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This invention relates to improvements in 

ceramic insulators, particularly of the type and 
construction employed in electron discharge de 
vices, such as audions. . - 

An important object of this invention is to pro 
vide insulating supports and spacers for electron 
discharge devices comprising metal oxides treated 
so that the resulting product is exceedingly stable 
under the temperature and pressure conditions of 
operation to which such insulators and spacers 
are subjected in use. ' 

A further object of this invention is to provide 
an exceedingly stable insulator or spacer having 
a high magnesia content. 

7 A still further object of this invention is to pro 
vide a ceramic insulator which is exceedingly 
rugged, inexpensive to manufacture and depend 
able and stable in use. ' 

A further and resultant object of this inven 
tion is to provide ceramic insulators for use in 
vacuum tubes which are relatively noiseless when 
used in electron discharge devices,‘ and particu 
larly audions as employed in radio circuits. 

These and many other objects, as will appear 
from the following disclosure, are secured by 
means of this invention. ‘ 

This invention resides substantially in the in 
gredients, steps, series of steps‘, and the product, 
all as will be described in complete detail below. 

' ' ?gure is a vertical cross sectional 

thereto to indicate the ingredients of the insulator. ‘ 
While the invention of this disclosure has a 

wider ?eld of use than in connection with elec 
tron discharge devices its advantages when so 
used will be described in detail since such use 
will be illustrative of the characteristics and ad 
vantages of ‘the invention. 
As will be apparent from the following descrip 

tion, the improvedlcharacteristics of the insulator 
01'. this invention will readily ?nd many uses 
under conditions comparable with those en 
countered in electron discharge devices. As is 
well known, the electrodes of audions operate un 
der relatively high temperature conditions within 
a vacuum. 

A common type of audion now used commer 
cially is known as the indirectly heated type in 
which the cathode structure comprises a small 
rod of insulating material having bores there 
through which the legs of a hairpin ?lament are 
threaded ,to provide a heater. This insulator is 
tightly surrounded or nested with a metal tube, 
usually of nickel, on the surface of which a coat 

ing of electron emissive material is applied. 
When the ?lament is heated the heat is conducted 
through the thin walls of the insulator to the 
nickel sleeve thereby raising its temperature so 
that the coating will emit~ electrons in the desired 
quantity. Such a ?lament is most commonly 
made of tungsten. 

Such an indirectly heated cathode is illustrated 
in- the single ?gure in the drawing. It comprises 
an insulator body I 
bores therethrough in which the legs of a hair 
pin ?lament or heater 4 lie. Surrounding the in 
sulator body is a thin metal sleeve 2, the surface 
of which is coated with an electron emissive coat 
ing as indicated at 3. 
In the most desirable form the spacing insu 

lator, ‘through which the ?lament legs are thread 
ed, is made of compressed or extruded mixture of 
metal oxides and then heat treated to form a 
strong, self-sustaining body. The metal oxide 
most commonly used for such insulators is mag 
nesia. At this point,- while the cathode insulator 
will be referred to in detail, it will be under 
stood that this discussion and this invention may 
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be employed in connection with other insulating a 
parts used in such devices and, in fact, the insu 
lator of this invention Will ?nd many and wide 
uses. 

Under the temperature conditions encoun 
tered in the operation of tubes, and under the 
vacuum conditions which exist within the glass 
envelope, such magnesia insulators have been 
found to have a number of serious defects. Be 
cause of the fact that 

a much lower vaporization point than their melt 
ing point there is a tendency for the metal oxide 
to reduce down to a pure metal, which action is 
accelerated by the high temperature encoun 
tered and the fact that the insulator is under 
a vacuum. This reducing action appears to be 
accelerated by the presence of the hot tungsten 
of the ?lament which has a great a?inity for 
oxygen and tends to act as a reducing agent, 
thereby reducing the oxide to a pure metal, such 
as magnesium, aluminum, beryllium, zirconium, 
and the like, depending upon the particular 
oxide forming a basis of the insulator. This 
action is more noticeable the greater the per 
centage of the metal oxide in the insulator. 
The freed metal, such as magnesium, is at a 
temperature at which it exists in the form of a 
vapor and such vapor- is highly charged elec 
trically due to the ?eld in which it is created. 

