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PATENT OFFICE

‘IRVING LAN GMUIR OF SCIIZENECTA.DY NEW YORK, ASSIGNOR TO GENER«AL ELECTRIC
‘COMPANY, A'CORPORATION OF NEW YORK.

ELECTRONJEMITTING DEVICE AND METHOD OF PRE.‘PABATION

A,pplica.tion filAl: Av.gust 11, 1821

To.all whom zt may ‘concern.:

Be it known that I, Trvine LANGM‘UIR,
éitizen of the United States, residing:.at
Schenectady in the county of ‘Schenectady,
State of New York, have invented. certain

new .and useful Improvements in Electron:
Emitting Devices and 'Methods qf Prepaia-.

ition, of which the ﬁollowmg is .a. speclﬁca-
tion.

This invention compmses an. 1mprovement
inthe-electron emitting cathodes of the type
described in my prier U. S. Patents Nos.

1,244,216.and 1,244,217

In these patents I have descnbed the prep-

aration and advantages .of .a vacuum tube
_containing-a.cathode adapted to be operated
at incandescence and containing distribufed
throughout its mass thorium (or a com-
pound of thorium) asra-constituent. This
type of electrode .consists of a refractory
conducting material, such for -example  as
tungsten, with an addition of a. material ca-
pable of .increasing the electron emissivity
-of the cathode, such for example as‘thoria,
the latter bemor subjected to modifications
duiring the pr: eparatlon of the-cathode in the
electron - discharge device so that the active
material in a fmlshed device according:to all
indications, consists of metallic .thorium .or
at least of a lower oxide of thorium than
thoria (ThO,). The cathode prepared ac-
cording to the methods set forth in my first
P(ltent 1,244,216 which is commonly known
as a “thoriated cathode”, is very sensitive to
traces of oxidizing gas 'in the bulb, as for
example, small traces of water vapor which
may be given off from the walls of the bulb
during the normal operation of the device.
‘In order to prevent loss of .activity of the
cathode, I have described-in my second Pat-
ent No. 1,244.217, the beneficial results ob-
tained bv ‘the admission to the bulb .of a
small amount of alkali metal, such as po-
tassium or sodium, or of a. hvdrocarbon com-
pound.

is based . on the discovery that.carbon:.in a
cathode. of the- thoriated type, when present
in a definitely limited amount, will prevent
not only reoxidation of active. thorium ma-
terial but what is more important, will act
beneficially .to reduce thoria to the active
state. "Although the thoriated cathodes de-
scribed in my prior patents can be used
* Vo oA
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'stantlélly NO vapor pressure.

Serial No., 491, 684

" with 5atlsfactory results, I have found that

a further improvement in- regularity and
stability can’be effected 'by using carbon -as
her éinatter described, not only ds in ac-
cordance with ‘my ‘prior patent’in restricted
quantities, as.an oxidation preventing agent,
‘but, as heréinafter described, as an Ingredi-
ent of a thoriated cathede.

An.accardance with.another feature of my '

invention .my :improved .cathode is used in
.conjunction with.a non- -carhonaceous reduc-
ing agent which is provided in' the hulb, as
for e\a.mple, o highly oxidizable metal.

A thoriated cathode may he deleteriously
affeeted by positive ion bomibardment, that
is, when voltages materially higher than the
ionization voltages are: nnpressed ‘between a

‘thoriated . .cathode and a positive electrode

in the presence of ionizable gas, then .the
Leneﬁmal effect.of the thorium may be large-
1y or.entirely destroyed by positive ion “bom-
bardment. Although the alkili metals are
entirely satisfactory as agents to remove
déleterious gases when the operating tem-
perature ' of the hilb is .only moderately
dbove room ‘temperature, as in ‘the case-of
radio receiving tubes, ‘these alkali metals
have a sufficiently high vapor pressure at
the operating temperature of power devices
in which cathodes of the thoriated type are
used to become ionized at higher voltages
and to cause removal of the active film of
thorium from the cathode by bombardment
I have found that it is advantageous in

many cases to provide a .device contalmng

a cathode of .the thoriated type with a ma-
terial having an affinity for gases, such as
magnesium, “for example, which at the op-
er 'd;mof temperqture of the device. has sub-
‘My inven-
tion will be pointed out with greater par-
‘ticularity 'In ‘the -accompanying -¢laims -and
~described fully in conjunction with the ac-
‘companying {drawing which shows some-

_what diagrammatically. An-apparatus-.used
My present invention.in one.of its a,spects ,

for carrying out the preparstion of an’in-
candescent cathode ;rectifier.

