


June 11,1957 L J cRoNIN 2,795,033 

w 
M 2· Zeo / CPow/ 

  

    

    

  

  

  

  

  





2,795,033 
Patented June11,1957 UnitedSatesPatentOfce 

2.795,033 
M@L?DED @ATH@?DES 

Le9 J.Cronin,Natick,Mass, asignor to Raytheon Mau 
faeturing Company,Newton,Mass.,a corporation pf 
Delaware? - 

AppicationJanuary31,1952,SerialNo.269263 
15Caims (CI.29—25.18) - 

This invention relates to a method for maufacturipg 
?olded cathodes and moreparticularlyrelatesto amethod 
forjoining molded ceramic cathodes to metal supports. 
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The present method of joining molded ceramic cath- - 
odes,Such as cathodes containinga substantial proportion 
of thoria,to metal supports involves the use of platinum 
Solder. These Soldered cathode assembliesareundesirable 
since platinum vaporizes at the cathode operating tem 
perature of high powered tubes Such as magnetrons and 
migrates over the cathode Surfaces,thereby inhibitingthe 
emission of electrons; moreover,platinum solder is very 
expensive, Other less expensive soldering aloys are un 
sajsfactory either because of theirextremely low melting 
points or because of their inability to wet the ceramic 

25 

cathode surface, Sintering ofthe metal supports directly? 
totheceramic cathodes is inefective since a refractory 
metalic powder,Such as molybdenum powder,alone will 
not adhere firmlyto the ceramic cathode. - 

In accordance with the present invention,the inside of 
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the moldin which the cathode isto be formedis coated? withathinlayerofapowderedrefractorymetalsuspended 
in a Suitable binder. This coating is so applied to the 
mold that afterthe compacting operation it will be lo 
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2 
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,4is a fragmentary view of a portion of a coated 

sleeve segment of the mold shown in Figs.1—3; - 
Fig,5isaview Similarto Fig.3 illustrating the manner 

inwhich the mold coreiscoated; 
Fig,6is a Section view illustrating one type of molded 

cathode; - 

Fig,7 is a Section view illustrating a Second type of 
molded cathode; 
Fig,8is a transverse Section view of one modification 

of a cathode assembly; 
Fig,9is a fragmentary longitudinal Section View of a 

Second modification of a cathode assembly; 
Fig,10 is a partial vertical Section showing the details 

of Fig,9;and - * - 

Fig,11 isa development of one of the sheet metal Sup 
ports Shown inthe aSSembly of Fig,9, - 

Referring now to Figs,1 and 2,a representative mold 
is Shownforproducing moided ceramic cathodes. Amold, 
generalyindicatedbythereferencenumeral1,restsupon 
a fixed Support2 andincludes a cylindrical body 3 pro 
videdwithatapered bore 4throughwhich 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 thesleeve 14, here Shown as three in 
number,are assembled and fitted into bore 4ünder pres 
sure and the Sectional sleeve defines a cylindrical bore 6. 
A tubular bushing 9 is mounted on the lowef end of the 
core 8 and said bushingand coreareinseftedinto bore 6.° 
The annular space between the outer Surface of core 8and" 
bore 6isfilledwithadesired quantity ofpowdered ceramic 
material 7 capable of substantial thermionic emission, 
which may comprise for example a mixture of Seyenty 
fivepercentpowdered thoriaand twenty-five percent pow 

catedintheform ofathinfilm orlayeradjacenteachend 
of the cathode at the proper distances from the active 

40? portion in the center. The ceramic compactis then re 
moved from the mold and fired in a furnace containing 
a non-oxidizingatmosphere ata temperature in the range 
ofapproximately1,800 degrees C.to2.300degrees C,for 
about one-half hour,Atthe conclusion of the firing,the 
refractory metalflm becomes bonded tenaciously to the 
thoria compact After machiningthese cathodes to size, 
they may be joined to metalic cathode supports which 
may or may not be of the Same refractory metal as the 
metalic film or layer on the cathode. By molding the 
molybdenum powderinto the body ofthe cathode in the 
manner just described,the cathodes may be firmly and 
economically joined to the metalic 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 Sürface 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. 

