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This invention relates to metal-walled vacuum 
chambers or containers, and method of manufac 
ture thereof, wherein the essential elements are 
constructed largely, if not entirely, of metal so 
that the article is strong and for all practical pur 
pOSes unbreakable. The general object of the in 
vention is to provide a metal-Walled container or 
other chamber which can be evacuated to serve 
for insulating or other purposes and in which the 
Walls are permanently gas-impermeable to pre 
vent gradual loss of vacuum. - 
A special object of the present invention is a 

vacuum insulated container having a large open 
ing so that Solid food in large sizes can be intro 
duced and removed therefrom and the interior 
of the container readily cleaned and so con 
Structed that the separate parts thereof can be 
brazed or alloyed together in a manner which 
insures a permanent vacuum tight seal at the 
joints between the separate parts. 
While metal vacuum insulated containers or 

bottles have been proposed heretofore such a 
metal container is not permanently gas tight and 
the evacuated space of the container in time loses 
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a considerable amount of its vacuum by leakage 
through the pores in the metal side walls that 
define the evacuated space so that the insulating 
value of the space becomes lessened. It is an 
object of the present invention to provide a metal 
walled vacuum insulated container with a metal 
sealing film that is welded to or alloyed with the 
metal wall and fills all pores, seams and fissures 
therein and thus makes the metal wall perma 
nently tight against impairment of the evacuated 
space so that the insulating efficiency of the con 
tainer is maintained indefinitely. 
The container embodying the present invention 

comprises an inner container or receptacle en 
closed within an Outer container or shell, the 
space therebetween being evacuated and the top 
of the inner container being connected to and 
spaced frcm the top of the Outer shell by a thin 
annular metal ring of channel cross-section that 
is welded to the shell and the container and sup 
ports the shell and container in spaced relation 

sure for the evacuated space therebetween, the 
rig being thin and of relatively high resistance 
to heat conduction between the container and the 
shell so that the flow of heat into or out of the 

Such a construction 
comprises a further object of the invention. 

It is highly desirable to provide the interior sur 
face of the vacuum insulated container with a 
heat reflecting surface whereby to retard the loss 

(CI, 113-112) 
of heat from the contents thereof. With the 
usual restricted-opening metal vacuum bottle it 
has not been practicable to electroplate and pol 
ish the inner surface of the container. In ac 
cordance with the present invention, however, the 5 
container is so constructed that the inner surface 
thereof can be electroplated and polished readily 
whereby to enhance the heat insulating property 
thereof; and such a construction constitutes an 
object of the present invention. 10 
Another object of the invention is to provide 

a vacuum-insulated container with outer and in 
ner metal side walls which enclose the evacuated 
heat-insulating space, the outer side wall provid 
ing an outer seal or envelope for the evacuated la 
space and being thin so that it offers great re 
sistance to heat flow, along its length, the Wall 
being so thin that it cannot be depended upon to 
withstand safely severe mechanical impact and 
the pressure difference on opposite sides of it, and 20 
there being a relatively thick heat-insulating 
pressure-resisting shell surrounding and inti 
mately connected with and providing support for 
and protecting the thin metal shell. The thick 
insulating shell thus, in effect, constitutes the 25 
pressure-resisting casing and the Outer metal wall 
constitutes, in effect, a vacuum tight lining or seal 
for the insulating shell. 
A further object of the invention is a construc 

tion of a vacuum-insulated container so arranged 30 
that two or more similar containers can be con 
nected together as a unit whereby to provide one 
insulated compartment for the reception, Say, of 
liquids, and another insulated compartment, say, 
for the reception of solids. 35 
Another object of the invention is the provision 

of a vacuum-insulated extension that is open at 
both ends and can be secured at one end to the 
top of the container and have the cover for the 
container secured to the other end thereof, there- 40 
by to provide a container of enhanced capacity. 
A further object of the invention is the provi 

sion of a vacuum-insulated container having its 
inner or food containing compartment provided 45 
with a heavy wall of high thermal capacity So 
that it is enabled to store up a large amount of 
heat or cold, as the case may be, and thereby pro 
long the time during which the contents of the 
container are maintained at the desired high or 50 
low temperature. 
A further object is generally to improve the 

construction and extend the use of vacuum-insul 
lated containers. , 

Fig. 1 is a sectional elevation of a vacuum- 55 
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insulated container, or vacuum bottle, embody 
ing the present invention. 

Fig. 2 is a Sectional detail illustrating a modi 
fied form of Screw-threaded connection between 
the container and the top cover therefor. 

