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The paper presents the results of the investigation of a neutral-hydrogen pulse injector based on Penning dis-
charge with a metal hydride hollow cathode. The source of chemically pure hydrogen is a getter alloy ZrsoVso made
in the form of a hollow cathode. The main release of hydrogen into the gas phase occurs under the influence of dis-
charge current (about 20 A) in a short period of time (several hundred microseconds), during the operation in the
high-current discharge regime. It is shown, that the propagation velocity of the gas front depends on the discharge
current and is determined by the hydrogen temperature. The maximum velocity of gas front propagation is obtained
at the level of 5-10° cm/s. The amount of hydrogen desorbed per 400-uc pulse isabout 1.5-10cm3 under normal
conditions and the energy is expended on the level of 0.34 J.

PACS: 52.80.Sm
INTRODUCTION

An important part of the sources of ionized and neu-
tral particles, as well as devices that perform gas supply
of toroidal traps are pulsed gas injectors [1]. There are
two types of injectors: piezoelectric and electro-
magnetic ones [1, 2]. The first are characterized by low
power consumption and high response rate with a char-
acteristic time of the gas pulse at a level of hundreds of
microseconds. However, due to the small stroke of the
piezoelectric element and the small flow cross section,
they are not able to provide a large flow of gas [2].
Electromagnetic injectors, on the contrary, do not have a
high speed, but they provide large gas flows [1, 2].

For devices operating on hydrogen or its isotopes, it
is convenient to use getter injectors as a source of hy-
drogen, which are comparable or superior to piezoelec-
tric injectors by fast-action, and can compete with elec-
tromagnetic ones in terms of gas flow. To their short-
comings can be attributed the need for periodic rather
laborious regeneration and the possibility of working
only with one type of gas — hydrogen. However, the
undeniable advantages of getter injectors stimulate the
development and improvement of them.

The main element of the getter injectors is a storage
based on reversible metal hydride alloys, for example,
zirconium and vanadium. These alloys have a sufficient-
ly large hydrogen capacity and allow multiple recharg-
ing. Slow injection of hydrogen is due to the smooth
heating of the entire accumulator, and fast — by the re-
lease of pulsed energy on its surface [3]. The magnitude
of the flow of hydrogen is mainly determined by the
size of the surface.

For pulse energy contribution, both electron and ion
beams are suitable. In the second case, applying the
Penning discharge one can form ion beams on signifi-
cant surfaces without using thermal cathodes and other
power-consuming elements. In addition, the yield of
hydrogen here will be determined not only by the ther-
mal effects of hydride phases decomposition, but also
by ion stimulated processes [3].

Consideringthe possibility of the injector operating
at high vacuum, the Penning discharge with its wide
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working pressure range fits best. Additional features of
this injector are the ease of implementation and opera-
tion. In addition to the neutral hydrogen flow, it is also
possible to form a hydrogen plasma flux. The latter is
important for cathode-transformers of quasi-stationary
plasma accelerators [4].

When designing pulse getter hydrogen injectors, it is
important to know a number of fundamental parameters:
the amount of desorbed hydrogen from a surface unit,
the specific energy input, and the start time of the dis-
charge.

The purpose of this paper is to investigate the possi-
bility of using a Penning pulse discharge with a metal
hydride cathode as a neutral hydrogen pulse injector.

1. EXPERIMENTAL SETUP

Fig. 1 shows the scheme of the metal hydride hydro-
gen injector based on the Penning discharge. To en-
hance the discharge current, the metal hydride desorp-
tion element is designed as a hollow cathode.

The Penning cell is formed by two disk cathodes C;
and C, made of magnetically conductive steel and a
tube-like anode A. A longitudinal magnetic field of
500 Oe is created by two annular permanent magnets M.
The sealing is carried out by a branch pipe W, which
ends with rubber nipples seals in cathode slots. The an-
ode A and the branch pipe W are made of non-magnetic
stainless steel.

In the central region of the cathode C; there are 7
apertures 4 mm in diameter for gas outlet. Through the
same apertures, the pumping of the discharge gap is
performed. In the center of the cathode C; in the branch
pipe there is a metal hydride hollow cathode MHC in
the form of a tube 12 mm long with external and internal
diameters of 8 and 3 mm, respectively. The MHC cath-
ode is made by pressing hydrogen-saturated powder of
ZrsoVso alloy with copper binder. The initial hydrogen
saturation degree was ~ 500 cm® under normal condi-
tions.