Stilanother object of thisinventionistoproduce a ce 
ramiccathode which may bereadilyandfirmlyjoined to 
metal cathode Supports by a conventional Soldering or 
sintering operation. * 

Other and further advantages of thisinvention will be, 
understoodfrom the folowingexempifications ofthein 
vention,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 

inFig,1takenalongline A?A of Fig,1; 
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described later, - 

dered molybdenum. Bushings10 and 11 arenext placed 
overcore8andaram?2positionedabovecore 8as shown 
in Fig,1,Apressure ofabout200000pounds per square 
inchisapplied tothe uppersurface ofram12so that the 
mixture 7betweenbushings 9and10is compacted After 
removingthe sleeve 14 from the mold body 3,the sleeve 
is disassembled and the molded_cylinder 7 formed from 
thecompactedpowderedmixtureisremoved. Themolded, 
cyinder must then be heat treated in a manner to be 

In Fig 3 a sectional view of the mold of Fig,1 is 
shown with certain parts remoyed 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 nitrocelulose in amyl acetate is appied to the 
surface 6of sleeve segments5,asshownin Figs.3and4? 
The three sleeve Segments are assembled,the bushing 9 
placed overcore8 and the bushingand core insertedinto 
bore 6,The powdered mixture containing thoria is 
pouredinto 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 
rnaterial being molded,The portion of the cathode Sur 
face covered by the molybdenum film or coatingshould 
be large enough to provide satisfactory connections for 
the cathode Support but not so large as to materialy 
afect 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 and4,After 
the pressure operation is completed,layers or flms25 
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.fromthemoldxis next fred togive it 
mechanical strength.and electrical.conductance. The. 
Compacted cathode 7isplacedina furnace containingan 
atmosphere of hydrogen oran-atmosphere whichis non 
9xidizingn characterand-heatedatapproximately-1.800 ? 
degrees:Caboutone-haifhouri-A?temperaturerange. 
offrom about:1,800 degreesC?to2,300 degrees.C.mayg, 
berused forsatisfactory.results. The binder.is driven 
of during heatingand themolybdenumslayers25 and? 
25?become:firmly molded.intotheibodyof the thoria 
cathode 7 at the ends thereofatatheconchusion ofthe 
firing.These.layers25and25?being:ofmetalic mate 
rial,make possible the satisfactoryjointure of saidscath-? 
odetorametalic Supportattheregionoccupied bysaid 
1ayer. ? 

Oneformiof-directlyheatedicathodeassemblyinclud 
ing the molded cathode of Fig.6isshownin Fig 8and? 
comprisesa cathode.assembly,generaly.indicated by 
numeral 20,which includesan:electron-emissive cathode 
intheform ofthemoldedcylindricalsleeve7andadapted 
to be Supported betweenan outertubularelectricaly con 
ductingmember 18, madeof a refractory electricaly 
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conductive material,such asmolybdenum,anda cap or, 
Support 19,preferably made of the same materialas 
Support member 18. An inner conductingrod,21, 
mounted coaxial with outerconductor18and cathode 7, 
*.threadedat_9neend22to receive conductingcap 19. The supports18and19are shoulderedtosupportéath 
ode 7. Whena suitable voltageis applied betweencon 
ductors 18and 21,the current passing through.cathode? 
7 heats the latter to thetemperature of thermionic emis 
S?01, 
The portions25and25°ofthe cathode7maybecon 

nected Securelyto cathode supports 19and 18,respec 
tivelyeitherbysinteringwitharefractory metalpowder, 
sugh as molybdenum powder or bysoldering with a 
Solderhavinga high meltingpoint,suchasiridium and 
rhodium? - 