Fig. 3 is a view similar to Fig. 2 but illustrating 
a modified form of Connection between the inner 
receptacle and the outer shell. 

Fig. 4 is an enlarged detail illustrating the 
vacuum seal and the reflecting surface of the 
container. 

Fig. 5 is a Sectional detail of a vacuum-insu 
lated extension for the container of Fig. 1. 

Fig. 6 is a sectional view corresponding to Fig. 1, 
but showing thereof only the assembled metal 
wall parts directly enclosing the chamber space. 

Fig. 7, on a larger Scale, for diagrammatic pur 
poses, shows only portions of two adjoining walls 
of Fig. 6, before treatment. 

Fig. 8 is a diagram similar to Fig. 7 and, indi 
Cating the application or distribution of a Sup 
ply of sealing metal or copper upon the metal or 
iron Walls. ; 

Fig. 9 diagrammatically illustrates the treat 
ment of assembled chambers like Fig. 6, with 
copper applied as in Fig. 8, in a heating furnace 
in reducing atmosphere at a sealing temperature 
above the melting point of the copper. 

Fig. 10 on a microphotographic scale indicates 
diagrammatically and approximately the porous 
character of an iron wall and the spreading and 
Sealing action of the copper upon and into the 
iron Surface. 

Fig. 11 is a diagram similar to Figs, 7 and 8 
showing the result of these steps, with copper 
sealing the iron walls and bonding the joint be 
tween walls, a later step, after plating over the 
copper, being shown in Fig. 4. 
The vacuum-insulated chamber, container/or 

Vacuum bottle embodying the present invention is 
designed to have its parts welded or bonded to 
gether and the pores, passages and the like in its 
metal walls sealed by heating the assembled parts 
in a reducing atmosphere, such as hydrogen, in 
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Contact with a lower melting point metal, Such as 
copper for parts composed of iron or steel, Or. 
Some metal that, when fluid, is capable of melt 
ing and spreading over the surfaces of the metal 
with which it is in contact. The reducing atmos 
phere removes all oxides from the parts and the 
fluid bonding metal flows by capillary action into 
the joints between the parts and into the pores, 
fissures, passages and the like in the metal walls 
so that the parts are bonded together when they 
are cool and the bonding metal is solid, and the 
passages and the like are sealed against air leak 
age therethrough. 

In accordance with the present invention the 
vacuum-insulated container 9 illustrated in Figs. 
1 and 6 comprises an inner metal container or 
vessel 0 and an outer metal container or vessel 
2, the side walls of which are spaced from the 

side Walls of the inner container and the cham 
ber or space therebetween is highly evacuated. 
The inner container has a side wall that com 
prises essentially a cylindrical tube that is 
open for practically its full diameter at the top 
So that completely free access can be had with 
the interior thereof. The bottom wall of the 
inner container comprises a disc f which, in the 
initial assembly of the parts, is frictionally re 
tained in the open bottom of the tube 4. The 
tube and the disc are preferably, although 
not necessarily, composed of steel and are rela 

enter and Seal the joints, passages and the like. 

2,024,065 
tively thick and thus have high thermal storage 
capacity so as to impart heat to the contents of 
the inner container or to maintain the contents 
cool, as the case may be, for a substantial period 
of time. The bottom wall f6 is secured or alloyed 5 
with the tube 4 in the manner described, by 
heating the parts in a reducing atmosphere with 
copper present at or near the joint between the 
parts to a temperature above the melting point 
Of Copper whereby the copper runs into the joint lo 
by capillary action and forms a strong bond and . 
a vacuum tight seal between the parts. In ac 
cordance with the present invention after the 
disc 6 has been pressed into the bottom end of 
the tube 4 preferably the entire inner surface of 15 
the inner container O has a coating of coppar 
particles applied thereto preferably by mixing 
the copper particles with a solution of pyroxy 
lin, or some other satisfactory vehicle that will 
cause the copper to adhere where deposited on 20 
the surface and is not detrimental to the welding 
process, and spraying the mixture through the 
open top or mouth onto the inner surface of the 
container O so that the mixture adheres both to 
the inner Surface of the tube f4 and the bottom 25 
wall 6 and preferably covers the entire inner 
Surfaces thereof. If necessary a greater amount 
of the mixture can be sprayed onto the surfaces 
adjacent the joint between the wall 6 and the 
tube 4. The receptacle O is then heated in the 30 
reducing atmosphere to above the melting point 
of the copper and the copper flows by capillary 
action not only into the joint between the tube 
and the bottom disc 6 but also into all pores, 
pipes and fissures of the metal surfaces and 35 
alloys therewith so that it not only bonds the 
disc and the tube together but forms a vacuum 
tight Seal for all the pores in the metal walls and 
thereby prevents leakage of gas therethrough into 
the evacuated space. This vacuum sealing film 40 
is illustrated by the numeral 8 in Fig. 4. I have 
found that this method of Sealing the wall against 
gas diffusion though it is highly effective by rea 
son of the fact that the metal sealing film wets 
the surface of and alloys with and in effect sinks 45 
into the surface of the metal Wall on which it 
is applied and thereby effectually closes all pas 
sages through the wall, and that a plated film or 
one applied in any other manner known to me is 
not completely gas tight. For some purposes, 50 
the bonding and Sealing metal, as copper, can be 
electroplated on the surfaces of the walls and 
then fused in the reducing atmosphere, where 
by it will be caused to bond to the metal and 

