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2 Claims, {C 313-—346)

The present invention relates to emissive materials,
processes for the production of same, and specific devices
in which the said unique emissive compositions are an
essential part. It is an object of the invention to provide
clectrodes and other emissive elements which are char-
acterized by high thermal and electrical conductivities,
by unusually stable and high electron emissivities over
a wide range of temperatures, and which at the same time
overcome problems of prior art materials such as sag-
ging and corrosion of elements operated at high tem-
peratures, and of minimizing spalling or blistering of
cpzitings used to increase the emissivity of prior art mate-
rials.

The present invention is directed to emissive bodies
such as electrodes used in thermionic devices in which
the said electrodes are comprised of a metal matrix con-
sisting of at least one member selected from the class
consisting of nickel, iron, cobalt, tungsten, molybdenum,
columbium, tantalum, chromium, vanadium, copper,
silver, gold, platinum, and iridinm having internally dis-
persed therein a refractory additive as a reinforcing agent
such as a metallic oxide, carbide, boride, silicide or
nitride, particularly of the rare earth metals of the
lanthanum group, thorium, titanium, zirconium, colum-
bium, tantalum, hafnium, vanadium, molybdenum, and
tungsten.

In a preferred embodiment of the invention the in-
ternally dispersed modifying agent is a member of the
class consisting of cerium oxide, neodymium oxide, prase-
odymium oxide, lanthanum oxide, thorium oxide, and
mixtures thereof.

In a more preferred embodiment of the invention, the
intimately dispersed additives in the said metal matrix
are based upon very fine particles or nuclei of the addi-
tives, e.g., oxides such as from 10 to 500,000 Angstrom
particle size. More preferred particle size ranges are
10 to 10,000 Angstrom microns, or if narrower fractions
are desired, 50 to 10,000 Angstroms, with the most pre-
ferred range being 50 to 225 Angstrom particle sizes.

The concentration of the reinforcing components ex-
isting as a distinct phase as nuclei internally dispersed
in the mafrix metal is from 0.25% to 50% by volume,
a preferred range being from 0.25% to 35% by volume.

The use of the present additives, e.g., the above oxides,
has been found to result in' the production of especially
efficient emissive bodies when the reinforcing component
such as the oxides existing as nuclei in the metal matrix
have an inter-nuclei spacing of 10 Angstroms to 200,000
Angstroms, or preferably 10 Angstroms to 5,000 Ang-
stroms.

Still more preferred ranges in the region of close
nuclei spacing is the use of an inter-nuclei spacing of
10 to 225 Angstroms.

It has long been recognized in the electronic industry,
and particularly in the manufacture of radio tubes that
the useful life of such tubes is often shortened by:
(A) failure of the prior art metals and alloys to have
sufficient creep strength to prevent sagging and warping
of ‘the components that are required to operate at ele-
vated temperatures; (B) the emissivities of prior art mate-
rials, whether operated as hot or cold cathodes, decreased
with time thereby lowering the output of the tube; and
(C) particularly in the case of oxide coatings on metal
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base cathode materials, the difference in coefficients of
expansion between the metal and oxide coating is so
great that spalling or blistering or flaking off of the coat-
ings from the base is a common occurrence that seriously
shortens the life of emitters so constructed.

Similarly in the construction and operation of ther-
mionic heat-to-energy conversion devices, it has been diffi-
cult to find cathode and anode materials with the neces-
sary combination of resistance to flaking, high thermal
and electrical conductivities, high creep strength and high
emissivities to permit the design of units for this severe
service. In the case of the vacuum type thermionic
energy converier, it is quite important that very close
and uniform spacings be maintained between the hot
or emitting cathode and the collector or cool anode. In
this application operating temperatures ranging well in
excess of 1,000° C. are desired in order to obtain maxi-
mum energy conversion efficiencies. Oxidation resist-
ance, in addition to high creep strength at high tempera-
tures is quite desirable but these properties are not attain-
able with prior art metals and alloys at temperatures
much above 900° C., and in particular above 1,000° C.

