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The thermionic emission peculiarities of fiber reinforced boride composite ceramic
material LaBg—(Tiy gZry 4)B, produced by directional crystallization of eutectic alloy have
been studied. Activation modes, electron work function temperature dependence, poisoning
under air leaking have been determined. The obtained data are compared with emission
characteristics of (100) LaBg single crystal and quasi-binary eutectic materials LaBg-TiB,

and LaBg—ZrB,.

HccnemoBanbl 0COOEHHOCTH TEPMOIJIEKTPOHHON SMHCCHUH BOJOKHOBOIO OOPHMIHOIO KOMIIO-
BUIMOHHOIO KepaMHYeCKOro Marepuaja LaBs_(Tio,ezroA)Bz’ IIOJIYYEHHOT'0 METOJOM HAaIIPaB-
JIEHHO! KPHCTAJJIMBAINK SBTEKTHUYECKHUX CILIaBoB. OmpemesieHbl PEKHUMBI aKTHUBUPOBAHWS,
TeMIIepaTypHasi 3aBUCHMOCTb PAGOTHI BHIXO/A, OTPABJISIEMOCTh IIPU HAIlycKe Bodmyxa. Iloury-
YyeHHbIE JAHHBIE COIIOCTABJIEHBI C dPMUCCHOHHBIMHU XapaKTepucTukamum moHokpucrasaa (100)
LaBg 1 kBasuOMHAPHLIX 9BTEeKTHUecKHX MaTepuanos LaBg—TiB, u LaBg-ZrB,.

The emission properties of a novel class
of composite ceramic materials being the di-
rectionally crystallized eutectic alloys based
on lanthanum hexaboride LaBg—Me!VB,
where MeV = Ti, Zr, Hf have been studied
before [1]. Those composite materials have
been established to show improved ther-
mionic properties, poisoning resistance and
thermal shock strength in comparison with
the individual lanthanum hexaboride. The
structure of such composite materials is
the single crystal matrix phase LaBg with
d-transition metal diborides single crystal
fibers (whiskers) having essentially equal
thickness homogeneously distributed in
LaBg. The fibers are 0.4-0.6 um in diame-
ter, and the length to diameter ratio is at
least about 500 to 1000 [1]. Using the direc-
tional crystallization method, multicompo-
nent eutectic alloys of lanthanum hex-
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aboride with transition metal diborides have
been obtained, too. Their reinforcing fibers
are the mutual solid solutions of metal di-
borides Me'VBZ: (Ti,Zr)By, (Ti,Hf)B,, (Zr,Hf)B,,
and (Ti,Zr,Hf)B,. Those composites are char-
acterized by the same regular fiber struc-
ture, as the quasi-binary alloys LaBs—Me'VBz
[2]. The structure peculiarities have been
studied systematically for composite materi-
als based on lanthanum hexaboride and ob-
tained by directional ecrystallization where
the diboride phase is formed by solid solu-
tions of titanium and zirconium diborides
LaBg—(Ti,Zr,_,)B, in different ratios. Such
composite materials were found to have fi-
brous structure with the regularity degree
depending on volume ratio of diboride
phases [3]. It has been shown that the zirco-
nium diboride addition to titanium diboride
favors considerably the formation of di-
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boride phase solid solution fibers. The
structure perfection degree and thus the
mechanical properties in this case are not so
sensitive to small composition changes as in
the case of individual diborides. This is re-
lated to the broadened existence areas of
eutectics in multicomponent systems [4].

Taking into consideration improved (in
comparison with the individual lanthanum
hexaboride) thermoemission properties of
the directionally crystallized eutectic qua-
sibinary alloys LaBG—Me'VBz, it is of a great
interest to study the same properties for
materials where the reinforcing diboride
phase is the solid solution of transition
metal diborides. The purpose of this work is
to study some thermoemission properties
(activation conditions, temperature depend-
ence of electron work function, poisoning
resistance in oxygen-containing environ-
ments) of a novel composite cathode mate-
rial LaBg—(Ti,Zr,_,)B,, and also to compare
the obtained data and the emission charac-
teristics of a (100) LaBg single crystal and
quasi-binary eutectic alloys LaBg—TiB, and
LaBg—ZrB,.