The bonding metal also can be applied before 
the parts have been assembled so that the metal 
will be in the joints between the parts when they 
are assembled and will be fused and spread over 
the juxtaposed surfaces and alloy therewith in 
the furnace. After the copper sealing film is 
applied the interior of the inner receptacle is 
electroplated preferably by chromium, the chro 
mium film 2, see Fig. 4, being deposited upon 65 
the copper film f, the copper film not only con 
stituting a vacuum seal for the metal wall but 
also constituting a necessary base to receive the 
chromium film, the electrode for the plating proc-, 
ess being introduced through the wide open to 
mouth of the container. After the deposition of 
the chromium film, the film is buffed or pol 
ished by a tool introduced through the open 
mouth of the container to receive a high polish 
which reflects the heat and retards the transmis-s 
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Sion thereof into the wall of the inner container. 
The electro-deposition and polishing of the chro 
mium film can be accomplished commercially by 
reason of the wide opening of the inner container. 
The outer shell f2 comprises a thin metal tube 22 
preferably of steel and of uniform diameter from 
end to end and opens at the top and bottom and 
spaced from the inner container to provide an 
evacuated space 24 therebetween. The shell 22 
is provided with a cup-shaped metal bottom clo 
Sure having a substantially flat bottom wall 26 
and an upturned continuous annular flange 28 
which is fitted or pressed within the open bottom 
end of the shell. The flange and shell are welded . 
or bonded together by copper or the equivalent in 
the manner described in connection with the 
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inner container and the inner surface of the 
Outer shell, and the closure 26 preferably is pro 
vided with a copper vacuum-sealing film and a 
heat reflecting film in the manner described in 
connection with the inner container. The top of . 
the inner container and the top of the outer shell 
are connected together and maintained in spaced 
relation by an endless annular metal ring 30 of 
inverted channel cross-section and having de 
pending side walls of flanges 32 which are en 
gaged with the confronting faces of the inner and 
outer walls 4 and 22 and are welded or bonded 
together in the manner heretofore described. 
Said spacing and connecting member 30 is pref 
erably composed of thin metal so that the rate 
of heat conduction between the inner and Outer 
walls is slow. For some purposes the top of the 
inner tube f4 where it joins the ring 30 can be 
of reduced thickness as illustrated by the numeral 
34, Fig. 3, whereby to increase the length of the 
high resistance thermally conducting path be 
tween the shells. The ring 30 is sufficiently rigid 
ordinarily to maintain the inner and Outer recep 
tacles in spaced relation free from contact so 
that no other spacing means is rendered neces 
Sary. 
The bottom closure for the outer receptacle is 

provided with an upturned neck 36 in which a 
plug 38 is welded, the plug having a Screw-thread 
ed portion 40 for connection with a vacuum pump 
and having a passage 42 therethrough by which 
the space 24 can be evacuated. The passage 42 
can be closed by a screw-threaded valve 44 prior 
to the disconnection of the plug from the vacuum 
pump whereby to seal off the space 24. The 
screw-threaded valve 44 can then be permanently 
sealed by soldering. The bottom face of the disc 
6 of the inner receptacle is provided with a re 

cess 46 adapted to receive a locating tool that 
centers the inner receptacle with the outer re 
ceptacle during the process of welding the two 
receptacles and the ring 30 together. The outer 
receptacle is enclosed within and intimately con 
nected with a non-metallic heat-insulating shell 
composed of bakelite or other artificial resin 48. 
Preferably the she comprises a tube. 50 which 
has a separate bottom closing disc 52 of the same 
composition cemented therein, and the shell is 
Cemented to the outer metal shell 22, the shell. 
48 may be otherwise constructed, however. 
The outer shell 22 is adapted to be composed of 