To maximize efficiency of heat input to electrical out-
put with thermionic units, it is important that the inner
emitting surface of the hot cathode be mainiained at the
highest temperature feasible for a given material. The
heat resistant, high-temperature, high-strength metallic
materials of the prior art are usually alloyed for strength
and improved corrosion resistance purposes. Such prior
art materials or metals exhibit notably lower thermal
and electrical conductivities than the metals of this in-
vention. In general the use of ceramic type hot cathodes
is not favored due to the lower thermal and electrical
conductivities of such materials is compared with the
improved metals of this invention.

In the use of electron discharge devices, one of the
common limitations of the useful life is a decrease in
the electron emissive capabilities of the cathodes that is
occasioned by the flaking or peeling off of the surface
coating or emissive oxide materjal from the surface of the
cathede base metal. This problem is especially accentu-
ated in discharge devices employing nickel cathodes in
a mercury vapor atmosphere, such as Thyratrons, since
amalgamation or wetting of the nickel by mercury tends

5 to destroy the bond at the inierfaces between the mickel

metal and the emissive oxide layers thereon. It there-
fore follows that reduction of this flaking or peeling re-
suits in an improved cathode imparting longer useful
life to electron discharge devices.

Directly heated, thorium-activated thermionic emitters
of filament type comprised of tungsten wire containing
thorium oxide are well known in the art. Such directly
heated filamentary emitters have certain serious limita-
tions from both an electrical and mechanical standpoint.
For example it is difficult to produce reliable structures
characterized by good mechanical sirength, ease of as-
sembly, uniform emission and freedom from gasiness
using prior art tungsten base metals. Also many such
emitters have been found to have an undesirably high
raiio of heater power to emitter current. A further
problem well known to the industry is that when either
alioys or relatively pure meials are coated by alkali
earth oxides or thorium oxide, such metals tend to
develop interfacial layers with the alkaline earth oxides.
Such an effect lowers the emissivities of this type of prior
art material.

Earlier workers in the ficld of cathode manufacture
have incorporated various bodies into the cathode, such
as fibers or with a refractory metal extending through an
emitting oxide. Another modification was the sintering of
emitting oxide particles on a metal base, or conversely,
sintered oxides used as a core which was then covered
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with a sintered metal layer. However, all of these
cathodes kave been very costly to fabricate and have been
characterized by short life, nonuniform emissivity and
mechanical failure.

"The advantages and characteristics of the materials and
processes of this invention with regard to overcoming the
foregoing problems will appear. in the ensuing descrip-
tion.

The present inveniion overcomes the foregoing dis-
advantages of the prior art electrodes by the provision of
improved articles of manufacture which exhibit high
emissivities, high electrical and thermal conductivities,
and which retain said high emissivities as well as high
creep strength and resistance to distortion even at elevated
temperatures. Furthermore, the present improved elec-
trodes have the ability to bond emissive oxide coatings,
if a coating is optionally desired, more tenaciously than
prior art metals, and are more readily processed and
formed into intricate shapes than was generally with prior
art metals and alloys.

The electrodes of the present invention are high strength
articles of manufacture consisting of a mairix of at least
one metal of the matrices described above and having
intimately dispersed therein a refractory additive. A pre-
ferred group of the said additives is an oxide selected from

e group consisting of cerium oxide, neodymium oxide,
praseodymium oxide, lanthanum oxide, thorium oxide,
and mixtures thereof.

Examples of oxide mixtures cominercially available
and of utility in the invention have the following approxi-
mate compositions:

60% (by weight) of NdsOs, 17% PrgOq1, 109 SmyCs,
and 13% of other rare carth oxides consisting primarily
of Gdo0; and CeOs.

41% (by weight) PrgOp, 24% SmeQs, 14% GdoOs,
5% NdyOs, 5% CeCy, and 11% of other rare earth oxides
consisting primarly of Ys0; and La;0;.

50% (by weight) Ce oxide, 24% La oxide, 17% Nd
oxide, and 9% of other rare earth oxides consisting pri-
marily of Pr oxide, Sm oxide, and Gd oxide.

46% (by Wexght) La203, 33% I‘IdzO;}, 10% ?1'5011,
6% SmaQO; and 7% of other rare earth oxides consisiing
primarily of GdyO3, CeOj, Y20s.

