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BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a stainless steel vacuum double-
walled container, and manufacturing method therein, for use as a

portable thermos bottle, pot, jar and the like.

Relevant Art

Vacuum double-walled containers manufactured from stainless
steel require a sufficient mechanical strength to prevent exterior damage
or deformation due to impacts sustained when dropped or acted on by
an exterior forcé:_in particular, containers for use as portable thermos

bottles require an increased strength. The strength of the container is

approximately proportional to the hardness of the stainless steel plate

comprising the container. Consequently, by using a stainless steel with a
sufficiently high strehgth, the thickness of the stainless steel plate
material comprising the double-walled container can be reduced, and as
a result it is possible to signiﬁcantly decrease the overall weight of the
stainless steel vacuum double-walled container. . |

With regard to increasing the strength of the stainless steel plate,
a method exists in which the draft of the stainless steel componenf is
increased, in order to increase the curing operation (work hardening),
by performing refining and/or martensite transformation of the metallic
crystal granules during the metal processing.

On the other hand, as a process for vacuum sealing a stainless
steel vacuum double-walled container, vacuum sealing processes are

known such as those stated in Japanese patent application, first

1

This Sheet Has Been Re

11

laced




i

3

port?ab'l'e thernos bottle, pot, jér and the like. Relevant Art Vacuum

doubl e- wal |
suffici ent

due to inpacts sustain

parti cul ar,

ed cont ai rMéssSherbHasiBaotRepledddf r om st ai nl ess steel require a

mechani cal w m event exterior damage or defornmation
0

cont ai ners r use as portable thernos bottles require an

i ncreased strength. The strength of the container is

publication No. Sho 59-103633, Japanese patent application, first
publication No. Sho 61-106119, or Japanese patent application, first
publication No. Sho 58-192516 in which pressure welding and sealing
of a chip tube is performed after creating a predetermined degree of

vacuum by discharging the air via a chip tube arranged in the outer

_container at a temperature of 400°C ~ 1200°C under vacuum or

“atmospheric air conditions, or in which vacuum sealing is carried out by

heat processing and then melting a solid brazing material.

However, according to a conventional method for manufacturing
a stainless steel vacuum double-walled container,' a container is formed
by processing a cold-rolled steel plate, e.g. a stainless steel plate with a
surface finish such as a No. 2B material according to the JIS standard,
by means of rolling, drawing, welding or a similar process. The
hardness therein is_detennined by work processing in this manner, and
consequently it is not possible to reduce the plate thickness below the
minimum plate thickness required for each resﬁective process.

Furthermore, there are also times when the stainless steel of

double-walled containers, which are work hardened by means of heat

processing during vacuum sealing, reduce the hardness as a result of
annealing. In other words, stainless steel imparted with a high hardness
from work hardening is softened when annealed at a temperature of
600°C or greater. In addition, at a temperature of 600 ~ 800°C, the
solid solution carbon precipitates out as a carbide resulting in
sensitization, easily occurrence of intergranular corrosion, and
reduction of the corrosion resistance. Furthermore, the hardness is
further reduced when the carbide is transformed into a solid solution by
heating at a temperature of 1000 ~ 1200°C aﬁd returned to an austenite
structure. The application of heat during vacuum discharge is

important in order to sufficiently discharge the residue gas component
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appr:’ox‘i matel y proportional to the hardness of the stainless steel plate
conpri si g the contai ner. Consequent |is Sheét M:EiBAG Repiadedi Nl ess steel with a

sufficiently high strength, the thickn . i nl ess steel plate

materi al conprising the doubl e-walled ﬁ!ﬂugmgmmﬂmbe reduced, and as a
result it is possible to significantly >8 “overal |l weight of the
stai nl ess steel vacuum doubl e-wall ed container. Wth regard to increasing

the strengt hjpthé Rerifileds Steslsard efdatélachiph vacuum. This application of heat
requires a temperature at least that of practical use: e.g. in the case of a
thermos bottle, a temperature of 100°C or greater is required in order
to store the boiling water. From the aforementioned, in the
manufacturing of a light-weight, vacuum double-walled container it is
necessary to increase the hardness of the stainless steel material to be
used, take into consideration the corrosion resistance according to heat
processing, and select conditions which will prevent softening of the
_stainless steel.

SUMMARY OF THE INVENTION
. It is an object of the present invention to provide a stainless steel
vacuum double-walled container possessing a light weight and superior
impact strength by means of increasing the work hardening of a
stainless steel plate.

According to a first aspect of the present invention, in a vacuum
double-walled container comprising a double-walled structure formed
.by joining the mouth portions of an inner container and an outer
‘container manufactured respectively from a metal, and 2 vacuum
insulation layer formed in the space between the aforementioned inner
and outer containers, a metal vacuum double-walled container is
chafécterized in that the body therein formed by rolling at least the
outer container is formed from a steel plate with a Vickers hardness of
250 ~ 600 Hv.

