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The present invention relates to improved thermionic 
cathodes and methods of making and particularly to 
cathodes employing an electron emissive coating. 

Certain uncoated metals, such as tungsten and tanta 
lum, have been used substantially as electron emitters 
in electron discharge devices. These metals have a rela 
tively high work function and must be raised to a high 
temperature to produce adequate electron emission. For 
this reason, uncoated cathodes have been limited in their 
use essentially to high power-type devices. Tungsten is 
also very difficult to shape mechanically and according 
ly its use has been limited to filamentary-type cathodes. 
Cathodes employing the “so-called' oxide coatings have 
also been widely used. These cathodes are formed by 
applying a coating including a carbonate or mixture of 
carbonates selected from the group consisting of barium 
carbonate, strontium carbonate and calcium carbonate. 
The carbonates are applied to a suitable metal base, fre 
quently nickel, and reduced to an oxide during the manu 
facture of the device in which they are incorporated. It 
is generally assumed that the actual thermionic emission 
of these cathodes during operation depends upon the 
existence of free metal resulting from a further reduc 
tion of the oxides. While these oxides provide emission 
at relatively low operating temperatures, for example, in 
the order of 630° C. to 1030 C, they are subject to 
certain disadvantages. One of the most serious of these 
is the sensitiveness to contamination or "poisoning” of 
the cathode which results from the presence of gases 
enclosed within the vacuum envelope. It is also diffi 
cult with cathodes employing these coatings to obtain 
large emission current densities over a reasonable oper 
ating life. Extensive work has been done in attempting 
to improve cathodes of this type and they have found 
wide use in ordinary receiving tubes. The disadvantages 
mentioned above, however, exist to a serious degree and 
it is an object of the present invention to improve the 
emitting and life characteristics of cathodes employing 
such coatings. A generally similar type of coated cath 
ode uses a thorium oxide coating as the emissive layer. 
The present invention is applicable to cathodes having 
coatings of this type, consideration being given to the 
higher operating temperatures encountered as compared 
with cathodes having an alkaline earth oxide coating. 

In accordance with an important aspect of my inven 
tion, an intermediate spongy or porous alloy layer is 
alloyed to the base and the emissive coating is infiltrated 
into and formed as a layer over this porous alloy. One 
of the constituent metals of the alloy is relatively active 
with respect to the emissive coating and provides a 
means for reducing the oxide coating during operation of 
the device. This active metal also tends to absorb any 
gas that may be liberated from the base metal or other 
wise during the operation of the tube so as to minimize 
the possibility of "poisoning” the emissive cathode. The 
porous nature of the intermediate layer greatly extends 
the area of contact between the alloy and the oxide coat 
ing and enhances the ability of the layer to perform its 
reducing and gas-absorbing functions and at the same 
time greatly improves the mechanical adherence of the 
oxide coating to the cathode. 

Further objects and adantages of my invention will 
be better understood by reference to the following de 
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2 
scription of specific examples thereof and its scope will 
be pointed out in the appended claims. 
As illustrated in the accompanying block diagram, my 

invention may be carried out by coating a suitably clean 
metal cathode base with a mixture of powdered materials 
which alloy together and to the cathode base. One of 
the materials of the powdered mixture is selected from 
the group consisting of titanium, zirconium, tantalum and 
the hydrides thereof, and the other metal, one which does 
not fully melt during the alloying process. The porous 
layer resulting is intimately bonded to the base and forms 
an extensive surface to which the emissive coating is 
applied. The coating may be one of the alkaline earth 
carbonates, such as barium, calcium or strontium car 
bonate or a mixture thereof. It is preferably applied by 
forming the carbonate into a paste or liquid by mixing 
with a suitabe binder and painting or spraying onto the 
porous alloy coating. The emissive coating may likewise 
be formed in a similar manner with thorium oxide as 
the basic emissive material. 
The active material of the alloy layer serves to reduce 