The directional crystallization of multi-
component boride alloys LaBg—(Ti,Zr,_,)B,
was carried out by vertical induction float-
ing zone melting using a "Crystal-111"
setup [5]. As initial materials, LaBg, TiB,
and ZrB, powders mixed in appropriate pro-
portions were used. Eutectic composition
was determined basing on the microstruc-
ture features of obtained materials because
it was shown before [3] that the perfect
regular structure in such alloys is formed
when their composition coincides with the
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eutectic. The LaBg—(TiggZrg4)B, alloy has
been chosen for emission investigations.
The diboride content in this alloy is
16.7 vol % (18.0 wt. % or 34.0 mol. %).
Just for that composition with ratio Ti/Zr ~
3/2, the most regular eutectic structure
(Fig. 1) was formed in the composite with
fibers of substantially equal thickness (0.7—
0.8 um diameter). When mutual solid solu-
tions of Ti and Zr diborides are used as the
reinforcing phase, the thickness is some-
what larger as compared to the composite
materials containing individual borides
(0.4-0.6 um) and obtained in the same con-
ditions.

The samples for the emission properties
study were shaped as 6 mm long rods of
2x2 mm?2 cross-section. The matrix phase
LaBg was oriented along the sample [100]
axis and the whiskers along [0001]. The
emission current and temperature were
measured at the sample butts which after
cutting were treated by standard diamond
pastes and finally electrolytically polished
(1 N nitric acid) followed by washing. The
true cathode temperature was measured by
pyrometry of the hole in one of the sample
butts. The hole depth to diameter ratio was
at least 7 (absolutely black body model).
The emission was measured under the pulse
current take-off: pulse duration of 5 us,
signal frequency 1 Hz. The electron work
function was calculated using the total cur-
rent method at an accuracy of 0.04 eV. The
maximum thermoemission current density j,
was measured at electric field intensity be-
tween the cathode and the anode
2.5-10% V/m. The extent of cathode poison-
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Fig. 2. Activation  curves of LaBg—
(Tig gZry.4)B, composition: I — T = 1700 K;
2 —T=1800K; 3 — T =1900 K.

ing by residual gases (at the air leaking and
under operating magnetodischarging pump)
was evaluated using the relation I/I,, where
I is the emission current under air leaking
and Iy, that in the highest possible vacuum.
Each experimental value I/I; was obtained
after 10-20 min exposure till the emission
current stabilization.

At the first stage of this work, the cath-
ode activation process was studied in work-
ing chamber at the residual gas pressure of
107° Pa during first 5 h at 1700 K and
then at 1800 K during the rest of the time.
The electron emission was measured in the
course of activation each 5 to 10 h (Fig. 2).
The activation time #, was determined by
obtaining j, values stable in time. For LaBg—
(TiggZro.4)B, composition, it is 85 to 90 h
which substantially exceeds the activation
time of quasibinary eutectic alloys LaBg—
TiB, and LaBg-ZrB, (¢, =10-11 h at T =
1700 K). Fig. 3 shows the temperature de-
pendences of electron work function ¢ cal-
culated for the time moments of maximum
LaBg—(Tig gZrg 4)B, cathode emission (after
t, = 57 to 60 h) and when electron emission
reaches its stable values (1290 h). At the
same Fig. 8, the ¢(T) dependences for LaBg
single crystal and LaBg—ZrB, and LaBg-TiB,
eutectic alloys are presented.

