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MOLDED CATHODES
Leo J. Cronin, Natick, Mass., as:ﬁgnor to Raytheon Maml-
facturing Company, Newton, Mass., a corporation of
Delaware -
Apphcatlon January 31, 1952, Serial No. 269,263

15 Claims,  (CL 29—-—25 18)

This ‘invention relates to a method for maufacturing
molfiqd .cathodes and more particularly relates to a method
for joining molded ceramic cathodes to metal supports.
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The present method of joining molded ceramic catk- -

odes, such as cathodes containing a substantial proportion
of thoria, to metal supports involves the use of platinum
solder.. These soldered cathode assemblies are undesirable
since platinum vaporizes at the cathode operating tem-
perature of high powered tubes such as magnetrons and

mlgrates over the cathode surfaces, thereby mh1b1t1ng the -

emission of electrons; moreover, platinum solder is very

expensive. Other less expensive soldering alloys are un-
satisfactory either because of their extremely low meltmg
points_or, because of their inability to wet the ceramic
cathode surface.
to ‘the. ceramic cathodes is ineffective since a refractory
metallic_powder, such as molybdenum powder, alone will
not adhere firmly to the ceramic cathode.

In’ accordance with the present invention, the inside of
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Slntermg of the metal supports directly -
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the mold in which the cathode is to be formed is coated .

with a thin layer of a powdered refr actory metal suspended
in @ suitable binder. This coating is so applied to the
mold. that after the compacting. operation it will be lo-
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Fig. 3 is a fragmentary longitudinal section view of a
portion of the mold of Fig. 1 illustrating the manner of
applying a coating to the sleeve of said mold;

Fig. 4 is a fragmentary view of a portion of a coated
sleeve segment of the mold shown in Figs. 1-3; ‘

Fig. 5 is a view similar to Fig. 3 illustrating the manner
in which the mold core is coated;

Fig. 6 is a section view 111ustrat1ng one type of molded
cathode;

Fig. 7 is a section view illustrating a second type of
molded cathode,

Fig. 8 is a transverse section view of one modification
of a cathode assembly;

Fig. 9°is a fragmentary longltudmal section view of a
second modification of a cathode assembly;

- Fig. 10 is a partial vertlcal sectlon showing the detazls
of Fig. 9; and

Fig. 11 is a development of one of the sheet metal sup-
ports shown in the assembly of Fig. 9. :

Referring now to Figs. 1 and 2, a Tepresentative mold
is shown for producing molded ceramic cathodes. - A mold,
generally indicated by the reference numeral 1, rests upon =
a fixed support 2 and -includes a cylindrical body 3" pro-
vided-with ‘a tapered bore 4 through which a plurality of
sections 5 of a sectional sleeve i4 having an outer sur-
face which follows the contour of bore 4 may be inserted.
The segments 5 of the-steeve 14, here shown as three:in
number, are assembled and fitted into bore 4 undér pres-
sure and the sectional sleevé defines a cylindrical bore 8.
A tubular bushing 9 is mounted on the lower end of the

* core 8§ and said bushing and core are:inserted into bore 6.

The annular space between the outer surface of core 8 and -’
bore 6 isfilled with a desired quaritity of powdered ceramic -
material 7 capable of substantial thermionic emission;
which may-comprise; for example, a mixture of seventy-

" five percent powdered thoria-and twenty-five percent pow- -

cated in the form of a thin film or-layer adjacent each end A

of the cathode at. the proper distances from the active =
40,

portion in the center. The ceramic compact is then re-
moved from the mold and fired in a furnace containing
a non-oxidizing atmosphere at a temperature in the range
of approximately 1,800 degrees C. to 2,300 degrees C. for
about one-half hour. At the conclusion of the firing, the
refractory. metal film .becomes bonded tenaciously to. the
thoria compact. After machining these cathodes to size,
‘they may be joined to metallic cathode supports which
may or may not be of the same refractory metal as the
metallic film or layer on the cathode. By molding the
molybdentim powder into the body of the cathode in the
manner just described, the cathodes may be firmly. and
economically joined to the metallic supports-either by a
conventional soldering or sintering process.

An object of this invention is to produce a firmly ad-
herent layer of metal which is molded on the surface of
molded ceramic cathodes,

A further object of this invention is to produce a ce-
ramic to metal bond which can be easily produced and
which will withstand considerable stress.