95% (by weight) of ThO, and 5% of oxides consisting
primarily of rare earth elements.

In general, the various commercially available mix-
tures of rare earth compounds and the refractory addi-
tives derived therefrom may be used, with the above criti-
cal group of matrices to produce an improved electrode.

In the practice of the present invention, the specific
dispersing refractory material, such as the oxide, is the
essential additive, alithough minor proportions of metals
other than the matrix metals is described above may also
be present. The dispersed refractory material is em-
ployed either as a pure material or in various commercial
mixiures wherein the said refractory material is the major
component.

The elecirodes of the present invention are prepared
by consolidating an intimate dispersion of the aforesaid
matrix metal and the refractory material. This may be
based upon a mechanically blended mixture of the base
metal and the dispersed refractory material, or & mixture
resulting from the chemical precipitation, or coating
techniques whereby either the metal or the refractory
material is the core and the outer covering of the indi-
cated particles. However, a preferred embodiment of
the inveniion is based upon the preliminary production of
a2 mixture of oxides of the matrix group and the oxide
group by oxidizing a solution of compounds of the re-
spective components by volatilization and oxidation in
a flame.

Such crude oxide mixture is then subjected to reducing
conditions such as by contacting with hydrogen gas to
reduce the matrix metal while leaving the oxide com-
ponent dispersed at a molecular level in the metal, The
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powder is consolidated by hot or cold pressing,
ing, rolling, impact or explosive forming, etc., to obtain
+he ultimate electrode and supporting hardware. Thus,
the clecirodes may have a unitary construction in which
both the emissive and the support elements are made
of the above-described reinforced metal, or the present
emissive electrode materials may be held in place by posts
or hardware such as mickel, tungsten, and other conven-
tional materials.

The following examples illustrate specific embodiments
of the present invention and show various comparisons
against prior art compositions, materials, and processes.

exirud-

Example 1

One preferred method for preliminarily forming the
starting materials of-the present invention is to oxidize
an atomized solution of at least one soluble salt of the
matrix metal selected from the aforesaid group with a
salt selected from the said oxide components, e.g., of
cerium, neodymium, praseodymium, lanthanum, thorium
and mixtures thereof. In the present specific example a
calt of prascodymium is dissolved in a solvent such as
water or alcohol, the said oxidation being conducted by
means of an oxidizing flame to produce particles com-
posed of members selected from the group consisting of
the free metals and oxides of the first group and the Pr
oxide in molecular combination and thereafter subjecting
the said particles to reducing conditions, e.g., with hydro-
gen, to produce the said elemental metal of the aforesaid
group, having dispersed therein unreduced Pr oxide. For
example, when nickel nitrate and Pr nitrate are dissolved
in water in the desired proportions, e.g., to yield 92%
(by volume). nickel metal and 2% Pr oxide in the final
product, and the said solutions are atomized and oxidized
in an oxidizing fiame, a powder is produced which is
comprised of nickel oxide and Pr oxide. The Pr oxide is
dispersed within the individual mixed oxide particles at
a molecular level. The foregoing combination of Pr
oxide and nickel oxide is reduced at a temperature of
from about 500° C. to 700° C. in a hydrogen containing
atmosphere, preferably more than 8 volume percent hy-
drogen. Cther reducing atmospheres such as carbon
monoxide, water gas, forming gas, etc. are also useful
for this purpose. The nickel oxide is substantially entire-
Iy reduced to metallic nickel with the Pr oxide remaining
unaffected, and being dispersed at the substantially molec-
ular level within the microstructure of the nickel as a
matrix.

