TEST OF PURE HYDROGEN INFLOW SYSTEM DURING DISCHARGE
CLEANING AND WORK REGIMES OF THE URAGAN-3M TORSATRON
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The tests of the pure hydrogen inflow system had been carried out during pulsed discharge cleaning and work
regimes of the Uragan-3M torsatron. It had been shown that the inflow system provides required steady flows of
hydrogen over the pressure range from 5x107 Torr to 107 Torr. The special cyclic procedures of membrane heating and
pumping to provide the long life time of membranes, and required reliability and stable flow are described.

PACS: 52.40.Hf

1. INTRODUCTION

Earlier the simple construction of the diffusion
membrane module system for pure hydrogen inflow in the
Uragan-3M (U-3M) torsatron had been suggested and
simulation experiments with experimental module were
carried out [1]. The results obtained in that work had
shown the principal possibility of such system creation
with the required characteristics for the U-3M torsatron.
Then the real construction have been designed,
manufactured and mounted in the U-3M device. In this
work the tests of the system were carried out during pulsed
RF-discharge cleaning and work regimes of the U-3M
torsatron at the typical parameters [2, 3].

2. EXPERIMENTAL

The principle scheme of inflow system is shown in
Fig.1. System comprises a block of diffusion membranes,
which includes seven diffusion modules M1-M7, each of
other is attached through valves to independent heating
system (not shown), to hydrogen input line (V1-V7, Vy)
and to pumping line (Vo) to provide the functioning of
diffusion modules. There was the possibility to control
membrane heating and pressure in the U-3M vacuum
chamber from the diagnostic room. The diffusion module
comprises a diffusion membrane (Pd-99.98 grade pipes
0.6 cm in diameter, 19c¢m length, 0.025 cm in thickness)
which was hermetically brazed at the one end. The outer
surface of pipe was presented to the vacuum chamber,
while the inner surface was in contact with hydrogen from
high-pressure cylinder. The membrane was heated by
directly running the current through it. In order to
decrease arc ignition probability during plasma
experiments and to prevent heavy impurities incoming in
plasma, the palladium pipes were coated with a 2-4 pm
thick TiN layer. Earlier the TiN-coatings were
successfully applied in the U-3M to protect RF antenna
frames [4] from erosion and it was shown earlier [5] that
TiN-films have very low level of arc ignition probability
and rather high barrier for molecular hydrogen
penetration. The latter required to examine comparison
characteristics of hydrogen permeability (isobars and
isotherms, activation energies E,) of such membranes and
bare Pd-membranes. It is seen in Fig.2 and in the Table
that at the medium high temperatures (300-500°C) these
performances are nearest ones. For comparison the

activation energy values E,, for activated palladium [6]
are presented in the Table, too.

Activation energy values of hydrogen permeability for Pd
and (2U TiN)-Pd

Membrane E., En, Ref.
material Kcal/mol | Kcal/mol
Pd 10.4 3.7 [6]
(2 TiN)-Pd 5.46 3.6 [5]

The activation energy E of hydrogen permeability was
determined from the slope of In(j)=-b-E/RT straight lines
as functions of the inverse temperature (Fig.2). For bare
palladium the activation energy E was calculated to be
(10.440.52) kcal/mol that is much higher than 3-4 kcal/mol
reported in [6]. It could be explained by higher carbon
concentration on the inner surface of Pd-pipes and
nonactivated state of palladium.

The tests were carried out under typical parameters
for RF-discharge cleaning and work regimes in the U-3M
[2, 3]: for the former it was 1 pulse per 5 s, RF input
power was ~ 50kW, discharge duration was up to 60ms,
the stationary magnetic field was over the range from
250-350 Gs; for the latter it was 1 pulse per 5 minute, RF
power was about 240 kW, discharge duration was 50ms,
magnetic field was 0.7 Gs.

The tests had been shown that the inflow system
provided steady flows of hydrogen over the pressure
range from 5x107 Torr to 10~ Torr. Under RF-discharge
cleaning regime in the Uragan-3M torsatron (hydrogen
pressure was 10 Torr) five or six diffusion modules were
required to provide the necessary flow about 10 Torr-1/s.
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Fig. 1. The scheme of the hydrogen inflow system
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Fig.2. Permeability isobars (hydrogen pressure
P=760 Torr): closed circles — bare Pd, open circles — (24
m TiN)-Pd bimetallic system.

