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Using the thermal desorption method the investigations were carried out of stainless steel probe outgassing rate
in a vacuum and estimation of the number of monolayers on its surface in the Uragan-2M torsatron in situ. The
decrease of surface impurity by more than one order of magnitude was measured at the vacuum improvement from
1.6:10° Torr up to 6.5:-107 Torr after pumping and RF discharge cleaning. Mass-spectrometric measurements has
shown H,0 (18 m/e), Co, (44 m/e) and 28 m/e (CO+N,), as the main gases desorbed from probe surface during its
heating. Heavy hydrocarbon masses (58 m/e) were also registered. Some practical conclusions were made for the

U-2M wall conditioning procedure improvement.
PACS: 52.40.Hf

INTRODUCTION

The wall conditioning procedure in the present
thermonuclear  plasma  devices is  necessary
technological process of their preparing for plasma
experiments. The impurity level of the wall surfaces
(number of impurity gases monolayers, outgassing rate
in a vacuum) mainly determines the ultimate vacuum in
the device and the impurity flows to plasma during
work discharges. This problem is especially important
for non heated plasma devices. In the Uragan-2M
(U-2M) and Uragan-3M (U-3M) torsatrons the cleaning
of plasma facing surfaces (mainly stainless steel
12KHI8N10T ) is carried out usually with RF
discharges in hydrogen atmosphere [1-4]. The control of
cleaning procedure efficiency was realized on the
change of CIII, CIV spectral lines intensity. Besides, the
mass spectrometric analysis and ultimate vacuum
pressure measurements were carried out. These control
methods gives the information on the impurity
concentration in the vacuum chamber volume. But it is
very important for plasma experiments to know not only
ultimate pressure and partial impurity pressures, but
impurity concentration on the surfaces of the vacuum
chamber, too. Just the latter determines the intensity of
impurity flows to plasma during work discharges. From
the other hand it is known the sufficiently simple
method for surface impurity level estimation with the
use of thermal desorption phenomenon [5, 6]. The
essence of the method is in the providing of metal probe
placing in the investigated vacuum chamber and its
heating by directly running the electric current. The
pressure increase, caused by the gas desorption from the
probe surface, is proportional to monolayer number, i.e.,
impurity level. So it was interest to study the outgasing
behavior of stainless steel (SS) surface and level of its
impurity on the wall conditioning procedure in the
U-2M torsatron with the use of above mentioned
method.
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EXPERIMENTAL, RESULTS,
DISCUSSION

The scheme of the experiment is shown in Fig. 1.
The strip-like probe (2) was made of stainless steel
12KH18N10T (SS), similar to U-2M vacuum chamber
(1) material. The probe dimensions were

10 mm x 190 mm x 0.3 mm.
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Fig. 1. The scheme of the experiment:
1 — U-2M vacuum chamber wall; 2 — stainless steel
probe; 3 — current contacts; 4 — PMI-2 lamp;
5 —time relay; 6 — electric power unit;

7— VIT-2 device; 8 — analog divider
module WAD-AIK-BUS; 9 — computer

2

Probe was connected with help of massive copper
contacts (3) to electric power unit (6) providing pulsed
heating of probe to given temperature. High bound of
the temperature range was 300 °C because the diffusion
gas release from SS was started at the higher
temperatures. The measured characteristic was specific
outgassing rate ¢ (Torrl/s-cm®) under probe heating in
a vacuum.

Before SS probe placing in the U-2M chamber it
was calibrated on the heating voltage and specific
outgassing rate at the temperatures of 200...300 °C in
the special stand “Block of the U-2M gas-analyzer”. In
these experiments the probe heating time and voltage
was determined with the using of chromel-copel
thermocouple placed on the probe.
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Then SS probe (without thermocouple to provide
minimum parasitic outgassing) has been placed in the
one of the U-2M ports. The measurements method was
in detail described in works [7, 8]. The experiments
were carried out during U-2M  wall conditioning
procedure: pumping, RF discharge cleaning, heating.
After U-2M chamber pumping to pressure up to
1.6:10° Torr the probe heating switched on the time of
4...5s. The probe temperature increased up to
250...300 °C and the pressure increase in the adjutage
caused by desorbed gases was measured with help of
ionized gage (4), vacuum apparatus (7), analog module
WAD-AIK-BUS (8), computer (9). The typical
apparatus curve of pressure increase on the time is
shown in Fig. 2. Specific outgassing rate (Torr-l/s-cm®)
was determined from the eqution ¢ = (p-p,)S/F, tae p,
u p — initial and final pressure; S — adjutage vacuum
conductance; F' — effective surface area of the probe.
Data-processing operation of the curves (see Fig.2),
measured at the various pressures in the U-2M vacuum
chamber (up to 6,4:107 Torr) gives the dynamics of
decreasing of outgassing rate from the vacuum chamber
walls on the duration of U-2M chamber pumping
(Fig. 3).

