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This invention relates to devices yfor converting heat 
energy to electrical energy and, more particularly to an 
improved electron emitter element for such devices. 

In United States patent application Serial No. 802,958, 
tiled March 30, 1959, now Patent No. 3,093,567, in the 
names of Francis E. Jablonski and Charles B. Leffert 
and assigned to the assignees of the present invention, 
there is described and claimed a thermionic converter 
which comprises a noble gas plasma diode, the electron 
emitter element of which includes a iissionable material 
so as to generate the noble gas plasma by fission frag 
ment ionization. Further in accordance with that in 
vention, the mass of the iissionable material in the diode 
or a combination of such diodes can be made suiiiciently 
large to sustain chain reaction fission and thereby gener 
ate the heat for conversion to electrical energy. 
The basic requirements -for the emitter material for 

such a device are: It must have the ability to adequately 
supply electrons at the operating temperature, must be 
chemically and mechanically stable, must have electrical 
and thermal conductivity and must have a high surface 
density of exposed ñssionable material. 

It is an object of the present invention to provide an 
improved electron emitter which has this combination 
of important properties to a marked degree and which 
is therefore particularly useful in a noble gas plasma 
diode of the aforementioned type. A further object of 
the invention is to provide an improved method for 
making su-ch an electron emitter. 
Uranium carbide, by itself, has two of the aforemen 

tioned essential qualities needed for the electron emitter, 
namely, ability to supply electrons and high density of 
iissionable material. However, by itself it has insuili 
cient mechanical strength. Uran-ium carbide is, of course, 
a ceramic and, as is true -of most all ceramics, it is par 
ticularly susceptible to thermal cracking. In accordance 
with the present invention, the additional required prop 
erties are provided by physically combining certain metals 
with the uranium carbide to form a cermet. We have 
found that the choice of metals is extremely limited for 
the reason that uranium carbide is quite reactive at high 
temperatures, and it is essential that the metal not under 
go interaction with the uranium carbide either during 
processing »or during operation. More specifically, we 
have found that the two metals which suiiice are rhenium 
and tungsten. Briefly then, the electron emitter of this 
invention comprises a dense cermet body of uranium 
carbide and rhenium, tungsten, or rhenium-tungsten 
alloys, the -former being preferred. Further in- accord 
ance with the invention, this cermet body is provided 
with a niobium cladding, a thin layer of the rhenium or 
tungsten, preferably the latter, being interposed between 
the cermet body and the cladding in order to prevent 
diifusion and reaction between the niobium and the ura 
nium carbide during manufacture and operation of the 
emitter. The cermet body can contain from 10% to 
80% by volume uranium carbide, the upper end of this 
range being preferred particularly where the emitter is 
for use in a nuclear reactor type thermionic converter 
wherein the heat is supplied by nuclear fission. 
The above and other objects and features of the in 

vention will appear more clearly from the following 
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2 
detailed description thereof made with reference to the 
drawing which shows a side view in section of an elec 
tron emitter constructed in accordance with the inven 
tion and incorporated in a noble gas plasma diode which 
is shown schematically. 

Referring now to the drawing, the thermionic con 
verter comprises a hermetically sealed envelope 2 lilled 
with a noble gas and having two electrical leads 4 and 
6 extending therethrough. The top lead 4 Iconnects to 
an electron collector 8 which has some suitable cooling 
means associated therewith, such _cooling means being 
illustrated by the plurality of heat radiating fins 10. The 
bottom electrical lead 6 is connected to the electron 
emitter 12 which is in the form of a flat disc with its 
upper surface in spaced relationship to the bottom flat 
surface of the collector. Hence, when the noble gas 
between the emitter and the collector is ionized and the 
emitter is heated, there is a ñow of electrons from the 
emitter to the collector thereby generating an electrical 
current, all as described in the aforementioned patent 
application. 

In accordance with the present invention the emitter 
`12 comprises a dense cermet body 14 of 80% by Volume 
uranium carbide and 20% by volume rhenium with a 
niobium cladding 16 Icovering its side and bottom sur 
faces, a layer of tungsten foil 18 being pressed between 
the body 14 and the cladding. Further details of the 
structure of the emitter will be apparent from the fol 
lowing description of the method for its manufacture: 
To form the uranium carbide, pure uranium metal in 

the fornrof small discs or rods can be employed as a 
starting material. Prior to melting, the surface of the 
metal should be carefully cleaned by electropolishing 
or by a careful wash in dilute nitric acid. Spectroscopie 
carbon in rod form can be employed as the starting car 
bon material. The rod is ñrst outgassed by heating to 
a temperature of about 2000o C. in high Vacuum and is 
then ground to powder form in an inert atmosphere; 
Carefully controlled quantities of the uranium metal and 
carbon powder are placed in an are furnace in a puriñed 
argon atmosphere where they are arc-melted together 
to form a uranium carbide button. A graphite-tipped 
electrode is used in order to minimize contamination. 
The composition of the uranium carbide produced will, 
of course, depend upon the weights of uranium metal 
and carbon powder in the furnace charge. With 4.8 
weight percent carbon, the uranium carbide formed will , 
be predominantly uranium monocarbide; when slightly 
more than 4.8 weight percent carbon is used, a second 
phase with composition UC2 will appear at the grain 
boundaries within the UC matrix and there will some 
times also appear a third phase, U2C3. The precise 
stoichiometric composition of the uranium carbide is not 
important to the present invention and hence the term 
“uranium carbide” as used herein is intended to compre~ 
lhend both the mono- and di-carbides as well as the 
intermediates such as U2C3. _ 
The uranium carbide is pulverized to fine grain size, 

