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Comparative thermionic properties investigations of the quasi-binary eutectic alloy
LaBg—ZrB, having both zirconium diboride fibers orientations (perpendicular and parallel)
relative to the emitting surface were conducted for the first time. Thermionic current
density time dependences for cross and longitudinal sections suggest that the eutectic
composite material LaBg—ZrB, can be used as an effective thermionic emitter also with the
fibers orientation parallel to the emitting surface.

BrepBnie MpoBeAeHbl CPABHUTENLHBIE MCCIEHOBAHMNSA TEPMOIMUCCHUOHHLIX CBOMCTB KBa3M-
6uHapHOTO ?BTEeKTHUYecKOoro ciutaBa LaBg—ZrB, ¢ msymsa opmenTanmaMu BONOKOH aubopmza
IAPKOHASA: IEPHCHIUKYIAPHO 1 MaPAJICIbHO SMUTHUPYIOME NOBEPXHOCTH. BpeMeHHEBIE 3a-
BHUCHMOCTH ILIOTHOCTH TE€PMOSMUCCHOHHOI'O TOKA JJA IIONEPEYHOr0 M IPOAOJBHOIO CedeHUIA
CBHU/IETENBCTBYIOT O TOM, UTO ?BTEKTHYECKMH KOMIOSUIUOHHBIN Marepuan LaBg—ZrB, moxno
HUCIIOJIB30BATh KAaK 3(PQMEKTUBHBLIM TEPMOIMUTTED M B CJIy4dae OPUCHTAUM BOJOKOH IIapaJ-
JIEJIBHO SMUTHUPYIOMIEN IIOBEPXHOCTH.

Tepmoenexmponna emicia Keasibinapnozo eemexmuunozo cnaaey LaBg-ZrB, 3
pisnorw opienmayiero eonoxon ZrB, A.Tapawn, [.Boponosuu, H.Opancvica, B.Dixrinos,
O.ITodwusanosa.

Buepmie npoeegeno mopiBHAJBHI TOCHIIMKEeHHSA TepPMOEMICIHHMX BJacCTHBOCTENM KBasibimap-
HOro eBTeKTH4HOTO ciaBy LaBg—ZrB, 3 mpoma opienramisMu BosokoH auGopimy mmpKoxio:
HePHeHINKYJAPHO Ta IIapaJesbHO eMiryoouiil mosBepxui. 3alemmHOCTI rycTUHU TepMoeMiciii-
HOrO CTPYMY Big uacy HarpiBy [Jisd IIOIEPEUYHOro i IIOB3JOBXKHBLOI'O IepepesiB cBimuaTh mpo
Te, IO eBTeKTHYHMH KoMmmosullifinuit marepian LaBg—ZrB, moe BukopmcroByBaTHCA AK
eeKTUBHUN TepMoeMiTep i B BUIAAKY oOpieHTAlil BOJOKOH mapajelbHO eMiTyoouii
TOBEPXHi.
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1. Introduction

Thermionic properties and structure of
directionally ecrystallized eutectic alloys
based on lanthanum hexaboride LaBg—
MelVB,, where Me!V = Ti, Zr, Hf, have al-
ready been studied [1, 2]. It has been estab-
lished that these composites are charac-
terized by lower work function, higher
thermionic current density, enhanced ther-
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mal-shock resistance, and increased resis-
tance to oxygen-containing gases poisoning
compared with individual lanthanum hex-

aboride.
Under the directional crystallization of

LaBg and Me'V82 alloys of eutectic composi-
tion, formation of LaBg single-crystal ma-
trix phase takes place. In this phase d-tran-
sition metal diboride is evenly distributed in
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Fig. 1. Initial structure of the directionally crystallized LaBg—ZrB, composite: a) cross section, b)

longitudinal section.

the form of single-crystal fibers (whiskers)
with almost equal thickness less than 1 um
in diameter.

Earlier the thermionic properties of di-
rectionally crystallized eutectic alloys based
on lanthanum hexaboride have been investi-
gated only for the cathodes with d-transi-
tion metal diboride fibers oriented perpen-
dicular to the emitting surface.