In addition, according to a second aspect of the present invention,
with regard to the inner and outer containers forming the double-walled
container, a manufacturing method is provided for manufacturing a
metal vacuum double-walled container which characterized in that after

the steel plate of at least the outer container is rolled to a Vickers



a nethod exi5ts in which the draft of the stainless steel conponent is
increased, in order to increase the curing operation (work hardening), by
perform ng refining and/or martensite transformation of the netallic
crystal granules during the netal processing. On the other hand, as a
process for vacuum sealing a stainless steel vacuum doubl e-wal | ed

contai ner, vacuum seal ing processes are known such as those stated in

Japanese Pa{z3ahed8f 250 LB00 HY ahd shaped to the cylindrical contours of the
container, the aforementioned metal vacuum double-walled container is
formed by joining the mouth portion of this outer container with that of
a separately processed inner container. This metal vacuum double-
walled container is then heat processed under a vacuum at a temperature
of 200 ~ 600°C, and the space in between the two walls is vacuum
sealed.

" In accordance with the present invention, it is possible to adjust
the hardness of the stainless steel plate forming the container. By
increasing this hardness it is possible to obtain a hardness that is able to
withstand impact from exterior forces even when possessing a plate
thickness thinner than conventional products. In this manner, the
‘formation of a metal vacuum double-walled container possessing a
lightér weight than that of conventional products is possible.

In addition, since it is possible to reduce the plate thickness of the
container, the materials cost can- be considerably curtailed; thus
resulting in the production of an economical product.

Furthermore, in the case of a plate thickness similar to that of
conventional products, a product can be manufactured with an superior
strength due to the high hardness of the stainless steel plate.

- BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 shows a frontal cross-sectional view of a stainless steel
thermos bottle according to an embodiment of a metal vacuum double-
walled container of the present invention.
Fig. 2 is a graph showing the relationship between the workability
and hardness with regard to low-temperature annealing of a stainless

steel plate. -
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- 2= {)ubi i cat i-on No. Sho 59- 103633 Japanese patent—appl i cation, first
publicdtion No. Sho 61-106119, V\ﬁ.h gnese at en ppI ication, first
publication No. Sho 58-192516 in aﬂ" ll ﬁ d| ng and sealing

Fig. 3 shows a frontal cross-sectlonal view of a stainless steel

thermos bottle according to a second embodiment of a metal vacuum
- double-walled container of the present invention.
Fig. 4 shows a frontal cross-sectional view of a tapered tube used
in the manufacturing of structural members of the same -thermos bottle.
Fig. 5 shows a froﬁtal cross-sectional view of jar for use as a
stainless steel valve body according to an embodiment of a metal

vacuum double-walled container of the present invention.

DETAILED DESCRIPTION OF TI-IE PREFERRED EMBODIMENTS
Fig. 1 shows a frontal cross-sectional view of a stainless steel
. thermos bottle according to an embodiment of a metal vacuum double-
- walled container of the present invention. This thermos bottle is
constructed from an inner container 1 and an outer container 2 both
formed from a stainless steel material and are joined at their mouth
portions respectively: this thermos bottle further comprises a vacuum
insulation layer 3 formed in the space in between inner- container 1 and
outer container 2. The aforementidned outer container 2 is constructed
by joining an upper member 4, body 5 and bottom member 6 by means
of welding and thereby forming an integrated body. In addition, a
concave portion 7 is provided 'af approximately the center of bottom
member 6, while an exhaust aperture 8 is formed .‘:-lt. the approximate
center of this cbncave portion 7. This exhaust aperture 8 is sealed by
means of a stopper 9 formed from a metal-like brazing material which
melts upon heating to a specified temperature at the time of performing
a vacuum exhaust treatment.
This thermos bottle manufactured from stainless steel is formed
by previously rolling and adjusting the steel plate to form at least the

outer container 2 to a Vickers hardness in the range of 250 ~ 600, and
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of—.é chip tube is perforned after creat |ng a predeierm’ ned degree_ of vacuum
by discharging the air via a chins ShedbHasHeEPR@REEdI N t he outer container at a

‘tenperature of [err] - [err] und - |k nospheric air conditions, or
in which vacuum sealing is carri _ processi ng and then nelting
a solid brazing material. A neth Ri'NYg a doubl e-wal | ed i nsul ati ng
metal container is also known fromUS 5 153 977 to Toida et al. The process
descri bed ¢hRR" fétfokthing dn Yachtin. exhaust treatment under a temperature of

200 ~ 600°C on the double-walled container, formed by joining together

inner container 1 and outer container 2 into an integrated body. The

vacuum is then maintained in the space bétween_ the walls of the double-
walled container, and the container is sealed. Subseqhently, by allowing
the container to stand and cool to room temperature, the stainless steel
undergoes low-temperature annealing, resulting in a structure in which
the super-hardened portion has a decreased plate thickness.

In manufacturing this thermos bottle, a stainless steel plate which
has been previously adjusted to a Vickers hardness (Hv) in the range of
250 ~ 600 by rolling is used to form the double-walled container by
means of processes such as rolling, drawing, bulging, welding and the
like. The container mouth portion is then pointed downwérd, stopper 9
is inserted into concave portion 7, and the container is placed into a
vacuum heating furnace. A predetermined vacuum is subsecjuer’ltly
created in the space between inner container 1 and outer container 2 at a
temperature of 200 ~ 600°C by means of this vacuum exhaust treatment,
and exhaust aperture 8 of the container is then sealed by means of
melting stopper 9. The steel plate then undergoes low-temperature
annealing thereby resulting.in an increase in the hardness of the stainless
steel plate to form the resultant container. -
| In this manner, a metallic double-walled container is produced in
which an inner container and outer container, formed by plastic
working of the stainless steel plate previously adjusted to a Vickers
hardness in the range of 250 ~ 600 by rolling, are joined to form an
integrated body. Subsequently, after this metallic double-walled
container undergoes a vacuum exhaust treatment at a temperature of
200 ~ 600°C, low-temperature annealing is performed by allowing the

container to cool to room temperature. In order to prove that the
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at more than [err] and nothing-is disclosed about the hardness of the
stainless steel used for manufacturing the thernos bottle. US 5 082 508 to
Nel son di scl oses a process for creating high strength pl ug drawn tubing
with isotropi c nechanical properties.

stainless steel plate forming the container constructed in the
aforementioned manner can "actually be super-h_erdened, the following
experiment was carried out.