Still another object of this invention is to produce a ce-
ramic cathode which may be readily and firmly joined to
metal cathode supports by a conventional soldering or
sintering operation.

Other and further advantages of this invention will be .

understood from the following exemplifications of the in-
ventlon, reference being had to the accompanying draw-
ings; wherein:

Fig. 1 is a longitudinal section view of a mold which
may be used for making molded cathodes according to
the ‘present invention;

Fig. 2 is a transverse section view of the mold shown
in Fig, 1 taken along line A—A of Fig. 1;
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dered molybdenum. : Bushings:10 and-11 are:néxt placed’
over core-8 and arram 12 positioned above core 8 as shown
in Fig. 1. A pressure of about 200,000 pounds per square
inch is applied to:the upper surface of ram 12 so that the
mixture 7 between bushings 9-and-10 is compacted.  After
removing-the sleeve 14 from the mold bedy 3, the sleeve’
is disassembled and the molded.cylinder 7 formed from:
the compacted powdered mixture is removed. The molded -
cylinder must then be heat treated m a ‘manner to- be

“described later.

In Fig: 3 a sectmnal view "of the’ mold of Flg 1 is
shown- with-certain parts -removed in the "interest of
clarity. The inner surface 6 of sleeve 5 is coated with
thin layers 15 and 15" of a powdered refractory metal
suspended in a. suitable ‘binder. ' For example, a paste
made up of molybdenum powder held together by a solu-. -
tion of nitrocellulose in ‘amyl acetate is applied to the
surface 6 of sleeve segments 5, as shown in Figs. 3 and 4.
The three sleeve- segments ‘are assembled, the bushing 9
placed over core 8 and the bushing and core inserted into
bore 6. The powdered mixture containing thoria is
poured into the mold to a level equal to thé compression -
ratio times the desired length of the compacted cathode
body. - The - areas over which the sleeve segments are
coated depend in part upon the compression ratio of the -
material being molded. The portion of the cathode sur-
face -covered by the molybdenum film. or coating should
be large enough to.provide satisfactory connections for
the. cathode support  but not so.large as to materially
affect the emission of the cathode.. The coating 15’ is
positioned adjacent the top of bushing 9 and ‘another
coating 15 is applied adjacent the top surface of the -

powdered mixture in the mold. See Figs. 3 and 4. After

the pressure operation is completed, layers or films 25
and 25’ of molybdenum will be molded into- molded .
cathode 7, as shown in Fig. 6. The compacted cathode
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7, after. removal :from-the:mold;: is next fired to give it
mechanical.strength.. and. electrical. conductance.... The..
compacted cathode 7 is placed in a furnace containing an
atmosphere of hydrogen or an-atmosphere which is non-
oxidizing dn- character.and heated ‘at-approximately -1,800 &
degrees::C:. about ;one-half:hour; - A>temperature: range.-
of from about:1,800: degrees:Ci:to:2,300: degrees Cimay::
be: used: for. satisfactory. results. - ‘The:binder: is driven
off: during Heating;:and: thexmolybdenum:layers:25: and::
25% become - firmly :molded.;into- the:ibody. of the: thoria 10
cathode 7 at the ends thereofat:the:conclusions of:the..
firing:.. These.layers:25-and. 25’; being:of :metallic mate-
rial, make possible the satisfactory ]omture of said:cath-:
ode:to-a;metallic support:at:the.region occupied: by said
layer.

One form :of . directly: heated :cathode: assembly‘ mclud—
ing the molded cathode of Fig. 6 is shown:in Fig:-8:and.
comprises:-a. cathode: assembly, "generally. indicated : by
numeral 20, which includes.an: electzon-emissive cathode -
inthe:form.of the molded cylindrical sleéve.7 and adapted 20
to be supported between an outer tubular electrically con-.
ducting: member.-18, made: of a:refractory electrically
conductive material, such: as: molybdenum,. and :a cap or. .
support 19,. preferably. made. of -the: same: material -as
support member. 18.  An inner: conducting ‘rod. 21, 25
mounted. coaxial with outer conductor 18:and cathode 7,-
is threaded . at one end 22 ‘to receive conducting cap 19.
Thie supports 18 and-19 are shouldered to support-cath-.
ode 7. Whena suitable voltage:is applied between con-
ductors 18 and 21, the current passing through.cathode- 30
7 heats the latter to the temperature of thermionic emis-
sion.

