@ :e o HeT o i He% He o
o Film o 1

!-EEVO_Q oo OOO\IO_@LIII

OQ’)OOQ m

¢}
o

I

' I

: micro-crack O |
|

I O Vacancy I

RO,

|

l

micro-pore

Fig. 8. Different zones of helium trapping by wall:
| — low desorption temperatures ~150...300 °C;
Il — desorption temperatures ~450...500 °C;

Il — desorption temperatures > 650...700 °C

Helium ions with energy > 100 eV and fast neutral
He atoms can be implanted in the nearest surface bulk
of metal and can be trapped by different defects and
radiation damages (Fig. 8). Such helium requires more
energy for desorption (450...500 °C). And, finally,
during plasma treatment (GDC), part of the implanted
ions can diffuse deep into the metal (for example, by the
mechanism of the formation of complexes with
vacancies [14, 15]). There helium atoms are bound by
lattice defects: vacancies, pores and micropores,
microcracks, etc. To remove such helium, the
temperatures of 650...700 °C and higher are required.

Thus, the processes of trapping and release of
helium from stainless steel are complex, multi-stage,
including a number of sequential and parallel reactions
(absorption, introduction into the volume of metal,
diffusion, desorption, etc.). These processes depend on
many factors: the pressure of the plasma-forming gas,
ion energy, radiation doses, etc. Conventionally, as
Fig. 8 shows, three zones (signed as I, Il, and Ill) of
helium trapping by the metal and, accordingly, three
different energy states during its desorption could be
distinguished.

Fig. 9 shows the rate of outgassing of helium from
the stainless steel when heated to 300 °C as a function
of the time of a glow discharge cleaning. It is seen that
saturation occurs at times of more than 10 h (dose
~ 4-10" ion/cm?). Importantly, the estimations made on
the basis of simultaneous measurements of the total
pressure and partial pressure of helium showed that
during thermal desorption, e.g., at a temperature of
120 °C (see Fig. 5), quantity of desorbed helium could
be about that for all the rest gases.
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Fig. 9. He release during SS probe pulse heating to the
temperature of 300 < vs the time of GDC
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Fig. 10 shows the rate of helium outgassing from SS
samples when heated to 500 °C plotted versus the
pressure of the discharge gas during GDC. When the
pressure changes from 5.6:10° to 4.5.107 Torr, the
outgassing rate of helium gas from the stainless steel
decreases by a factor of 6. Since the amount of desorbed
gas (outgassing rate) is proportional to its concentration
on the metal surface, one can say that at high pressures
of GDC, SS binds less helium than at low discharge
pressures. This is most likely associated with a decrease
in the ion energy with an increase in the gas pressure.
Fig. 11 gives understanding of the kinetics of He release
at different heating times (number of heat pulses). It can
be seen that the samples treated at high gas pressures are
freed from helium faster than the ones in the lower
pressure regime. We associate this with a change in the
energy spectrum of ions, which, in turn, leads to the
changes in the amount of bound gas, the depth of its
penetration into the metal, etc. So, if we want to have
plasma regime with low He recycling, it is preferable
to carry out GDC at high pressure of discharge gas
(He). But in this case, a decrease in the cleaning
efficiency is possible [5].
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Fig. 11 . He outgassing rate of 12Cr18Ni10Ti stainless
steel during its heating to the temperature of 300 °C vs
number of thermal pulses

3. SUMMARY AND CONCLUSIONS

The thermal desorption experiments were carried out
to study the process of helium release from the stainless
steel 12Cr18Nil0Ti after its exposure to steady state
GD plasma in He atmosphere. The current-voltage
characteristics in different plasma regimes were
measured, and estimation of He ions energy was made.
Measurements of He outgassing from the SS probes by
thermal desorption pulse method showed that the

saturation of the probe surface with He is observed at
rather low fluencies (~ 4-10" ion/cm?). The value of He
outgassing strongly depends on the pressure of the work
gas during GDC. In our case, it decreased by a factor of
six with the increase in pressure from 5.6-10° to
4.5.10% Torr. Several maximums were registered in the
He thermal desorption curves that indicated different He
atom states on the surface and in the nearest surface
bulk. Noticeable desorption of helium at the temperature
of ~ 100 °C turned out to be different from the data for
the stainless steel SUS316L reported earlier in [3]. The
reason may be in the differences in the surface
properties of the studied steels (for example, the degree
of contamination) and in the features of the techniques
and methods.
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I'A3OBBIIEJIEHUE I'EJIVA U3 HEPJKABEIOIIEN CTAJIA 12X18H10T
MHOCIJIE OBPABOTKH IIVIASMOU CTAIIMOHAPHOT'O TJIEIOILIEI'O PA3PSAIA
B ATMOC®EPE I'EJIUA