the oxide or carbonate of the coating and to establish a 
relatively high level of emission, consistent with reason 
able operating life without the usual difficulties encoun 
tered in activating an oxide-type cathode. In addition 
the active metal absorbs gas during operation of the tube 
and precludes the possibility of later poisoning of the 
cathode by gases liberated during operation and resultant 
loss of emission from the cathode. - - 
The base metals may be selected from those in the 

group frequently used as cathode base materials, and in 
cluding, for example, nickel, iron, platinum, tungsten 
and tantalum. The first three, namely nickel, iron and 
platinum, are particularly suitable for a base material 
where the alkaline earth carbonate type of coating is 
employed since the operating temperatures of the cath 
ode will not be excessive for these metals. While tung 
sten and tantalum can also be used, their high tempera 
ture properties are not essential and the tendency is to 
use one of the first three metals mentioned. On the 
other hand, with the thorium oxide emissive coating, the 
operating temperature of the cathode is somewhat higher 
and accordingly tungsten or tantalum base is used as a 
base metal. 

In the preparation of the alloy layer, the metal in ad 
dition to the active material may be selected from the 
same group as the base material and in any given in 
stance may be either the same or different from the 
metal of the cathode base. For example, if an alkaline 
earth oxide coating is used, iron, nickel and platinum 
powders are preferable. One of these is mixed in a suit 
able binder with a suitable amount of a powder of the 
active metal or compound, such as titanium, zirconium or 
tantalum and the hydrides thereof. In practice, titanium, 
zirconium and the hydrides thereof are preferable as the 
active ingredients in cathodes employing an alkaline 
earth oxide type of emissive coating. - - - 
For the thorium oxide-coated cathodes which operate 

at a substantially higher temperature, for example, in 
the range of 1400° C. to 1750° C., it is desirable to use 
the more refractory metals as the base material and ac 
cordingly tungsten and tantalum are preferred. The 
porous coating is formed by a mixture of powders, such 
as tungsten, for example, with either tantalum or zir 
conium or the hydrides thereof. For these cathodes, 
titanium is not preferred since its vapor pressure at the 
cathode operating temperature is higher than is desirable 
for a cathode part. - - - . . . . . . 

In accordance with the above, the preferred alloy 
layer for use with an alkaline earth oxide coating and any 
of the base metals mentioned include nickel-titanium, 
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iron-titanium, platinum-titanium, nickel-zirconium and 
iron-zirconium, it being understood that the titanium and 
Zirconium may be originally in the form of a correspond 
ing hydride which is reduced during the alloying process. 

In accordance with a specific example of my inven 
tion applied to a cathode utilizing an alkaline earth oxide 
coating, I utilize a nickel base which is painted with a 
mixture of nickel and titanium hydride powders in a nitro 
cellulose binder. The exact percentage of the titanium 
hydride used may be varied over a considerable range 
and a mixture including 95% nickel and 5% titanium 
hydride has been used with success. The coated nickel 
base is next vacuum-fired at a temperature of about 1300 
C. during which firing, the hydrogen of the hydride is re 
leased and the nickel and titanium powder alloyed to the 
nickel base and together. The alloying of the powders 
is at the surface of the nickel particles and the resultant 
alloy surrounding the remaining solid nickel particles 
has a composition dependent upon the temperature of the 
vacuum firing. In the particular example given, the tem 
perature was maintained at 1300° C. for about five 
minutes and a resultant alloy at the surface of the nickel 
particles of about 90% nickel and 10% titanium was 
formed. The heating is preferably accomplished by 
high frequency induction and with this method the cath 
ode and particularly the powdered metals reach their 
ultimate temperature very rapidly. As a result, the firing 
temperature may be reached in a very short time, such 
as one minute. The five minutes used give a large safety 
factor and insures that the metals have reached their 
final temperature. The alloy sponge was then coated 
with the alkaline earth carbonates by painting on a 
liquid formed by mixing the carbonate powders in a 
suitable binder. 