relatively thin metal so that it offers high re 
sistance to heat flow along its length. For this 
purpose the she is So thin that it can not be 
relied upon to withstand mechanical impact and 
the pressure difference on opposite sides of it. 
Hence the thin metal shell is intimately con 
nected with the outer insulating shell 50 and said 

outer shell is sufficiently strong and rigid to re 
sist impacts and the pressure of the atmosphere 
and thereby to support the thin metal shell. Thus 
the insulating shell constitutes the pressure-re 
sisting shell and the metal shell in effect consti- 5 
tutes an imperforate lining or seal for the insul 
lating shell. The metal and insulating shells 
may be intimately connected by a suitable cement 
Or the insulating shell may be built up on the 
metal shell by a moulding process, using, for 10 
instance, a dry phenol condensation powder, or 
by coating the metal shell with a liquid solution 
of the insulating material. 
The container is provided with a heat-insulat 

ing cap 54 which preferably is removably screw- 5 
threaded to the container. In the modification 
illustrated in Fig. 2, the outer shell 22 is provided 
with an outstanding continuous flange 62 which 
is in line with the top of the inner container and 
said flange has an upstanding annular internally 20 
screw-threaded wall 64 that receives the screw 
threads of the cap 54. In this modification a 
ring 66 of heat insulating material similar to that 
composing the shell 48 is screw-threaded onto and 
cemented to the screw threads 64 and also to the 25 
top of the shell 48. In the construction illus 
trated in Fig. 1 the top of the outer shell 2 is 
provided with an outstanding continuous flange 
68 that is seated against the top of the heat in 
sulating shell 48 and an internally screw-threaded 30 
ring 70 of heat insulating material is cemented 
to the top of the shell 48 and receives the cap 54. 
A resilient packing washer 72 is located under 
the cap 54 and on top of the inner and Outer 
receptacles to seal the joint therebetween. The 35 
cap 54 is provided with a reduced internally 
Screw-threaded passage in which the screw 
threaded closure or cover 74 is removably located. 
When a liquid is in the inner container it is 
sufficient merely to remove the cover 74 to pour 40 
out the liquid. When the inner container con 
tains solid masses the cap 54 can be removed to 
permit the introduction or removal of the Solid 
masses. The inner face of the cap 54 is provided 
with a hollow evacuated ring 76 which has a 45 
polished heat reflecting inner Surface and is 
adapted to retard the transmission of heat from 
the interior of the container through the cap. 
Said disc has a passage 78 in the middle thereof 
through which communication can be established 50 
with the central funnel-shaped passage 80 of the 
cap. The cover 74 is provided with an intermedi 
ate portion of reduced diameter so that an air 
space between the bottom portion of the cover, 
and the top portion, which seats in the top por-5 
tion of the passage 80, is provided, thereby retard 
ing heat transmission through the cap and cover. 
The cover 74 is provided with a metal bottom 
plate 82 provided with a lower polished heat re 
flecting surface which overlies the opening 78 and 00 
bears against a resilient washer 84 which overlies 
the upper face of said disc 76. The lower por 
tion of the insulating shell 48 is provided with 
external screw threads 85 which conform to the 
screw threads 58 of the cap 54 so that the screw 65 
threads 86 of one container can be screw-threaded 
into the top of a second container, thereby to 
form in effect a single container of double the 
capacity and wherein the bottom 52 of one con 
tainer forms a top closure for the other. The 70 
upper container may contain a liquid while the 
lower container may contain solids. The bottom 
screw threads 8S also constitute means by which 
the container can be secured freely to some con 
vendent support. 75 
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lar to the flange 68 of Fig. 1. 

