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" To all whom it may concern:
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paratus for

Be 1t known that I, Irving LaNneMUIR, a
citizen of the United States, residing at
Schenectady, county of Schenectady, State
of New York, have invented certain new and
useful Improvements in Methods of and Ap-
Producing Hxhausted Vessels,
of which the following 1s a specification.

My 1nvention relates to the production of
apparatus 1n which a very perfect vacuum is
required and more particularly to exhaust-
ing 1ncandescent lamps and similar articles

1 which 1t 1s desirable {o secure a very per-

fect vacuum which will not deteriorate even
though the article be heated. '

It 1s very difficult to produce and to main-
tain a high vacuum in vacuum apparatus.
such as incandescent lamps and similar ex-

‘hausted vessels, on account of the gases and

water vapor which are occluded by the ma-

terial of the apparatus and which escape

irom the walls into the exhausted vessel and
cause the vacuum to deteriorate, particularly
1 the apparatus 1s heated. This difficulty
1s especially noticeable in
lamps on account of the objectionable results
of deterioration of the vacuum, particularly
1t the lamps have metallic filaments, but
nievertheless the vacuum of lamps exhausted
11 the usual manner 1s apt to be impaired by
the occluded gases and vapor which escape
from the walls of the lamps when the lamps

become hot. In order to remove as much of

the occluded gases and vapor as possible
during exhaustion, it has been proposed to
heat the apparatus or lamp while 1t 1s being

- exhausted, but the temperature which can
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collapse under atmospheric pressure.

‘be safely used is quite low on account of the

tendency of the hot exhausted apparatus to

Experiments have shown that the
the temperature of the apparatus the more
completely are the occluded  gases and va-

pors driven out and the object of my inven-
tion is to provide a method and means by
which vacuum apparatus may be heated

during exhaustion to a %emperature at which
the walls begin to soften and to be distorted

by their own weight, so that the apparatus’|

is heated much hotter than it will ever be

during operation and is raised to the highest
temperature which can.be attained without

~ melting it down. In order to prevent the

Incandeseent

paratus.

| tion to. any pressure or strain sufficient to

distort it practically the same pressure 1s

maintained within and without the appa-

ratus during the heating and the exhaustion,

preferably by heating and exhausting the

apparatus in an oven which may be ex-
hausted to keep the pressure inside and out-
side the apparatus substantially equal dur-
ing the entire time the apparatus 1s at a
high temperature. I |

It is customary to exhaust vacuum appa-

ratus, especially lamps, through a connec-
tion or tubulature which i1s heated and sealed

off after the apparatus is exhausted. 1If the
tubulature exceeds a certain size 1t will not
seal off when heated, but will puncture at

some one point and permit air to enter the

exhausted apparatus, hence In practice a tu-

bulature of comparatively small bore 1s used
so that it can be sealed off at atmospheric,

pressure without destroying the vacuum in
the apparatus. The rate at which gases
may be drawn out of the apparatus depends
on the bore of the tubulature and a further
object of my invention is to shorten mate-
rially the time required for exhausting by
increasing the rate of flow of gases out of
the apparatus while on the pump, preferably
by using a tubulature much larger than can
be sealed off safely under atmospheric pres-

{ sure. At any time during the exhaustion

of the vessel but preferably after the ex-
haustion is completed there is produced 1n
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any suitable manner in the tubulature a

constriction of such a bore that it can be
easily sealed off at atmospheric pressure
without destroying the vacuum in the ap-

Other objects of my invention are to pro-

| vide a simple, efficient- and easily manipu-
higher

lated apparatus by means of which vacuum

hausted while so heated.

- My invention will best be understood-_in
100

connection with the accompanying drawings
which merely for purposes of 1llustration

90 ..

95

‘apparatus or lamps may be quickly and
easily heated to high temperature and ex-

show what I consider at the present time to

be the best one of the various forms in which
the invention may be carried out, and In
which— | : -

Figure 1 is a side elevation of_ an appa-
ratus constructed in accordance with my in-
apparatus being subjected during exhaus- ! vention and suitable for exhausting an m-
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candescent lamp; and Fig.' 2 is a longitudi-
nal cross section of the device shown in
Fig. 1. |