The rectifier shown in the figure is.illus-
trative of one of :the various forms:af .in-
candescent .cathode devices. Tt consists af
a bulb 1 containing a filamentary.cathode:2
into “which thoria has .been .introfineed ‘as
described in my above mentioned :priar pat-

.ents, and an. anQde 3,xonsxstmg of tungsten,
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molybenum _or other suitable material.
These -electrodes are respectively -connected

* to lead wires 4, 4" and 5 sealed into the walls

10

18

of the bulb. The bulb is connected to the
usual pumping system by means of a tubu-
lature 6. The bulb also communicates with
an elongated tube 7 adapted to be sur-

rounded by a freezing mixture contained’

within a double-walled receptacle 8. :
In carrying out my invention, the bulb 1

is first baked out as usual to remove water

vapor and is then -exhausted. Within the

tube 7 is placed a substance adapted to give

“a low pressure of carbonaceous vapor, as for
‘example, anthracene (CyH,,) or naphtha-

~lene (CyH,).
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When the vapor pressure of the substance
employed is relatively high, I prefer to re-
duce the pressure of the hydrocarbon vapor

in the bulb 1 by surrounding the tube with a

freezing agent contained in the receptacle 8.:

When employing naphthalene, which has a
moderately high.vapor pressure, I prefer to
reduce the temperature of the containing
tube 7.to about —20 to —30° C. to reduce
the vapor pressure to about 0.1 to 0.01 mi-

crons. The bulb 1 which communicates with

_the side tube 7, therefore, is filled with hy-

drocarbon vapor at approximately this pres-
sure. The quantity of hydrocarbon may be
controlled by one or more constrictions, such

‘as 9, 10 which may regulate the pressure

with or without a freezing agent.
. "The filament 2, which preferably con-

'sists of metallic tungsten, containing about
34,9 thoria, is heated to a temperature of

-~ about 2800° XK. (2000° C.) for a few min-

‘utes, in contact with the hydroearbon vapor.

' 'At this temperaturs the incandescent fila-

40

" bide (W,C).

50

*_cathode. pTes: ¢
- minute amounts of carbon 1s highly undesir-
‘able in an.incandescent lamp, a commercial-

ment decomposes the hydrocarbon vapor

which comes in contact with the incandes-

cent surface of the tungsten and causes the
chemical combination with the tungsten of
the carbon set free from the naphthalene
vapor, with the formation of tungsten car-

a length of time sufficient to give an increase

in resistance ‘of ‘about 15 to 25% of the
tungsten filament when cold, or at room.

temperature. This change in resistance cor-
responds to the presence of about two-thirds
per cent of carbon by weight in the filament.

The carbon content most beneficial will
vary with the conditions. In the case of a

‘thoriated tungsten cathode all of the me-

tallic tungsten will be converted to brittle
tungsten carbide (W,C) with a carbon con-
tent as high as 3%. Ovdinarily a carbon

content as high as about 1% is as high as

permissible without unduly weakening the
Although, the presence of even

ly long life can be obtaine in a thoriated

cathode containing carbon, as the-cathode

- s . .

-~

The heating is continued for.

need be operated only at a relatively low
temperature, say at about the operating tem-
perature cf an .ordinary carbon lamp, the
clectron emissivity of a thoriated cathode
being so much greater than' that of an
ordinary pure tungsten cathode. The hy-
drocarbon vapor is removed from contact
with the filament either by sealing off the
tube 7 at the contraction 9 or cooling the
sids tube 7 by means of liquid air in the re-
ceptacle 8 to a temperature so low that the
vapor pressure of the naphthalene is negli-
gible, thereby removing the naphthalene
vapor from the bulb 1. : :

In some cases carbon to a desired propor-
tion may be combined with the ¢athode priox
to the introduction of the cathode into the
bulb 1. For example, a thoriated filament
may be prepared by squirting tungsten and
thoria with a carbonaceous binder in

‘amounts adapted to leave a suitable re-

stricted proportion of carbon.in the finished
product. - ‘ .