Namely, various types of. steel plates were made by cold working
stainless steel plates (SUS 304) to a workability in the range of 0 ~ 70%,
and the Vickers hardness of each stainless steel plate was measured. In
addition, the aforementioned stainless steel plates were put through low-
temperature annealing for 30 minutes each at 200°C, 400°C and 600°C
respectively, following which measurements of the Vickers hardness
hardness accordmg to the low-temperature annealmg was then
examined. These results are shown in Fig. 2.

In addition, the increase in hardness with regard to differences in
the workability and anneeling temperature of the same stainless steel
plate (SUS 304) are shown in Table 1.

Experimental Method: Test members of thickness 0.5 mm, with 5
cm sides were cold worked to predetermined workabilities. After cold
working, each test member was placed in a heating furnace at normal
temperature, and the temperature of the furnace was raised to the above
specified temperatures which were fespectively maintained for 30
minutes. Subsequently, the Vickers hardness was measured after

removing the test member from the furnace.
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Workability " Hardness (Hv)
(%)
Without 200°C 400°C 600°C
Annealing | (Increased Hv) | (Increased Hv) | (increased Hv)
10 266 277 (11) 303 (37) 300 (34)
20 326 342 (16) 382 (56) 385 (59)
30 360 378 (18) 426 (66) 433 (73)
40 305 418 (23) 48388) | 490 (95)

dard, by

As seen from Eig. 2 and Table 1, Hv is increased by means of
increasing the workability of the stainless steel plate. Additionaliy, it
was discovered that the Hv is further increased when carrying out low-
temperature annealing after heat processing at a temperature in the
range of 200 ~ 600°C and returning the éold worked Stainless steel plate
to room temperature. Consequently, in. order to increase the hardness,
pressure rolling of the stainless steel plate to serve as the double-walled
c_ontainer material is previously carried out when the steel plate is in a
raw material state. A double-walled container is then formed by
carrying out processes such as rolling, bulging, drawing, welding and
the like, and a vacuum is created in the space between the walls by

means of a vacuum exhaust treatment while heating under a temperature
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consequentdly it is not possible to reduce the plate thickness bel ow t he
:m ni mum pl ate thickness required for each respective process. Furthernore,
there are also tines when the stainless steel of double-walled containers,
whi ch are work hardened by nmeans of heat processing during vacuunlseallng,
reduce the hardness as a result of annealing. In other words, stainless
steel inparted with a high hardness fromwork hardening i’'s softened when

anneal ed apf 200e<1600Cr eAfter sealing the vacuum, low-temperature annealing
is performed upon retﬁming the container to room temperature,’
thereby resulting in an increase in the hardness of the stainless steel
plate. Consequently, the thickness of the stainless steel vacuum double-
walled container is reduced, and a reduction in the weight of the
container becomes possible.

In the case when the Vi_ckerS hardness of the raw material
stainless steel plate is less than 250, a sufficiently high hardness -is
unobtainable for the final product, and reduction of the thickness, and
thereby weight of the plate material cannot be sufficiently achieved. In
addition, in the case when the Hv is greater than 600, plzistic working of
the steel plate becomes difficult. .

As well, when the temperature of the low-temperature annealing
is less than 200°C, the increase in the hardness due to this ldw-
temperature annealing is small, while on the other hand, when this
temperature is greater than 600°C, problems arise such as a reduction of
the hardness, degradation of the corrosion resistance, and the like.

Furthermore, in the aforementioned embodiment, a stainless steel

. thermos bottle was used as an example of a metallic vacuum double-
walled container, however, it is needless tb say that other metallic
vacuum double-walled containers may also be applied 'according to the
present invention. For example, the object shown in Fig. 3 in which a
vacuum seal is obtained by means of pressure welding chip tube 10, the
stainless steel jar for use in lunch boxes shown in Fig. 5, various types
of stainless steel cups, vacuum insulated cooking containers, and the like
may also be employed as the stainless steel thefmos bottle mentioned

above.
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[érF] or greater. In addition, at a tef_rperaiture-of 600 - [err], the solid
“sol ution carbon precipitates out (@5 sgeCasBiddRepigsl ting in sensitization

easily occurrence of intergranul ar HBid reduction of the
corrosion resistance. Furtherrmre,Um1m“MHE is further reduced when the
carbide is transforned into a soli | heating at a tenperature of
1000 - [err] and returned to an austenite structure. The application of

heat during vaqQuerddifthitied2 iof the portable thermos bottle shown in Fig. 1
was formed by welding together upper member 4, bottom member 6,
and body 5 in such a manner that they formed an integrated body: upper
member 4 and bottom member 6 were both formed by means of
drawing using stainless steel plates, while body 5 was formed by means
of rolling using similar stainless steel plates. The double-walled

“container formed by joining 6uter container 2 and an inner container at
their mouth portions was then placed into a vacuum heating furnace,
and while performing a vacuum exhaust treatment, the container was
vacuum sealed by means of melting a stopper 7, formed from a metal-
like brazing material, by heating at a témperature of 500°C, thereby
producing the product:

The product was formed by using a stainless steel plate (SUS 304)
of hardness 320 Hv, which was rolled at a workability of 20%, as the
body 5 of the outer container. Moreover, upon examining the strength
of the product, it was found -that a reduction in plate thickness to
approximately 0.25 mm, compared to a conventional plate thickness of

0.5 mm, was possible.