I have shown in the drawing an elevational view in 
section illustrating schematically a portion of a cathode 
produced in accordance with the above specific example 
of my invention. As indicated by the legends, the cath 
ode includes a nickel base, an intermediate porous layer 
of nickel titanium alloy and an outer layer of the emis 
sive oxide coating which fills the pores of the alloy layer. 
The pores of the alloy layer are maintained since the 
nickel powder is not completely alloyed as the central 
portions of the nickel particles remain solid during the 
heating step. 

In the above specific example, a mixture of powders 
consisting essentially of 95% nickel powder and 5% ti 
tanium hydride powder was used. For this specific com 
position, a firing temperature of 1300° C. is satisfactory 
since it is high enough to melt the contacting areas of 
the powdered materials where the percentage of titanium 
is higher, but insufficient to melt all of the nickel pow 
der. The temperature used determines the final com 
position of the alloyed powders and may be readily se 
lected from the phase diagram for the particular alloy 
involved. It is essential that it is high enough to obtain 
some liquid alloy and low enough to prevent melting of 
all of one of the powders, in this particular example, 
nickel. 
Cathodes have been made with a substantial variation 

in the portion of the active material used in forming the 
alloy layer. For example, the percentage of titanium 
hydride in the nickel-titanium hydride mixture has been 
varied from about 2% to about 30% and the nickel cor 
respondingly varied from about 98% to 70%. For a 
2% titanium hydride mixture, a firing temperature of 
1300° C. is satisfactory. For a 30% titanium hydride 
70% nickel powder mixture, a firing temperature of 
1050° C. for five minutes gave a satisfactory alloying of 
the powders and to the base without melting all of the 
nickel particles. From the phase diagram for titanium 
and nickel, it will be apparent that the firing temperature 
must be between 1015° C. and 1110° C. In this way, 
the porous nature of the alloy layer is preserved and at 
the same time, the adherence of the alloy layer to the 
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base is assured. The phase diagram for nickel-titanium 
gives the basic information for the firing temperature, 
it being understood that the actual amount of titanium 
available for alloying with the metal powder is reduced 
somewhat by the alloying with the nickel base. 

Zirconium hydride powder may be substituted for the 
titanium hydride powder in making the porous alloy 
layer. Usable percentages and the firing temperatures 
remain substantially the same as those employed for ti 
tanium hydride. 

Instead of using a nickel-titanium hydride or nickel 
zirconium hydride mixture, the nickel may be replaced 
with iron powder. In this case, the firing temperatures 
for a given percentage of the hydride are slightly higher. 
For example, for an iron-titanium hydride mixture of 
95% iron and 5% hydride, the firing temperature is about 
1320° C. When an iron-zirconium hydride mixture is 
employed, a percentage as low as about 1% zirconium hy 
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dride may be used, in which case the firing temperature 
is about 1350 C. - 
As a specific example of applying my invention to the 

higher temperature type of cathode employing an emis 
sive coating of thorium oxide, a tungsten base is alloyed 
with a tungsten-zirconium interlayer on which the tho 
rium oxide is applied. In this case, the tungsten metal 
base is painted with a mixture of tungsten powder and 
zirconium hydride in a nitrocellulose binder with the 
percentage of tungsten approximately 87% by weight and 
the zirconium hydride approximately 13% by weight. 
The coated base is vacuum-fired at a temperature of 
about 1800° C. with the hydride being dissociated dur 
ing the heating to form a tungsten-Zirconium alloy at 
the surface of the tungsten base and over the surfaces 
of the tungsten particles. The liquid alloy at the Surface 
of the tungsten particles is maintained during the heat 
ing and the alloyed portion reaches a composition of 
about 80% tungsten and 20% zirconium. Only the sur 
face portion of the tungsten particles is melted with the 
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remaining solid portions serving to maintain the porous 
nature of the alloy layer. Again, the emissive coating, 
in this case thorium oxide, is painted on the alloy sponge 
after the vacuum firing. 

