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BAKED OXIDE CATHODE ON A NICKEL
BASE. II
I. A. Moshkin

Tashkent Stéte University
im. Lenin

It is a known fact that the emission properties, electrical
strength, and durability of a cathode are determined not only by
the operating temperature and vacuum but also by the structure of
both thé nickel-carbonate coating before the heat treatment and by
the nickel-oxide coating after the heat treatment of the cathode.
On the basis of an analysis of the structure of a sintered cathode
with a nickel-carbonate coating (33.4% nickel powder and 66.6% of
binary carbonate) it was established that, when baked in hydrogen
furnaces, nickel sponge bakes poorly to the core; the nickel grain
bonding in the sponge 1is weak; the nickel-oxide coating in the tube
1s rough and loose after the heat treafment; the bond between the
oxide grains and the nickel powder grains and between the nickel-
oxide coating and the sponge 1s weak; the nickel powder grains in
the nickel-oxide coating do not represent a uniquely bonded conduc-
tor, but are in it 1n the form of isolated, well-conducting micro-
areas. With such a structure of the nickel-oxide coating of the
cathode, there can be no formation of a continuous nickel grid
on the surface of the cathode which would shield the active com-
ponents of the cathode from an electrical field, which is necessary
for the tube cathodes with a high gradient of the electrical field.

In a sintered cathode with a nickel-oxide paste rubbed into
the sponge (Fig. a) the nickel-oxide coating is in the pores and




the edges of the pores are the cell of the lattice which shields

the active coating. However, the larger the pore the poorer the
shielding. Consequently, there can occur individual regions on the
cathode surface that do not have a reliable electrical shielding.
Furthermore, in such a cathode, the reserves of active emitting sub-
stances are very limited; for this reason, the guaranteed service
life of the tubes with this type of a cathode does not exceed 250 h.
With an increase in the reserve of the emitting components of the
cathode by the deposition of additional layers of the nickel-carbon-
ate coating onto the sponge, the electrical strensth decreases due
to the absence of the shielding surface of the grid in such a
cathode (Fig. b). The studies carried out on the structure of the
experimental baked cathodes have shown that, after the heat treat-
ment of the cathode in the tube (table), the cathode has a structure
shown in the Figure, c: after baking the nickel powder of the
nickel-oxide coating together with the sponge forms a finely porous
structure (the size of pores is not over 300 um) in the form of a
solid grid.

There is a good cohesion between the nickel coatling and sponge.
The nickel-exide coating represents a baked nickel matrix with
fine pores which contain the oxide grains in a mixture with the
nickel grains.

After the heat treatment the surface of a baked cathode is
smooth, which decreases the electrical field gradient at the cathode
considerably, thereby increasing its electrical strength. At the
cathode temperature of 950°C the current pulse density in the
baked cathodes, as well as in sintered, is equal to 2 A/cm2 with a
drop in voltage on the anode to 4.5 kV, while at 850°C it is equal
to 1.8 A/cm2 with a drop in voltage on the anode to 4.4 kV. During
the measurement of the pulsed emission current the pulse duration
was 0.7-1.3 ps. All tubes with baked cathodes withstood the preak-
down tests at the intensity of 70 kV/cm, whereas in the series-
produced tubes with sintered cathodes, cases of breakdown were ob-
served with an intensity at the cathode of 50 kV/cm.

The experimental tubes with baked cathodes were tested for
durability. One tube was tested at Tk=950120°C under the following
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conditions: the pulsed current of the anode was 100 A, drbdp in vol-
tage on the anode Uaﬂ=u.b kV, reversed pulsed voltage on the anode
Ue =56 kV, pulse duration - 4 ps, and duty factor - 875. After 500 h
of operation at an increased gradient of strength of the electrical
field at 80 kV/cm, there were no breakdowns, while the drop in vol-
tage on the anode was 4.4 kV (when I, =100 A). i. e., the emissive
capability of the cathode remained the same. Eleven experimental
tubes were tested with the cathode temperatﬁre at 850120°C under
the following conditions: U. =4.4 kV when I, =100 A and U,, =50 kV
with the same duration of the pulse and the duty factor as in the
case of the first tube. After 500 h of operation the patameters

of three tubes remained virtually unchanged (table, first group of
tubes).

Seven experimental tubes with baked cathodes were tested in
an operational installation of the user. Four of them stayed in
operation for over 500 h (second group of tubes). Thus, the elecs.::
trical parameters of the tubes with baked cathodes did not change
sifnificantly. Three tubes were tested for a longer period of
time (third group of tubes). The breakdown test at Ug =50 kV showed
that all eleven tubes proved to be usable.

After the high-voltage kenotrons operated for over 2400 h in
a functional installation, the drop in voltage on the anode did
not exceed 4.6 kV, whereas the drop in voltage on the series-produced
tubes reaches 6 kV. When these tubes were tested for a breakdown,
there were none and there was no sparking, while the series-produced
tubes often failed after the operation of only 100 h (the age limit
- 250 h). The most frequent cause of fallure was due to the break-
down of the cathode-anode gap.

Thus, the experiments have shown that the baked oxide cathodes
on a nickel base are a little more complex than the sintered cathodes
with regard to construction but considerably simpler than the all-
baked, while with regard to the electrical.,parameters, they exceed
the sintered cathodes and do not yleld to the all-baked cathodes.

In their mechanical properties they are better than the sintered
and all-baked cathodes, have good electrical strength, and long
service life.




Structure of a sintered cathode (a}),
sintered cathode with an additional
layer of the nickel-oxide coating (b);
structure of a baked cathode (c):

1 - cathode core; 2 - sponge; 3 -

nickel-oxide coating; 4 - baked nickel- ]
oxilde coating.
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