(Manufacturing Example 2)

Outer container 2 of the portable thermos bottle shown in Fig. 3
was formed by welding together a body S, shown in Fig. 4, which was
formed from a tapered tube 11 by means of pressing or bulging, and a
bottom member 6, formed by means of drawing. The double-walled
container formed by joining outer container 2 and an inner container at
their mouth portions was then placed into a vacuum heating furnace,
and a vacuum exhaust treatment was performed at a temperature of
450°C in atmospheric air, with the vacuum exhaust exiting through a

copper pipe 10. After this vacuum exhaust treatment was completed,

10



i:rrp':értant in order to sufficiently discharge the residue gas conponent

zi.n the stainless steel

a

this pipe 10 was pressure attached to the container, thereby producing
the product. |
In the above case, body 3 of the outer container was formed using

and create a high vacuum This application of heat
requires a tenperature at |east that of practical use: e.g. in the case of

a steel plate material (SUS 304) in a 1/2 H-shape which had been -

thermally refined and rolled. Upon examining the stréngth of the
product, it was found that a reduction in plate thickness to
approximately 0.2 mm, compared to a conventional plate thickness of
0.4 mm, was possible.

(Manufacturing Examplé 3)

Outer container 2 of the jar for use in box lunches shown in Fig.
S5 was formed from a stainless steel plate by means of drawing. The
double-walled container formed by joining outer container 2 and an
inner container at their mouth portions was then placed into a vacuum
heating furnace, and while performing a vacuum exhaust treatment, the
container was vacuum sealed by means of melting a stbpper by-heating.
at a temperature of 300°C |

In this case, a product was formed using a stainless steel plate
(SUS 301) of hardness 320 Hv, which had been rolled at a workability
of 10%, as the raw material of outer con.tainer.Z.- Upon examining the
strength of the product, it was found that a reduction in plate thickness
to approximately 0.2 mm, compared to a éonventional plate thickness of
0.4 mm, was possible.

Furthermore, as a supplemental test, a test member was formed
using a stainless steel plate (SUS 304) of hardness 320 Hv, which had

been rolled at a workability of 20%. Upon processing this test member

‘at a temperature greater than 600°C, it was found that the above-

mentioned hardness was not obtainable by means of the resultant high-

temperature annealing. Ibis Sheet Has Been R"'i
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thernos bottl e, a tenperature of [err] or greater is required in order to
sstore 'the boiling water. - From .the aforenentioned, in the manufacturing of
a light-weight, vacuum doubl e-wal |l ed container it is necessary to increase
t he hardness of the stainless steel material to be used, take into

consi deration the corrosion resistance according to heat processing, and
sel ect conditions which wll prevent softenlng of the stainless steel.

In addition, upon examining the increases in hardness obtained
from varying workability and annealing temperature using stainless
steel material other than SUS 304 (e.g. SUS 301, SUS 201 and SUS
316), it was discovered that similar increases in hardness were
obtainable by increasing the workability when heating the rolled steel
member at temperatures in the range of 200 ~ 600‘5C in the same
manner as SUS 304.

ThlS Sheet Has Been Replaced
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SUMVARY OF THE INVENTION It is an obj ect of the present invention to -
sprovi de a stainless steel vacuum doubl e-wal ['ed contaimer—possessing a |ight
wei ght and superior inpact strength by maa t he work

har deni ng of a stainless steel plate. Acco gmmmﬂ;"ﬂﬁﬂlgm]aspect of the
present invention, in a vacuum doubl e-wal I ea@ conta rising a
doubl e-wal | ed structure fornmed

What is claimed is:
1. A metallic vacuum double-walled container comprising:

-an inner container which is formed from a metal, and

-an outer container which is also formed from a metal,

wherein said inner container and said outer container are joined
together to form 5 vacuum double-walled structure in which the space
between said inner container and outer container serves as a vacuum
insulated layer; and at least said outer container possesses a body formed
from a steel plate with a Vickers hardness of 250 ~ 600 by means of

rolling.

2. A metallic vacuum double-walled container as mentioned in
Claim 1 wherein at least said outer container possesses a body formed
~ from a austenite stainless steel plate with a Vickers hardness of 250 ~
600 by means of rolling. | .

