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Myinvention relatesto aloys of metals having 
8 high melting point,and particularly to aloys 
of high meltingpoint Whicharesuitablefor heat 
ers,and to cathode heater8for electron discharge 
deVices? 
In the conventionalindirectly heated cathode 

havinga heatersurrounded byatubularcathode 
sleeve the heater wire is preferably wound into 
8 doubk helical coil,andmay be mounted on an 
1nSulating Core,usually of alumina?This core 
and heater whre are Sprayed With 8 Suspenslon 
of an tnsulatingmaterial,suchasfinelypowdered 
8lumina,and then baked at comparatively high 
temperatures,for example around 1600° C?Or 
higher to harden andconsolidatethe aluminainto 
8 Coherent coating and to fix the heater on the 
COre,producing8 Cathode heater Which may be 
mountedWithin the cathodesleeve? 
The ductile tungsten Wire often usedfor cath? 

0de heatersis expensive,andis Soresilient that 
the turns of8double helical Coil of tungsten Wire 
Spring out considerably When the Winding man 
drelis removed,hence the Wire must be Wound 
On the core With 8 closer pitch than the final 
pitch destred?Because of this resiliency and the 
fact that it may Vary With diferent pieces of 
Wire,the Winding pitch may have to be Varied 
from plece to piece to get the proper pitch So 
thatthecousarenoteastymadetoaccurated 
Imenstons?The tungsten Wire often shows Con? 
sdderable brittleness during Windng,8nd regu? 
larly shows brittleness 8fter the heater has been 
fired8t hightemperaturesto bake the insulation 
on the heaters,Which brittleness Seemsto be due 
to the recrystalzation of the tungsten?Since 
the tendency in Commercial prBctice is toward 
htgher and higher firtngtemperaturesto ridthe 
alumina core and insulation of impurities,the 
brittleneSS of the tungsten Wire after high tem? 
perature fring has become 8,Serious dificulty? 
It has been found that the heater Wire Of pure 
tungsten becomes So extremeybrittle afterabout 
one thousand hours of Hfe that Severe jars Wil 
often causethe wire to break,openingthe cath 
ode he8ter chrcuit and Sometimes causingshorts 
between the cathode heater and the cathode 
sleeve?Other common metals have high melting 
points,suchasmolybdenum,which haselectrical 
charactertstics SomeWhat stmilar to tungsten? 
However,the melthng point of molybdenum ls So 
much1owerthantungstenthat88tisfactory cath? 
odeheaterscannotbemadeofmoybdenum_wtre? 
An object of my invention is to provide an 

auoy which has for practical purposes the ad? 
vantages of tungsten,ts ductle and maleable, 

(CL250?275) 
Can be easly formed to destred dimenslons,and 
Which Will not become brittle When heated to 
Comparatively high temperatures or during use 
aS a Cathode heater? - 
Another objectisto provide animprovedcath? 5? 

0de heater? · 

The novelfeatures which I beleve to be char? 
8cteristic of my invention are set forth with 
particularityin the appended claims,butthe in 
vention itself wil best beunderstood byrefer-10 
ence to the folowing description taken in con? 
rection With the 8ccompanying drawing,which 
Shows a cathode aSSemblyin elevation havinga 
heater col of wire made in accordance with my 
invention and With parts broken away to show 15 
details of construction? - 
Referring to the drawing the insulating core 

10,preferably of alumina,carries a heater coil 
11of aloy wire madein accordancewith myin 
Vention and Wound into a,double helical col?20 
The turns of the Coil areinsulated by a coating 
of refractory insulation 12,preferably alumina, 
Which lsSprayed on the coiland coreintheform 
of finely powdered alumina,in suspension?The 
Sprayed aSSemblyis fred in hydrogen to a tem?25 
perature Sufüclently highto bake the insulation 
on the Coiand coreand to drive out the impur? 
ities from the insulation and core?The cathode 
heater is then positioned within the cathode 
sleeve 13 havingan emitting coating 14?During 30 
Operation of an ejectron discharge device in 
whichthe cathodeassemblymaybeincorporated, 
heat is conducted and radiated from the heater 
to the cathode seeve to raise it to operattng 
temperature? 
In 8ccordance With my invention the heater 