At ta = 57-60 h, the LaBS—(T|OGZr04)BZ
cathode has higher emissivity than LaBg.
Nevertheless, at T = 1800 K and T = 1900 K,
it is characterized by lower ¢ values as com-
pared to LaBg-TiB, and LaBg—ZrB, eutectics.
By 90 h of work at T = 1800 K, the multi-
component cathode loses its emissivity con-
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Fig. 3. Temperature dependences of electron
work function: I — LaBg—ZrB,; 2 — LaBg—
TiBy; 3 — LaBg; 4 — LaBg—(Tig gZrg 4)B, (¢, =

55 h); 5 — LaBg—(Tig 527y 4)B, (1290 h).

siderably (the drop of current by a factor of
1.7 to 2.1 takes place). In the temperature
range from 1600 up to 1870 K, the emis-
sion current values become even lower than
for LaBg (100). Such a long-term activation
of cathodes with a dropping emission cur-
rent after reaching maximum, considerably
higher ¢ values as compared to LaBg-TiB,,
LaBg—ZrB, and even with LaBg, can be due
to both peculiarities of matrix/diboride
fiber phase interface and to essential struc-
tural rearrangements of emitting surface.

It has been shown [6] that semi-coherent
boundaries between phases are formed at di-
rectional crystallization in a system LaBg—
ZrB,. The mismatch of phase crystalline lat-
tices at room temperature for planes (110)
LaBg and (110) ZrB, does not exceed 7 % (in
cross-section). At the same time, using of
solid solution of diboride instead of individ-
ual zirconium diboride, must provide (at
certain Ti/Zr ratio) the matching of transla-
tional periods for above-mentioned planes
that will result in formation of more perfect
phase interface and hence to more perfect
fiber. However, the lanthanum diffusion
rate from bulk material to its emitting sur-
face along such interface will be rather hin-
dered as compared to the case of individual
diboride. The latter fact must decrease the
material emissivity to a certain extent.

The electron-microscopic research of
cathode structure after 100-120 h work
shows the "brush” of naked diboride fibers
at its surface. The naked fibers are of about
20 um height (Fig. 4). Before, for cathodes
of eutectic composition made of LaBg—ZrB,
and LaBg—ZrB, quasi-binary alloys, the
height of naked fibers ("brush”) was about

65



Yu.B.Paderno et al. /| Thermionic properties of ...

4-5 um after 300 h operation time at
1800 K. It follows from the results that
evaporation rate of LaBg matrix increases in
the presence of reinforcing fibers consisting
from solid solution of diboride phases, which,
in turn, results in decreasing diffusion deliv-
ery of lanthanum to the fiber surface.
Obviously the larger is the area of fiber
side surface, the greater is the diffusion
flow of lanthanum to the emitting surface.
As the solid solution of diboride is used as
the reinforcing phase, the radius of rein-
forcing fibers increases up to 0.7-0.8 um,
which is 1.25 times larger than for fibers
formed using individual diborides. As a re-
sult, the volume proportion of diboride phase
being the same, the side surface area of di-
boride phase will decrease by the same factor
and, hence, decrease of cathode emissivity.
The study results of cathode poisoning
degree under air leaking up to pressure
1.8-1072 Pa are presented in the Table. For
previously studied cathodes based on lan-
thanum hexaboride, a characteristic feature
is the decrease of thermoemission current
(increasing cathode poisoning) with increas-
ing air pressure in working chamber and
decreasing poisoning at temperature rise
practically at any studied pressure. How-
ever, for LaBg—(Tig gZrg 4)Bs multicomponent
cathode, there are several differences. At
the pressure of 1.3-1072 Pa, the tempera-
ture elevation from 1800 up to 1900 K re-
sults in a greater current drop. It is to note
that at 1.8-1072 Pa and temperatures 1700
and 1800 K, the cathode of composite mate-
rial LaBg—(TiggZrg4)Bs is characterized by

Fig. 4. Structure of LaBg—(Tij gZr; 4)B, composi-
tion after the experiments (transversal section).

minimum poisoning in comparison with
other cathodes presented in the Table. At
T = 1900 K and the same pressure, the sin-
gle crystal lanthanum hexaboride is most
resistant to poisoning. In this work, an at-
tempt was made to study the poisoning char-
acter of multicomponent cathode at even
greater air leaking. As the research results
show, at T=1700 K and p =6.7-10"2 Pa,
the drop of emission current up to 0.43I
precedeed its increase up to 0.741, at p =
0.12 Pa took place. Such an increase was
not observed at T = 1800 K (I/I, = 0.09)
and T =1900 K (I/Iy = 0.04), when pres-
sure reached 0.12 Pa.