3. A metallic vacaum double-walled container manufacturing
method comprising the steps of:

-rolling at least the steel plate of an outer container to a Vickers
hardness of 250 ~ 600;

-shaping said outer container into a cylindrical body;

~forming a metallic double-walled container by joining said outer
container and a proceséed inner container at their mouth portions;

-heat treating said metallic double-walled container at a
temperature of 200 ~ 600°C under a vacuum; and

-vacuum sealing the space between the two walls of said metallic

double-walled container. -
This Sheet Has Been Rep laced
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by* ]0|n|ng ‘the nmouth portions of an inner COﬂfarﬁer—and—an out er contai ner

manuf actured respectively froma netal, and a | ayer
formed in the space between the aforenentioneqnﬂﬁg ﬁﬂ! _ l cont ai ners,
a netal vacuum doubl e-wal | ed container is char . wi Mg t he body

therein formed by rolling at |east the outer container is forned fron1a
steel plate wwth a Vickers hardness of 250 - 600 Hv.
4. A metallic vacuum double-walled container manufacturing

method as mentioned in Claim 3, whe_rem in order to increase the
hardness therein an austenite stainless steel plate is previously pressure
rolled, following which said outer container is formed by performing at
least one process, selected from the group consisting of rolling,

drawing, bulging and welding, on the rolled member.

\.‘
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I\rf"iaddi_tiori, according to a second aépect of the present invention, with
regard to the inner and outer containers formng the doubl e-wall ed
contai ner, a manufacturing nethod is provided for manufacturing a netal
vacuum doubl e-wal | ed contai ner which characterized in that after the steel
plate of at |east the outer container i's rolled to a Vickers
ABSTRACT OF THE DISCLOSURE

A metallic vacuum double-walled container and manufacturing
method therein is provided in which an inner container and outer
container are both formed from a metal. From among the
aforementioned, at least the outer container possesses a body which is
formed by rolling a steel plate with a Vickers hardness of 250 ~ 600.
The outer container is then shaped into a cylindrical body, and joined to
a processed inner container at their mouth portions to form a metallic
double-walled container. This metallic double-walled container is then
heat treated at a temperature of 200 ~ 600°C under a vacuum, and the
space between the two walls of the metallic double-walled container is

vacuum sealed to form the final product.

Wi~
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.—5 "hardness of 250 - 600 Hv and shaped to t he cyI1l ndr| cal contours of the
rcont ai ner, the aforementioned metal vacuum doubl e- wa"?'fa'gd container is-
‘formed by joining the nouth portlon of .this outer container with that of a
separat el y processed inner ¢ontainer. Thi s netal ‘'vacuum doubl e- wal | ed
contai nér is then heat pf'ocessed under a vacuum at a tenperature

FIG.1
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Qf 200 - [err], and the space in between the two walls is vacuum sealed. In
‘.accordance with the present invention, it is possible to adjust the

har dness of the stainless steel plate forming the container. By increasing
this hardness it is possible to obtain a hardness that is able to withstand
I mpact from exterior forces even when possessing a plate thickness thinner
t han conventional products. In this manner, the
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forfmation of a metal vacuum doubl e-walled contai ner possessing a | i ghter
'vvel ght* than t hat of conventional products is possible. In addition, since
it is possible to reduce the plate thickness of the container, the
materials cost can be considerably curtailed, thus resulting in the
producti on of an econom cal product. Furtherrmre, in the case of a plate
t hickness similar to that of conventional products, a product can be
manuf actured with an superi or '

FIG.3
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strength due to the high hardness of the stainless steel plate. BRIEF
PTION OF THE DRAWNG Fig. 1 shows a frontal cross-sectional view of a
stai nl ess steel thernos bottle according to an enbodi nent of a netal vacuum
~ doubl e- wal |l ed container of the present invention. Fig. 2 is a graph
showi ng the rel ationship between the workability and hardness with regard
to |l owtenperature annealing of a stainless

11
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$;eef Rl. at é. -6- Fig. 3 shows a front aI cross-sectional view of a ssteel
t,herm)s bottl e according to a second enbodi nent of a netal vacuum
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BACKGROUND OF THE INVENTION

II, 0 3 MAR 1997

Field of the Invention

The present invention relates to a stainless steel vacuum double-
walled container, and manufacturing method therein, for use as a

portable thermos bottle, pot, jar and the like.

Relevant Art

Vacuum double-walled containers manufactured from stainless
steel require a sufficient mechanical strength to prevent exterior damage
or deformation due to impacts sustained when dropped or acted on by
an exterior force: in particular, containers for use as portable thermos

bottles require an increased strength. The strength of the container is

approximately proportional to the hardness of the stainless steel plate -

comprising the container. Consequently, by using a stainless steel with a
sufficiently high st'reﬁgth, the thickness of the stainless steel plate
material comprising the double-walled container can be reduced, and as
a result it is possible to significantly decrease the overall weight of the
stainless steel vacuum double-walled cohtainer. |
_ With regard to increasing the strength of the stainless steel plate,
a method exists in which the draft of the stainless steel componenfis
increased, in order to increase the curing operation (work hardening),
by performing refining and/or martensite transformation of the metallic
crystal granules during the metal processing.

On the other hand, as a process for vacuum sealing a stainless
steel vacuum double-walled container, vacuum sealing processes are

known such as those stated in Japanese patent application, first
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Fig. 1 shows a frontal cross-sectional view of a[STAl eSS STkl | t her nos
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steel materi al at their gouth pqrtions respectively: this
thernos bottle further conprises a vacuum insulatTonm tayer 3 fornmed in the

space in beluffiRatiBiCNSOSHY 59-103833, Japanese patent application, first
publication No. Sho 61-106119, or Japanese patent application, first

publication No. Sho 58-192516 in which pressure welding and sealing
of a chip tube is performed after creating a predetermined degree of
vacuum by discharging the air via a chip tube arranged in the outer.
container at a temperature of 400°C ~ 1200°C under vacuum or
atmospheric air coriditions, or in which vacuum sealing is carried out by
heat processing and then melting a solid brazing material.