coil is made of Wire consisting of an aloy of 
tungsten and molybdenum,in which the molyb? 
denum predominates and for best reSults the 
molybdenum should comprise approximately80%40 
of the entire content of the aloy?While 90% 
of molybdenum and only 10% of tungsten have 
been used,an aloy of this Composition has 8 
melting point dangerously cloSe to the tempera? 
ture which the heaterattains when the cathode 45 
is aged,that is When it is heated for definite 
periods of timeat hightemperature to develop 
emission from the electron emitting coating on 
the cathode?If the aloy contains too much 
tungsten,for example over 50%,the objection- 50 
able characteristics of tungsten appear,and the 
Working of the aloy becomes difücult?The mo 
1ybdenum should Constitute at least 50% of the 
aloy?An aloy having50% tungsten and 50% 
moybdenum may be destred when a verystif &g 
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8nd strongWireis destred as for example Where 
nocoreisused,in which casethe double helcal 
coll must be 8elf supporting,When no Core ts 
Used at least 30% tungsten should be used to 
prevent deformatlon of the double helcal core, 
eSpeclally While being sprayed With tnsulathng 
material? 
The aloy may be made n the Conventional 

manner by mixing poWdered molybdenum and 
powdered tungsten such as is used in making 
non-sagtungsten wire,sugh for example as de 
scribedinthe patent to Pacz1410499,bytum 
blingthesepowdersforfromeighteento twenty 
four hours,The mixture is then Worked into 
Wire by methods Suitable for making ductile 
tungsten and described,for examplein Coolidge 
Patent 1,082.933,In generalit is pressed into 
molds and stntered at from 1000 to 1300°C, 
preferably in 8,hydrogen furnace,to provide 
Suficient strength t0 the molded matertalSOthat 
it can be easily handied,This molded bar ls 
then treated in hydrogen With 8,Current haV 
inga value of approximately90—95% of the cur 
rent necessary to fuse the material,Thds re? 
sults in a metalc bar which may be swaged 
and drawn to the deshred Shape and diameter, 
after Whichit can be Wound int08,double heli? 
cal coil Wire with e8Se, 
An alloy made in acc0rdance With my mVer”· 

tion is ductile and malleable and When drawn 
intoa wiremaintainsitsShape When Onceformed 
into a,coll and does not haVe the eXceSSive re 
siency of ductile tungsten?The dficulties due 
to brittleness of ductile tungSten in Windng and 
firlng are eiminated,AlthOugh recrystalliza? 
tion of the alloy maytake place whenit is fired 
with the alumina,insulation,brittleness is not 
introduced bythis fring?The electrical resist? 
ance between the he8ter and cathode is con? 

9,181,909 
slstently higher than when the heater8are made 
of puretungsten wtre?It ts found that n cath 
odes haylng he8ters made n accordance ?tth 
my1nventlon the hum that 188Ometlme8 pre8ent 
inindrecty heated cathode818conslderably re 
duced,and that 8,heater Wtre of molybdenum 
tungsten aloy made tn accordancewtth my tn 
Vention does not become brittle 8fter 8everak 
thousand hours of burndng,It ha88kso been 
foundthat Very88tisfactorygridWtre8fortran8 
mittingtubes can be made from an aloy made 
in accordance with my 1nventlon? - 
While I haye tndcated the preferred embod 

nents of my tnVention of Whdch ?8m now8Ware 
and h8Ve also tndcated only One Spectflcappl 
cation for which myinvention maybeemployed, 
it Wil be 8pparent that my invention ls by no 
means limited to the exact forms Illustrated or 
the useindcated,but that many Varlations may 
be made ln the partlcular structure used and 
the purpose for whlch 1t ls employed without 
departing from the scope of my invention 88 
Set forth in the appended claims? 
What I clatm as neW S? 
1,Anindrectlyheated cathode having8 cath 

ode sleeve,8 heater Within Said Sleeve includng 
8 core of inSulating matertal,8,heater Wire of 
an alloy of tungSten and molybdenum mounted 
on said core and compristng substantialy 80% 
molybdenum and 20% tungsten Sald core and 
Wire having a Coating of refractory insulathng 
material? 
2.Anindrectiyheatedcatnode havingacath 

ode sleeve,8 heater within Sald sleeve includng 
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a heater Wire of Bn alloy of tungsten and mo- 85 
lybdenum,Said molybdenum comprtslng sub 
stantially 80% of the aloy,and a coating of 
refractory insulating matertal On Sadd Wire? 

STANTON UMDBREIT. 