Table. Relative changes I/, of cathode thermionic current at air leaking

Cathod_e ma- | Temperature Pressure p, Pa

terial T, K 1.3105 | 6.7.107% | 1.310* | 6.7:10* | 1.8.103 | 6.7.103 | 1.3102
LaBg (100) 1700 1 0.91 0.86 0.55 0.35 0.16 0.11
1800 1 0.96 0.95 0.79 0.66 0.38 0.22
1900 1 1 1 1 1 0.90 0.70
LaBg-TiB, 1700 1 0.94 0.92 0.73 0.69 0.37 0.35
1800 1 1 1 1 0.86 0.44 0.30
1900 1 1 1 1 1 0.85 0.48
LaBg—ZrB, 1700 1 0.94 0.85 0.68 0.69 0.83 0.47
1800 1 0.97 0.97 0.96 0.84 0.19 0.17
1900 1 1 1 1 1 0.51 0.11
LaBg- 1700 1 1 1 1 0.71 - 0.50
(Tlo 6270.4)B7 1800 1 1 1 - 0.65 - 0.57
1900 1 1 1 - 0.84 - 0.46
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At higher gas loading on cathode and in
case of need of cathode working with j~1.5—
1.6 A/cm? take-off, the composite cathode
LaBg—(Tig gZrg 4)Bo can be used, as it shows
higher resistance to poisoning.

Thus, we have studied the thermoemis-
sion properties of directionally crystallized
eutectic multicomponent composed material
LaBg—(Tig gZrg 4)Bo, where the reinforcing fi-
bers (whiskers) consist of mutual solid solu-
tion of lanthanum and zirconium diborides.
It is shown that establishment of stable
emissivity needs a longer time as compared
to directionally crystallized quasi-binary eu-
tectics LaBg—TiB, and LaBg—ZrB,. The emis-
sion activity of cathode formed on the base
of system containing solid solution of Ti and
Zr diborides is lower than activity of cath-
odes made from directionally crystallized
LaBg-TiB, and LaBg—ZrB, composites, and
exceeds that of LaBg (100) only in narrow
range of temperatures. It is to note espe-
cially that the cathode from multicompo-

nent LaBG—(T|062r04)BZ alloy in the tem-
perature range of 1700 to 1800 K is charac-
terized by lower degree of poisoning in com-
parison with emitters made from LaBg (100)
single crystal and composite quasi-binary al-
loys LaBg—TiB, and LaBg—ZrB.,.
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TepmoeMiciiiHI BJIaCTHBOCTI MaTepiaay
LaBg—(Ti 6Zr0 4)B2

|IO.B.Ha6epuo

, A.O.Tapan, J1.0.Boporoéuu,

B.H.Iladepno, B.B.dininos

BuBueHo 0cOGIMBOCTI TEPMOETIEKTPOHHOI eMicii BOJJOKOHHOTO GOPUIHOTO KOMIIOSUI[iTHOTO
KepamiuHOoro marepiany LaBe_(Tio,ezroA)Bz’ OJEeP:KAHOI0 METOAOM CIIPAMOBAHOI KPHCTAJI-
samii eBTekTHMuHMX crnaasiB. IlpexcraBieHo peXMMH AKTHBYBaHHS, TeMIIEPATYPHY 3a-
JIeKHIiCTh POOOTHM BHXOILYy €JNeKTPOHA, OTPYIOBAaHHS HpH HaycKy moBiTrpsa. IIposemeno mo-
pPiBHANBHMIA aHaNi3 omep:KaHHUX MAHUX 3 eMiciiHMMN XapaKTepUCTUKAMKU MOHOKpPHCTaJa
(100) LaBg ra xBasibimapamx esreKTmuHuX Marepiamxis LaBg—TiB, i LaBg—ZrB,.
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