I'.Il. I'nazynoe, M.H. bonoapenxo, A.J1. Konomonckuit, H.E. I'apxywa, C.M. Ma3nuuenko, U.K. Tapacos

ITpoBenens! TepMOAECOPOIMOHHBIE SKCIIEPUMEHTHI 10 H3YUEHHIO TIPOIIECCa BBIICIICHHS TeNUS U3 Hep)KaBeloIei
cramu 12X18H10T mocne Bo3AEHCTBHS IDIa3MBI CTAIIMOHAPHOTO TICIOMIETO paspsima B atMocdepe He. M3mepenst
BOJIbT-aMIICPHBIE XapaKTEPUCTHKH B Pa3JIMUHBIX PEKUMax, U MPOMU3BEJICHA OlleHKa dHeprun noHos He. M3mepenns
BeIxo#a He u3 HepxkaBeroImed cTaay METOJOM HMITYyJIbCHOH TEpPMOJECOpOLMH IOKa3ald, 4YTO HAOII0NaeTCs
HACBIIICHHE TOBEPXHOCTH 30HAAa TeiameM mpu gosax ~ 4-10"° mom/cm®. Benuumna rasosiieneHus He CHIbHO
3aBUCHUT OT pEXHMMa IUIa3Mbl: AaBjeHUs pabouero rasza, HampsDKeHUs paspsnga u T. 1. Ha kpuBbix necopOuum He
3apEerHCTPUPOBAH DA MAaKCHMYMOB, BKIIodas MakcumyMm npu Temneparype 100...150 °C, ykassiBaromux Ha
pas3uuHbIe COCTOSIHUA aToMOB He Ha MOBEpXHOCTH M B IPHUIIOBEPXHOCTHOM oObeMme. OOcyknaroTcs (pusnueckue
MEXaHMU3MBI TAKOTO XapakTepa rasoBbiaeneHus He.

T'A3OBUJIIJIEHHS T'EJITIO 3 HEPKABIFOUOI CTAJII 12X18H10T IMICJISI OBPOBKH
IINTABMOIO CTAOIOHAPHOI'O TJIIIOYOI'O PO3PAAY B ATMOC®EPI I'EJIIIO

I'.IL. I'nasynos, M.M. Bonoapenko, O.JI. Konomoncokuii, I.€. I'apkywa, C.M. Masniuenxo, I.K. Tapacos

[IpoBexneHi TepmopecopOLiliHI eKCIIEPUMEHTH 110 BHBUSHHIO MPOIECY BUIUICHHS TEJI0 3 HEpXkKaBilOYOl cTaii
12X18HI10T micas nail mia3Mu CTaliOHAPHOTO TIIFOYOTO po3psamy B arMmocdepi He. 3MmipsiHi BOIbT-aMmepHi
XapaKTePUCTHKH B PI3HHX PEKUMaX IUIA3MH, 1 MPOBEJCHA OlliHKa eHeprii ioHiB He. BuMiproBaHHS ra30BUIiICHHS
He 3 HepkaBio4yoi cTaji METOAOM IMIIYJILCHOI TEpPMOAECOpOIii MoKas3aiu, IO CIIOCTEPIra€ThCsl HACHYCHHS
MTOBEPXHI 30HJIA TeJieM IpHU J103aX ~ 4-10"° ion/cm?. Benuuuna MIBUJIKOCTI AecopOmii He cHibHO 3aleXuTh Bif
PeXHMY IUIa3MHU: TUCKY poOodvoro rasy, Hamnpysi po3psany i T. A. Ha kpuBux necopOuii He 3apeectpoBaHO KijbKO
MakcuMyMiB, Biimodaroun makcumym npu 100...150 °C, mo Bkasye Ha pi3Hi craHu nepeOyBaHHsS atoMiB He Ha
MTOBEPXHI 1 B MPHUITOBEpXHEBOMY 00'eMi. OOTOBOPIOIOTECS (Pi3UYHI MEXaHI3MH TaKoi MOBEIIHKY ra30BUIIIICHHS He.



