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This invention relates to electron emissive cath-
odes and method of preparing the same, the pres-

ent -application being a continuation in part of .

our Patent No.. 1,985,855, issued December 25,

5 -1934, The present invention relates particularly
to an improved method for forming a soluble
emissive compound and dissolving the same in a
cathode core, and to an improved cathode of this
“dissolved” type:

1. Theobject of the invention is to produce readily
a strong; stable emitting surface which will not
distill barium' vapor, especially under the severe

. conditions encountered:in grid-controlled gaseous
discharge tubes. o

15, According to the process.described in the patent
above mentioned several. of ‘the steps are per-
formed before the cathode is assembled in a tube
and preferably in a draught of air or in the pres-

ence of oxygen. The said process contemplated -
20 oxidizing the cathode: core; thus taking part of*

the core for forming a compound soluble therein,

in' the event. such ‘compound is formed on ‘the.

. core.
According to the present.invention the surface
25" to be made emissive is coated with a mixture com-

prising a compound of -a highly electropositive
metal and a compound of a base or core metal,.

said compounds being suitable, upon heating, for
forming .the desired soluble emissive compound,

o Wwhich latter compound is formed in the tube and

- dissolved in the core while the tube is on the

pump. Preferably an-excess of the base metal
compound is used, which excess is subsequently
reduced to metal.. The resulting cathode, when
cool, comprises the core metal with the emissive
compound dissolved therein and preferably: with
an excess of emissive compound distributed there-
through, the latter contdining crystals of reduced
base metal. -

40 One embodiment of the invention has been
selected for the' following description which
should be read in connection with the accompany-
ing drawing, in which

co
Gt

Fig. 1 represents, diagrammatically, a discharge

45 tube: containing a ‘cathode according to the in-
vention; and

Fig. 2 represents, in section, enlarged portions

of the surface of said cathode in several stages
_of its treatment. - : ‘ .

50 - In Fig, 1 the usual envelope is indicated at 10

" and contains a cathode 11, the emissive surface

of which ordinarily is its inner surface or other

surfaces disposed within the cathode such as are

provided by vanes or filaments. The usual meth-

55 ods for heating such surfaces may be employed.

'

The envelope also contains one or more cooperat-

- ing electrodes such as anode 12 and control grid

13. - A tubular extension 14 is provided for ex-
hausting the tube or for admitting gas, as desired.
To make the desired surface of cathode Il 3
emissive it is first coated with a mixture compris-
ing a highly electropositive metal compound, pref-
erably one or more alkaline earth carbonates, and
a base metal compound, preferably an oxide of
the metal which forms the cathode surface. The 10
proportions we use are such as to supply at least
one atom of base metal for every atom of alkaline
earth metal, or the base metal oxide may be in
excess. InFig. 2 a portion of the cathode surface
or core metal is shown at {5 and the said mixture is5
thereon at 16. The coating mixture may be pre-

" pared in the form of a water paste or suspension

and applied to the surface to be made emissive,
or carriers other than water may be used, such as
collodion or paraffin.’ A specific coating com- 20
prises, for instance, a mixture of equal parts by
weight of barium carbonate BaCO;3 and nickel
sesquioxide NizOs mixed with sufficient water to
form: a paste which is painted on the desired
cathode surface, preferably of nickel. This mix- o¢
ture gives an excess of nickel in the form of nickel
monoxide NiO, over barium in the form of barium
oxide BaO. Even a large excess of NiO is per-<
missible. If desired, the monoxide may be used
at the start instead of the sesquioxide. ! 30/
The coated cathode is then dried and mounted

_in tube 10 with the other electrodes and the tube

is evacuated by connecting it at {4 to a suitable
vacuum pump. While the pumping continues
the cathode is heated whereby the barium car- gz
bonate changes to barium oxide with evolution
of carbon.dioxide, the nickel sesquioxide is re-
duced to nickel monoxide with evolution of oxy-
gen, and the barium oxide combines with the
nickel - monoxide to form a compound which 44
melts and dissolves in the core metal. Some of
the excess nickel monoxide is soluble in metallic
nickel and also disappears into the core. To
complete the reaction the temperature of the
cathode surface should be raised to 1150° C. or 45
higher and the reaction is quite rapid when the
temperature is maintained above 1200° C. If
portions of the coating should peel due to un-
equal expansion, no damage is done because such
portions will dissolve into the core at their points go
of contact if the temperature is maintained high
enough,

The evolved carbon dioxide and oxygen are
removed by the pump. When the sesquioxide is
used in the applied coating it may be that the 55
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oxygen is released in a very active or nascent
condition and thus assists in the reaction. When

.all of the gas has been evolved, the surface thus

treated should have a smooth, metallic appear-
ance, slightly tarnished. This condition is indi-
cated at {7 in Fig. 2, and the color is grayish due
to the excess NiO on the surface. .

To the best . of our knowledge the nickel-
barlum compound thus formed and dissolved in
the core is barium nickelate BaO-NiO.