A second example ofa directy heated-cathode,as 
Sembly,particularlysuitableforelectron dischargedevices 
ofthe magnetron type,isshownin Fig.9 An.electron 
emissive cathode7"is preferablyconstructedintheform? 
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9fasylindricalsleeve bycompressinga mixture ofpow 
metal.suchasmolybdenum;inamoldsuchasshownin? 
Figs.1and2andinamannertobe describedsubsequent 
1y Acyindricalsheetmetalsupportingsleeve18?Which 
maybeconstructedofmolybdenum,issecured tothe 
19werend ofcathode7"whileasimilarsupportingsleeve 
19°is lkewse secured to the upper end ofcathode7"? Supportingsleeves18°and-19"extendintoopposite ends 
ofgathode?"ashort-distancesuficienttoprovidefor? 
rigidjointsbetween-thesupportsandthecathodes The 
suppgrtng_sleeves maybe stampedoutof athinsheet 
?netal blankand bentintocyindrical-shape,Asshown, 
in Fig 11,the supporting sleevesmay be?rovidedwith, 
a pluralityof longitudinal parallelrectangularslots27 
equalyspacedaroundtheperipheryofthecyinder Mid 
wybetweenadjacentpairs ofrectangularslots27aplu 

dered thoria(thorium oxide).andapowdered *fractory - 

ralityofspacedtabs28 isformedbymakingthree-sided? 
cutsinsupportblank19"andbendingthesheetmaterial… 
outwardy_atrightanglesto theglane-of the blank,as, 
showninFigs.10and11. Metalicsleeve18?isformed 
*thersamemannerasuppersleeve19* Asshownin? 
Fig10 thelowersurfaceoftabs28ofuppersleeve19" 
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wi?:engagethe upperendsurface ofcathöde7 Simi 
ladytheuppersurfacesoftabs29oflowersleeve18" 
wilengagethelowerendsurfacerofthecathode Tabs 
2$and29aidin positioningsleeves-19*and-18?relative, 
to*ecathode-prior tojointureand aidin preventing 
mgtonof thecathoderelative-to the sleevesáuringthé joiningoperation. Therectangularsiots27 make the 
endsof the-supporting-sleeves fexibleto alow forthe 
diferentia expansionofthecathodeanditssupportand 
greatyreducetherelativemovementbetweencahodeand, 
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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 
ofsheet 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 upperend of sleeve 
19,as shown in Fig.9, Ashalow disk 24is placed 
inside bushing23 with its lower face resting on and se-? 
cured to the upper face of the bushing shoulder,A 
metallic conducting rod 21"is soldered orotherwise.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 isto be connected to 
a cathode support of thetype shown in Figs.9 and.10, 
itis obvious that,since the metalic supports areadapted. 
to Surround the cathode adjacent the ends thereof the 
molybdenum flms orlayers26and26°which are to be 
bonded to the thoria cathode should be located on fhe? 
inner surface of the cathode. Thistype of molded cath 
ode,asshown in Fig,7,is formedin the same manner as 
the cathode of Fig,6 except that the paste comprising. 
the binderand molybdenumpowderisapplied tothecore 
8 ofthe 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 thesup 
ports ofFig.9isaccomplishedinthe same mannerasin, 
the case ofthecathodeassembly ofFig.8. 

It is also feasibleto moldthe cathode by exertionof 
lateral pressure,as,for example,by the hydro-static 
method. A rubber core may be used instead of a hard, 
core 8 So that the core is distended sidewise oratright 
angles to the axis of the core,In,this manner,the 
metalized paste may be applied over a morelimited por 
tion of the mold and the transfer of the metalized 1ayer 
to the thoria compactwil be more readilyand defnitely 
accomplished. 
Whiletwo cathode assembiesare described andilus 

trated herein,it should be understood that other type 
cathode assemblies may beincluded withinthescope of 
this invention. It is obviously possibleto manufacture 
molded cathodes ofvarious sizes and shapes,depending, 
upon the configuration.of-the mold. Othermefhods.of 
molding mayalso be used Furthermore,thelocation? 
and number ofmolded layers ofrefractorymetal.maybe 
varied,depending.upon-the arrangementofand thenum? 
berofconnectionsto be made between cathodeand cath 
ode-Supports.. - 