Example 2

As another example, when chloroplatinic acid and Ce
nitrate in the proportions desired in the ultimate product,
e.z., 95% Pt and 5% Ce oxide. are dissolved in water and
the resulting solution atomized and oxidized in an oxidiz-
ing fiame, a powder is produced which is comprised of
platinum and Ce oxide. The Ce oxide is dispersed within
the platinum matrix of the individual particles at a molec-
vlar level, This material is readily fabricated to a shaped
body under the pressure and temperature conditions set
forth herein, e.g., at about 1500 p.s.i. and 1500° C. by
hot pressing. After forming the powder comprised of
the fres metal and having the additive oxide dispersed
therein, a preliminary fabrication or compacting step may
be employed. This, for example, can consist of hydro-
static compaction, cold-pressing, or slip casting, as well

as other consolidation procedures to form a densified

green billet. Such billets are then consolidated further
by sintering in the aforesaid reducing atmosphere at tem-
sratures of about three-quarters of the melting point
(absolnte) of the metal matrix material. It has been
found preferable to use a reducing atmosphere (as by
pure hydrogen or hydrogen diluted with nitrogen as ob-
tained from cracked ammonia) in this sintering opera-
tion.

The reduced free metal matrix with the molecularly
dispersed oxide is consolidated into a shaped body. Pre-
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ferred conditions for such consolidation are pressing at
pressures ranging from 1,000 p.s.i. to 500,000 p.s.i., the
most preferred range of consolidation pressures being
40,000 p.si. to 140,000 ps.i. Temperatures for such
consolidation may range from room temperatures to 95%
of the absolute melting point of the matrix metals. The
application of pressure and heat may be carried out simul-
taneously, as in hot-pressing or they may be completed
in individual consecutive steps. Other consolidation steps
may also be carried out in order to densify the product
or to shape the preliminary bodies into ultimate com-
mercial shapes, such as wire, rods, sheet stock, and other
structural shapes and fabricated devices, such as electrical
cores. Conventional fabrication techniques such as hot-
extrusion, hot-rolling to sheet stock, wire drawing to small
diameter wire sizes, forging, swaging, and other metal
fabrication processes may be readily employed to the ap-
preciably better workability of the materials of this inven-
tion as compared with common tungsten alloys, and other
similar materials described in the prior art.

Example 3

The individual nuclei of the oxide in the broadest aspect
of the invention are present with a nucleus-nucleus spac-
ing of from 10 to 200,000 Angstroms. In a preferred
embodiment of the invention, the reinforcing oxide is
present in the consolidated metal in a molecular degree of
dispersion as shown by X-ray diffraction data, with more
than 80% of such oxide nuclei separated at distances of
from 10 to 5,000 Angstroms. More preferred nucleus-
to-nucleus spacing is of the order of from 10 to 225
Angstroms and such spacings are quite common in the
present electrodes. These figures have also been found
to be applicable to the other metal matrices and reinforc-
ing oxides described above.

Example 4

With regard to the improved creep strength of the elec-
trades of this invention when used as high temperature
hot cathodes, FIGURE 1 illustrates, via stress-rupture
diagrams, the relative resistance to creep or high tempera-
ture strength of several prior art alloys versus a metal
typical of this invention. Curve 10 of FIGURE 1 depicts
the relative low strength of a pure metal, for example, a
typical nickel cathode material. Curve 12 shows that the
strength of a typical metal of this invention, for example,
nickel strengthened with 8% by volume of CeQ,, is great-
ly increased, e.g., nearly twice as strong and creep resist-
ant as the commercial nickel commonly used as electrode
posts, electrodes and grids. Curve 11 shows a typical
nickel alloy also used in emissive type devices such as
radio tubes. The sirength of this alloy is considerably
less, over a broad range of temperatures, than that of the
comparable metal of this invention shown in Curve 12.
Thermionic diodes made to operate at a cathode tempera-
ture of 1200-1250° C., with a spacing of 0.0008 inch be-
tween large area type cathode and anode remained
properly spaced and delivered high power output for more
than double the life of an identical diode constructed with
conventional alloy nickel coated with barium oxide.