Under plasma experiment condition (required
hydrogen pressure was 107 Torr) only one or two
modules were used, providing hydrogen flow about
1Torr:l/s. The maximum power consumption at the work
of one and six diffusion modules (without power of
forevacuum pump) was not more than 60W and 400W,
consequently.

As the construction of the diffusion modules is not
gas-flow, the decay of permeation properties of diffusion
modules was observed caused by impurity release
(mainly, carbon) on the inlet surface of Pd-membrane. To
provide the required stable flow, the special cyclic
procedure of membrane heating in hydrogen atmosphere
and pumping was applied. It allowed to have steady state
hydrogen flow through experiment.

The second problem was the utilizing of the rather
thin palladium tubes (0.25mm thickness) in diffusion
modules. It was caused by the necessary to provide high
hydrogen flows up to 10 Torrl/s. To provide the long
lifetime and reguired high reliability of such membranes
it was needed to exclude the membrane work in the

temperature range of o-f transition (20-300°C) at high
hydrogen pressure. So, before the system shutoff the
special procedure of diffusion membranes heating and
pumping of dissolved hydrogen had been anticipated.

3. SUMMARY

The system of pure hydrogen input had been designed,
manufactured and mounted in the Uragan-3M device. The
compises seven diffusion modeles, lines of forevacuum
pumpdown, lines of letting-to-ballon hydrogen and
seven independent systems of diffusion module heating.

The tests of the pure hydrogen inflow system had been
carried out during pulsed discharge cleaning and work regimes
of the Uragan-3M torsatron. It had been shown that the inflow
system provides required steady flows of hydrogen over the
pressure range from 5x107 to 10™* Torr required reability due
to the special cyclic procedures of membrane heating and

pumping.
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HNCIIBITAHUE CUCTEMBI HAITY CKA YUCTOI'O BOJOPOJA B PABOYEM PEXXUME
N PEXKUME YNCTKHU TOPCATPOHA YPATI'AH-3M

I'.IL. I'nazynos, E.JI. Boakos, /I.H. bapon, H.I1. Ilonomapenko

IIpoBeneHBl WCHBITAHMSA CHCTEMBI HAIyCKa YHCTOTO BOJOpPOAa B paboyeM peXuMe U B PEXKHME YHCTKU
BBICOKOYAaCTOTHBIMH HMITyJIbcaMH TopcaTpoHa YparaH-3M. IlokazaHo, d9TO cmcTeMa Hamycka oOecleunBaeT

TpeOyeMble IIOTOKH B JAWala3oHe naBieHmi 5x107 —

OPOAOJDKHUTCIIBHOCTU CPOKa cnyx&kﬂ U CTaOMIBLHOCTH ITOTOKA BOJOPOJAA IpejiaracTcs

10* Topp. Jms obecnedeHuss TpeOyeMOH HaIEKHOCTH,

CricovaljibHadg mpouceaypa

MIEPUOANIECKOT0 HarpeBa U OTKaYKH AU((Hy3HOHHBIX MEMOpaH.

ICIIMT CUCTEMHA HAITYCKY YUCTOI'O BOJHIO B POBOYOMY PEXKUMI
I PEXKUMI YMIIEHHS TOPCATPOHA YPAI'AH-3M

I'.Il. I'nazynos, €./1. Bonkos, /I.1. bapon, M.I1. Ilonomapenko

IIpoBeneno

ICIMTH CHCTEMH HAIyCKy YHCTOTO BOAHIO B pPOOOYOMY pEXHMI

0y pexuMmi YHIIEHHS

BHCOKOYACTOTHUMH IMIyJbcaMu TopcaTpoHy YparaH-3M. IlokasaHo, 0 cHCTeMa HamycKy 3a0e3meuye HeoOXinHi
NOTOKH B Aiana3oHi tuckis 5x107 — 10 Topp. Jus 3abe3neyeHns HeoOXiqHOT HaAIMHOCTI, TPUBAIOCTI TEPMIHY CIIykKOU

i CTabiIbHOCTI MOTOKY BOJHIO ITPOIIOHYETHCS
nudysiiiHnx MemOpaH.
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