4 
While the assembled metal walls may be assemi 

bled, as shown, with abutting or face contact, they 
may be preliminarily united instead by crimping 
the adjacent edges, in a usual manner, the sealing 
metal entering the capillary space between the 
crimped walls; or the walls may be welded to 
gether electrically or otherwise prior to the seal 
ing step. 
The present invention also comprehends a 

vacuum insulated extension 94, see especially Fig. 
5. Said extension comprises an inner metal tube 
98 having a straight side wall and substantially 
the same diameter as the diameter of the inner 
receptacle 9. A straight walled Outer metal 
shell 98 surrounds the tube 96 and is spaced there 
from to provide an evacuated heat insulated space 
90 therebetween. The bottom of the outer tube 

98 is provided with a reduced neck 102 which sur 
rounds and contacts and is welded Or alloyed to 
the inner tube 96. The upper end of the tube 98 
is provided with an cutstanding flange 04 simi 

The upper portions 
of the inner and outer shells are Welded to the 
interposed spacing and connecting ring 106 simi 
lar to the ring 30 of Fig. 1. A heat insulating 
shell 98 similar to the shell 48 surrounds the 
outer shell 98 and is provided at the top with the 
internal Screw threads and at the bottom 
with the external screw threads 12. The screw 
threads 2 are adapted to be screw-threaded 
into the screw threads at the top of the container 
and the cap 54 of the container is adapted to be 
screw-threaded into the screw threads O so that 
the extension and the container are assembled as 
stated, and the effect produced is that of a single 
container of increased length. The construction 
of the extension can otherwise be as described in 
connection with the previously described con 
tainer. 
The diagrams Figs. 6 to 11 illustrate the princi 

ples of the method and steps in the preferred em 
bodiment of the present invention. Fig. 6 shows 
tle wall assemblage 9, constituting the vacuum 
chamber before sealing and uniting the walls and 
evacuating the chamber space 24. The inner and 
Outer tubular walls 4 and 22 are spaced apart 
concentrically. At the bottom the inner wall is 
closed by disk 6 while the Outer Wall is closed 
below by the cupped bottom piece 26, the outer 
flange 28 of which has face contact with the cylin 
drical well. At the top between the tubes or 
cylinders is the metal ring 30 having depending 
flanges 32. The bottom 26 has the central flange 
36 in which is set the port piece or open plug 38 
having cuter threads 49 for coupling the exhaust 
ing apparatus, and an open passage 42 through 
it, to be closed by a plug 44 shown in Fig. 1. 
This assemblage of walls, preliminarily secured 

by pressure or otherwise, is to be permanently 
sealed as described, and united at the joints, 
which may present abutting or face contact or 
crimping attachment, in any case involving 
Crevices of capillary proportions, 
The next diagram Fig. 7 shows enlarged por 

tions of walls f and 6 assembled, with a capillary 
joint between them, but before any treatment. 
Fig. 8 shows the same walls 4 and 6, for ex 
ample of iron, but with an application or distribul 
tion of copper, as a layer, or in spots, or other 
wise, and inside, outside or both, as already de 
scribed. 

Fig. 9 diagrammatically illustrates the step of 
heating in a reducing or hydrogen atmosphere. 

5 A series of the wall assemblages 9 is shown carried through the heating chamber A. On a suitable 
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conveyor B, the port piece 38 being open at this 
stage. The chamber A is conventionally shown 
as heated by electric coils Chaving exterior termi 
nals D. The conveyor carries each assemblage 
slowly through the heating chamber, to give it 5 
the requisite period of exposure to the specified 
temperature, at or above the melting point of 
Coppel, So that the applied copper is caused to 
melt and flow wetly as described. From the heat 
ing chamber each product passes preferably into 10 
a cooling chamber E in which are enclosed con 
duits F to carry cooling fluid. Curtains G as of 
asbestos are indicated at each of the walls cover 
ing the entrance and exit of each chamber. Hy 
drogen or other reducing gas may be continuously 15 
Supplied to the heating chamber or furnace by 
pipe H, passing thence into and from the cooling 
chamber. This gas chemically cleans the iron 
Walls at and below the surface, and prevents 
Oxidation. " . 20 

The resulting condition of each wall surface 
when passing from the heating chamber is indi 
cated approximately in the diagram Fig. 10 
wherein, highly magnified, the copper is shown 
as substantially covering the surface of the iron, 25 
and entering also to a substantial depth into 
every passage and pore existing between or in the 
minute crystalline particles, the copper flowing 
freely over the surface in a wet condition and 
being drawn into the surface by the alloying 30 
attraction of the iron for the copper, or by capil 
lary attraction of the fine passages for the fluid 
metal, or both; in some cases this action being SO 
complete that the copper may pass clear through 
a thin wall and show at the opposite side. 35 

Fig. 11 shows the product of these steps, the 
copper- now forming a sealing coating or film 8, 
and the surplus copper adjacent the corner hav 
ing been drawn into the joint between the Con 
tacting walls 4 and 6 and effected a permanent 40 
and tight bonding and uniting thereof. If a 
reflecting surface is desired a chromium plate 
layer 20 may be applied on top of the copper, as 
shown in Fig. 4, copper being well adapted to the 
adherence of chromium. 45 . 