Pressure, ml
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Fig. 2. Apparatus curve of pressure increase in the
U-2M adjutage on the time (probe temperature is
250 °C, initial pressure 1.13-10° Torr)

It is seen that during vacuum pressure improvement
from 6:10° to 6,4-107 Torr outgassing from the heated
SS probe decreases in more than one order of magnitude
(red color data in Fig.3). Note, if to measure SS
outgassing just after RF discharge cleaning (blue color
date in Fig.3) the SS outgassing rates are essentially
higher. Note, in this experiment RF discharge cleaning
was carried out only two hours. It is the evidence that
very high impurity flow desorbs under RF plasma
impact on the plasma facing surfaces and that the
pumping facilities does not cope with a task of impurity
pumping. As the result these impurities redeposit on the
walls after switching off the discharge. The subsequent
pumping of the U-2M vacuum chamber during 24 hours
leads to obtaining good ultimate vacuum pressure of
6.4:107 Torr and to decreasing of the number of
monolayers on SS probe surface up to 2 instead of ~ 30
for a vacuum of 1.6:10° Torr. The estimation of
monolayer number on the probe surface was carried out
with the use of the equation: N=V-L/N,, where
V (N em®)= gt — amount of gas desorbed from the unit of
the probe surface; ¢ (s) — time of the gas desorption;
L — number of molecules in the gas volume of the 1 cm’
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(Loshmidt’s number); N,, — number of molecules in
monolayer. In the calculations it was supposed the water
vapor as the main adsorbed gas and so N,, = 510" cm™
(according to Ref. [9] data). Really, the additional mass-
spectrometric experiments in the U-2M vacuum
chamber, made during SS probe heating to 300 °C
temperature, had shown the water vapor as the main
desorbed gas (Table). The essential increasing of
desorbed CO, (44 m/e), 28 m/e and hydrocarbons
(58 m/e) was observed, too.
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Fig. 3. Dependence of SS outgassing rate (250 °C)
in the U-2M on the duration of pumping (red color)
and just after RF discharge cleaning (blue color)

Desorbed impurity gases partial pressures in the U-2M
vacuum chamber during outgassing experiment

Initial Maximum
Desorbed gas,
mass pressure pressure AP, Torr
P,, Torr P, Torr
H,O (18 m/e) 3.3:107 3.9-107 6:107
CO+N, (28 m/e) | 8.1810° | 1.87-10® | 1.6-10°®
CO, (44 m/e) 4.9:107 1.68:10® | 1.19-10°
58 m/e 7.72:10" | 1.410° | 628107

The second series of the experiments was carried out
during wall cleaning with stationary RF discharges in the
warm (60 °C) chamber (Fig. 4). Two RF generators with
frequencies 5.6 MHz (~1 kW) and 132 MHz (~1 kW)
generated stationary cleaning discharge during 12 hours.
Then discharge was switched off and the U-2M vacuum
camber was pumped during 12 hours. Then SS
outgassing rate was measured at the probe temperature
of 300°C (see Fig.4, blue color data). Note, these
outgassing rate values are essentially higher than in the
case when outgassing rate was measured 1 hour later the
additional RF discharge cleaning during 0.5...1 hour
(yellow color data). This shows once more that pumping
speed in the U-2M is not enough to evacuate effectively
the desorbed impurity gases, the significant amount of
which condensates on the vacuum chamber walls. So,
the quasi-stationary RF discharge cleaning regime with
short (0.5...2 hour) duration and with long time
pumping, could be more effective for impurities
evacuation.
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Fig. 4. Dependence of SS outgassing rate (300 °C)
in the U-2M on the duration of pumping and RF
discharge cleaning