The portions 25 and 25’ of the cathode 7 ‘may be.con-
nected securely- to cathode supports 19 and 18, respec-
tively;- either: by sintering with a refractory metal powder, 35
such: as molybdenum: powder;. or. by soldering with a
solder:having.a high: melting: point, such:as-iridium and
thodium::: -

A second . example of 'a dxrectly heated:cathode . as-:
sembly, particularly suitable-for.electron: discharge-devices- 40
of:. the magnetron type, is:shown.in -Fig. 9.: Anelectron
emissive cathode 7’ is preferably. constructed in the form-
of a cylindrical sleeve by compressing-a-mixture of pow-:
dered thoria. (thorium .oxide)-and a powdered: refractory
metal,'such as- molybdenum in a mold 'such as-shown-if:
Figs: 1 and 2 and in a manner tobe described subsequent-:

Iy. A.cylindrical sheet:metal: supportmg sleeve 18, which
may - be constructed : of : molybdenum; is - secured ‘to- the-
lower:end- of: cathode! 7! whilé a-similar suppotting sleeve

19’ is likewise secured to the upper end of: cathode 7"/
Supporting sleeves 18’ :and 19" ‘extend into-opposite ends

of: cathode::7’ ‘a short- distance -sufficient -to- provide for:-
rigid-joints between the supports:and ‘the cathodes. - The
supporting.‘sleeves may:be stamped:out-of a-thin ‘sheet -
metal blank and. bent: into. cylindrical shape. As. shown- 5
in-Fig: 11, the supporting: sleeves:may be provided-with -

a pluarality..of -longitudinal parallel: rectangular- slots: 27
equally.spaced-around the periphery-of the cylinder:: Mid-
way ‘between-adjacent palrs of rectangular slots:27-a pli-
rahty of::spaced tabs:28 is: formed :by-making three-sided 8
cuts insupport blank 19’ -and ‘bending the.sheet material-
outwardly aturight:angles-to- the:plane-of the blank; as -
shown: in:Figs..10:and=11.. Metallic-sleeve 18%1s: formed
in:the ;same; manneras:upper.sléeve19%" - As ‘shownin--
Fig.:'10; the:lower surface: of: tabg-28:of - upper: sleeve-19% 60
will:engage:the upper: end surface of cathode - 7"; - Simi-
larly;: the;upper: surfaces :of: ‘tabs- 29 of lower -sléeve 18%
will engage:the lower:-end surfacei of . the cathode. ~ Tabs-
28:and:29-aid-in posxtwmng sleeves- 19" and-18* relatlvé:
to: the -cathode- prior tojointure-and’ aid in: preventing
motionr-of the:cathode relative-to the sleeves- during the
joining-operation. . The -rectangular;slots -27: make the
endsof the supportxng sleeves: flexible to allow for the
différential expansion ‘of the.cathode and its support and.’
greatly redtice the relative movement between cathode and
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support and, consequently, the strain on the joint there-
between. It should be understood, however, that the.
rectangular slots and tabs may be eliminated and the
cathode supports 18’ and 19" made from a solid blank
of sheet metal.

A metallic bushing 23 having a shoulder portion and
preferably made of the same sheet metal stock as the
supporting sleeves, is soldered to the upper end of sleeve
19’, as shown in Fig. 9. A shallow-disk 24 is placed
inside bushing 23 with its-lower face resting on and :se-
cured to the upper face of the bushing shoulder. A
metallic conducting rod 21’ is soldered or. otherwise.fas-
tened to.the bottom of disk 24." When a proper voltage
is applied- between -support 18’ and- conducting rod :21’,
a current passes through cylindrical cathode 7’, thereby
heating the latter to the temperature of thermionic emis-
sion, If the thoria cathode sleeve is to be connected to
a cathode support of the type shown in Figs, 9 and .10,
it is obvious that, since the metallic supports are adapted
to surround the cathéde; adjacent the ends thereof,.the
molybdenum films or layers 26 and 26’ which are to be
bonded to the thoria cathode should be located .on the.
inner surface of the cathode. . This type of molded cath-
ode, as -shown in Fig. 7, is formed in the same manner as
the - cathode of Fig. 6 except that the paste comprising -
the binder and molybdenum powder is applied to the core
8 of ‘the mold, as shown at 16 and 16" in Fig. 5, rather.
than to the surfaces of the segments of the mold sleeve..
The actual connection of the thoria cathode to the.sup-
ports of Fig. 9-is accomplished in the same manner as.in |
the case of the cathode assembly of Fig. 8.