In the above specific example, the powder mixture from 
which the alloy layer is formed is 87% by Weight of 
tungsten power and 13% by weight of zirconium hydride 
powder. The percentage of zirconium hydride power 
that may be employed may be varied between about 2% 
and 20% by weight and the tungsten powder correspond 
ingly varied between 98% and 80%. Over this range 
of percentages, the limits of the firing temperature, taken 
from the phase diagram for zirconium and tungsten, re 
main the same, namely 1650 C. as a lower limit and 
2175 C. as an upper limit. The temperature of 1800 
C., used in the previous example, is satisfactory. It is 
apparent that the actual firing temperature with different 
starting percentages of tungsten will determine the amount 
of the tungsten powder that remains unmelted. 

Instead of the tungsten-zirconium mixture, a tungsten 
tantalum or tantalum hydride mixture can be employed. 
A tantalum base is also satisfactory in which case a 
tungsten-zirconium hydride powder mixture for the alloy 
layer is preferred. 

In the above specific examples, the active metal has 
been used in the form of a hydride. While the hydrogen 
released from the hydride during the firing operation as 
Sures that the metals are free from oxide and readily 
alloyed, the process may be carried out by starting with 
the metal powders instead of the hydrides, particularly 
if the process is carried out under non-oxidizing condi 
tions, such as in a vacuum. 

It will be appreciated that the completed cathodes are 
then mounted in the discharge device in which they are 
to be used and further processed in accordance with 
the usual practice for evacuating the electric discharge 
device. The cathodes, however, do not require activation 
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in the same manner as conventional oxide-coated cath 
odes in that the active metal of the porous interlayer 
serves to reduce the oxide coating and provide the free 
metal which is generally considered to be the source of 
electron emission. 
From the foregoing, it is clear that my invention pro 

vides a composite cathode structure and method of mak 
ing it in which an intermediate porous alloy layer is 
alloyed to the base structure and includes a constituent 
metal which is active with respect to the emissive coating. 
These cathodes are not subject to the tendency of other 
coated cathodes to peel off from the base structure and 
are also less subject to loss of emission during operating 
life due to the presence of the active metal in intimate 
contact with the emissive coating over an extended area. 
This active metal tends to absorb any gases which might 
otherwise tend to combine with the free metal of the 
emissive layer. A higher level of emission is obtained 
without the usual activation requirements without any 
significant decrease in operating life. Many of the cath 
odes tested have exhibited a longer life at higher emission 
levels than obtained with the same type of oxide on a 
conventional Supporting base structure. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A thermionic cathode comprising a metal base, a 

porous layer of metal particles alloyed together and to 
said base by a metal selected from the group consisting 
of titanium, zirconium and tantalum and an electron 
isive coating impregnating and overlying said porous 
ayer. 
2. A thermionic cathode comprising a nickel base, a 

porous layer of nickel particles alloyed together and to 
said base with titanium, and an alkaline earth oxide elec 
tron emissive coating impregnating and overlying said por 
ous layer. - 

3. A thermionic cathode comprising a nickel base, a 
porous layer of iron particles alloyed together and to 
said base with titanium, and an alkaline earth oxide elec 
tron emissive coating impregnating and overlying said 
porous layer. 

4. A thermionic cathode comprising a nickel base, a 
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said base and said mixture above the alloying tempera 
ture of said first and second ingredients and above the 
alloying temperature of said first ingredient with said 
metal base to form a porous layer of the alloy which is 
alloyed to said base, and applying to said porous layer 
an emission enhancing coating. 