The purpose of this work was to investi-
gate the thermionic properties (activation
processes, thermionic current density time
dependence) of the composite cathode mate-
rial LaBg—ZrB, having both fibers orienta-
tions (perpendicular and parallel) relative to
the emitting surface.

2. Experimental

Quasi-binary eutectic alloys were ob-
tained in the IPMS NASU under directional
crystallization of LaBg—ZrB, alloys in the
setup "Crystal-111" using vertical
crucibleless zone melting with high-fre-
quency heating. As initial materials, LaBg
and ZrB, powders were mixed in the propor-
tions corresponding to the eutectic composi-
tion. Content of zirconium diboride was
21.0 wt. % (32.5 mol. % or 17.1 vol. %)
[38]. In grown single crystals the LaBg ma-
trix phase orientation was along [100] direc-
tion and the fibers orientation was along
[0001] one.

Then samples in the shape of a
6x2x2 mm3 parallelepiped were cut out
from the grown single crystals by using
electroerosion method. Some of the samples
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were cut out along the fibers of ZrB, others
were cut out perpendicular to them.
Smaller faces of the samples were treated
by diamond pastes. One of the smaller faces
of each sample acted as an emitting surface.
In the other smaller face a cylindrical hole
was made by electroerosion method. The
hole acted as a blackbody for determination
of a real (thermodynamic) temperature of
the sample by optical pyrometer LOP-72
using a red light filter (A = 0.65 um). The
hole depth-diameter ratio was not less than
seven in order to consider the hole as a
blackbody. Initial structure of the cathode
emitting surface is shown in Fig. 1. Diame-
ter of the ZrB, fibers is about 0.6 um.

Emission current was measured under
the pulse current take-off (signal frequency
of 1 Hz, pulse duration of 5 ps). The maxi-
mum thermionic current density j was
measured at the electric field of
2.5-10% V/m in the region between the cath-
ode and anode.

3. Results and discussion

Earlier [1] it has been shown that the
emitter heating (activation) at T =1673 K
during 10-11 h was sufficient for stable
emission of cathodes based on the eutectic
alloy LaBg—ZrB,. It is also known that under
heating in vacuum (pressure of 1075 Pa) the
emitter’s surface state changes due to LaBg
selective evaporation. In order to examine
the surface state influence on the cathode
thermionic properties at different fibers
orientations relative to the emitting sur-
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Fig. 2. Time dependences of thermionic cur-
rent density at T, K: 1, 1’ — 16238; 2, 2" —
1703; 3, 3 — 1808. 1, 2, 3 — cross section;
1, 2’, 3 — longitudinal section.

face, we have chosen prolonged heating con-
ditions consisting of three stages: the first —
5 h at T =1400 K, the second — 57 h at
T = 1500 K, and the third — 73 h at T = 1873 K.
The total heating time was 135 h.

During prolonged heating the emission
current was measured at three temperatures
of the cathodes (T =1623, 1703, and
1803 K) every 3—-10 h (Fig. 2).

Fig. 2 shows that after 62 h of heating
the values of thermionic current density j,
for cross section are greater than the values
of I for longitudinal section at all measured
temperatures. The third stage of the pro-
longed heating results in stabilization of j,
which exceeds the value of ]‘ at that. For
example, at the temperature T = 1873 K
after 73 h heating j, is 2.2 times greater
than ] (curves 3 and 3, Fig. 1). The values
of ] Lave stabilized after a longer time of
heatmg during t =97hat T=1803 K, ¢t=95h
at the temperatures 1623 and 1703 K. However,
during the further heating at T = 1803 K
cathodes emission activity is decreasing. And
after 185 h heating the values of ]| have al-
ready exceeded the values of j, by a factor of
1 4. Exceeding of Jjover j, is also observed at

= 1708 K at the end of the testing (curves
2 and 2). For T = 1623 K permanent exceed-
ing of j| oyer J1 18 typical.