on the order of minusy 300 mesh, preferably in a dry box 
since the pulverized uranium carbide is pyrophoric. Next 
the pulverized uranium carbide is uniformly admixed 
with rhenium powder, also about minus 300 mesh grain 
size, in the proportions desired, preferably 80% uranium 
carbide and 20% rhenium. This mixing of the powders 
should also be performed in a dry box and for further 
protection against the pyrophoric nature of the uranium 
carbide it is desirable that about 1% by weight of a suit 
able organic material such as Carbowax (polyethylene 
glycol) be included in the mixture. In addition to coat 
ing the grains of uranium carbide and thereby protect 
against combustion, the Carbowax also serves as a binder 
for the mixture. 
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The powder mixture is then cold pressed in a steel die 
at about 60,000 pounds per square inch to thereby form 
a green compact having a density of approximately 70% 
theoretical. 
The green compact so formed is inserted snugly into a 

niobium cup lined with a thin layer of tungsten foil and 
this assembly is then heated in a vacuum sufficiently to 
drive out the Carbowax. A niobium lid, preferably also 
lined with tungsten foil, is then placed over the niobium 
cup and is bonded to the cup by electron beam welding 
to effect an hermetic seal. Since the electron beam weld 
ing is performed in a vacuum, the interior of the cup is 
in an evacuated state at the conclusion of this sealing op 
eration. The assembly should preferably be leak-checked 
after the welding to make certain that it is hermetically 
sealed. 
The resulting niobium encapsulated green compact is 

placed in an autoclave and is pressure bonded in a helium 
atmosphere at 10,000 pounds per square inch pressure and 
2700° F. This heating and isostatic pressing operation 
causes the niobium encapsulation to collapse and the 
green compact to sinter and form a dense cermet body. 
At the conclusion of the operation the cermet body has a 
density which is about 99% of theoretical. After remov 
ing from the autoclave and then cooling, the top or lid 
portion of the niobium cladding is sliced away so as to 
form the structure as shown in the drawing. 
As indicated above, both rhenium and tungsten have 

extremely low chemical reactivity with uranium carbide. 
Between the two, rhenium is preferable because it has the 
lowest chemical reactivity; however, it is less desirable 
because of its higher nuclear cross section. It is because 
of this that rhenium with its extremely low reactivity is 
the preferred metal for the cermet, whereas tungsten with 
its lower nuclear cross section is preferred for the barrier 
layer between the cermet and the cladding. The some 
what higher reactivity of the tungsten serves to no serious 
disadvantage where it is used as the barrier layer and the 
lower cross section outweighs what little disadvantage 
there is. 

It will be understood that while the particulars of the 
invention have been described specifically with reference 
to a preferred embodiment thereof, various modifications 
may be made, all within the full and intended scope of 
the claims which follow. 
We claim: 
1. A cermet body useful as an electron emitter in a 

thermionic device, said body consisting essentially of 
from 10% to 80% by volume uranium carbide and from 
20% to 90% by volume of a metal selected from the 
group consisting of rhenium, tungsten and rhenium-tung 
sten alloys. 

2. A cermet body useful as an electron emitter in a 
thermionic device, said body consisting essentially of 
from 10% to 80% by volume uranium carbide and from 
20% to 90% by volume rhenium. 

3. A cermet body useful as an electron emitter in a 
thermionic device, said body containing about 80% by 
volume uranium carbide and about 20% by Volume of a 
metal selected from the group consisting of rhenium, 
tungsten and rhenium-tungsten alloys. 
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4. A cermet body useful as an electron emitter in a 

thermionic device, said body containing about 80% by 
volume uranium carbide and about 20% by volume 
rhenium. 

5. An electron emitter for a thermionic device com 
prising a cermet body consisting essentially of from 10% 
to 80% by volume uranium carbide and from 20% to 
90% by volume metal, a niobium cladding on said cermet 
body and a thin barrier layer of metal between said body 
and said cladding, the metal of said barrier layer and of 
said cermet being selected from the group consisting of 
rhenium, tungsten and rhenium-tungsten alloys. 

6. An electron emitter for a thermionic device com 
prising a cermet body consisting essential of from 10% 
to 80% by volume uranium carbide and from 20% to 
90% by volume rhenium, a niobium cladding on said 
cermet body and a thin barrier layer of tungsten between 
said body and said cladding. 

7. An electron emitter for a thermionic device com 
prising a cermet body containing about 80% by volume 
uranium carbide and about 20% by volume metal, a 
niobium cladding on said cermet body and a thin barrier 
layer of metal between said body and said cladding, the 
metal of said barrier layer and of said cermet being se 
lected from the group consisting of rhenium, tungsten and 
rhenium-tungsten alloys. 

8. An electron emitter for a thermionic device com 
prising a cerment body containing about 80% by volume 
uranium carbide and about 20% by volume rhenium, a 
niobium cladding on said cermet body and a thin barrier 
layer of tungsten between said body and said cladding. 

9. A cermet body useful as an electron emitter in a 
thermionic device, said body containing from 10% to 
80%, by volume, uranium carbide and the balance sub 
stantially a metal selected from the group consisting of 
rhenium, tungsten and rheniumtungsten alloys. 
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