10. The method of making a composite cathode in 
cluding a nickel base which comprises applying to an area 
of said base a powder mixture consisting essentially of 
nickel and a substance selected from the group consisting 
of titanium and titanium hydride, heating said base and 
said mixture above the alloying temperature of titanium 
and nickel to alloy said powders together and to said base 
without melting all of said nickel powder to form a por 
ous alloy layer and applying to said porous layer an al 
kaline earth oxide type of emissive coating. 

11. The method of making a composite cathode includ 
ing a nickel base which comprises applying to an area of 
said base a powder mixture consisting essentially of nickel 
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porous layer of nickel particles alloyed together and to 
said base with zirconium, and an alkaline earth oxide 
electron emissive coating impregnating and overlying said 
porous layer. 

5. A thermionic cathode comprising a nickel base, a 
porous layer of iron particles alloyed together and to said 
base with zirconium, and an alkaline earth oxide electron 
live coating impregnating and overlying said porous 
ayer. 
6. A thermionic cathode comprising a tungsten base, 

a porous layer of tungsten particles alloyed together and 
to said base by zirconium and a thorium oxide electron 
five coating impregnating and overlying said porous 
ayer. 
7. A thermionic cathode comprising a tungsten base, 

a porous layer of tungsten particles alloyed together and 
to said base by tantalum and a thorium oxide electron 
Five coating impregnating and overlying said porous 
ayer. 
8. A thermionic cathode comprising a tantalum base, 

a porous layer of tungsten particles alloyed together and 
to said base by zirconium and a thorium oxide electron 
emissive coating impregnating and overlying said porous 
layer. 

9. The method of making a composite cathode includ 
ing a metal base member which comprises applying to an 
area of said base member a powder mixture having an 
alloying temperature below the melting point of the metal 
of said base member, said mixture consisting essentially 
of a first ingredient selected from the group consisting 
of titanium, zirconium, tantalum and the hydrides there 
of and a second ingredient selected from the group con 
sisting of iron, nickel, platinum and tungsten, heating 
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and a substance selected from the group consisting of 
Zirconium and Zirconium hydride, heating said base and 
said mixture above the alloying temperature of zirconium 
and nickel to alloy said powders together and to said base 
without melting all of said nickel powder to form a porous 
alloy layer and applying to said porous layer an alkaline 
earth oxide type of emissive coating. 

12. The method of making a composite cathode in 
cluding a nickel base which comprises applying to an 
area of said base a powder mixture consisting essentially 
of iron and a substance selected from the group con 
sisting of titanium and titanium hydride, heating said 
base and said mixture above the alloying temperature 
of titanium and iron to alloy said powders together and 
to said base without melting all of said iron powder to 
form a porous alloy layer and applying to said porous 
layer an alkaline earth oxide type of emissive coating. 

13. The method of making a composite cathode includ 
ing a nickel base which comprises applying to an area of 
said base a powder mixture consisting essentially of iron 
and a substance selected from the group consisting of 
zirconium and zirconium hydride, heating said base and 
said mixture above the alloying temperature of zirconium 
and iron to alloy said powders together and to said base 
without melting all of said iron powder to form a porous 
alloy layer and applying to said porous layer an alkaline 
earth oxide type of emissive coating. 

14. The method of making a composite cathode in 
cluding a tungsten base which comprises applying to an 
area of said base a powder mixture consisting essentially 
of tungsten and a substance selected from the group 
consisting of zirconium and zirconium hydride, heating 
said base and said mixture above the alloying tempera 
ture of zirconium and tungsten to alloy said powders 
together and to said base without melting all of said 
tungsten powder to form a porous alloy layer and apply 
ing to said porous layer a thorium oxide emissive coating. 

15. The method of making a composite cathode includ 
ing a tungsten base which comprises applying to an area 
of said base a powder mixture consisting essentially of 
tungsten and a substance selected from the group consist 
ing of tantalum and tantalum hydride, heating Said base 
and said mixture above the alloying temperature of tanta 
lum and tungsten to alloy said powders together and to 
said base without melting all of said tungsten powder 
to form a porous alloy layer and applying to said porous 
layer a thorium oxide emissive coating. 