What.isciaimed is: - 

1·Amethod ofmanufacturing molded.ceramic cath 
odes capable of being Securelyjoined to metalesupports, 
comprising coating a portion of theinner periphery of 
a mold sleeve with a thin layer of powdered refractory 
metal Suspended in-a-binder,insertingin:saidamolda 
desired quantity ofapowdered mixturecontainingalarge 
percentage of a ceramic capable of thermionigemission?: 
removing Said refractory metalfrom said portionof:said 
mold Sleeve and compactingsaidpowderedmixture and 
Said refractory metal.byexertingpressureonsaid.mold, 
to therebyforma moldedcathode into theoutersurface 
of whicha layer of saidrefractorymetalismolded. 
2,Amethod of manufacturingmolded thoria cathodes: 

capable of being Secureyjoined to metalsupportscom? 
Prising coating-portions ofa mold whicharespaceda 
Predetermined distanceapart with athin layerofpow 
dered refractory metal suspendedinabinder,insertingin, 
Said molda desired quantity ofapowdered mixture Cone, 
tainingalarge percentageofaceramiccapable oftherm 
ionicemission remoying Said refractorymetalfromsaida 
portions of Said mold and compactingsaidmixtureand 
Said refractory metal byexertingpressureonsaidmold 
therebyforminga moldedcathodeintoporionsofwhoser 
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surface a layer of said refractory metal is molded,and 
firing Said cathode until Said metallayeris 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 metalfrom 
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 
cathodeat a temperature ofatleast 1,800 degrees C. until 
Said metallayers are firmiy bonded to Said cathode. 

4. A method of manufacturing molded ceramic cath 
odes capable of being Securely joined to metal Supports 
comprising coatingportions ofa 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 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 
offrom approximately1,800 degrees C.to approximately 
2,300 degrees C,until Said metal layers are firmly 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 sleeye,inserting a desired 
quantity of a powdered mixture containing a Substantial 
proportion ofa ceramic capable ofthermionic emissionin 
the annular Space betWeen Said sleeve and Said core,com 
pacting Said mixture and Said refractory metal so as to 
forma molded cathodeinto aportion ofwhose outersur 
face Said refractory metal layeris molded,removing said 
cathode from Said mold,and firing Said cathode in an 
oxygen-free atmosphere at a temperature of approxi 
mately1,800 degrees C,to approximately 2,300 degrees 
C. until Said metal layeris firmly bonded to Said cathode. 

6. A method of manufacturing molded ceramic cath 
odes capable of being Securely joined to metal supports 
comprisingcoatingaportion ofthe Surface of a mold core 
with a thin layer of powdered refractory metal Suspended 
in a binder,inserting Said corein the circular bore of Said 
mold defined bya moldsleeve,insertinga 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 aSto form a molded 
cathode into a portion of Whose inner Surface Said refrac 
tory metal layeris molded,remoying Said cathode from 
said mold,and firing Said cathode in an oxygen-free at 
mosphereatatemperature ofapproximately1,800 degrees 
C. to approximately 2,300 degrees C. until Said metal 
1ayeris 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,Te 
moving Said refractory metal from Said portions of Said 
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- 6 
mold and compacting Said powdered mixture and said 
refractory metal by exerting preSSure on Said mold to 
thereby form a molded cathode into which spaced layers 
of Said refractory metal are molded,removingsaid cath 
ode from Said mold,firing Said cathode in an oxygen-free 
atmosphereatatemperature offrom approximately1,800 
degrees C. to approximately 2,300 degrees C. until said 
metal layers are firmly bonded to Said cathode,andjoin 
ing metalic cathode Supports to Said bonded metallayers 
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 offrom approx 
imately1,800 degrees C. to approximately2,300 degrees 
C. until Said metal layers are firmly bonded to said cath 
ode,andjoining metalic 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 apartwith a 
thin layer of powdered refractory metal Suspended in a 
binder,insertingin Said mold.a desired quantity of a 
powdered mixture-containing a iarge 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 forminga molded cathcdeinto 
which Spaced layers of Said refractory metalare molded, 
removing Said cathode from Said mold,firingsaid cathode 
at a temperature of from approximately 1,800 degrees 
C,to approximately 2,300 degrees C,until said metal 
1ayers are firmly bonded to said cathode,and joining a 
metalic cathode Support to each of Said bonded metal 
layers on Said cathode. 