Example 5

The thermal and electrical conductivities of the metals
of this invention, as compared with those for typical elec-
trode metals and alloys are shown in FIGURES 2 and 3
in which values of thermal conductivity and electrical
conductivity vs. temperature, respectively, are plotted.
As shown in FIGURE 2, we have found, for example,
that the use of neodymium oxide when added at a concen-
tration of 6% by volume to a matrix metal of molyb-
denum decreases the thermal conductivity. by approxi-
mately 6%. This is shown by comparing Curve 21,
showing the thermal conductivity vs. temperature for a
molybdenum-neodymiunm oxide metal of this invention
with Curve 20 which shows the variation of the thermal
conductivity of pure molybdenum vs, temperature.
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5
Curve 22 of FIGURE 2 shows the low thermal conduc-
tivity of a conventional solid solution type molybdenum-
silver alloy as compared with pure molybdenum and a
metal of this invention. .

In FIGURE 3, Curve 26, it is shown that the specific
use of 6% by volume of neodymium oxide in a metal
matrix (e.g., molybdenum) gives electrical conductivities
which are very close to that for pure molybdenum, Curve
25, and substantially greater than that obtained with an
alloy of molybdenum and sitver, Curve 27.

Thus, by the addition of the dispersed oxide, it has been
shown that it is possible to retain thermal and electrical
conductivities nearly as high as for the low strength pure
cathode metals while retaining, and even exceeding, the
high creep strengths of the poorly conducting but strong
cathode type alloys.

Higher thermal and electrical conductivities are also
obtained when the present metal matrices, strengthened
with the present refractory materials are compared with
the same metals strengthened by conventional alloying
techniques.

Example 6

FIGURE 4 shows the relative resistance to oxidation
by 6.5% by volume cerium oxide in nickel, Curve 39,
as compared with a typical nickel-chrome alloy, Curve
31, under cyclic heating and quenching conditions in
which the specimens were heated rapidly in air to 1100°
C., held for one hour at 1100° C. in air, then air
quenched to room temperature. The superiority of such
cerium oxide-strengthened nickel over a conventional
heat resistant alloy, Curve 31, under such severe condi-
tions is quite significant and of value for applications
where metals are to be used under even slightly cor-
rosive or oxidizing conditions as might be occasionally
encountered in improperly evacuated tubes at tempera-
tures up to and exceeding those used in this test. For
example, as shown in Curve 3@ of FIGURE 4, nickel
strengthened with 6.5% by volume of cerium ozxide
showed a leveling off tendency in percent gain-in-weight
after 3-4 cycles. The strength of the cerium oxide-
strengthened test electrodes were apparently unaltered
even after 20 such thermal cycles in air. The conven-
tional nickel-chromium alloy, as shown in Curve 31,
fajled catastrophically after only three cycles and pure
nickel (Curve 32) was also severely damaged after only
one cycle.

Example 7

Another embodiment of the invention is the coated
type of cathode, since there are many applications in
which an alkali earth oxide emissive surface is desirable.
In such types of cathodes, the coating of the alkali earth
oxide such as baria or calcia is applied to a consolidated
matrix of the present base metals, e.g., columbium, which
base metal has internally dispersed therein 7% by vol-
ume of neodymium oxide. In the present example, the
oxides exist as nuclei at a molecular degree of disper-
sion and have a nucleus-to-nucleus distance of from 50
to 2000 angstroms, with 50% of the nucleus-to-nucleus
spacing less than 500 angsiroms apart.. The oxide nu-
celi ranged in size from 50 to 2000 Angstroms with an
excess of 50% of the nuclei being less than 500 Ang-
stroms. :

The superiority of the metals of this invention with
regard to overcoming the problem of minimizing spall-
ing and flaking off of emissive coatings from prior art
base metals used in electrodes was found to be dually
effective.

For example, FIGURE 5 shows the kind of flaking
or spalling away of an emissive coating, 41 and 43, from
a prior art cathode metal, 49, after as few as 20 severe
thermal cycles. Such loss of emissive coatings seri-
ously lowers the average emissivity of the cathode and
lessens the efficiency of devices utilizing such materials.
The distance 42 between anchor or bonding points, 44,
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between the film and the base metal is too large to pre-
vent flexing or blistering of the film away irom the base
metal. Accordingly, the emissive film, 43, soon spalls
off, and its loss lowers the efficiency of the device in
which such materials are used. By comparison, in FIG-
URE 6 based on electrodes of the present invention the
presence of a very large number of molecularly spaced
refractory particles, 53, in a matrix metal, 58, offers a
very short space, 52, between anchor points for the emis-
sive film, 51. This close spacing between anchor points
bonding the film to the base metal of this invention
minimize the degree of film flexing during thermal
cycling and thereby substantially eliminates thermal
spalling and flaking.

