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coating of the kind normally applied to a ?lamentary 
heater wire for use in an indirectly heated thermionic 
cathode of an electron discharge device. 

crack with the result that electrical short circuits develop 

broken away having an electrically insulating heat con 

includes a metal tube 12 of nickel or the like having a 

‘The heating ?lament comprises a high resistance elec 
trically conducting wire 15, such as tungsten, shaped into 
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This invention relates to indirectly heated cathodes 
and, particularly, to an improved electrically insulating 

A conventional indirectly heated ‘thermionic cathode 
comprises a metallic cathode sleeve having an electron 

E. 
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emissive coating on its outer surface and a coiled heater 1.3 
wire disposed within the metallic sleeve and adapted to 
heat the cathode to a temperature sufficiently high to 
cause the coating to emit electrons. 
The heater wire in a conventional tube is coated with 

an electrically insulating material, such as aluminum 20 
oxide, to electrically insulate the turns of the heater wire 
from the cathode and from other turns of the heater. 
Heater wires are subject to the criticism that the elec 
trically insulating coating will frequently chip and/or 

between the turns of the wire or between the heater Wire 
and the cathode. In addition, the heater wire often sags 
and, if the sagging is severe enough, the cathode will not 
be heated uniformly, or heated to the desired tempera 
ture, since the relative spacing between areas‘ of the cath 
ode and the heater will be varied. 
Furthermoreone or" the factors determining the useful 

life of an electron tube is the length of time during which 
the heating ?lament is capable of maintaining the desired 
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temperature of the cathode. 3'5 
The present invention is concerned with an improved 

coating for a ?lamentary heater wire, particularly for use 
in an indirectly heated type of cathode, characterized in 
its improved e?iciency, decreased sagging and longer life. 

In brief, according to the invention, a ?lamentary heat‘ 
er Wire for use in an indirectly heated cathode is provided 
with an electrically insulating, heat conducting coating 
including aluminum oxide or boron oxide and a combi~ ' 
nation of at least two of the oxides of the transition ele 
ments of the periodic chart. The transition elements of 
the periodic chart, in accordance with this invention, con 
sist of titanium, vanadium, chromium, manganese, iron, 
cobalt, nickel, zirconium, molybdenum, rhodium, tung 
stem, and tantalum. The electrically insulating coating 
is applied by cataphoresis from a solution including alu~ 
minum oxide or boron oxide and the other selected ma 
terials. 

In the single sheet of drawings, the single ?gure is a 
sectional view of a cathode and heater ?lament, ‘partially 

ducting coating thereon in accordance with this invention. 
Referring in detail to the drawings, the single ?gure is 

a sectional view of an indirectly heated cathode 10 which 

closed end 13 which is suitably coated with electron 
emissive material (not shown) such as ‘barium oxide and/ 
or strontium oxide. A heating ?lament, or wire, 14 of 
any suitable ‘form is disposed within the metal tube 12. 
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used in this invention, includes elements selected from 
the group consisting of the materials of titanium, vana 
dium, chromium, manganese, iron, cobalt, nickel, zir 
conium, molybdenum, rhodium, tungsten and tantalum. 
The novel electrically insulating material 16 may be ap 
plied to the heating ?lament by any conventional means. 
An example of a composition of the coating 16, ac 

cording to this invention, which may be coated on a heater 
wire by a cataphoretic coating process, includes the fol 
lowing materials in weight percent: 

Percent 
Aluminum oxide ______ __‘ ___________________ __ 4-3.6 

Aluminum nitrate __________________________ _._ 0.9 

Magnesium nitrate __________________________ __ 0.9 

Demineralized water ___________________ __-______ 27.8 

Ethyl alcohol ______________________________ .__ 24.0 

Chromic oxide _____________________________ __ 1.4 
Titanium dioxide ___________ _'_ ______________ __ 1.4‘ 

The chromic oxide and titanium dioxide both may be 
provided in an amount within the approximate range of 
about 0.7 weight percent to about 1.4 weight percent. 
Other materials which may be provided, examples of 
which will subsequently be given, may be selected from 
the oxides of the transition elements of the periodic 
chart, as de?ned in this invention, and any combinations 
of two or more of these materials may be used. ' > 