10. A method ofjoining molded ceramic cathodes to 
metal Supports comprising coating a portion of a mold 
with a thin layer ofpowdered refractory metal suspended 
ina binder,insertinga core in said mold,insertinga de 
sired quantity of a powdered mixture containing a sub 
Stantial proportion of a ceramic capable of thermionic 
enission 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 cathodeinan oxygen 
free atmosphere at a temperature offrom approximately 
1,800 degrees C. to approximately 2,300 degrees C,un 
til Said metal layeris firmly bonded to said cathode,and 
Sinteringa metalic cathode support to said bonded metal 
? on Said cathode by means ofapowdered refractory 
metal. 

11. A method of joining molded thoria cathodes se 
curely to metal Supports comprising coatingaportion 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,compactingsaid 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,firingsaid cathode 
in an Oxygen-free atmosphere at a temperature of from 
approximatey 1800 degrees C to approximatey2300 
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degrees C. until said metal iayerisfirmly bonded to said 
cathode, and Soldering a metalic cathode Support to 
said bonded metal layer on said cathode by means of a? 
Solder having a high melting point. 
12.A method of joining molded thoria cathodes se 

curelyto.molybdenum supports comprising coating por 
tions ofamold whicharespacedapredetermined distance 
apart with a thin coating of.powdered molybdenum sus 
pendedin 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 andsaid molybdenum by exerting pressure on, 
Said mold thereby forming a moldedthoria cathode at 
bothendsofwhichalayer ofsaidmolybdenumismolded, 
removingsaid cathode from said mold,firing Said cathode 
ata temperature of atleast 1,800 degrees 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 cyindrical 
molded ceramic cathodescapableof beingsecurelyjoined 
to metal Supports comprising coating a portion of the 
periphery of a mold core with a thin1ayer of powdered 
refractory metal suspendedin a binder,insertingin said 
mold a desired quantity of comminuted mixture con 
taining a large percentage of ceramic capable of 
thermionic emission,removingsaid refractory metalfrom 
Said portion of Said mold core and compactingsaid com 
minuted mixture and Said refractory metal by exerting? 
pressure on said moldto form thereby a molded cathode 
into the inner periphery of.which a layer of said re 
fractory metalis molded. 
14,A method of manufacturing molded ceramic 

cathodes capable of beingsecurelyjoined 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 metai,from said portion of said mold and 
compacting Said mixture and said refractory metal by 
exertingpressureon Said mold therebyforminga molded 
cathode into whose Surface a layer of Said refractory 
metal is molded,and firing Said cathode until Said re 
fractOry metal,1ayer is firnly bonded to Said ceramic 
cathode. 
15 A method of manufacturing moided ceramic ob 

jects capable of beingsecurely joined to metal supports 
comprising coatinga portion of a moldwith a thin 1ayer 
of powdered refractory material suspended in a binder, 
insertingin Said mold a desired quantity of comminuted 
mixture containing a large-percentage of a ceramic,re 
moving Said refractory metal from Said mold andcom 
pacting Saidmixtureandsaid refractory metal by exerting 
pressure on Saidmoldtherebyforminga molded cathode 
into portions ofwhose Surfacea stratum ofSaidrefractory 
metalis molded removing Said objectfrom said mold, 
and firing Said objectat a temperature of at least-1,800 
degrees C untilsaidstratum ofrefractory metalisfirmly 
bonded to Said ceramic cathode, 
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