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To all whom it may concern: |
Be it mown that I, Irvine LaNeMUIR,
citizen of the United States, residing at

- Schenectady, in the county of Schenectady,

- 5 State of New York, have invented certain
new and useful Improvements in Electron-
Discharge %pparatm and Methods of Op-

- erating the Same, of which the following is
'a specification. - -
10  Ihe present invention relates to electrical

.~ devices having an-electrode consisting at:

~ least 1 part of thorium and having at a

- given temperature an -electron emission per
unit surface materially greater than the

16 emission of a refractory metal such as tung-.
sten at the same témperature independently
of and .in the absence of positive ionization.
These devices are described and claimed in
‘a copending application, Serial No. 851,095,

20 of July 15, 1914, renewed on June 25, 1917,
as application Serial No. 176,926, to which
the present application is closely related.

In the preparation of these devices great
~eare must be exercised to remove the last

25 traces of oxygenous gases, particularly wa-

- ter vapor, and precautions must be observed
not to evolve water vapor from the bulb
walls during the operation of the device.

~_In accordance with my present invention,

80 I have improved the above described device

- .and also rendered easier the preparation of
the same by providing in the envelop a quan-

~tity of a vaporizable reagent of low vapor

~ pressure capable of preventing the oxidation

85 of thorium. I prefer to use for this purpose

~an alkali metal, such for example, as po-
- The accompanying drawing- illustrates
one particular form of apparatus to which

40 my invention is applicable, namely, an in-
candescent cathode -discharge device pro-
vided with means for introducing the de-

~ sired reagent. : -

_ The device shown in the drawing which

45 may be used for rectifying alternating cur-

~ rent, comprises an envelop 1 consisting of

a glass not chemically attacked by alkali
- metal provided with a cathode 2 consisting
~ for example of thoriated tungsten, and a
80 cylindrical or cup-shaped anode 3, also con-
~ sisting of a highly refractory metal, such
for example, as tungsten. A heating cur-

- rent may be conveyed to thecathode by lead-
ing-in conductors 4, 5, sealed into a stem 6 in

~ the usual manner and connected to a thread-

ed socket 7 similar to an incandescent lamp

socket. The anode stem 8 is also sealed into

a8 glass stem 8 and attached to an external

-metal cap 10.

The cathode 2 is prepared by adding a
thoria compound, such as nitrate of thorium
to the oxid of tungsten before reduction
of the metal, or by adding either thorium
nitrate or thoria to the metat powder after
reduction, but before consolidation of the
metal powder by sintering and mechanical
working to the solid state as described, for
example by reference to thoriated tungsten
in U. S. Patent $#1,082,933. The propor-

tion of thoria in the unsintered metal usu~

ally varies from 4 to 10% but in some cases
may be even greater. The proportion of
thorlum compound within the above limits
makes little difference in the maximum elec-
tron emission that may be obtained under
the best conditions but the favorable condi-
tions will be more easily attained with a
greater than with a lesser amount.:

The preliminary evacuation of the en-
velop is carried out by the usual methods of
producing a non-striking high vacuum,
which includes baking out the envelop to re-
move water vapor. e final stage of the
evacuation is preferably but not necessarily
carried out by a Gaede molecular pump to
the highest possible vacuum obtainable by
this means, that is, to about .001 micron.
While the a%para.tus is still on the pump the
cathode 2 is heated to a temperature of about

2900° K. (2727° C.) for a short time and the

envelop 1 is baked out in an oven at a tem-
perature of about 360 to 450° C.

- The substance to be distilled into the en-
velop, for example, potassium, is indicated
at 12 in a small side chamber 13, a small

quantity of glass particles, or glass wool, 14

being preferably placed in front of the re-
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ducing material. As already indicated all

%}asses (including the glass wool) used in
the apparatus should be unattacked by al-
kali metal. When the envelop is. baked out
care should be exercised not to heat the
chamber 13 to too high a temperature. The
potassium, or other material, is transferred
by me'li;in%1 into 2 communicating chamber
15, after which the chamber 18 mav be sealed
off. Thereupon, the material is distilled into
a second communicating chamber 16 and
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" into the main envelop 1, both the
- 15, 16 being successively sealed off. The re-.
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-~ cathode may be operate

45

‘emitting:

- tained at a temperature o

long,

ﬁnally amount is introduced
chambers

a very small

distillation of the 1'educingk material serves
to purify it. Although alkah metdls have
been indicated as preferable for the purposes

of mgﬁ invention, other reducing materials

used, for example, hydrocarbon com-
The bulb is finally sealed from the
system at the contraction 1t. '

may
pounds.
vacuum

- The thoriated cathode 2 is now heated to

about 2900> K. for about one minute. The

treatment of the filament at. this temperature
appears to be desirable for purifying the

surface of the cathode. The cathode 1s then

incandesced within the range of about 2000°
to 2400° K. and by this temperature treat-
ment some change is produced in the cathode
which enormously increases -its electron-
roperty under the condition de-
he greatest activity is obtained
between about 2200° to 2500° K. and the
treatment at this temperature is usually con-
tinued for about one minute. Apparently

scribed.