However, according to a conventional method for manufacturing
a stainless steel vacuum double-walled container,. a container is formed
by processing a cold-rolled steel plate, e.g. a stainless steel plate with a
surface finish such as a No. 2B material according to the JIS standard,
by means of rolling, drawing, welding or a similar process. The
hardness therein is determined by work processing in this manner, and
consequently it is not possible to reduce the plate thickness below the
minimum plate thickness required for each respective process.

Furthermore, there are also times when the stainless steel of
double-walled containers, which are work hardened by means of heat
processing during vacuum sealing, redﬁce the hardness as a result of
annealing. In othéf words, stainless steel imparted with a high hardness
from work hardening is softened when annealed at a temperature of
600°C or greater. In addition, at a temperature of 600 ~ 800°C, the
solid solution carbon precipitates out as a carbide resulting in
sensitization, easily occurrence of intergranular corrosion, and
reduction of the corrosion resistance. Furthermore, the hardness is
further reduced when the carbide is transformed into a solid solution by
heating at a temperature of 1000 ~ 1200°C and returned to an austenite
structure. The application of heat during vacuum discharge is

important in order to sufficiently discharge the residue gas component
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thermos bottle, a temperature of 100°C or greater is required in order

to store the boiling water. From the aforementioned, in the

manufacturing of a light-weight, vacuum double-walled container it is

necessary to increase the hardness of the stainless steel material to be

used, take into consideration the corrosion resistance according to heat

processing, and select conditions which will prevent softening of the
_stainless steel.

SUMMARY OF THE INVENTION
. It is an object of the present invention to ﬁrovide a stainless 'steel.
vacuum double-walled container possessing a light weight and superior
impact strength by means of increasing the work hardening of a
stainless steel plate. |

According to a first aspect of the present invention, in a vacuum
double-walled container comprising a double-walled structure forrped
-by joining the mouth portions of an inner container and an outer
container manufactured respectively from a metal, and a vacuum
insulation layer formed in the space between the aforementioned inner
and outer containers, a metal vacuum double-walled container is
charactenzed in that the body therein formed by rolling at least the
outer container is formed from a steel plate with a Vickers hardness of
250 ~ 600 Hv.

In addition, according to a second aspect of the present invention,
with regard to the inner and outer containers forming the double-walled
container, a manufacturing method is provided for manufacturing a
metal vacuum double-walled container which characterized in that after

the steel plate of at least the outer container is rolled to a Vickers
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hardness of 250 ~ 600 Hv and shaped to the cylindrical contours of the
container, the aforementioned metal vacuum double-walled container is
formed by joining the mouth portion of this outer container with that of
a separately processed inner container. This metal vacuum double-
walled container is then heat processed under a vacuum at a temperature
.of 200 ~ 600°C, and the space in between the two walls is vacuum
sealed.
~ In accordance with the present invention, it is possible to adjust
the hardness of the stainless steel plate forming the container. By
increasing this hardness it is possible to obtain a hardness that is able to
withstand impact from exterior forces even when possessing a plate
thickness thinner than conventional products. In this manner, the
‘formation of a metal vacuum double-walled container possessing a
lighter weight than that of conventional products is possible.

In addition, since it is possible to reduce the plate thickness of the
container, the materials cost can- be considerably curtailed; thus
resulting in the production of an economical product.

Furthermore, in the case of a plate thickness similar to that of
conventional products, a product can be manufactured with an supérior
strength due to the high hardness of the stainless steel plate.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 shows a frontal cross-sectional view of a stainless steel
thermos bottle according to an embodiment of a metal vacuum double-
walled container of the present invention.
Fig. 2 is a graph showing the relationship between the workability

and hardness with regard to low-temperature annealing of a stainless

steel plate.
This Sheet Has Been Reilaced
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- Fig. 3 shows a frontal cross-sectional view 0 steel
thermos bottle according to a second embodiment of a metal vacuum
double-walled container of the present invention.
- Fig. 4 shows a frontal cross-sectional view of a tapered tube used
in the manufacturing of structural members of the same thermos bottle.
Fig. 5 shows a fronfal cross-sectional view of jar for use as a
stainless steel valve body according to an embodiment of a metal

vacuum double-walled container of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a frontal cross-sectional view of a stainless steel
thermos bottle according to an embodiment of a metal vacuum double-
walled container of the present invention. This thermos bottle is
constructed from an inner container 1 and an outer container 2 both
formed from a stainless steel material and are joined at their mouth
.portions respectively: this thermos bottle further comprises a vacuum
insulation layer 3 formed in the space in between inner. container 1 and
outer container 2. The aforementioned outer container 2 is constructed
by joining an upper member 4, body 5 and bottom member 6 by means
of welding and thereby forming an integrated body. In addition, a
concave portion 7 is provided at approximately the center of bottom
member 6, while an exhaust aperture 8 is formed at the approximate
center of this concave portion 7. This exhaust aperture 8 is sealed by
means of a stopper 9 formed from a metal-like brazing material which
melts upon heating to a specified temperature at the time of performing
a vacuum exhaust treatment. |

This thermos bottle manufactured from stainless steel is formed
by previously rolling and adjusting the steel plate to form at least the

outer container 2 to a Vickers hardness in the range of 250 ~ 600, and
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200 ~ 600°C on the double-walled container, formed by joining together '
inner container 1 and outer container 2 into an integrated body. The
vacuum is then maintained in the space between the walls of the double-
walled container, and the container is sealed. Subsequently, by allowing
the container to-stand and cool to room temperature, the stainless steel
undergoes low-temperature annealing, resulting in a structure in which
the super-hardened portion has a decreased plate thickness.