It is also feasible to mold the cathode by exertion of -
lateral pressure, as, for example, by the hydro-static’
method. A rubbér core may be used instead of a hard
core 8 so that the core is distended sidewise or.at right.
angles to the axis of the core. In.this manner, the
metalized paste may be applied over a more. limited por-.
tion of the mold and the transfer of the metalized layer.
to the thoria compact. will be more readily and definitely
accomplished.: .

While two cathode assemblies are. describéd ard illus:.
trated herein, it should be understood that, othér type:
cathode assemblies may. be included within the, scope of.
this invention. It is obviously possible.to -manufacture.
molded cathodes of various sizes, and shapes, .depending |
upon the configuration.of-the mold. Other methods:of-
molding may also be used. Furthermore, the; location .
and number of molded layers of refractory metal .may.be.
varied, depending upon-the arrangement.of and.the num-.
beér of connections to be made between cathode and cath—-
ode - supports, .

What.is claimed is:

1. A method of:manufacturing. molded .Ceramic. cath~
odes capable of being.securely joined.to .metal.supports,
comprising coating a.portion. of the .inner. periphery. of-
a mold sleeve with a thin-layer of powdered refractory-
metal suspended .in.a. binder,. inserting: in ‘said.-mold a
desired quantity of a powdered mixture containing:a large.
percentage of a ceramic capable of thermionic. emission;-
removing said:refractory ‘metal:from ‘said portion.of:said
mold sleeve and .compacting sald :powdered mxxture and:
to. thereby form.a molded,cathode into the,o_uter surfac,c
of. which .a layer; of said ;refractory: metal is:molded.:

2. A method of manufacturing molded thoria cathodes:
capable of being securely joined to metal-supports: com::
prising coating- pertions, of--a: mold: which;are: spaced-a
predetermined : distance~apart: with: a ;thin layer . of: pow-.
dered-refractory metal suspended- in-a binder; inserting:in:
said mold a desired quantity of a powdered mixture.can.:
taining a large percentage:of a ceramic:capable. of therm-.
ionic-emission; removing said- refractory:metal:from:said:
portions of said mold and compacting: said-mixture: and::
said refractory metal by:exerting: pressure:on: said; mold
thereby forming a molded-cathode-into-pertions;of whose:
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surface a layer of said refractory metal is molded, and
firing said cathode until said metal layer is firmly bonded
to said cathode.

3. A method of manufacturing molded ceramic cath-
odes capable of being securely joined to metal supports
comprising coating portions of a mold which are spaced
a predetermined distance apart with a thin layer of pow-
dered refractory metal suspended in a binder, inserting
in said mold a desired quantity of a powdered mixture
containing a large percentage of a ceramic capable of
thermionic emission, removing said refractory metal from
said portions of said mold and compacting said mixture
and said refractory metal' by exerting pressure on said
mold thereby forming a molded cathode into portions of
whose surface layers of said refractory metal are molded,
removing said cathode from said mold, and firing said
cathode at a temperature of at least 1,800 degrees C. until
said metal layers are firmiy bonded to said cathode.

4. A method of manufacturing molded ceramic cath-
odes capable of being securely joined to metal supports
comprising coating portions of a mold which are spaced a
predetermined distance apart with a thin layer of pow-
dered refractory metal suspended in a binder, inserting
in said mecld a desired quantity of a powdered mixture
containing a large percentage of a ceramic capable of
thermionic emission so that the top and bottom surfaces
of said mixture coincide with said coated portions of said
mold, removing said refractory metal from said portions
of said mold and compacting said mixture and said re-

fractory metal by exerting pressure on said mold thereby.

forming a molded cathode into which spaced layers of
said-refractory metal are molded, removing said cathode

from said mold, and firing said cathode at a temperature-

of from approximately 1,800 degrees C. to-approximately
2,300 degrees C. until said metal layers are ﬁrm]y bonded
to said cathode.