As the next step in the preparation of the
device, the anode 3 is deprived of gases by
the usual method of electron bombardment;
that is, by ‘passing a discharge between the
cathode at incandescence and the anode, the
exhaust pump in the meantime. being op-
erated to remove the vapors and gases which
are liberated. During this step some of the
carbon is removed by oxidation and evapo-
ration from the cathode but with an original
carbon content of about 24 of one per cent.
enough carbon vemains subsequently to fur-.
nish a supply of active thorium material by
reduction- of the thoria.

Adfter the cathode has been provided with
a content of reducing agent a non-carbona-
ceous material capable of combining with
water vapor and other deleterious gases may

be introduced into the bulb. In some cases

this non-carbonaceous reducing agent may
consist of alkali metal, such as sodium or
potassium. Ceesium may be used to ad-
vantage in sorne cases, especially when some
positive ionization is desired in the electron
discharge device. Ceesium can be conven-
iently provided by adding a mixture of
ceesium halide and wetallic caleium -as a
paste.to some part of the bulb, this nmethod
of introducing an alkali metal being claimed
in -an application, Serinl No. 608,311, De-
cember 21, 1922, by Ernest E. Charlton.
When not desiring ionization of residual
gases or vapors,- I prefer to introduce for
the reasons given above a reagent having a
lower. vapor pressure than the alkali metals,
as for example, an alkaline earth metal such
as magnesium, calcium, strontium, or the
like. Conveniently' this is done by provid-
ing within the bulb a small heating coil 11.

“consisting of tungsten or other suitable re-

fractory material,- and containing a small
quantity of the metal to be vaporized. Pref-

‘T\'{; Wt
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erably ‘I employ ‘métallic ‘magnesium. By

heating the tungsten filiment 11 with cur-
rent conducted thru -the lead wires 4, 12,
some of ‘the magnésium ‘ts volatilized and
deposited on the inner surface of ‘the bulb
which is then sealed ‘off‘at the contraction
10. As during‘the sealing off process there
is a téndenicy to'drive out a-small quantity
of gas from the heated glass, I prefer to

~heat upithe filament 11 the second ‘tinde, to

volatilize ‘a small additional quantity of

magnesium, or the like, in order to combine .

chemically with what little gas may have
gotten into the bilb during the sealing off
operation. - '

The film-of magnesium, or-other equiva-

lent metal, on the walls of the bulb-will com-

‘20

bine ‘with any water vapor or oxygen which

may ‘be .given off by the bulb, or any-other
parts of the device during its operation, anfl -
‘thereby prevent an ‘oxidization of the 'sc-
“tive ‘thorium tnaterial upon the surface of

the cathode. - ) :

_ 'The ‘tungsten cathode 2 is preferably .
‘heated Tor a very Short time to about 2700°
K. to volatilize any ‘thorium oxide on' its

surface. S
As a final'step, ‘the cathode is “activated”,

‘that is, brought irto its highly active state

by hesdting“to a temperdture of about 2200°

- K. for a few minutes. This results in ithe

40
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" by Letters Patent of the United States, is
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‘than three per-cent by weiglit.

reduction of thoria-by'the earbon and causes
the active thorium product to come to the

-surface:of theteathode where it will be-ef-
35 fective in .Inereasing the -electron emission
-during the ‘operation of ‘the 'device.

The
tube is then ready for operation.

As explained -in iy prior patents, a tem-
perature materially higher than the activat-

ing temperature -will ‘result in‘the ‘thorium

being volatilized from “the surface of ‘the
cathode. = A. fresh supply an be produced
and eaused to accumulate upon - the surfade
by again activating :or “forming” 'an -elec-
trode at about 2200° K. During normal op-

‘eration, the cathode is heated ‘to a tempera-
ture below about 2200° XK. and as high as

2100° ‘K. Under these conditions, the elec-
tron emission stdys constant.
‘What T claim as new and:desire to ‘secure

1. In an €electron discharge device, a cath-
ode body-of the thoriated type containing
carbon‘in an amount insufficient to convert
all of the metallic' constituents of :gaid cath-
ode to a carbide but sufficient to render said
cathode less sensitive to the:deleterious -ef-
fect of gases than:a catligde body unpro-
vided ‘with carbon. S .