In manufacturing this thermos bottle, a stainless steel plate which
has been previously adjusted to a Vickers hardness (Hv) in the range of
250 ~ 600 by rolling is used to form the double-walled container by
means of processes such as rolling, drawing, bulging, welding and the
like. The container mouth portion is then pointed downwéu'd, stopper 9
is inserted into concave portion 7, and the container is placed into a
vacuum heating furnace. A predetermined vacuum is subsecjueﬁtly
created in the space. between inner container 1 and outer container 2 at a
~ temperature of 200 ~ 600°C by means of this vacuum exhaust treatment,
and exhaust aperture 8 of the container is then sealed by means of
melting stopper 9. The steel plate then undergoes low-temperature
annealing thereby resulting.in an increase in the hardness of the stainless
steel plate to form the resultant container.

In this manner, a metallic double-walled container is produced in
which an inner container and outer container, formed by plastic
working of the stainless steel plate previously adjusted to a Vickers
hardness in the range of 250 ~ 600 by rolling, are joined to form an
integrated body. Subsequently, after this metallic double-walled
container undergoes a vacuum exhaust treatment at a temperature of
200 ~ 600°C, low-temperature annealing is performed by allowing the |

container to cool to room temperature. In order to prove that the
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stainless steel plate forming the container constructed in the
aforementioned manner can actually be super-hérdened, the following
experiment was carried out.

Namely, various types of steel plates were made by cold working
stainless steel plates (SUS 304) to a workability in the range of 0 ~ 70%,
and the Vickers hardness of each stainless steel plate was measured. In
addition, the aforementioned stainless steel plates were put through low-
temperature annealing for 30 minutes each at 200°C, 400°C and 600°C
respectively, following which measurements of the Vickers hardness
were again performed. The relationship between the workability and
hardness according to the low-temperature annealing was then
examined. These results are shown in Fig. 2.

In addition, the increase in hardness with regard to differences in
the workability and annealing temperature of the same stainless steel
plate (SUS 304) are shown in Table 1.

Experimental Method: Test members of thickness 0.5 mm, with 5

cm sides were cold worked to predetermined workabilities. After cold

working, each test member was placed in a heating furnace at normal

temperature, and the temperature of the furnace was raised to the above
specified temperatures which were respectively maintained for 30
minutes. Subsequently, the Vickers hardness was measured after

removing the test member from the furnace.
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Workability _ . Hardness (Hv)
(%)

 Without 200°C 400°C 600°C
Annealmg (Increased Hv) | (Increased Hv) | (Increased Hv)

10 266 277(11) 303 (37) 300 (34)
20 326 342 (16) 382 (56) 385 (59)
30 360 378 (18) 426 (66) 433 (73)

40 395 _ 418 (23) 483 (88) 490 (95)

As seen from Fig. 2 and Table 1, Hv is increased by means of
increasing the workability of the stainless steel plate. Additionaliy, it
was discovered that the Hv is further increased wﬁen carrying out low-
témperature annealing after heat processing at a temperature in the
range of 200 ~ 600°C and returning the cold worked stainless steel plate
to room temperature. Consequently, in. order to increase the hardness,
pressure rolling of the stainless steel plate to serve as the double-walled
container material is previously carried out when the steel plate is in a
raw material state. A double-walled container is then formed by
carrying out processes.such as rolling, bulging, drawing, welding and
the like, and a vacuum is created in the space between the walls by

" means of a vacuum exhaust treatment while heating under a temperature
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of 200 ~ 600°C. After sealing the vacuum, low-temperature annealing

is performed upon returning the container to room temperature,”

thereby resulting in an increase in the hardness of the stainless steel
plate. Consequently, the thickness of the stainless steel vacuum dduble-
walled container is reduced, and a reduction in the weight of ‘the
container becomes -possible. | |

In the case when the Vickers hardness of the raw material
stainless steel plate is less than 250, a sufficiently high hardness -is
unobtainable for the final product, and reduction of the thickness, and
thereby weight of the plate material cannot be sufficiently achieved. In
addition, in the case when the Hv is greater than 600, plastic working of
the steel plate becomes difficult. o |

As well, when the temperature of the low-temperature annealing
is less than 200°C, the increase in the hardness due to this low-
temperature annealing is small, while on the other hand, when this
temperature is greater than 600°C, problems arise such as a reduction of
the hardness, degradation of the corrosion resistance, and the like.

Furthermore, in the aforementioned embodiment, a stainless _sfeel

. thermos bottle was used as an example of a metallic vacuum double-

walled container, however, it is needless to say that other metallic
vacuum double-walled containers may also be applied 'according to the
present invention. For example, the object shown in Fig. 3 in which a
vacuum seal is obtained by means of pressure welding chip tube 10, the
stainless steel jar fof use in lunch boxes shown in-Fig. 5, various types
of stainless steel cups, vacuum insulated cooking containers, and the like
may also be employed as the stainless steel thermos bottle mentioned

above.
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was formed by welding together upper member 4, bottom member 6,
and body 5 in such a manner that they formed an integrated body: upper
member 4 and bottom member 6 were both formed by means of
drawing using stainless steel plates, while body 5 was formed by means
of rolling using similar stainless steel plates. The double-walled
container formed by joining outer container 2 and an inner container at
their mouth portions was then placed into a vacuum heating furnace,
and while performing a vacuum exhaust treatment, the container was
vacuum sealed by means of melting a stopper 7, formed from a metal-
like brazing material, by heatmg at a temperature of 500°C, thereby
producing the product.