A further point of improvement of the materials of
this invention with respect to obtaining better bonding
of emissive coatings as compared with prior art mate-
rials is that of wetting or bonding between emissive
coatings applied to the materials of this invention is

more readily achieved, especially when an emissive coat- o

ing contains as a major component the refractory mate-
rial internally dispersed as a strengthening agent in the
matrix metal. The presence of the same (thoria) or
mutually soluble components (strontia and - ceria, e.g.)
in the emissive coating material and the electrode metal
promote bonding which substantially eliminates coating
losses.

Secondly, the use of the said refractery compounds
of this invention dispersed so uniformly throughout the
entire electrode or grid provides electrodes and grids
with emissivities that are superior to conventicnal alloys
and metals as well as electrodes and grids with highly
emissive coatings on conventional metals and alloys.

Example 8

As shown in FIGURE 7, the emissions obtained with
a typical metal of this invention consisting in this case of
molecularly sized cerium oxide particles uniformiy dis-
persed through the interior and on the surface of nickel
as a matrix metal are compared with the same ceria
strengihened nickel coated with barium oxide and sev-
eral prior art emitter materials. The ordinate of FIG-
URE 7 represents the saturation emission densities of
the several types of emitters in amperes per square centi-
meter of surface, plotted to a logarithmic scale, while
the abscissa shows the temperature of the emiiter in de-
gree centigrade. - The curves of FIGURE 7 were- ob-
tained by applying a D.C. voltage of about 500 volts
with an anode spacing of 1 cm. and by measuring the
cathode current produced at various temperatures.
Curve 70 represents the emission from an electrode of
nickel plus ceria (10% by volume) with nuclei sizes
ranging from 70 to 3000 Angstroms and internuclei spac-
ing ranging from 50 to 1000 Angstroms. Curve 72 shows

the variation of emissivity of thoriated tungsten with ',

temperature. Curve 71 represents the emission from a
cathode of lanthanum hexaboride. Curye 73 represents
the emissivity of a barium oxide coated cathode of nickel-
ceria like that shown in Curve 78. Curve 74 represents
the curve for a tungsten cathode and Curve 75 shows
the emissivities of a barium oxide coated commercial-
ly available mickel cathode. Specifically within the re-
lations of FIGURE 7 a current density of 0.03 amps.
per square centimeter as obtained at 850° C. with the
nickel-ceria, Curve 79, is obtained only at substantially
higher temperatures with prior art tungsten (2100° C),
thoriated tungsten (1450° C.) and lanthanum hexabo-
ride (1200° C.). The dependence of emissivities on
cathode temperature between coated and uncoated nickel-
ceria cathodes is not so great, showing that the ceria
strengthened nickel is good enough to be used without
a coating, and is superior to typical prior art cathode
materials.
Example 9

The change in emissivity of typical prior art electrode
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materials with thermal cycling is compared with the emis-
sivity of two typical electrode materials of this invention.
This is shown in FIGURE 8 where the change in cathode
current density expressed as amps per square centimeter is
plotted against the number of thermal cycles. Each ther-
mal cycle consisted of quickly heating the cathode to
1100° C., holding the cathode at constant temperature for
about 3 minutes, then quickly cooling the cathode to about
100° C. For example, under the conditions of the rela-
tions shown in FIGURE 8, Curve 80 shows that the cath-
ode current density of the nickel-ceria of Curve 70 of FIG-
URE 7 remained practically constant over better than 70
thermal cycles. The cathrode current density of the barium
oxide coated nickel-ceria of this invention, Curve 81, be-
gan to drop off gradually after 45 thermal cycles, suggest-
ing that bonding of the barium oxide to the nickel-ceria
remained tight and that the barium oxide content was pos-
sitly being lost only at a slow rate due to evaporation.
Curve 82 shows that a prior art barium oxide coated nickel
alloy cathode lost most of its barium oxide coating after
only 20 thermal cycles. The comparative performance
results shown in FIGURES 7 and 8 clearly demonstrate
the important improvements of the emissivities and life
of the materials of this invention over those of the prior
art.
Example 10

Another advantage of this invention over prior art
methods and materials is to be found in the manufacture
'of highly emitting electrodes, particularly where prior art
coating techniques are employed.