The other components may be varied also; namely, 
aluminum nitrate and magnesium nitrate. Other alcohols, 
such methanol, propanol or ethylene glycol may also be 
employed. ’ ' 

At percentages below about 0.7 weight percent of the 
oxides of the transition elements, it has been found that 
the strength of the coating decreases. Also, at percentages 
greater than about 3.0 weight percent of these oxides, it 
has been found that electrical leakage through the coating 
occurs- Therefore, the range of each of the two oxides of‘v 
the transition elements, in accordance with this invention, 
is from approximately 0.7 weight percent to approximate 
1y 3.0 weight percent. _ 
The coating composition is prepared most satisfactorily 

by ?rst mixing together the demineral-ized water and de 
natured alcohol with the ‘magnesium nitrate and aluminum 
nitrate. The respective oxides are then added and the 
?nal mixture thus prepared is thoroughly blended ‘by ball" 
milling several hours. ~ 

In the cataphoretic coating operation of the heater 
I wire 15, the heater wire to be coated is inserted into a 
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the desired form and coated with a layer of electrically 7' 
insulating thermal conducting material 16. According 
to the invention, the material 16 includes aluminum oxide 
or boron oxide and a combination of two or more ma 
terials selected from the oxides of the transition elements 
of the periodic chart. The term transition elements, as 

70 

coating bath which is held in a suitable container. 
A stainless steel electrode is connected to the positive 

terminal of a variable source (not shown) of direct‘electric" 
current with the heater wire 15 connected to the negative 
terminal. During the coating process, the coating bath 
may be stirred mechanically or by hand to maintain uni 
formity of the solution throughout the bath and to pre 
vent settling out of the oxides. The stirring operation is 
carried out carefully to prevent excessive turbulence in 
the coating bath. ' 

With an applied voltage of about 85 to 100 volts. a 
suitable coating of the oxides having a thickness of the 
order of 6 mils may be provided in about 7 seconds. 
After the heater has been coated, it is washed in acetone 
to remove excess coating and then dried in clean air. 
Next, the coated heater is placed in a molybdenum boat, 
which has previously been coated with aluminum oxide 
to, prevent contamination of the heater coating 16, and 
?red at a temperature within the approximate range of 
about 1375” C. to about 1825° C. The speci?c exam 
ple given above was ?red at about 1650° C. for about 3 
to 5 minutes in a hydrogen atmosphere. The ?ring op 
eration sinters the coating to the ?lament or heater wireQ 
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Other examples of successfully constructed and op 
erated coatings are as follows: i - 

Example 2.~Aluminurn oxide 47.5%, methanol 
49.5%, chromic oxide 1.3%, titanium dioxide 1.3%, 
magnesium nitrate 0.4%. 

Example 3.-+Aluminum oxide 47.0%, methanol 
49.4%, zirconium dioxide 2.0%,vchromic oxide 1.2%, 
magnesium nitrate 0.4%. 

Example ,4.-~Aluminum oxide 47.4%, methanol 
49.5%, vanadium pentoxide 1.4%, titanium oxide 1.3%, 
magnesium nitrate 0.4%. . ‘ 

Example 5..-.-.-Aluminum oxide 47.01%, methanol 
49.0%, zirconium dioxide 2.0%, vanadium pentoxide 
1.6%, magnesium nitrate 0.4%. 7 
Example 6.—-Aluminum oxide 47.7%, methanol 

50.0%, titanium dioxide 1.2%, manganese dioxide 0.7%, 
magnesium nitrate 04% 

47.6% , methanol 

49.4%, zirconium dioxide 1.9%, manga ese dioxide’ 
0.7%, magnesium nitrate 0.4%. 
Example 8.—Alurninurn oxide 47.7%,‘ methanol 

49.5%,cobalt oxalate 1.2%, titanium dioxide 1.2%, mag 
nesium nitrate 0.4%. 

Example 9.-Aluminum oxide 47.2%, methanol 
49.3%, zirconium dioxide 1.9%, cobalt oxalate 1.2%, ‘ 
magnesium nitrate 0.4%. 7 
Example ]0.—Aluminum oxide 46.5%, methanol 

48.5%, water 2.0%, cohaltic oxide 1.4%, titanium di 
oxide 1.2%, magnesium nitrate 0.4%. 