2. In'an electron discharge device,a tung-

8

incandescence comprising tungsten, about
three-quafters per:centthoria and  about two-
‘thirds per-cent by weiglit of carbon.

4. The method of increasing the: electron
emissivity df an electrode :of the thoriated
‘type which counsists -in -initreducing carbon
into said-electrode in amounts insufficient to
convert said metal to a carbide, sealing sdid
dleéctrode into'a space substantially free from

carbonaceous vapors and thereupon activat-

‘ing said-electrode.

5. An dlectric discharge device comprising
an evacugted envelope, electrodes therein one
of which comprises a refractory -metal,
‘thoriym ¢xide-and ¢arbon in an amount in-
sufficterit o convert said metal:to a carbide,
‘a1’ 4 “non-carbonaceous reagent capable of

‘comtbining *with deleterious gases in said
‘envelgpe. . .
. :,l'ﬁtl'mi :
i’ an envelope, an anotle and a cathode of
“the fthoridtéd “type and a non-volatile mate-
rial, which is capable of reducing thorium
d¥ide; -contained in "said cathode in ‘such

. -small “gmoutits ‘that the durability of said *

‘cathbdeiis nét appreciably decressed.

. An‘ekéctric discharge device having a
cathode comprising ‘metallic tungsten, tho-
‘vitim “oxitle 'and ‘ca¥bon - combined with said

‘tungsten‘in"an amount materially less than "

‘required to convert dll the tungsten to a car-

“hide. : '

8. The méthod of increasing the electron’
-erdigsivity of a cathode of the thoriated type
‘which ‘donsists ‘in introducing carbon into
said ‘cathodé in an amount less than about
one per cent by weight, heating said cathode
in a'non-earbonizing and non-oxidizing en-
‘virontment: to a’temperature at which a car-
bide of said metal is formed, activating said
électrode by heating ‘to about 2200° K. and
‘operating ‘the same under such conditions
“that Bombardment: of - the electrode by posi-
‘tive-ions Is inappreciable.

-9. The method of increasing the clectron-
‘emissivity of a catliode of the thoriated type
which consists in introducing carbon into
said electrodsd in an amount less than ‘dne
.percenit ‘by weight, mounting said electrode
‘in"a bulb, evacuating the:same, volatilizing
‘magriésium “in said bulb after evacuation.
and gétivating said cathode by lieating to-dn
elevated ‘teniperature,

'10. The méthod of preparing an electrode

~adapted to emit ‘electrons ‘at incandescence

which consists'in ‘heating a conductor com-

prisinig' refraétory miétal and thoria in e car-

bonaceous -vapor to'a !temperature atdapted
to cause combination ¢f carbon ~vith said
condu¢tor, ‘removing 'said -vapor before the

sten “cathiode of thie:thoriated type adapted— amount of carbon introduced into the.fila-

to emit electrons when' heated, -containing

éarbon ‘in an apprediable ‘gmount ‘but -less,

.....

3. ‘A ¢iilode  sitapfedto smit-slesctrons at

- ment exceeds one per:cent; and heating:said

‘conductor in a non-oxidizing:enviroriment:to
a temperature ‘at ‘which -sle¢tron -emissivity

is ‘marledly ‘inersaged. .

élécﬁ'it’:' discharge -device  compris- *
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11. The method of preparing an electrode
adapted to emit electrons at incandescence
which consists in heating to incandescence a
conductor comprising tungsten and thoria
in a carbonaceous vapor until a marked n-
crease in cold resistance occurs by the intro-

duction of carbon, distontinuing the heating
before the tungsten has been largely con-
verted to a carbide, and heating said con-
ductor in the absence of said vapor in a re-
ducing environment to produce a surface
layer of thorium material having a mark-
edly higher electron emissivity than the orig-
inal conductor.

19. An electrical discharge device com-
prising a sealed envélope, electrodes therein
which include a cathode. of the thoriated
type and a substance, having a marked
chemical affinity for water vapor, deposited
as o film of extensive surface upon the in-
side of said envelope, said substance having
a maferially lower vapor pressure
alkali metals. '

13. An electrical discharge device com-

prising a sealed envelope, electrodes therein
one of which is of the thoriated type and a,

film of magnesium deposited on the inner
surface of said envelope. .