Y

a concentration of metallic thorium or of

some other oxidizable thorium material
takes place on the surface of the filament.
The filament 2 may now be used as a cathode

“at or below this forming temperature.
30

~ The presence of the reducing agent in the
main receptacle maintains the thorium re-
duced in spite of traces of water vapor
which may be liberated from the glass. In
any event the high electron emissivity of
the thoriated cathode is more easily secured
and maintained in the presence of the re-
ducing agent than without 1t. .
With a filament thus prepared I have ob-
| erature of about 1300° to
1380° K. substantially the same electron
emission per sq. cm. as with a pure tu
filament at about 2000° K., that is, about
three milliamperes per sq. cm. A thoriated
! around 1700° to
1800° K., at which temperatures its life 1s
and thermionic current may be ob-
tained many thousands of times greater than

~ obtainable with pure tungsten at the same

b0

bb

temperature.- |
‘Subsequently heating the -filament %o a
higher temperature, for example, to 2800°
K. causes some change, apparently a distil-
Jation of the film of thorium from the sur-
face, as the electron emitting power of the
¢cathode falls to the same order of magni-
tude ss pure tungsten. When the cathode
after being thus heated is re-subjected to a

- temperature of 2200° to 2300° K. the active
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condition is restored. .
The vapor pressure of potassium, sodium

or other alkaline metal at room temperature.

is so low that objectionable positive loniza-
tion of its own vapor during the operation

of the pure electron device is negligible and

the vapor pressure of the oxidation products

sten

1,244,217

of the alkaline metal 'hﬁ:ve no perceptible va-
por pressure. For this reason, the alkah
metals are to be preferred to carbonaceous

~ compounds as reducing agents m the pres-

ent device. - _

The vapor of alkaline mefals does not, pro-
duce an increased emission of a pure tung-
sten lilament thereby furnishing propf that

70

the beneficial effect of the alkaline metal 1s |

exerted upon theria content of the filament
and is' not due to some ionization phe-
nomena. | | -

Under carefully controlled conditions the
benefit of the increased electron emission of
a thorium-containing cathode may be se-
cured in a ‘device filled with an Inert gas,
such, for example, as argon or other mona-
tomic 'gases, at pressures ranging from a
few milliméters of mercury pressure up-
ward, in the presence of potassium or equiv-
alent material for preventing the oxidation
of thorium, Care must be exercised to have
the cathode at a high enough temperature
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with reference to the current transmitted so

that the vicinity of the cathode 1s sur-
rounded by free electrons. In other words,
the electron emission should be greater than
necessary to convey the current thereby pre-
venting a removal of the active thorium ma-
terial on the surface of the cathode by a
bombardment of positive ions. |
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What I claim as new and desire to secure

~ by Letters Patent of the United States, 1s: —

1. An electrical discharge device' com-
prising electrodes, ohe of which containa
thorium, an inclosing envelop the space

100

within which is evacuated to a pressure so |

low that positive iopization is substantially
absent, and a quantity of a vaporizable' re-

a%@nt capable of preventing the oxidation
of thorium in communication with the space
within said envelop. - |

2. In an electrical discharge device, an in-
closing envelop, a quantity of alkah metal

‘within said envelop, and electrodes therein,

one of which comprises in part at least, oxi-
dizable thorium material, said electrodes
having at a temperature of about 1300 to

. 1880° absolute an electron emission substan-
tially equal to that of tungsten at about

2000° absolute.
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3. In an electrical discharge device, an in-

closing envelop, a quantity of potassium
within said envelop,.and electrodes therein,
one of which consists largely of tungsten
and containing thorium, said electrode hav-
ing an electron emissivity at a given tem-

perature materially greater per unit syr-

‘face than tungsten at the same temperature.

4. An electrical discharge device compris-
ing electrodes, one of which consists of me-
tallic tungsten and a thorium material
an oxidizable state, am inclosing envelop,
and a quantity of a vaporizable reagent
within said envelop capable of preventing
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~ the oxidation of thorium at an' elevated tem-
~ perature.

‘5. The process of improving the operation

~ of an eléctron discharge apparatus contain-

ing an electrode operating at incandescence

comprising a highly refractory metal and a

- thorium material which consists in bringing

10

‘into contact with said electrode the vapor
of a reagent preventing the oxidation of
thorium at an elevated temperature.

6. The process of improving the opera-
tion of an electron discharge apparatus con-

- talning an electrode of tungsten and tho-

15

rium operating at incandescence in a non-

striking vacuum, which consists in bringing

into- contact with said electrode the vapor

- of an alkali metal at a pressure too low to

}

B

cause '"appr_ebiable positive ienization phe-

nomena. .
7. An electrical device comprising the 20

combination of a sealed evacuated envelop

a refractory cathode, means for heating said

cathode to incandescence, a codperating

anode and a quantity of potassium within
sald envelop. _

8. An electrical device comprising the
combination of an evacuated envelop, a
cathode, an anode-and a quantity of alkali
metal Inclosed within said envelop, and

25

means for heating said cathode to i1ncen- 8¢

descence.
'In witness whereof, I have hereunto set
my hand this 27th day of October, 1915.
IRVING LANGMUIR.
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