A voltage pulse with amplitude up to + 4 kV was sup-
plied to the cell anode from a capacitor Co of 1.5 uF
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through a controlled switch S (thyratron TGI-400/16)
and a ballast resistance R, = 190 Q. The discharge volt-
age Vq was measured by a balanced voltage divider, and
the current ig— by the Rogowski coil. In the experiments
in order to eliminate the formation of an electron of the
cathodes MHC, C; and C, was the same.

beam by the hollow cathode with following gas ioniza-
tion, the potential.
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Fig. 1. Metal hydride hydrogen injector with a layout of pressure sensors

To study the dynamics of neutral gas propagation,
the injector was docked to a vacuum chamber through a
glass tube GT 40 cm long and 5.6 ¢cm in diameter. With-
in the tube there were miniature ionization pressure sen-
sors Py and P at the distance of 15 and 25 cm from the
injector. The sensors had a spiral filament cathode, a
cylindrical anode and they operated on the principle of
measuring the current in the cathode circuit. The emis-
sion current was 1 mA, the supplied voltage was 50 V.
To reduce interference, the sensors used battery power.

The dynamics of the pressure in the chamber was
investigated by the signal from PMI-2 sensor.

2. RESULTS AND DISCUSSION

The operation of metal hydride hydrogen injector
based on Penning discharge is illustrated by the oscillo-
gramsin Fig. 2 Voltage (a — general view, b — increased
sensitivity) and current (¢ — oscillograms are clearly
show two discharge stages: high-voltage
(100 <t <200 us) and high-current (200 <t <480 ps).
In the high-current stage, the discharge voltage (b) lies
in the range 50...120 V, and this indicates that there is an
arc discharge.

The dynamic of particle concentration along the
glass tube GT is illustrated in (see Fig. 2,d), where oscil-
lograms of the current of two ionization pressure sen-
sors are shown. When the voltage is applied to the injec-
tor, the current of both sensors slightly increases (close
one by 8 %, far one by 2 %) and remains practically
constant for ~ 70 us. This current, apparently, is due to
ion beam, which is formed in Penning discharge. (The
arrival time of hydrogen ions to the sensors
is~0.2...0.3 us. There is practical synchronism in the
currents).

At the final stage of the high-voltage discharge stage
(170 <t <200 us), the current is increased to 20 % at
close sensor, and after 20 us delay on the far one. Here,
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apparently, an intensive ion-stimulated desorption of
hydrogen from the metal hydride surface begins.

An even greater (up to 70 %) increase in the sensor
current is observed in the high-current (arc) discharge
stage. The thermal mechanisms of hydrogen desorption
are included in the arc due to decomposition of hydride
phases.
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Fig. 2. The dynamics of the voltage (a, b) and discharge
current (c), as well as the relative change in the current
of the pressure sensors (d)
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The gas temperature in the discharge can be judged
from the propagation velocity of the pressure front. Cal-
culated (see Fig. 2,d) from the current delay in the pres-
sure sensors, the front velocity was ~ 5-10° cm/s, which
corresponds to a hydrogen temperature of ~ 2500 K.

The duration of the high-voltage stage depended on
the capacitor charge voltage and in our case was
100...500 us at voltages of 2.5...4.0 kV. The energy re-
leased in the discharge at this stage was ~ 0.04 J at an
average power of ~ 400 W.

The duration of the high-current stage varied in the
range of 480...580 us. The energy released in the dis-
charge at this stage was ~ 0.3 J at an average power
of ~ 1 kW.

Fig. 3 shows the velocity of gas front propagation
during the discharge operation in high-current stage. It
can be seen that theincrease in the power loaded to the
metal hydride cathode leads to a sufficient increase in
the velocity. The same figure shows the time depend-
ence of the discharge transition into a high-current
stage. One could approximate it with linear.
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Fig. 3. Dependence of the gas front propagation veloci-
ty on the charge voltage and the transition time of the
discharge to the high-current stage
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To determine the amount of hydrogen released for
the pulse, a PMI-2 manometer was used, which was
installed at the outlet of the vacuum tube.The amount of
desorbed hydrogen per pulse was calculated by measur-
ing the relative change in pressure in the vacuum cham-
ber with oscilloscope. Estimations have shown that ap-
proximately 1.5-103cm® of hydrogen under normal
conditions is desorbed during the pulse.