Following the sealing and uniting of the walls 
the chambers are subjected to usual exhausting 
steps, not shown, at the completion of which the 
port or passage 42 is closed by plug 44 and Solder 
applied to the plug for a final Sealing. J 
The product of this invention may be sum 

marized in one aspect as a gas-impermeable 
metal-walled vacuum chamber, having for ex 
ample the form of a container, the same Com 
prising the metal walls, as of iron, arranged to 
form and completely enclose an evacuated space, 
with a permanently stopped exhaust port; and 
upon said metal walls a sealing coating of a metal 
as copper, which has a lower melting point than 
the wall metal and has an alloying attraction 
therewith, part of said sealing metal being in an 
indrawn position (caused by the alloying attrac 
tion or by capillarity or both at a temperature 
between the melting point of the two metals) 
thereby occupying and closing the permeable 
pores and passages of the walls and sealing them 
gas-tight. The walls being preferably connected 
by joints such joints are bonded by the entry of 
the sealing metal into the crevices thereof. In 
the aspect of method the invention may be de-0 
scribed as the process of manufacturing such a 
product comprising arranging the metal walls to 
surround completely the space within the cham 
ber, but leaving a temporary gas port, applying 
upon the wall surface, in any of the ways de 

5 5 
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scribed, a Sealing metal of substantially lower 
melting point than the wall metal and having an 
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alloying attraction therewith, then heating the 
chamber in a reducing atmosphere to a sealing 
temperature sufficiently above the melting point 
of the sealing metal to cause it to flow wetly upon 
the hot wall surfaces and to enter into and close 
and Occupy, by capillarity or alloying attraction, 
Or both, the permeable pores and passages of the 
Wall metal, allowing the wall to cool to solidify 
the Sealing metal, and thereafter evacuating the 
chamber space and stopping the gas port to close 
permanently the space. The assembling of the 
Walls preferably precedes the sealing thereof, and 
any wall joints are preferably bonded in the same 
Operation with the Sealing. 
The vacuum chamber of this invention is shown 

illustratively as adapted for heat-insulating pur 
poses, for which it is of special advantage. The 
Walls are of sheet metal or steel which is light 
or thin, of the order of 0.10 inch or less, down to 
a fraction thereof; as stated the wall metal is of 
a, thinness subject to crimping for uniting the wall 
parts, and may sometimes even be so thin as to 
require reinforcing against collapse; the product 
being light and perhapSportable, as is the vacuum 
bottle described. Such character of walls tends 
to impair the gas tightness of untreated walls. 
In the preferred process the final forming or 
aSsembling of the wall parts in their permanent 
relation precedes the heating treatment for wall 
Sealing, which is important, and the assembling 
may also precede the application of the copper . 
or sealing metal to the walls, which is of less 
importance. The finished chamber walls com 
pletely enclose the evacuated space without need 
of packing or clamping devices. 
I claim: 
1. The process of manufacturing a highly gas 

impermeable metal-walled vacuum chamber, 
comprising arranging the Wall metal to form and 
completely enclose the chamber, leaving an exe 
haust port, then applying upon the chamber wall 
surfaces a sealing metal of substantially lower 
melting point than the Wall metal and having 
an alloying attraction therewith, then heating 
the chamber in a non-oxidizing atmosphere to a 
Sealing temperature Sufficiently above the melting 
point of the sealing metal to cause it to flow wetly 
upon the hot Wall surfaces and to be drawn be 
low the Wall Surfaces and to enter into and close 
the permeable pores and passages of the wall 
metal, allowing COOling to Solidify the Sealing 
metal, and thereafter evacuating the chamber 
and stopping the exhaust port. 

2. The process of manufacturing a gas-in 
permeable metal Walled vacuum chamber, comi 
prising the preliminary steps of arranging the 
metal walls to form the chamber, leaving an ex 
haust port in one of the walls, and, applying upon 
the wall Surfaces a sealing metal of substantially 
lower melting point than the Wall metal and hav 
ing an alloying attraction therewith, and the sub 
sequent steps of heating the chamber in a reduc 
ing atmosphere to a sealing temperature sufi 
ciently above the melting point of the sealing 
metal to cause it to flow wetly upon the hot wall 
surfaces and to enter into and close, the permea 
ble pores and passages of the Wall metal, followed 
by allowing the wall to cool to solidify the sealing 
metal, and thereafter evacuating the chamber 
and stopping the exhaust port. 