5. A method of manufacturing molded ceramic cath-
odes capable of being securely joined to metal supports
comprising coating a portion of the inner surface of a
mold sleeve with a thin layer of powdered refractory
metal suspended in a binder, inserting a core in the cir-
cular bore defined by said sleeve, inseriing a desired
quantity of a powdered mixture containing a substantial
proportion of a ceramic capable of thermionic émission in
the annular space between said sleeve and said core, com-
pacting said mixture and said refractory metal so as to
form a molded cathode into a portion of whose outer sur-
face said refractory metal layer is molded, removing said
cathode from said mold, and firing said cathode in an
oxygen-free atmosphere at a temperature of approxi-
mately 1,800 degrees C. to approximately 2,300 degrees
C. until said metal layer is firmly bonded to said cathode.

6. A method of manufacturing molded ceramic cath-
odes capable of being securely joined to metal supports
comprising coating a portion of the surface of a mold core
with a thin layer of powdered refractory metal suspended
in a binder, inserting said core in the circular bore of said
mold defined by a mold sleeve, inserting a desired quantity
of a powdered mixture containing a large percentage of a
ceramic capable of thermionic emission in the annular
space between said sleeve and said core, compacting said
mixture and said refractory metal so as to form a molded
cathode into a portion of whose inner surface said refrac-
tory metal layer is molded, removing said cathode from
said mold, and firing said cathode in an oxygen-free at-
mosphere at a temperature of approximately 1,800 degrees
C. to approximately 2,300 degrees C. until said metal
layer is firmly bonded to said cathode.

7. A method of joining molded ceramic cathodes to
metal supports comprising coating spaced portions of a
mold with a thin layer of powdered refractory metal sus-
pended in a binder, inserting a desired quantity of a
powdered mixture containing a large percentage of a
ceramic capable of thermionic emission in said mold, re-
moving said refractory metal from said portions of said
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mold and compacting said powdered mixture and said
refractory metal by exerting pressure on said mold to
thereby form a molded cathede into which spaced layers
of said refractory metal are molded, removing said cath-
ode from said mold, firing said cathode in an oxygen-free
atmosphere at a temperature of from approximately 1,800
degrees C. to approximately 2,300 degrees C. until said
metal layers are firmly bonded to said cathode, and join-
ing metallic cathode supports to said bonded metal layers
on said cathode.

8. A method of joining molded ceramic cathodes to
metal supports comprising coating portions of a mold
with a thin layer of powdered refractory metal suspended
in a binder, inserting a core in said mold, inserting a
desired quantity of a powdered mixture containing a sub-
stantial proportion of a ceramic capable of thermionic
emission in the space within the mold unoccupied by said
core, compacting said mixture and said refractory metal
so as to form a molded cathode into portions of whose
surface said refractory metal layers are molded, removing
said cathode from said mold, firing said cathode in an
oxygen-free atmosphere at a temperature of from approx-
imately 1,800 degrees C. to approximately 2,300 degrees
C. until said metal layers are firmly bonded to said cath-
ode, and joining metallic cathode supports to said bonded
metal layers on said cathode.

9. A method of joining molded thoria cathodes to
metal supports comprising coating portions of a mold
which are spaced a predetermined distance apart with a
thin layer of poWdered refractory metal suspended in a
binder, inserting in said mold.a desired quantity. of a
powdeled mixture - containing a xarge percentage of a
ceramic capable of thermionic emission so that the top
and bottom: surfaces of said mixture coincide with said
coated portions of said mold, removing said refractory .
metal ‘from said portion of said mold and compacting
said mixture and said refractory metal by exerting pres-
sure on said mold thereby forming a molded cathode into
which spaced layers of said refractory metal are molded,
removing said cathode from said mold, firing said cathode
at a temperature of from approximately 1,800 degrees
C. to approximately 2,300 degrees C. until said metal
layers are firmly bonded to said cathode, and joining a
metallic cathode support to each of said bonded metal
layers on said cathode.