The present invention is a great improvement over the
coated cathodes of the prior art. Thus, the use of a
painted or deposited coating of oxides, carbonates, etc.,
of various salts on a metal base as employed in the past
has been characterized by considerable difficulties in main-
taining a uniform coating which maintains constaat emis-
sivity characteristics with continued use. It has been im-
practical to form special electrode shapes after the brittle
refractory coatings are applied. This limits the applica-
tions of prior art highly emissive coated materials to shapes
that may be coated only in final form. The clectrodes of
this invention, due to the fact that they contain the said
refractory materials dispersed internally, uniformly and
closely throughout the body of the metal electrode and
because such materials may be readily hot and cold worked
by conventional means into intricate shapes without dam-
age to the emitting surface, offer significant advantages
over prior materials and methods of fabrication. For ex-
ample, an electrode of 0.1”” diameter was readily produced
from a-tungsten matrix metal with 4% by volume of ceria
of particle size or nuclei ranging from 50 to 2500 Ang-
stroms with nucleus-to-nucleus spacings of 20 to 2000
Angstroms within the body of the shaped electrode. This
electrode exhibited a work function of 1.8 ev. over a tem-
perature ranging from 1200-1500° C. Similar data for
a comventional tungsten wire electrode yielded a work
function of 4.5 ev. over temperatures from 1200-1600° C.
This shows that under similar conditions electrodes based
on the present materials have a superior work function and
a correspondingly higher emissivity.

Example 11

Another embodiment of the invention is ‘the use of
electrodes of the present invention for thermionic power
generation as shown in FIGURE 9. Herc the provision
of a heat source to an emissive plate of the above described
matrix metal with the specific internally dispersed oxides
mazkes it possible to emit a flow of electrons across an
evacuated or gas filled space to another electrode which
in turn is connected through a circuit with the emitting
electrode, thus providing for a continuous supply of elec-
tricity. FIGURE 9 shows a simplified schematic diagram
of a thermionic generation system in which 101 is a heat
source which. directs heat to the electrode element 162,
which upon being heated emits electrons 103 across the
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vacuum in space 184 to the relatively cooler electrode 165,
made of the same internally fortified material, or another
similar material, or even a conventional metal, such as
nickel or iron. Leads 186 and 187 attached to the two
electrical elements, provide for contacts to an external
circuit 168 to employ the electric power which is produced.

The heat input to the thermionic power generating de-
vice may be from various conventional sources, prefer-
ably at high temperatures such as nuclear or solar energy,
as well as heat obtained from the combustion of mineral
fuels. In all such applications, corresion resistance, and
stability of the electrode emission material is a serious
problem. Consequently the alloys used in this part for this
service have been far from satisfactroy. For example, a
(nickel with 5% by volume of ceria) electrode of the pres-
ent invention based upon a metal matrix containing inter-
nally dispersed therein an oxide selected from the group
consisting of cerium oxide, neodymium oxide, praseody-
mium oxide, lanthanum oxide, thorium oxide, and mix-
tures thereof, are particularly useful in this respect and
overcome the prier art difficulties. In each instance, the
internally reinforced metallic electrode is superior in re-
fractory properties, that is thermal stability, creep strength
and resistance to corrosion relative to the corresponding
pure metal,

In the above example of the 5% ceria in nickel, the
oxide nuclei ranged from 80 to 3000 Angstroms and the
nucleus-to-nucleus spacing was from 70 to 2000 Ang-
stroms.

An advantage of the present electrodes for thermionic
generation is the high electron emitting capacity con-
comitant with a low evaporation rate, thus providing for
high electrical efficiency and long life in this severe type
of service.