- In the speéiﬁc. form of device shown 1n
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the drawings, a table 1 is provided with up- |
rights 2 joined at the top by a cross piece 3

carrying pulleys 4 over which runs a flexi-
ble cord 5 connected at one end to a coun-
terweight 6 and at the other end to a cover
or chamber 7 which is open at. the bottom
but rests upon and makes an air-tight joint
with a base plate 8 mounted upon the table
1. The chamber 7 may be raised and low-
ered at will and is guided by means of ver-
tical guides 9. In order to heat the vacuum
apparatus during exhaustion to as high tem-
perature as practicable so that most of the

 occluded gases and vapors may be driven
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out of the material of the apparatus the in-
ner wall of the chamber 7 1s heated In any
suitable way to such a temperature that the
vacuum apparatus is raised to the highest
temperature which the material of the ap-
paratus will stand. The inner walls of the
chamber or cover 7 may be heated 1n any

. suitable way, but a convenient and simple

way is that shown in the drawings, in which

" a heating coil 10 connected to any suitable
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source of current through flexible leads 11 1s
embedded in the walls of the chamber 7,
preferably being embedded in some reirac-
tory material such as clay or porcelain and
spaced away from the outer wall of the
chamber by a layer of some suitable heat
insulating material 12 which surrounds the
heatin
is embedded. By passing a suilicient
amount of current through the heating coil
10, the temperature of the apparatus with-
in the chamber 7 may be raised to any de-
sired point during the exhaustion of the
apparatus. *

As is evident from Fig. 2, the chamber 7
and base plate 8 codperate to form a closed
chamber or oven which may be opened at
will and in which the apparatus to be ex-
hausted is placed. Amny suitable form of
closed chamber for containing the appara-
tus to be exhausted may be used as long as
it is so constructed that it may be exhausted
to whatever degree will be necessary to pre-
vent collapse or distortion of the heated

- apparatus which is being exhausted in the
chamber. The particular form of chamber

55

shown in the drawings is suitable for ex-

 hausting incandescent lamps one at a time,
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but in - practicing the invention commer-
cially the chamber is preferably made large
enough to contain a number of lamps or
similar pieces of apparatus. The particular
form of vacuum apparatus shown in the
drawings is an incandescent lamp 13 mount-
ed in the chamber 7 and connected to an ex-
haust pump by means of a tubulature 14

sealed on to a suitable connection 15 which

coil and the material in which 1t

ol
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extends "through the base 1 to some suitable
exhaust pump, not shown, while a similar
connection 16 extends through the base into

| the chamber 7 in which the lamp 13 is placed

and is also connected to an exhaust pump,
so that both the lamp 13 and the chamber
7 may be exhausted at will.. The apparatus
to be exhausted may be supported in the
chamber 7 in any suitable way. In the par-
ticular device shown in the drawings an up-
right 17 supports and guides a slidable rod
18 which is resiliently supported on a spring
19 and carries at its upper end clamps 20

leads 21 to some suitable source of current

so that, if desired, current may be passed

through the filament of the lamp during
exhaustion.
is removable from the base 8, an air tight
joint must be made between the cover and
the base and must be kept airtight, and one
of the various ways in which this result may

Dbe attained is by means of a gasket or pack-

ing ring 22 engaged by the edge of the
cover 7. In order to prevent injury to the
oasket by too high a temperature the edge
of the base and that portion of the cover
which contacts with the base is cooled in

some suitable manner, preferably by circu-

lating a cooling fluid through suitable re-
cesses in the base and through cooling coils
on the edge of the cover 7. In the particu-

Since the cover or chamber 7

70

75

| which take hold of the leading-in wires of
‘the lamp and are electrically connected by

80
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lar arrangement shown in the drawings, a

supply pipe 28 delivers water or other suit-
able cooling fluid through cooling coils 24
mounted close to that edge of the cover 7
which engages the base 8, then through suit-

able connections 25, as shown 1n Fig. 1, to a.

recess 26 formed in the base 8 in a position
to keep the edge of the base cool, the water
finally escaping through an exhaust pipe 27.

In carrying out my invention with the
particular form of device shown and de-
scribed, the lamp 13 or other vacuum appa-
ratus which is to be exhausted is connected
to the exhaust pump by sealing its tubula-
ture 14 to the connection 15 and the clips
90 are connected to the leading-in wires of
the lamp so that the filament is electrically

connected to the leads 21.. The cover 7 1s
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then fitted to the base 8 so as to make an -

airtight joint with the base and the lamp 13
may then be exhausted. During the ex-
haustion of the lamp its temperature may be
raised as desired by passing current through
the heating coil 10 and thereby heating the
inner wall-of the chamber 7.