16. The method of making a composite cathode in 
cluding a tantalum base which comprises applying to an 
area of said base a powder mixture consisting essentially 
of tungsten and a substance selected from the group con 
sisting of zirconium and zirconium hydride, heating said 
base and said mixture above the alloying temperature of 
zirconium and tungsten to alloy said powders together and 
to said base without melting all of said tungsten powder 
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to form a porous alloy layer and applying to said porous 
layer a thorium oxide emissive coating. - 

17. The method of making a composite cathode includ 
ing a base member of nickel, applying to said base mem 
ber a mixture of powder particles consisting essentially 
of nickel and a substance selected from the group consist 
ing of titanium and titanium hydride and nickel, said 
nickel constituting 70 to 98% by weight of said mixture 
of powders, heating said base and applied layer in vac 
uum to a temperature in the range of 950° C. to 1300° C. 
to melt portions of said powder particles contacting one 
another and said base to alloy said powder particles to 
gether and to said base, and applying an alkaline earth 
compound type of emissive material to said porous alloy 
layer to form an emissive coating thereon. 

18. The method of making a composite cathode includ 
ing a base member of nickel, applying to said base mem 
ber a mixture of powder particles consisting essentially 
of nickel and a substance selected from the group con 
sisting of titanium and titanium hydride and nickel, said 
nickel constituting about 95% by weight of said mix 
ture of powders, heating said base and applied layer in 
vacuum to a temperature of about 1300° C. to melt por 
tions of said powder particles contacting one another and 
said base to alloy said powder particles together and to 
said base, and applying an alkaline earth compound type 
of emissive material to said porous alloy layer to form 
an emissive coating thereon. 

19. The method of making a composite cathode in 
cluding a base member of tungsten, applying to said base 
member a mixture of powder particles consisting essen 
tially of tungsten and a substance selected from the group 
consisting of zirconium and zirconium hydride, heating 
said base and applied layer in vacuum to a temperature 
in the range 1650° C. to 2175 C. to melt portions of said 
powder particles contacting one another and said base 
member to alloy said powder particles together and to 
said base, and applying thorium oxide to said porous 
alloy layer to fill the pores of said alloy layer to form a 
coating thereon. 

20. The method of making a composite cathode in 
cluding a base member of tungsten, applying to said base 
member a mixture of powder particles consisting essen 
tially of tungsten and a substance selected from the group 
consisting of zirconium and zirconium hydride, said tung 
sten powder constituting approximately 87% by weight 
of said mixture, heating said base and applied layer in 
vacuum to a temperature of about 1800 C. to melt por 
tions of said powder particles contacting one another and 
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said base member to alloy said powder particles together 
and to said base, and applying thorium oxide to said 
porous alloy layer to fill the pores of said alloy layer to 
form a coating thereon. . . . . . . . 

21. The method of making a composite cathode in 
cluding a metal base member which comprises applying 
to an area of the base member a powder mixture having 
an alloying temperature below the melting point of the 
metal of the base member, the powder mixture consisting 
essentially of a first ingredient selected from the group 
consisting of titanium and zirconium and the hydrides 
thereof, and a second ingredient selected from the group 
consisting of iron, nickel and platinum, heating the base 
and mixture to alloy the ingredients together and to the 
base to form a porous layer, and applying an emission 
enhancing coating to the porous layer. 

22. The method of making a composite cathode in 
cluding a metal base selected from the materials of 
tungsten and tantalum which comprises applying to an 
area of the base member a powder mixture consisting 
essentially of a first ingredient selected from the group 
consisting of zirconium and tantalum and the hydrides 
thereof and a second ingredient selected from the group 
consisting of tungsten and tantalum, heating the base and 
mixture to alloy the ingredients together and to the base 
to form a porous layer, and applying an emission enhanc 
ing coating to the porous layer. - 
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