The increase of emission activity of the
eutectic alloy LaBg—ZrB, in comparison with
emission activity of a single crystal lantha-
num hexaboride is caused by eutectic inter-
action between LaBg and ZrB, components.
These components have a noticeable differ-
ence in their electron structures and, under
the rise of temperature, mutual excitation
of atoms in the LaBg and ZrB, contact zone
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is intensifying. As a result, lanthanum
atoms leave their stable positions and their
diffusion mobility increases. In such hetero-
phase cathode material, a great number of
interphase boundaries causes more acceler-
ated flow of lanthanum atoms (ions) to the
surfaces of ZrB, fibers and LaBg matrix [4],
resulting in the work function reduction
(adsorption systems of La-LaBg and La-ZrB,
have appeared).

It has also been shown in [4] that such
growth of lanthanum diffusion over the de-
veloped network of interphase boundaries
has started at the temperature of T = 1275 K,
resulting in maximum ZrB, covering by lan-
thanum at 7 =1700-1750 K. At further
heating, lanthanum desorption from either
the matrix LaBg or the metal diboride in-
creases.

The obtained behavior distinctions of the
samples with different fibers orientations
relative to the emitting surface are caused
by competition of lanthanum diffusion and
desorption processes, as well as direct
evaporation of the LaBg matrix. At the fin-
ishing of the prolonged second stage of
heating of the cathode having fibers perpen-
dicular to the emitting surface (¢t =
62...75 h), the diboride phase effective area
(to which lanthanum atoms have already
diffused) exceeds the effective area for the
case when fibers are parallel to the emitting
surface. Exactly that is the cause of greater
thermionic current density (j; > jj).

Fig. 3 shows the emitting surface struc-
tures of the cathodes after 135 h testing.

Indeed, in the initial samples having fi-
bers perpendicular to the emitting surface
the diboride phase area is 17.1 % of the
total emitting surface area. In the initial
samples having fibers parallel to the emit-
ting surface, for the case of ideal fibers
orientation, the diboride phase area should
be 44 % . However, in a real case of longitu-
dinal slicing of the sample, practically the
whole area of the emitting surface is covered
with diboride zirconium fibers (Fig. 1b). In
our experiments the emitting surfaces were
situated in a vertical plane parallel to the
anode. As the LaBg evaporation rate is
greater than the ZrB, one, uncovering
("stripping™) of ZrB, whiskers occurs under
the prolonged heating. For the samples hav-
ing fibers arallel to the emitting surface,
there takes place a total whiskers uncover-
ing (Fig. 3b) with their subsequent fall on
the bottom of the working chamber. And
diboride phase covered 44 % of the total
cathode area at that. This, in turn, results
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Fig. 8. Structure of the directionally crystallized LaBg—ZrB, composite after the emission tests. a)

cross section, b) longitudinal section.

in stabilization of j|. In the case of fibers
orientation perpendicular to the emitting
surface, at further heating (¢ > 100 h) un-
covering of ZrB, fibers occurs (Fig. 8a) and
that causes increase of lanthanum diffusion
ways and decrease of j, for T = 1803 K and
T = 1703 K. In the case of fibers orientation
parallel to the emitting surface, at long-time
heating and T = 1803 K the value of Jj also
decreases due to the raised lanthanum desorp-
tion from the ZrB, fibers surfaces.

Summarizing the conducted experiments,
we note that for LaBg single crystal (100)
thermionic current density is equal to
12.7 A/em? at 1900 K [1]. There is the
same value of j = 12.7 A/cm?2 for the fibers
orientation perpendicular to the emitting
surface at smaller temperature T = 1803 K
and j=17.6 A/cm?2 for the fibers orienta-
tion parallel to the emitting surface at the
same temperature.

4. Conclusions

The analysis of the thermionic current
density time dependences of the quasi-bi-
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nary eutectic alloy of LaBg with fibers ori-
entations parallel and perpendicular to the
emitting surface shows that the depend-
ences of j (¢) and j(¢) are caused by the
competition of lanthanum diffusion and
desorption processes from the surface of
LaBg and ZrB, as well as by structure fea-
tures of the cathodes surfaces after long
term heating.

It is shown that the eutectic composite
material LaBg-ZrB,, having fibers orientation
parallel to the emitting surface, can be used
as an effective thermionic emitter as well.
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