If the apparatus which 1s being exhausted

is made of the kind of glass commonly used

| for incandescent lamps it is preferably heat-

ed to between 480° and 520° C. at -which
temperature the walls of the apparatus are

‘so hot that they are on the point of melting

down and will yield under very slight pres-
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sure, hence during the exhaustion of the
apparatus the chamber or cover 7 is also
exhausted through the connection 16 so that
at no time is there a sufficient difference of
pressure between the air inside the appa-
ratus and the air in the chamber or cover 7
to cause the walls of the apparatus or lamp
to be distorted in any way. The tempera-
ture to which the apparatus can be heated
during exhaustion is limited only by
melting point of the material of which the

the

apparatus is made, and if the apparatus 1s

made of certain kinds of glass which melt

only at very high temperatures the appa-
ratus can be heated much higher than 520°
C. during exhaustion because it will keep
its shape until the temperature approaches

the melting point of the glass. The exhaus-
tion is carried to the desired limit and the

apparatus is kept at the desired temperature
during exhaustion, after which the current
is cut off from the heating coil 10. Beiore
air is admitted to the oven 7 both the oven
and the apparatus in it are permitied - to
cool down to about 360° or lower, if the
apparatus is made of the usual kind of glass,
because the hot exhausted apparatus would
collapse under atmospheric pressure 1f the
oven were opened while the apparatus 1s
at the temperature attained by it during
the process of exhaustion. Adfter the cham-
ber or oven 7 has been opened, the hot ap-

paratus is sealed off from the pump by heat-

ing and sealing the tubulature 14. Rapidity
of exhaustion seems to be increased by the
use of a large tubulature 14, but if the tubu-
lature exceeds a definite size the exhausted

“apparatus cannot be sealed off under atmos-

pheric pressure because the tubulature when
heated will puncture instead of shrinking
together to form a hermetical seal. In ac-

cordance with my invention the time re-

quired for exhausting is very much short-

45

ened by using a tubulature much larger than

can be sealed off at atmospheric pressure,
and in order to enable the vacuum appara-
tus to be sealed off when'such a large tubu-

“lature is used, the tubulature 14 is heated

50

and constricted to the usual size aiter the.
apparatus has been exhausted and while

the difference in pressure between the 1n-
side and the outside of the tubulature 1s so

 slight that the tubulature will not be punc-
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tured. The constriction of the tubulature to
such a size that it can be sealed off under

atmospheric pressure may be accomplished

by heating the tubulature in any desired

way while the tubulature is in the exhausted
oven or chamber 7, and then constricting
it in any suitable way as by drawing it out

or by causing the walls to sink in under

slight pressure. One way in which the con-

striction may be produced in the tubulature
is shown in the drawing, in which a heating.

coil 28 supplied with current through flexi-

its walls and in preventing

2

ble leads 29 and mounted upon a suitable
support 80 surrounds the tubulature 14 near
the point where the tubulature joins the ves-
sel to be exhausted and by means of the
heating coil 28 a local heating of the tubu-
lature may be secured sufficient to render

the heated portion of the tubulature plastic.

In the preferred construction the tubu-
lature is constricted by being drawn out
slightly while it is soft. The drawing out
of the tubulature may be done in various
ways; preferably by so adjusting the spring
19 that when the heating coil 28 softens the

70
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tubulature more than the remainder of the

apparatus the spring will not only counter-
balance the weight of the lamp 13 but also
exert enough of an upward pull on the tubu-
lature to produce the required constriction.
The constriction may also be
heating the tubulature after the exhaustion
is practically completed and then varying
the pressure on the outside of the tubulature
in such a manner that the pressure 1s very
low and the walls of the tubulature shrink
and form a constriction instead of being
punctured, as would be the case 1f a large
exhausted tubulature were heated under at-
mospheric pressure. _

My invention may be embodied in many
other forms than that shown and described
and I therefore do not limit myself to the
precise arrangement disclosed, but intend
to cover by the appended claims all changes
and modifications within the scope of my

1nvention. _ | -
- What I claim as new and desire to secure

by Letters Patent of the United States, 1S i—
"1. The method of exhausting a vessel
which consists in heating the vessel during
exhaustion and in maintaining the medium
which surrounds the vessel at, substantially
the same pressure as the medium- inside the
vessel. | | | |

9. The method of exhausting a vessel
which consists in heating the vessel during
exhaustion to a temperature which sottens
the distortion
of the walls of the vessel during exhaustion.
3. The method of exhausting a vessel
which consists in heating the vessel to a
temperature at which the walls begin to
soften, and keeping the difference of pres-
sure between the medium inside said vessel

and the medium surrounding said vessel so

small that the heated walls retain their

shape. - .
- 4. The method of exhausting a glass ves-

sel which consists in heating the vessel dur-

ing exhaustion to a temperature between
160° and 520° C., and shielding the walls
of the vessel during exhaustion from pres-
sure great enough to distort them.