In addition the high thermal conductivities and electri-
cal conductivities, the excellent oxidation resistance, the
high emissivities, the high strength at high temperatures,
and the ready formability characteristics of the electrodes
of this invention also make them applicable for use in
thermoelectric energy converters as shown in FIGURE
10. Here, electrode 118, consisting of platinum strength-
ened with 5% by volume of neodymium oxide, absorbs
and transmits high thermal energy from a source, element
113, to element 111 consisting of an efficient thermoelec-
tric material, gallium arsenide. Element 112 removes the
unused thermal energy from element 111 and due to its
high emissivity rejects the waste heat to the atmosphere.
Element 112 is comprised of a copper matrix in which 4%
by volume of Al,Q; is dispersed. ILeads 114 and 115
connect the electrodes 11¢ and 112 to an external load 116,
completing the circuit.

Cathodes of the materials described above constitute
an important embodiment of the present invention. Thus,
in the application of this improved electron emissive ma-
terial in an electron discharge tube, an envelope of glass,
ceramics, metals, etc., is provided as the envelope to con-
tain a gaseous atmosphere. Such atmosphere of a non-
reactive, ionizable gas or vapor may be maintained at
vacuum conditions to superatmospheric pressures such as
up to three atmospheres in accordance with the type of
service for which the tube is to be used.

The tube jacket contains at least one cathode and an
anode across which the electron flow is to be operated.
Various auxiliary electrodes such as a grid, etc. may also
be present as desired for various control purposes. For
example, a nickel electrode with 5% by volume of ceria is
a representation of the present invention based upon a
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metal matrix containing internally dispersed therein an
oxide selected from the group consisting of cerium oxide,
neodymium oxide, praseodymium oxide, lanthanum oxide,
thorium oxide, and mixtures thereof, are particularly use-
ful in this respect and overcome the prior art difficulties,
In each instance, the internally reinforced metallic elec-
trode is superior in refractory properties, that is thermal
stability, creep strength and resistance to corrosion rela-
tive to the corresponding pure metal,

In the above example of the 5% ceria in nickel, the
oxide nuclei ranged from 80 to 3000 Angstroms and the
nucleus-to-nucleus spacing was from 70 to 2000 Ang-
stroms.

An advantage of the present electrodes for thermionic
generation is the high electron emitting capacity con-
comitant with a low evaporation rate, thus providing for
high electrical efficiency and long life in this severe type
of service.

Example 12

The drawings, FIGURE 11 and FIGURE 12, of the
present patent application show a specific embodiment of
the invention as an electron tube or gas discharge device,
The tube envelope, 120, of glass, ceramic, or metal con-
tains electrodes 121 and 122. The electrodes are shown
as conventional structures, although various shapes are
possible, and numerous electrodes may also be present
in the envelope. However, the essential electron emitting
electrode, typically the cathode, 121, is formed from the
dispersion-strengthened metal matrices described above.
The anode electrode, 122, is formed either from a similar
material or from a conventional metal. The anode is not
subjecied to the severe operating conditions of the cathode
as described above. FIGURE 12 shows a variation of
the invention in which a coated cathode is used. This is
composed of a base, 125, of the above dispersion-strength-
ened metal having a coating, 128, of another emissive ma-
terial such as barium oxide deposited thereon.

The tube also contains a gas filling which is ionized in
the operation of the tube. However, the present elec-
trodes are equally applicable to high vacuum tubes.

The present patent application shows certain subject
matter claimed in divisional application, Serial No. 153,
344, filed November 20, 1961,

What is claimed:

1. A gas discharge device comprising an envelope, a
gas filling within said envelops, at least an anode and
cathode within said envelope, the said cathode being
composed of nickel as a matrix having molecularly dis-
persed therein thorium oxide as a discrete phase existing
as nuclei with the nucleus-to-nucleus distance between the
said thorium oxide nuclei being from 10 to 225 Angstroms,
and with the said oxide being present in the proportion of
from 0.25% to 35% by volume.

2. A high strength metallic electrode which comprises
a matrix of nickel having molecularly dispersed therein
praseodymium oxide with the said oxide being distributed
within the matrix such that the average infer-nuclei spac-
ing is less than 225 Angstroms.
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