The tube is disconnected from the pump and
hydrogen admitted at atmospheric pressure or
possibly at two or three pounds per square inch
higher pressure in case g faster reaction is de-
sired. The cathode is then heated whereupon
the hydrogen diffuses throughout the core and
reduces the excess dissolved NiO to metallic
nickel. A temperature of 300° C. is satisfactory
but the reaction may be hastened by using a
higher temperature. No action seems to take
place between the barium nickelate and the hy-
drogen.

The tube is then re-evacuated and degased in
the usual manner after which the cathode sur-
face (in the example above described) is ren-
dered highly emissive by reason of the barium
nickelate dissolved in its nickel core. This con-
dition is indicated at 18 in Fig. 2 which repre-
sents a smaller portion of the cathode than 11,
with greater enlargement in order to illustrate
the spongy nature of the emissive surface ob-
tained as above described. To the eye the fin-

ished cathode surface looks like frosted nickel.

It has a spongy nature which can be detected
under a microscope. Under a high power micro-
scope this sponge appears to be composed of
crystals of nickel in & matrix of barium nickelate,
the relatively large particles of the latter being
distributed through the core.

appears to be saturated with nickelate and a

large excess of the latter is found at the spongy -

surface. One theory is that this excess may be
soluble in the nickel core at operating tempera-
ture, and precipitates out each time the filament
€00ls, or it may he simply a reserve Supply main-
taining the core in g saturated condition and
replacing nickelate lost by overloading or: during
the manufacturing process.

Two advantages of the present cathodes over
those described in our Patent No. 1,985,855, above
mentioned, are therefore, the spongy character
of the cathode surface which increases the ef-
fective emissive surface many fold and also helps
to increase the electrical conductivity of the
emissive surface; and the ability to make fila-
ments with a much higher ratio of barium nick-
elate to core metal, '

The final conditioning of our cathode may be
hastened by filling the tube with inert gas and
bombarding the cathode while it is heated to
about 1000° C. :

Instead of the above described hydrogen treat-
ment an alternative method for. reducing the
excess NiO is to continue the vacuum pumping
with the cathode heated to about 1200° C. How-
ever, this method is slow due to the time required
for the oxygen to diffuse to the surface, whereas
the hydrogen quickly reduces the NiO through-
out the core. Hydrocarbon vapors may be used
as the reducing agent in place of hydrogen.

We have reason to believe that any compound
of one of the alkaline-earth metals with oxygen
and one of the metals of the iron group may be
substituted for the compound of nickel, barium
and oxygen above mentioned, the temperatures

The core metal

" position are volatile and
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and time of treatment being modified accord-
ingly. Thus the dissolved emissive compound
may be an alkaline earth ferrate or cobaltate and
we have found that base meta]‘sadjaqent to the

iron group in the atomic series of elements may"

be used and similar results obtained therewith,
For instance, we have found that barium man-
ganate and barfum cuprate may be used. Bari-
um chromate is only slightly soluble and may be
used at relatively high operating temperatures.
Barium cuprate is soluble in copper as well as in
metals of the iron group. It volatilizes at a lower
temperature than barium nickelate, hence bari-
um cuprate fllaments. must be operated at a
relatively low temperature. The class of base
metals therefore includes chromium, manganese,
iron, cobalt, nickel and copper, which have con-
secutive atomic numbers from 24 to 29, inclusive.
All of these metals are heavy metals in the first

long period in the periodic system and possibly 2

some heavy metals in the second long period
may be used, such as molybdenum which has
atomic number 42. :

It should be understood that the core may be

composed in whole or in part of hickel or an- :

other metal in which the. desired emissive com-
poudd is soluble, so Jong as the core surface is

[323

composed of such a metal to g depth sufficient to

constitute a reservoir of emissive compound to
Ineet the required life of the cathode. The por-
tion of the cathode body below this depth may
contain a more refractory metal or possibly a
refractory substance other than a metal,

Cathodes prepared as above described are ex-
tremely stable, are not easily poisoned, do not
sputter easily, do not form hot spots and do not
gas. They may be operated safely at several hun-
dred degrees centigrade higher temperature than
ordinary barium oxide coated fllaments with
less evaporation of active material on to nearby
electrodes.’ ' '

The electrical conductivity of barium nickelate
and also of the other compounds of the class de-
scribed herein is very high and comparable to
that of metals. This is important in that heavy
emission currents are conducted to the surface
without sufficient potential drop in the emissive
material to cause dissociation by electrolysis, and
probably accounts for the great stability of said
compounds. Another reason for their stability is
probably that, if there is any decomposition by
heat, the products thereof are non-volatile at
operating temperatures -and recombine. With
the usual oxide coatings the products of decom-
decomposition proceeds
slowly at temperatures at which such coatings
are emissive, :

We claim:

1. The method of breparing an electron emis~
sive cathode which comprises coating a nickel
core with a mixture comprising "alkaline earth
carbonate and an oxide of nickel, heating said
coating under reduced pressure to at least 1150
degrees centigrade whereby it decomposes and
forms a compound which is soluble in the core,
and dissolving said compound in the core under
said reduced pressure,

2. The method according to claim 1 in which
the coating contains an excess of nickel oxide
over that required to form the soluble compound,
dissolving some of said excess in the core together
with the said compound, and then reducing the
nickel oxide to metallic nickel by heating the
cathode in a hydrogen atmosphere,

3. The method of making an electron emissive
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surface which comprises-coating a nickel surface
with a mixture of barium carbonate and nickel
oxide, heating the same above 1150 degrees cen-
tigrade under reduced pressure, then heating in a
hydrogen atmosphere, and re-evacuating.