3. The process of manufacturing a gas-im 
permeable heat-insulating metal-walled vacuum 
chamber, comprising arranging sheet-iron walls to 

5 
form the chamber, leaving an exhaust port, then 
applying upon the wall surfaces a sealing metal 
as copper of substantially lower melting point 
than the wall metal and having an alloying at 
traction therewith, then heating the chamber 5 
in a hydrogen reducing atmosphere to a sealing 
temperature sufficiently above the melting point 
of the sealing metal to cause it to flow wetly upon 
the hot wall surfaces and to enter and close the 
permeable pores and passages of the wall metal, 
allowing the wall to cool to solidify the sealing 
metal, and thereafter evacuating the chamber 
and stopping the exhaust port. 

4. The proceSS as in claim 2 and wherein the 
wall metal is iron, and the sealing metal is copper, 
and the Sealing metal in fully divided form is first 
mixed with a volatilizable vehicle, as pyroxylin, 
and applied or distributed upon the wall surfaces 
before heating. 

5. The process of manufacturing a gas-im- 20 
permeable metal walled vacuum chamber, com 
prising the preliminary steps of assembling sheet 
metal Wall parts in final relation to form and 
enclose the chamber, leaving an exhaust port, the 
said parts meeting at joints presenting crevices of 25 
capillary thinness, and applying upon the wall 
surfaces a sealing metal of substantially lower 
melting point than the wall metal and having 
an alloying attraction therewith, and applying 
the sealing metal also at such joints in substantial 30 
quantity, and the subsequent steps of heating 
the chamber in a reducing atmosphere to a seal 
ing temperature sufficiently above the melting 
point of the sealing metal to cause it to flow 
wetly upon the hot wall surfaces and to be drawn 35 
into and close the permeable pores and passages 
of the wall metal, and at the same time to enter 
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also the crevices at the joints and be drawn into 
and unite with the wall metal bounding such 
crevices, and then allowing the wall to cool to 40 
Solidify the Sealing metal, thereby to Seal the 
wall surfaces, and at the same time to seal the 
crevices between the wall parts and permanently 
to bond such joints, and thereafter evacuating 
the chamber and stopping the exhaust port. 

6. The process of manufacturing a gas-im 
permeable metal walled vacuum chamber, com 
prising assembling sheet iron Wall parts to form 
the chamber, leaving an exhaust port, the Said 
parts meeting at joints presenting crevices of 50 
capillary thinness, then applying copper upon the 
wall surfaces and also at such joints in substan 
tial quantity, then heating the chamber in a re 
ducing atmosphere, as hydrogen, to a sealing 
temperature sufficiently above the melting point 55 
of the copper to cause it to flow wetly upon the 

g5 

hot iron wall surfaces and to be drawn into and 
close the permeable pores and passages of the 
walls, and at the same time to enter also the 
crevices at the joints and be drawn into and unite 60 
With the Wall metal contiguous to such crevices, 
and allowing the wall to cool to solidify the copper, 
thereby to seal the wall surfaces, and at the 
same time to seal the crevices between the wall 
parts and permanently to bond such joints, and 65 
thereafter evacuating the chamber and stopping 
the exhaust port. 

7. The process of manufacturing a metal walled 
vacuum insulated container; comprising arrang 
ing spaced metal walls, as of iron, to form the 70 
container and to enclose a vacuum space between 
the walls, leaving an exhaust port, and applying 
upon the Wall surfaces and at the joints between 
Wall parts a Sealing metal, as of copper, of Sup 
stantially lower melting point than the wall metal 75 
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and having an alloying attraction therewith, and 
thereafter heating the container in a reducing, 
atmosphere, as hydrogen, to a sealing tempera 
ture sufficiently above the melting point of the 
sealing metal to cause it to flow wetly upon the 
hot wall surface and to be drawn into and close 
the permeable pores and passages of the wall 
metal, and at the same time to enter between the 
wall parts at the joints, and allowing the wall to 
cool to solidify the sealing metal thereby to seal 
the wall surfaces and to bond the joints, and final 
ly evacuating the chamber and stopping the ex 
haust port. 