CONCLUSIONS

The investigations were carried out of SS probe
outgassing rate and estimation of the number of
monolayers on its surface in the “Uragan-2M” torsatron
in situ. After preliminary pumping and RF discharge
cleaning the decrease of surface impurity by more than
one order of magnitude was measured at the vacuum
improvement from 1.6:10°Torr up to 6.4:107 Torr.
According with estimations the number of monolayers
on the SS probe surface had decreased from =30 to =2.
Mass-spectrometric measurements has shown H,0
(18 m/e), Co, (44 m/e) and 28 m/e, as the main gases
desorbed from SS probe surface during its heating.
Heavy hydrocarbon masses (58 m/e) were also
registered. The analysis of the obtained data allows to
say that the quasi-stationary RF discharge cleaning
regime with short (0.5...1 hour) duration and with long
time pumping, could be more favorable for impurities
evacuation but to provide more correct estimation of
efficiency of various scenarios of wall conditioning
process in the U-2M torsatron the additional
experiments will be provided.
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vacuum

BJAUSAHUE MPOILETYPbI YNUCTKHU MTOBEPXHOCTH HA I'A30BBIJIEJIEHUE HEPKABEIOIIEN
CTAJIA B TOPCATPOHE YPAT AH-2M

LIl I'nazynos, /I.1. bapon, M.H. bonoapenxo, B.Al. Yepnuviuenxo,
A.JI. Konomonckuii, BM. Jlucmonao, C.M. Ma3nuuenxo, B.K. Ilawnes

TepMoiecOpOITMOHHBIM METOJIOM TPOBEICHBI HCCIEIOBAHMS T'a30BBIIEICHUS HEP)KAaBEIOIIEH CTalM M OIEHKa YHCia
MOHOCJIOEB TIpUMeEcell Ha €€ IMOBEpXHOCTU B TopcarpoHe Yparan-2M. Ilocne ortkauku u uuctku BU-paspspamu
KOJIMYECTBO TPUMECEeH CHHU3HMIOCH OoJiee YeM Ha TMOPSIOK MpH yIydIIeHHH BaKyyMa C 1,6:10° 10 6,4:107 Topp. Macc-
CIIEKTPOMETPUYECKUE U3MEPEHHUS IIOKA3alIH, YTO OCHOBHBIMH NIPUMECSAMH, JECOPOUPYIOIUMUCS C TIOBEPXHOCTH 30Ha U3
HeprKaBeIoIel cTay Bo BpeMs ero Harpesa fo temreparypsl 250...300 °C, ssisrotest: H,O (18 a.e.m.), Co, (44 a.em.) u
28 a.e.M. (CO+N,). Tsaxensle yriaesonopons! (58 a.e.M.) Takke perucTpupyrorcsa. ChoenaHsl HEKOTOPbIE IPAKTUYECKHe
3aKJIIOUEHUS IS YIIydIIeHUs IPOLEeLypbl YUCTKH CTEHOK KaMepbl TopcaTpoHa Yparan-2M.

BILJIMB IPOLEYPH UAILIIEHHS IIOBEPXHI HA TA3OBHUJIIVIEHHS HEPXKABIFOUOI CTAJII
B TOPCATPOHI YPAT'AH-2M

I.IL I'nazynos, /I.1. Bapon, M.M. bonoapenxo, B.l. Yepnuwienko
0./I. Konomoncokuit, B.M. /Iucmonao, C.M. Ma3sniuenxo, B.K. Ilawnee

TepmopecopOLiIHHUM METOJIOM HPOBEAEHO IOCIIDKEHHS ra30BUAICHHS HEP)KaBilo4yol CTami i OLIHKA 4Yuciia
MOHOIIAPIB JIOMIIIOK Ha i MOBEpXHi B TopcarpoHi Yparan-2M. Ilicns BigkauyBaHHs 1 uniieHHs BU-pospsoamu
KiBKiCTh TOMIIIOK 3HH3MIACS GLIbII HiX HA TOPSIOK HpH HOJinmenHi Bakyymy 3 1,6:10° 10 6,4-107 Topp. Mac-
CHEKTPOMETPUYHI BUMIPIOBAHHS TOKAa3ajd, II0 OCHOBHHUMH JOMIIIKaMH, IO JeCOpOYIOThCS 3 MOBEPXHI 30HIA 3
HepKaBirodoi cTani mix dac ioro HarpiBy mo temmepatypu 250...300 °C, e: H,O (18 a.em.), Co, (44 a.em.) i
28 a.e.M. (CO+N,). Baxki ByrneBonsi (58 a.e.M.) TaKoK peecTpyroThcs. 3poOieHi AesiKi NPaKTUYHI BUCHOBKY IS
MOJIMIIEHHS MPOIeypH YUIIEHHS CTIHOK KaMepH TopcaTpoHa YparaH-2M.
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