CONCLUSIONS

Thus, it has been shown the possibility of creating a
neutral hydrogen injector, where the amount and the
propagation velocity of the hydrogen front can be regu-
lated by a discharge current of a different duration. The
proposed design is easy to manufacture and operate, and
also has the ability to scale to produce more powerful
neutral hydrogen flux. It is also possible to create sever-
al such cells located sequentially to control the front of
the gas wave by programmatically starting individual
cells.
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BOJIOPO/IHBIN WHIKEKTOP HA OCHOBE PA3PSIJIA TEHHUHIA C METAJIOTMPA/IHBIM
KATOJIOM

H.H. Cepeoa, A.A. I'peuro, A.D. Ienyiixo, /I./1. Paduuxos

IIpeacraBineHbl pe3ysbTaThl paOOThl MMITYJIBCHOTO HH)KEKTOpAa HEHTPAJIBHOTO BOJOPOJA HA OCHOBE paspsiia
[leHHHMHTa ¢ METAJLIOTHIPHUIHBIM MOJBIM KaTOIOM. VICTOYHMKOM XMMHUYECKHA YHUCTOTO BOIOPO/IA CIIY)KUT T'€TEPHBIN
cruiaB ZrsoVso, M3rOTOBJICHHBIN B BHE 1MOJIOr0 KaTojaa. OCHOBHOE BbIJCIICHHE BOAOPO/Ia B Tra30BYIO (ha3zy MpoHCXo-
JIAT TIO/1 BO3JIeCTBIEM pa3psaHoro Toka (mopska 20 A) 3a KOPOTKHI MPOMEKYTOK BPEMEHH, MOPSIJIKA HECKOIbKHUX
COTEH MHKPOCEKYH/I, B TeYeHHE pabOThl CUIBHOTOYHOTO pekUMa paspsiaa. [1oka3aHo, 4To CKOPOCTh PACHpPOCTpaHe-
HUSI Ta30BOT0 (PPOHTA 3aBUCHT OT PA3psIHOTO TOKA M ONPENEIASTCS TEMIIEPATypOl MOBEPXHOCTH METAIIOTUAPHI-
HOTO KaToja. MakCHUMalbHOE 3HAYeHHE CKOPOCTU PACHPOCTPAHEHHs ra3oBOro (hpoHTa MOJTyYeHO Ha YpPOBHE
5-10° cm/c TpH KoNMYECTBE BOIOPOIA, AECOPOMPOBAHHOIO 3a HMMITYJIbC IIHMTENbHOCTHIO 400 mxc mopsaka
1,5-10°% cx® npu HOpMabHBIX YCJIOBUAX U 3aTpadyeHHoit sneprun 0.34 .

BOJHEBUM IH)KEKTOP HA BA3I PO3PSITY ITEHIHT A 3 METAJIOTLIPUJTHUM KATOJIOM
IM. Cepeoa, A.0. I'peuko, O.D. Ilenyiixo, /I./1. Paduuxos

[IpencraBneHo pe3ynpTaTd poOOTH IMITYTECHOTO 1H)KEKTOpa HEHTPAIBHOTO BOJHIO HA OCHOBI po3psiay IleHinra 3
METAJIOT1IPUIHAM TTOPOXKHUCTHM KaToJ0M. J[XKepeaoM XiMidHO YMCTOTO BOJHIO € TeTepHHH cruiaB ZrsoVso, SKUi
BUTOTOBJICHO Y BHTJISI TIOPOKHUCTOTO KaToga. OCHOBHE BHIUICHHS BOIHIO B Ta30BY (a3y BinOyBaeThCS i BIIIH-
BOM PO3PATHOTO CTpyMy (01mu3bko 20 A) 3a KOPOTKHI MPOMIKOK Yacy, OJHM3BKO IEKUTEKOX COTEHb MIKPOCEKYHI,
MPOTATOM POOOTH HNOTY)KHOCTPYMOBOTO PEeXHUMY po3psiay. [lokasaHo, 110 MBUIKICTE MOMINUPEHHS Ira30BOro GppoHTy
3aJIEXKUTH Bl PO3PSITHOTO CTPYMY i BU3HAYA€ThCS TEMIIEPATYpOIO BOJIHIO. MakcuMallbHe 3Ha4eHHsI IIBUJIKOCTI MO-
IIMPEHHS ra30BOr0 (JpOHTY OTpMMaHO Ha piBHi 5+10% cu/c mpu KiBKOCTI BOJIHIO, 110 1eCOPOYETHCS 3a IMITYJIbC TPH-
BaicTio 400 mxc 6mmsbko 1,5-10° cy® npu HopManbHUX yMoBax i BuTpadeHiii eneprii 0,34 [oic.
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