8. The process of manufacturing a gas-tight 
heat insulating metal Walled vacuum chamber, 
comprising assembling in final relation the metal 
walls to surround completely the space within the 
chamber, but leaving a temporary gas port, and 
applying upon the wall surfaces a sealing metal 
of Substantially lower melting point than the Wall 
metal and having an alloying attraction there 
with, and thereafter heating the assembled cham 
ber in a reducing atmosphere to a Sealing tem 
perature sufficiently above the melting point of . 
the sealing metal to cause it to flow wetly, upon 
the hot wall surfaces and to enter into and close 
and occupy by attraction or capillarity the per 
meable pores and passages of the wall metal, 
allowing the wall to cool to solidify the sealing 
metal, and thereafter evacuating the chamber 
and stopping the gas port to close permanently 
the Space within the chamber. 

9. The process of manufacturing a gas-tight 
metal walled vacuum chamber, comprising the 
preliminary steps of assembling sheet metal wall 
parts to surround the space within the chamber, 
leaving an exhaust port, and applying upon the 
wall Surfaces a sealing metal of substantially 
lower melting point than the wall metal and hav 
ing an alloying attraction therewith, and apply 
ing the sealing metal also for the joints between 
the wall parts, and the subsequent steps of heat 
ing the chamber in a reducing atmosphere to a 
Sealing temperature sufficiently above the melt 
ing point of the sealing metal to cause it to flow 
wetly upon the hot wall surfaces and to be drawn 
into and close and occupy by attraction or capil 
larity the permeable pores and passages of the 
Wall metal, and at the same time to enter the 

50 joints between the wall parts, and allowing the 
wall to cool to solidify the sealing metal, thereby 
to seal the wall surface and at the same time to 
bond permanently the joints, and thereafter 

55 
evacuating the chamber and permanently stop 
ping the exhaust port. 

10. The process of manufacturing a gas-tight 
metal walled vacuum chamber of light or port 
able nature having walls of light sheet-metal as 
iron and with an evacuation port in a wall, said 
process, comprising applying upon the surface 
of the wall metal a sealing metal of substantially 
lower melting point than the wall metal and hav 
ing an alloying attraction therewith, then heat 
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ing in a non-Oxidizing or reducing atmosphere to 
a sealing temperature sufficiently above the melt 
ing point of the sealing metal to cause it to flow 
Wetly upon the hot wall surfaces and to enter into 
and close and occupy hy attraction or capillarity 5 
the permeable pores and passages of the Wall 
metal, allowing the Walls to cool to Solidify the 
sealing metal, and thereafter evacuating the 
completed chamber and permanently stopping 
the port of evacuation to close and seal the vac-10 
uum space within the chamber. 

11. A gas-tight metal-walled vacuum cham 
ber of light or portable nature, comprising sheet 
metal walls as of iron arranged to form and en 
close the evacuated space and in one of the walls 15 
a permanently stopped exhaust port; said metal 
walls being sealed to a highly gas-impermeable 
condition by an application thereto of a sealing 
metal, as copper, having a lower melting point 
than the wall metal and having an alloying at- 20 
traction therewith, SOme of said applied Sealing 
metal existing in a position below the surface of 
the Wall metal, and occupying to an appreciable . 
depth and molecularly closing the permeable 
pores and passages of the walls thus rendering 25 
the walls gas-impermeable and the chamber gas 
tight; said sealing metal having been indrawn to 
Such position, as by capillary attraction and wet 
penetration, at a temperature between the melt 
ing points of the two metals in a non-oxidizing at- 80 
mosphere. 

12. A vacuum chamber as in claim il and 
wherein the chamber walls comprise assembled 
Wall parts in close contiguity at the joints, and 
with portions of the wall sealing metal occupying 35 
and bonding Such joints and rendering them gas 
tight. - - 

13. A vacuum-insulated container comprising 
inner and outer vessel walls, as of sheet-iron 
spaced apart to enclose an evacuated space be- 40 
tween them, with a permanently. stopped exhaust 
port in one of such walls; said metal vessel walls 
being Sealed to a highly gas-impermeahle condi 
tion by an application thereto of a Sealing metal, 
as copper, having a lower melting point than the 4 
Wall metal and having an alloying attraction 
therewith, some of said sealing metal existing in 
a position below the Surface of the Wall metal, and 
occupying to an appreciable depth and molecu 
larly closing the permeable pores and passages 
of the walls thus rendering the walls gas-imper 
meable and the container space gas-tight; said 
Sealing metal having been indrawn to such posi 
tion, as by capillary attraction and wet penetra 
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tion, at a temperature between the melting points 
of the two metals in a non-oxidizing atmosphere. 

14. A vacuum-insulated container as in claim 
13 and wherein the sealing metal is copper, and 
Some of such copper substantially covers the 
Walls, and such copper covering being exposed in 
uncoated condition. 
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