30 

40 

45 

50 



10 

15 

20 

80 

45 

50 

55 

60 

65 

70 

75 

2 
The metal vapor therefore leaves the cathode 
structure at high velocities and collects on the 
cool inner surface of the glass vessel which 
encloses the electrodes. The result is a mag 
nesium mirror deposit on the inside wall of the 
vessel. 
The formation of such a magnesium mirror 

in electron discharge devices is undesirable be 
cause ‘it upsets the electrical characteristics’ 
thereof. For example, in audions which have 
a lead passing through the wall of'the vessel 
at the top, the mirror thus formed is in con 
tact with this lead and ‘thereby changes the 
capacity of the tube. This deposit likewise 
forms on the other electrodes of the audion, 
where exposed, thereby changing their electrical 
characteristics, and particularly their capacity, 
thereby causing leakage and hence interfering 
with the characteristics and efficiency of the 
audion. Furthermore, these deposits tend to 
become a source of noise in the outputv of the 
audion, interfering with its correct operation. 
The reduction of the metal oxide of the insu 

lator under these conditions not only causes the 
presence of magnesium within the device, as de 
scribed above, but likewise causes the presence 
of oxygen. Some of this oxygen combines with 
the hot tungsten ?lament, while the remainder 
of it collects within the glass vessel, partially 
reducing its vacuum, and tending to oxidize the 
metal parts. Some of the metal of the hot tung 
sten ?lament likewise passes slowly through 
the insulator under the in?uence of the electric 
?eld present and deposits on the inner wall of 
the nickel cathode sleeve.‘ The tungsten is de 
posited as a black deposit of colloidal tungsten 
on the inner wall of the sleeve which is rela 
tively colder than the hot ?lament. 
As a result of all of these actions the insulat 

ing spacers employed to hold the electrodes in 
spaced relation are covered with a metallic coat 
ing which causes leakage and noise and the 
freed oxygen collects within the vessel. All of» 
these undesired actions and reactions are the 
result of the fact that the vaporization point of ' 
the metal oxide or oxides of the insulators is 
below the melting point. In accordance with 
this invention these tendencies are overcome 
by the introduction of a material into the insu 
lator composed of heavier molecules, thereby 
raising the vaporization point of the ?nished in 
sulator. Suitable materials for this purpose are 
cobalt oxide, lead oxide,'bismuth oxide and the 
like. The molecule of these oxides is relatively 
heavy molecule, which is apparently the neces 
sary characteristic to increase the vaporization 
point of insulators including other metal oxides, 
such as those of magnesium, aluminum, beryl 
lium, zirconium and the like. 
In accordance with this invention a suitable 

insulator would consist of 60% magnesia, 38% 
silica, and- 2% cobalt oxide. The percentages 
of the various ingredients may be varied within 
relatively wide limits, particularly the percent 
ages of the magnesia and the silica. With re 
gard to the cobalt oxide, 1% or 2% thereof is 
most satisfactory, but it has been found that 
satisfactory results may be secured with per 
centages of cobalt oxide, or its equivalent, up 
to approximately ‘7%. If the percentage of 
magnesia is increased the percentage of silica 
is proportionately decreased. ' 

It should be. noted that, in accordance with 
this invention, useful products may be made 
from a mixture of mag'.esia and silica without 
the use of cobalt oxide. Mixtures of magnesia 

2,011,173 l 
and silica having a magnesia content of between 
the limits of 35% and 90% form upon treat 
ment in accordance with this‘ invention useful 
insulating bodies. Extruded powdered mix 
tures of magnesia and silica when ?red, produce 
magnesium silicates which are actually different 
compounds from either .of the ingredients em 
ployed. Mixtures of various percentages be 
tween the limits above mentioned, produce 
eutectic points forming de?nite magnesium sili 
cate compounds. ~ 
The percentage of magnesia employed cannot" 

be carried too low because while the resulting 
product has a high vaporization point, it has a 
melting point which is too low for many uses, for 
example, the melting point would be too low for 
use as an insulator in an audion where the 
operating temperatures would be liable to cause 
softening and even melting of the insulator; 
It is for this reason the percentage of magnesia. 
should not approach the neighborhood of 35%. 
The ingredients magnesia and silica in the 

desired proportions, either with or without co 
balt oxide or its equivalent, are prepared in 
?nely divided powder form and are thoroughly 
mixed in any suitable manner. They are then 
heat treated to burn out the impurities and to‘ 
agglomerate the impurities so that they may 
be separated out by sifting or the like. This 
puri?cation is along the lines employed in the 
disclosure in Patent No. 1,885,234, issued Novem 
her 1, 1932 to Robert M. Crowley and myself. 
The ingredients may be heat treated to burn 
out the impurities before mixing, if desired. 
The purified mixture is then extruded under 

su?icient pressure to form a self-sustaining body 
which is strong enough to be handled during 
the ?nal processing. If desired, a suitable binder 
may be mixed therewith, such as gum acacia 
which will later burn out during the ?ring of the 
extruded 'product so as to leave no impurities 
therein. ‘1 