5. The method of exhausting a vessel

which consists in heating the vessel to a high

| temperature, and in reducing the pressure

30

produced by
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of the medium sﬁrrounding said vessel and
of the medium within said vessel to prevent

collapse of the walls of said vessel.

6. The method of exhausting a vessel
which consists in heating the vessel to a high

temperature during exhaustion to drive off

occluded gases, and reducing the pressure of
the medium within and without said vessel
to
on both sides of the walls of the vessel.

- 7. The method of exhausting a vessel

- which comsists in exhausting the vessel
~ through a connection so large that said con-

Lo

nection when exhausted cannot be sealed off
under atmospheric pressure, reducing the
pressure of the medium surrounding said
connection below the pressure of the atmos-

- phere, producing in said connection a con-

20

25

striction small enough to permit sealing off
under atmospheric. pressure, and sealing off
said connection at said constriction.

8. The method of exhausting a vessel hav-
ing a large tubulature which consists 1n ex-
hausting said vessel through said tubulature,
reducing the pressure of the medium- around

- sald tubulature until it 1s too low to cause

20

35

puncturing of said tubulature, heating said
tubulature locally, drawing out the heated
portion of said tubulature to produce a con-
striction in said tubulature, and sealing off
at sald constriction. SR .

9. In an apparatus for exhausting vessels,

the combination of a chamber for containing
~ the vessel to be exhausted, means for heat-

ing the vessel in sald chamber, and means

* for exhausting both said vessel and said

40

45

chamber. |

10. In an apparatus for exhausting ves-

sels, the combination of a chamber for con-

taining the vessel to be exhausted, connec-
tions extending into said chamber for ex-

hausting said vessel, means for heating said
vessel during exhaustion, and means for ex-
hausting both said chamber and the vessel
in sald chamber to keep the difference of

‘pressure between the interior and the ex-

- terior of sald vessel too small to distort said

50

vessel. -
11. In an apparatus for exhausting ves-
sels, the combination of an oven for contain-

ing the vessel to be exhausted, means for

heating the 1nner wall of said oven to raise
the temperature of said vessel, and means

~ for exhausting said vessel and said oyen.

Hd

12. In an apparatus for exhausting ves-

- sels, the combination of a chamber for con-

taining said vessel comprising two cooperat-

produce substantially the same pressure

|'

ing separable parts, means for heating the '

‘hausted, a heating

‘means for heating

|

994,010

inner wall of one of said parts to heat the
vessel in sald chamber, and means for ex-
hausting said chamber and the vessel 1n said
chamber. '

18. In an apparatus for exhausting ves-
sels, the combination of a base, a movable
cover cooperating with said base to form a
chamber to contain the vessel to be exhaust-

60

65

ed, exhaust connections for said vessel. ex-
tending through said base, means for heat-

ing the inner wall of said cover during ex-
haustion of said vessel, and connections for
exhausting said chamber. _

14. In an apparatus for exhausting ves-
sels, the combination of a base, a removable
cover cooperating with said base to form a
chamber for containing the vessel to be ex-
coll embedded in the
walls of said cover to heat the vessel 1n said
chamber, cooling means for maintalning the
temperature of said cover and said base
within predetermined limits at their point
of contact, connections for exhausting said
vessel, and connections for exhausting said
chamber. '

15. In an apparatus for exhausting glass
vessels, the combination of an alr tight oven
for containing the vessel to be exhausted,

means for heating the vessel 1n said oven to

about 500° C. and means for exhausting said
oven during the exhaustion of said vessel.
'16. In an apparatus for exhausting ves-
sels, the combination of a chamber for con-
taining a vessel to be exhausted, means for

70

70

80

80

90

heating the vessel in sald chamber, means

for connecting the tubulature of said vessel

to an exhaust pump, auxiliary heating
the tubulature of said
vessel at a point adjacent said vessel to pro-

95

duce a constriction in said tubulature, and = -

means for exhausting sald chamber during
the exhaustion of said vessel.

sels, the combination of a chamber for con-

7100
17. In an apparatus for exhausting ves-

taining the vessel to be exhausted, means for = -

‘heating the vessel in said chamber, means

for connecting the tubulature of said vessel
to an exhaust pump, auxiliary heating means
for heating a portion of the tubulature,
means for drawing out said heated portion
to produce a constriction in said tubulature,
and means for exhausting said chamber.

In witness whereof, I have hereunto set
my hand this 20th day of October, 1910.

_ - IRVING LANGMUIR.

Witnesses: | -j
Bexsamin B. Hown,
HrLEN ORFORD.
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