14. An electron discharge device contain-
ing 'a cathode of the thoriated type, said
cathode being provided with a reducing

agent sufficient in quantity to promote ac-

tivation of said cathode, but restricted to an
amount which will permit operation of said
cathode at a temperature of effective elec-
tron emission with a commercially long life.

15. A cathode of the thoriated type for
electric discharge devices containing less
tf)han about three per cent by weight of car-

on. ,

16. An electric discharge device compris-
ing an envelope, electrodes therein one of

which comprises a refractory metal, a mate-

" yial reducible by carbon to a state of higher

electron emissivity than -said refractory
metal at a given temperature, and a quantity
of carbon in an amount insufficient to con-
vert said metal completely to a carbide.

17. An electrical discharge device com-
prising a container, electrodes therein one of
which contains less
¢arbon combined therewith and a material
capable of materially higher electron emis-
sivity at a given temperature than the main
constituent of said electrode, but being sensi-
tive to positive ion bombardment, and a
quantity of alkaline earth metal deposited
in said container out of immediate contact
with said electrodes.

“18. An electrical discharge device com-
prising a container, electrodes therein one of
which contains-a material capable of mate-
rially higher electron emissivity at a given
temperature than the main constituent of

szid electrode, but being sensitive to positivé

ST
=Rl rew o wlal

than the

than three per cent of

b, 7
Vb
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jon bombardment, and a quantity of alkaline
earth metal deposited as a film on the inner
surface of said container. o

19. An electrical discharge device com-
prising a container, electrodes therein one of

~which contains a material capable of mate-

rially higher electron emissivity at a given
temperature than the main constituent of
said electrode, but being sensitive to positive .
jon bombardment, and a quantity of magne- T
sium deposited as a film on the inner surface
of said container out of immediate contact
with said electrodes. '

90. An electrical discharge device com-

prising a container, electrodes therein one of 80

which consists largely of refractory metal
and contains an oxide of a.metal of high
electron emissivity which when rendered ac-
tive is sensitive to ion bombardment together

with a reducing agent, and a quantity of al- 86

kaline earth metal, the latter being depos-.
ited as a film on the inner wall of said con-
tainer. '

21. An electrical discharge device com-
prising
of which consists largely of refractory metal

and contains a material capable when acti-

. vated of substantially increasing the elec-

tron emission of the electrode with which 1t

is-associated but which is deteriorated by 95

oxidation and positive bombardment, and a
film of magnesium coating the inner surface

of said bulb.

99. An electrical discharge device com- .o

prising a container, electrodes therein, one
of which contains as a constituent a mate-
rial capable of higher electron emission than
the main constituent of said electrode but
which is sensitive to positive ion bombard-
ment, and to the chemical effect of water
vapor under operating conditions, and a
film of metal deposited from the vapor state
in a vacuum on the wall of said container
which metal has a high chemical affinity for
water vapor and has a materially lower
vapor pressute at the operating temperature
of said device than the alkali metals.

93. The method of increasing the electron
emissivity of a metallic electrode containing

a compound capable upon reduction of mate- 118

rially increasing the electron emissivity of
said electrode which consists in introducing
carbon into said electrode in an amount in-
sufficient to convert the metal constituting
said electrode completely to a carbide and
heating said electrode in 2 non-oxidizing
and non-carbonizing environment to a tem-
perature sufficiently high to activate said
electrode, and thereupon operating said elec-
trode under conditions which render the ef-.
fect of positive ion bombardment of said
electrode inappreciable. '

o4. An electrode material for an electrical
discharge device consisting of a metal capa-
ble of stable operation at an elevated tem- - 1

a glass bulb, electrodes therein one 90
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perature, a compound of & material capable

n a reduced state of higher electron emis-
sion than said metal, and carbon in a quan-

- tity insufficient to deleteriously affect the
5 strength of said material, but being capable

of reducing a sufficient amount of said com-

pound to enable said electrode to be more

readily activated during use than would be’

the case in the absence of said carbon.

>}

95. A cathode material for electrical dis- 10
charge devices consisting largely of a metal
capable of operation at an elevated tempera-
ture, a reducible compound of a material of
high electron emissivity and less than about
one per cent of carbon.

In witness whereof, IAhave hereunto set
my hand this 8th day of August, 1921.

IRVING LANGMUIR.
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