4. The methed of making an electron emissive
surface which comprises coating a metal surface
with a mixture comprising a compound of a high-
1y electropositive metal which will yield an oxide
thereof and a compound of a base metal which

will yield an oxide thereof with evolution of oxy- .

gen, said base metal being selected from the
group comprising chromium, manganese, iron,
cobalt, nickel, copper and molybdenum, heating
said coating to a temperature sufficient to decom-
pose said compounds yielding the oxides and
forming therefrom a compound which is soluble
in the metal which provides the said surface, and
dissolving the last-mentioned compound in the
last-mentioned metal.

5. The method of preparing an emissive cath-
ode which comprises coating a nickel core with a
mixture comprising a compound of barium and
an oxide of nickel, heating said coating under
reduced pressure to convert the barium com-
pound to barium oxide, continuing said heating
to above 1150 degrees centigrade until said ba-
rium and nickel oxides form a compound which
dissolves in the nickel of the core, and reducing
any excess of nickel oxide to metallic nickel.

6. The method of preparing an emissive cath-
ode which comprises coating a metal core with a
mixture of an alkaline-earth metal compound
and a compound of a metal of the iron group,
the latter compound being adapted to evolve oxy-
gen, forming from said coating a compound con-
taining the said metals and oxygen, and dissolv-
ing the last-mentioned compound in. the metal
of the core. ‘

7. A partly prepared cathode comprising a
nickel core having dissolved therein barium
nickelate and nickel monoxide. '

8. A partly prepared cathode comprising a
metal core having dissolved in,the metal of said
core a compound of one of the heavy metals of
the first long period in the periodic system with
an alkaline-earth metal and oxygen, and also dis-
solved in said core metal an oxide of said heavy
metal.

9. An electron emissive cathode comprising a
nickel core with barium nickelate dissolved
therein and having additional barium nickelate
forming a spongy surface therefor.

10. An electron emissive cathode comprising

a base metal core selected from among the iron.

group metals and metals adjacent thereto in the
atomic series of elements, an electron emissive

compound dissolved in said core, said compound.

comprising one of said base metals, an alkaline
earth metal and oxygen, and an undissolved
amount of said compound distributed through
the core when it is in ‘a cold state.

11. A cathode as defined in claim 10 in which

i

, S
said undissolved amount of emissive compound
contains in suspension crystals of said base metal.

12. An electron emissive cathode comprising
a core of one of the metals having atomic num-
bers from 24 to 29, inclusive, and an electron
emissive compound dissolved in said core, said
compound comprising one of the heavy metals
adjacent to the iron group in the atomic series
of elements, an alkaline earth metal and oxygen.

13. An electron emissive cathode comprising
a core of one of the metals having atomic num-
bers from 24 to 29, inclusive, and an electron
emissive compound dissolved in said core, said
compound comprising one of the metals chro-
mium, manganese, copper and molybdenum, an
alkaline earth metal and oxygen.

14. An electron emissive cathode comprising -

a core of one of the metals adjacent to the iron

_group in the atomic series of elements and an

electron emissive compound dissolved in said core,
said compound comprising one of the metals hav-
ing atomic numbers from 24 to 29, inclusive, an
alkaline earth metal and oxygen.

15. An electron emissive cathode comprising

a core of one of the metals adjacent to the iron :

group in the atomic series of elements and an
electron emissive compound dissolved in said
core, said compound comprising one of the . met-

als chromium, manganese, copper and molyb--

denum, an alkaline earth metal and oxygen.

16. An electron emissive cathode comprising
a core of one of the metals having atomic num-
bers from 24 to 29, inclusive, with an alkaline
earth cuprate dissolved therein.

17. An electron emissive cathode- comprising ¢

a core of one of the metals having atomic num-
bers from 24 to 29, inclusive, with an alkaline
earth chromate dissolved therein.

18. An electron-emissive cathode comprising
s base metal core the metal of which has an
electron-emissive compound dissolved therein,
said compound having an electrical conductivity
comparable to that of the core metal, and an
additional amount of said compound at the sur-
face of the core in its cold state.

19. The steps in the preparation of an emissive
cathode which comprise coating a metal core
with a mixture of a highly electropositive metal
compound and a compound of the core metal, the

proportions of said compounds in the mixture ;

being such as to provide more atoms of core met-
al than of electropositive metal in the respective
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compounds, mounting said cathode in a tube,/and - :

heating the cathode while exhausting the tube
until the coating decomposes and forms a com-
pound which disappears into the solid core metal.

20. An electron’ emissive cathode ‘comprising

‘o nickel core with barium nickelate dissolved

therein and having a spongy surface consisting
chiefly of barium nickelate and forming a/matrix

' containing crystals of nickel. . /

DONALD V. EDWARDS.
. EARL K. SMITH.
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