10. A method of joining molded ceramic cathodes to
metal supports comprising coating a portion of a mold
with a thin layer of powdered refractory metal suspended
in a binder, inserting a core in said mold, inserting a de-
sired quantity of a powdered mixture containing a sub-
stantial proportion of a ceramic capable of thermionic
emission in the space within the mold unoccupied by
said core, compacting said mixture and said refractory
metal layer so as to form a molded cathode into which
said refractory metal layer is molded, removing said
cathode from said mold, firing said cathode in an oxygen-
free atmosphere at a temperature of from approximately
1,800 degrees C. to approximately 2,300 degrees C. un-
til said metal layer is firmly bonded te said cathode, and
sintering a metallic cathode support to said bonded metal
layer on said cathode by means of a powdered refractory
metal.

11. A method of joining molded thoria cathodes se-
curely to metal supports comprising coating a portion of
a mold with a thin layer of powdered refractory metal
suspended in a binder, inserting a core in said mold, in-
serting a desired quantity of a powdered mixture con-
taining a substantial proportion of a ceramic capable of
thermionic emission in the space within the mold un-
occupied by said core, compacting said mixture and said
refractory metal layer so as to form a molded cathode
into which said refractory metal layer is molded, re-
moving said cathode from said mold, firing said cathode
in an oxygen-free atmosphere at a temperature of from
approximately 1,800 degrees C. to approximately 2,300
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degrees. C. until said metal layer is firmly bonded to said
cathode, and soldering a metallic cathode support to

said bonded metal layer on said cathode by means of a.

solder having: a high meltmg pomt

12. A method of joining :molded ,thoria cathodes se-
curely to.molybdenum supports comprising coating por-
tions of a mold which are spaced, a predetermined distance
apart with a thin coating of powdered molybdenum; sus-

pended. in a suitable binder, inserting a.desired quantity
of a powdered mixture containing a large percentage of -

thoria in said- mold, remoying said molybdenum from
said portion of said mold and compacting said thoria

mixture and  said molybdenum by exerting pressure on-

%73

said mold ‘thereby forming a molded -thoria cathode at

both ends of which a layer of sa1d molybdenum is molded
removing said cathode from said mold, firing said cathode

at.a temperature of at least 1,800 deﬂrees C. until said_
molybdenum layers -are ﬁrmly bonded to ‘said cathode;

and sintering a molybdenum cathode. structure to each
of said ‘molybdenum layers. on said ‘cathode with
molybdenum. powder.

13. A method of manufacturing hollow cylindrical”

molded ceramic cathodes capable. of being securely joined

to metal supports comprising coating a portion of the.

periphery of a mold core with a thin layer of powdered
refractory metal suspended in a binder, inserting in said
mold a desired quantity of ‘comminuted - mixture con-
taining a large . percentage. of  ceramic capable’. of
thermionic emission, removing said refractory metal from

said portion of said mold core and compacting said com- .
minuted mixture and said refractory metal by exerting.,
pressure-on said mold to form thereby a molded cathode

into the: inner perlphery of - whlch a layer -of said re-
fractory metal is molded.

14. A 'method ' of “manufacturing molded = ceramic
cathodes capable of being securely joined. to metal sup-
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ports comprising coating a portion of a mold with a
thin layer of powdered refractory- material suspended in
a binder; inserting in said-mold a desired quantity of a
powdered mixture containing a large percentage of a
ceramic capable of thermionic emission,- removing said
refractory metal from said . portion- of said mold and
compacting ‘said ‘mixture and said refractory metal by
exerting pressure on said mold thereby forming a molded
cathode into: whose- surface ‘a layer of said refractory
metal-is molded, and firing said. cathode until said re-
fractory -metal layer is firmly bonded to said ceramic
cathode."

15.: A method of manufacturing molded ceramic ob-
jects- capable of being securely joined to metal supports
comprising coating a portion of a mold with a thin layer
of powdered refractory material suspended in a binder,
inserting in said mold a desired -quantity of comminuted
mixture containing a large-percentage of a ceramic; re-
moving said refractory metal from said mold and com-
pacting said-mixture and said refractory metal by exerting
pressure on’'said mold thereby forming a molded cathode
into portions of whose surface a stratum- of said refractory
metal -is- molded, removing said- object from said meld,
and-firing- said object -at a temperature of at least-1,800
degrees C. until said: stratum of refractory metal is firmly
bonded to said ceramic cathode.
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