The extruded bodies are then heat ‘treated. by 
a ?ring to a temperature of from 1300 to 1900‘_’ 
C., a suitable temperature being 1500° C. At 
these temperatures, if a binder is employed, it ’ 
is entirely burned out so as to leave no un 
desirable impurity in the ?nished product. The, 
?ring of the extruded bodies is preferably carried 
out in a strongly oxidizing atmosphere such as air _ 
or oxygen atmosphere and may be followed with 
a second ?ring step in a neutral or reducing at 
mosphere, but this second ?ring is not necessary. 
The result of this treatment is a product which 
does not have the characteristics of either mag 
nesia or silica but has its own characteristics, 
of which stability and substantial freedom from 
disintegration, are important. The compounds 
thus produced are magnesium silicates of con 
siderable stability under high temperature when 
in use. ' 

Where these insulators are not immediately put 
in use, it is sometimes desirable to re-?re them 
just before they are put intense in order to 
remove absorbed vapors, moisture and the like. 
This second ?ring is best carried out at a tem 
perature of from the order of 1200° C. for ten 
minutes to 1050° C. for thirty minutes. This 
second ?ring. operation is best carried out in a 
reducing atmosphere, such as hydrogen. When 
a reducing atmosphere is, employed, higher tem 
peratures than those given should be avoided. 
The insulators when allowed to stand after the 
?rst ?ring, tend to break down into suboxides 
and the re-?ring under the above conditions re 
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2,011,173 
turns the insulator to its original state and re 
moves the absorbed impurities. II this second 
?ring operation is carried out in a reducing at 
mosphere othydrogen, there is a further tend 
ency to clean the surface of the insulator by re 
moving any grease or other impurities deposited 
thereon. 01 course, ii’ the insulator is imme 
diately put into use after the ?rst ?ring opera 
tion, the second ?ring operationis usually not 
necessary. I ' 

An insulator thus prepared has a much higher 
vaporization point and one which is closer to 
the. melting point oi’ the insulator than in the 
case where the oxide, such as magnesia oxide, 
or aluminum oxide, is prepared in a relatively 
pure form and without substantial combinations 
as above; further the addition of an oxide, such 
as cobalt oxide of a heavier molecule, is a iurther 
improvement. The result is that in the opera 
tion of an audion employing such an insulator 
the magnesia is not reduced to the pure metal 
and the magnesium deposit on the walls and 
electrodes of the tube does not occur. Thus the 
electrical characteristics of the audion are not 
interfered with in operation, free oxygen does 

within the glass vessel, and an im 
portant source of noise in the output or the 
audion is eliminated. Furthermore the tendency 
for the metal or the ?lament to migrate through 
the insulator and deposit on the cathode sleeve 
is materially reduced. . 
The percentages of metal oxide employed may 

range from 40% to as high as 90% within the 
scope of this invention, the silica content of 
course being correspondingly decreased. It 
should also be noted that‘other heavy molecule 
oxides can be employed besides cobalt oxide, lead 
oxide, or bismuth oxide, such for example, as 
tantalum oxide, tungsten, oxide, thorium oxide 
and the like. Tantalum oxide, tungsten oxide 

3 
and thorium oxide are not as suitable as cobalt 
oxide, lead oxide and bismuth oxide because 
these materials have a tendency to emit electrons 
which gives rise to a so-called back emission 
which is undesirable. Hence, a heavy molecule 
oxide which does not, itself, emit electrons is 
preferable. Of course, as pointed out above, 
other metal oxides may be used in place of mag 
nesia, such for example, alumina, beryllia, zir 
conia, and the like. 
The ingredients of the insulator are preferably 

employed in as pure a form as possible and par 
ticularly are they free of alkali. 
From the above description it will be appar 

ent that thisinvention resides in certain ingre 
dients, combinations and percentages thereof, 
steps and series of steps, all of which may be 
varied by those skilled in the art without de 
parture from the scope of this invention. I do 
not therefore desire to be strictly limited to the 
disclosure as given for-purposes of illustration 
but rather to the scope of the appended claims. 
This application is a continuation in part 01' 

my co-pending application Serial No. 603,609 
for an invention in “Cathode structure", ?led 
April 6, 1932. 
What I seek to secure by United States Letters 

Patent is: 
1. A cathode insulator comprising an extruded 

and baked body of insulating material containing 
approximately 60% magnesia, approximately 
38% silica, and approximately 2% cobalt; oxide. 

2. A cathode insulator as described comprising 
a self sustaining body'of one of the metal oxides 
to! the group magnesia, alumina, beryllia and zir 
conia; 10 to 65 per cent of silica; and a small 
percentage of one of the heavy molecule metal 
oxides of the group cobalt oxide, lead oxide and 
bismuth oxide. 

HENRY L. CROWLEY. 
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