Examplev 11 .-4Aluminum oxide 46.4%, methanol 
48.0%, Water 2.0%, zirconium dioxide 1.8%, cobaltic 
oxide 1.4%, magnesium nitrate 0.4%. 
Example 12.—,—.Aluminum oxide 46.9%, methanol 

48.5%, water 2.0%, titanium dioxide 1.4%, nic‘kelic ox 
ide 0.8%, magnesium nitrate 0.4%. 
Example 13.—.-Aluminum oxide 46.5%, methanol 

48.5%, water 2.0%, zirconium dioxide 1.8%, nickelic 
oxide 0.8% , magnesium nitrate 0.4%. _ 
Example 14,-Boric acid 48.2%, methanol 49.5%, 

manganese dioxide 0.7%, magnesium nitrate 0.4%, ti- - 
tanium dioxide 1.2%. I 

Example ‘Her-Aluminum oxide 45.2%, methanol 
' 47.5%, water 3.9%, zirconium dioxide 2.0%, nickelic 
oxide 1.2%, magnesium nitrate 0.2%. 
Example ]6.—Aluminum oxide 45.2%, methanol 

47.5%, water 3.9%, tungstic acid 2.0%, titanium diox 
ide 1.2%, magnesium nitrate 0.2%. 

Example 17.~—Aluminum oxide 448%, methanol 
47.2%, water 3.9%, tungstic acid 2.0%, zirconium di 
oxide 1.9%, magnesium nitrate 0.2%. 
,Example 18.-~Aluminum oxide 45.2%, methanol 

47.5%, water 3.9%, tungstic oxide 2.0%, titanium di 
oxide 1.2%, magnesium nitrate 0.2%. 
Example 19.——A_luminurn oxide 45.0%, methanol 

7 47.3%, water 3.9%, zirconium dioxide 2.0%, tungstic 
oxide 1.6%, magnesium nitrate 0.2%. _ 
Example 2_0.—Aluminum oxide 45.0%, methanol 

47.2%, water 4.5%, molybdenum dioxide 1.9%, titani 
um dioxide 1.2%, magnesium nitrate 0.2%. 
‘Example 21.—Aluminum oxide 45.6%, methanol 

48.0%, water 4.0%, iron oxide 1.1%, titanium dioxide 
1.1%, magnesium nitrate 0.2%. . 
Example 22.——-Aluminum oxide 45.2%, methanol 

47.6%, water 3.9%, ‘zirconium dioxide 1.8%, iron oxide 
1.3%, magnesium nitrate 0.2%. 
Example 23.~.—Aluminum oxide 47.2%, methanol 

48.8%, molybdenum sesquioxide-nickelic oxide 2.3%, 
titanium dioxide 1.3%, magnesium nitrate 0.4%. 
A heater wire coated as described above is provided 

with a strong chip-proof adherent coating possessing high 
resistance to crushing. Thus, the heaters may be han 
dled without fear of breaking the coating during assem 
bly and service of an electron tube. In ‘fact, when the 
heater wire is in the form of a coil, it may be extended 
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somewhat or uncoiled appreciably without breaking away 
the sintered insulating coating. 
An important additional advantage is that heaters 

coated according to this invention are practically com 
pletely resistant to sagging during operation of the tube. 
An auxiliary advantage of this invention is that a cata 
phoretic coating including chromic oxide and titanium 
dioxide heats the cathode more ef?ciently at lower heat 
er temperature because ofv the dark-color, grey-black, 
and consequent higher emissivity of the coating. Also, 
the color difference produced by using the diilerent ex 
amples of the electrically insulating coating affords .a 
means of cataloging the heaters as to size, resistance, 
power ratings or the like. ' 

What is claimed is: ' 
1. A subassembly for an electron discharge device 

comprising an electron emissive cathode, a heater for said 
cathode comprising a conductive means having an elec 
trically insulating coating thereon, said insulating coating 
including a material selected from the ‘group consisting of 
aluminum oxide and boron oxide, said insulating coating 
further including oxides of at least two different materials. 
selected from the group of materials consisting of titani- ' 
um, vanadium, chromium, manganese, iron, cobalt, nickel, 
zirconium, molybdenum, rhodium,.tungsten and tantalum, 
and each of said at least two oxides being present ‘in an 
amount within the range of substantially 0.7 weight per 
cent to substantially 3.0 weight percent. 

