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This invention relates to heater elements
and methods of making heater elements for
indirectly heating cathodes in electron emis-
sion tubes. An O%j ect of this invention is the

rovision of a heater element that will afford

ong life and a high degree of thermal con-
duction and radiation to the cathode heater
elements in electron emission tubes operating
from an alternating current circuit.

The problem of suitable insulation for the
member used for indirectly heating cathodes
in electron emission tubes involves several
important factors; they are, the vapor pres-

sure of the coating, which should be a mini-

mum, so as not to affect the pure electron dis-
charge from the cathode surface; the thermal
conductivity of the insulation, which should
be as high as possible to maintain at a mini-
mum the temperature gradient between the
base heater surface and the exterior radiat-
ing or contacting surface; the thermal emis-
sivity of the insulation which should be
high in order to obtain maximum radiation;
and the insulation resistance which should
be as high as practicable, especially at the
maximum operating temperatures. The in-
sulation element should be of uniform thick-
ness and should be closely and firmly adher-
ent to the heater base.

Employed in the devices of the prior art to
insulate the heater element from the cathode,
an insulating tube or other rigid body is used,
having spaces provided in it through which
the heater wire is extended. In practice this
has been usually in the form of a quartz or
porcelain tube having bores of small cross
section extending through it, for containing
the heater wire of such refractory material
as tungsten. The inherent drawback to this
type of heater is that as the current is ini-
tially applied there is an excessive current
flow, due to the contact of the heater wire
with this relatively large mass of the insulat-
ing body; and as the wire contacts with the
insulating member only in spots, those parts
of the heater wire not so in contact are ex-
cessively heated, causing rapid deteriora-
tion.

By the terms of my invention a heater ele-
ment, preferably flexible, with an electrical
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insulation of the desired properties is em-
ployed, by which the heat is uniformly dis- -
tributed over its length to the cathode; this
insures a long life for that member. - The
heater or resistance wire, such as tungsten,
is coated with a layer of finely powdered alu-

minum oxide that has previously been cal-:
cined and mixed with a small percentage of -
SOdilliﬂ s;"iicate. ‘When this material is prop-
erly dried on the wire it is heated in a_re-
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ducing atmosphere to about 1000° C., all of -
The unaeswag?e‘”“ binder material Bl then.’

volatilized, and the aluminum oxide form-
ing a crystalline layer of corundum. The:
‘resultant crystalline laye™ Snows a high

“thermal conductivity and electrical insula-:

tion, "A comglete reaction between_the so- .
dium _silica n e aluminum ox1

AT0; 3 of Mmperians o obtEn the
proper crystalline form and surface adhe-
sion.. I have found:that amorphous alumi-
num oxide or fused aluminuim oxide, such as
~aluniduim, does not have the proper composi-
fion, afid especially it does not adhere suffi-
ciently to the base to withstand vibration or
thermo-mechanical action. ‘

The coating is preferably prepared by
grinding the calcined aluminum oxide with
a sodium sili‘(?ij_fng“sgo'_'ruilon having 4 specific
gravity of 1.05 unti] the proper fineness of
material is obtained. The surface of the re-
sistance wire base should be previously oxi-
dized by heating for a short period in air,
after which the oxide mixture is applied in
three evenly distributed coatings, each being
allowed to dry before the next is added.
The completely coated wire is then slowly
passed through a chamber maintained at
1000° C.. and then slowly cooled. The final
‘coatingis very tough and has a density of
about double its initial density. - 5

T have found that when this insulation is
used in a high vacuum device there is a
negligible evolution of gas or vapor from
it; this permits the application of the heater
to uses in which high voltages between the
elements are employed.

In a preferred form of construction, the
coated heater wire is suspended in and in
close surface contact with a nickel cylinder
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as the cathode, the exterior surface of which
latter member is coated with an alkaline
earth oxide for efficient thermo-electronic
emission. So employed it has been found
that the average insulation resistance be-
tween the cathode and the heater element is
in the order of 8 megohms. ~ This value Va-
ries with the extent and degree of pressuré
of contact and the size of the crystals of the
coating.

Reference is made to the “s;céombanyingm' )

drawing representing a tungsten wire having
an electrical insulation coating; a tungsten .
wire is represented at 1 and the coating of
corundum is indicated at 2.. ..v - ¢
What I claim is: S .
1. A method of making a heater element
for an electrical discharge device having an
indirectly heated ‘cathode element, which
consists in coating' a refractory metal body
with a mixture of caleined aluminum oxide
and sodium silicate and heating in a reduc-
ing atmosphere until the aluminum oxide
crystallizes and forms corundum.~ * © -
‘2. The method of insulating a heater els-

electrical discharge device .which comprises
heating said element to form an oxide coat- _
ing thereon, applying a thin coating of a mix- .
ture of powdered aluminum oxide and so-

- .dium silicate, allowing said mixture to dry,
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and heating said element in a reducing at-
mosphere to about 1000° C.* s
‘In testimony whereof SamuzL Rueen, has
signed his name to this specification this 10th

day of October, 1928. oo '

.~ ..:  .SAMUEL RUBEN.
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