2. A coating material for a heater wire comprising 
aluminum oxide and at least two other oxides selected 
from the transition elements of the periodic chart, and 
each of said two other oxides being present in an amount 
Within the range of substantially 0.7 weight percent to 
substantially 3.0 weight percent. ‘ 

3. A heater wire having an electrically insulating ther 
mal conducting coating thereon, said coating comprising, 
in weight percent approximately 45.0 to 46.9 percent 
aluminum oxide, 47.2 to 48.5 percent alcohol, 0.2 to 0.4 ' 0 
percent magnesium nitrate, 2 to 4.5 percent water, and 
0.8 to 2.0 percent oxides of two materials selected from 

x the group consisting of cObaIL't-itanium, zirconium, nickel, 
tungsten, molybdenum, and iron. 

4. A heater comprising a wire, a coating composition 
on said wire, said composition comprising approximately 
47.2 weight percent aluminum oxide, approximately 48.8 ' 
weight percent methanol, ‘approximately 2.3 weight per-‘ 
cent molybdenum sesquioxide-nickelic oxide, approxi 
mately 1.3 weight percent titanium dioxide, and approxi 
mately 0.4 weight percent magnesium nitrate. 

5. A heater comprising a wire, a-coat-ing composition 
on said wire, said [composition comprising ‘approximately 
47.5 weight percent aluminum oxide, approximately 49.5 
weight percent methanol, approximately 1.3 weight per 

- cent chromic oxide, approximately ‘1.3 weight percent 
titanium dioxide, and approximately 0.4 weight percent ‘ 
magnesium nitrate. 

6. A heater comprising a wire, a coating composition 
on said wire, said composition comprising approximately 
45.6 weight percent aluminum oxide, approximately 48,0 1 
weight percent methanol, approximately 4.0 weight per 
cent water, approximately 1.1 weight percent iron oxide, 
approximately 1.1 weight percent titanium dioxide, and 
approximately 0.2 weight percent magnesium nitrate. 

7. A heater comprising a wire, a coating composition 
on said wire, said composition comprising approximately 
45.0 weight percent aluminum oxide, approximately 47 .3 
weight percent methanol, approximately 3.9 weight per~ 
cent water, approximately 2.0 weight percent zirconium' 
dioxide, approximately 1.6 Weight percent tungstic oxide, 
and approximately 0.2 weight percent magnesium nitrate. 

8. A heater comprising a wire, a coating composition 
on‘ said wire, said composition comprising approximately 
47.7 weight percent aluminum oxide, approximately 50.0 
weight percent methanol, approximately 1.2 weight per~ 
cent titanium dioxide, approximately 0.7 weight percent 

new-“M. it. 
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manganese dioxide, and approximately 0.4 weight percent 
magnesium nitrate. - g . 

9. A heater comprising a wire, a coating composition 
on said wire, said composition comprising approximately 
47.018 47.7 weight percent aluminum oxide, approxi 
mately 48.8 to 50.0 weight percent alcohol, approximately 
.4 weight percent magnesium nitrate and the balance be 
ing oxides of two materials selected from the group con 
sisting of chromium, titanium, zirconium, vanadium, man 
ganese, cobalt, molybdenum and nickel. 

10. A heater comprising a wire, a coating composition 
on said wire, said composition comprising approximately 
44.8 to 47.7 weight percent of a material selected from 
the group consisting of aluminum oxide and boron oxide, 
approximately 47.2 to 50.0. weight percent alcohol, ap 
proximately .2 to .4 weight percent magnesium nitrate, 
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approximately .7 to 2.3 weight percent each of the oxides 
of two different materials selected from the group con 

. sisting of chromium, titanium, zirconium, vanadium, man 
ganese, cobalt, nickel, tungsten and’ molybdenum, and the 
balance water. 
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