The product was formed by using a stainless steel plate (SUS 304)
of hardness 320 Hv, which was rolled at a workability of 20%, as the
body 5 of the outer container. Moreover, upon examining the strength
of the product, it was found that a reduction in plate thickness to
approximately 0.25 mm, compared to a conventional plate thickness of

0.5 mm, was possible.

(Manufacturing Example 2)

Outer container 2 of the portable thermos bottle shown in Fig. 3
was formed by welding together a body 5, shown in Fig. 4, which was
formed from a tapered tube 11 by means of pressing or bulging, and a
bottom member 6, formed by means of drawing. The double-walled
container formed by joining outer container 2 and an inner container at
their mouth portions was then placed into a vacuurh heating furnace,
and a vacuum exhaust treatment was performed at a temperature of
450°C in atmospheric air, with the vacuum exhaust exiting through a

copper pipe 10. After this vacuum exhaust treatment was completed,
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stainless sgfielhipe 10 was pressure attached to the container, thereby producing

the product.

In the above case, body 3 of the outer container was formed using
a steel plate material (SUS 304) in a 1/2 H-shape which had been
thermally refined and rolled. Upon examining the strength of the
product, it was found that a reduction in plate thickness to
approximately 0.2 mm, compared to a conventional plate thickness of

0.4 mm, was possible.

(Manufacturing Exampie 3)

Outer containef 2 of the jar for use in box lunches shown in Fig.
5 was formed from a stainless steel plate by means of drawing. The
double-walled container formed by joining outer container 2 and an
inner contéiner at their mouth portions was then placed into a vacuum
-heating furnace, and while performing a vacuum exhaust treatment, the
| container was vacuum sealed by means of melting a stopper by heating
at a temperature of 300°C |

In this case, a product was formed using a stainless steel plate
(SUS 301) of hardness 320 Hv, which had.been rolled at a workability
of 10%, as the raw material of outer container 2. Upon examining the
strength of the product, it was found that a reduction in plate thickness
to approximately 0.2 mm, compared to a conventional plate thickness of .
0.4 mm, was possible.

Furthermore, as a supplemental test, a test member was forméd
using a stainless steel plate (SUS 304) of hardness 320 Hv, which had
been rolled at a workability of 20%. Upon processing this test member
at a temperature greater than- 600°C, it was found that the above-
mentioned hardness was not obtainable by means of the resultant high-

temperature annealing.
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In addition, upon examining the increases in hardness obtained
from varying workability and annealing température using stainless
steel material other than SUS 304 (e.g. SUS 301, SUS 201 and SUS
316), it was discovered that similar increases in hardness were
obtainable by increasing the workability when heating the rolled steel
member at temperatures in the range of 200 ~ 600°C in the same
manner as SUS 304.

e
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What is claimed is: .
1. A metallic vacuum doﬁble-walled container comprising:

-an inner container which is formed from a metal, and

-an outer container which is also formed from a metal,

wherein said inner container and said outer container are joined
together to form é vacuum double-walled structure in which the space
between said inner container and outer container serves as a vacuum
insulated layer; and at least said outer container possesses a body formed
from a steel plate with a Vickers hardness of 250 ~ 600 by means of

rolling.

2. A metallic vacaum double-walled container as mentioned in
Claim 1 wherein at least said outer container possesses a body formed
‘from a austenite stainless steel plate with a Vickers hardness of 250 ~
600 by means of rolling. '

3. A metallic vacuum double-walled container manufacturing
method comprising the steps of: _
-rolling at least the steel plate of an outer container to a Vickers
hardness of 250 ~ 600; |
o -shaping said outer container into a cylindrical body;
-forming a metallic double-walled container by joining said outer
container and a processed inner container at their mouth portions;
-heat treating said metallic double-walled container at a
temperature of 200 ~ 600°C under a vacuum; and
-vacuum sealing the space b:Lwccn..Lhe,Lwomwallswof said metallic
REPLACEMENT SHEET

double-walled container.
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As seen from Fig. 2 and Table 1, Hv is increased-by neans of increasing
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4. A metallic vacuum double-walled container manufacturing
method as mentioned in Claim 3, wherein in order to increase' the
hardness therein an austenite stainless steel plate is previously pressure
rolled, following which said outer container is formed by performing at
least one process, selected from the group consisting of rolling,

dratwing, bulging and welding, on the rolled member.




container material is previously carried out when the steel plate is in a
‘raw material state. A double-walled container is then fornmed by carrying
out processes such as rolling, bulging, drawi ng, welding and the |ike, and
a vacuumis created in the space between the walls by neans of a vacuum
exhaust treatnment while heating under. ag enperature

METALLIC VACUUM DOUBLE-WALLED CONTAINER AND
MANUFACTURING METHOD THEREIN

ABSTRACT OF THE DISCLOSURE

A metallic vacuum double-walled container and manufacturing
method therein is provided in which an inner container and outer
container are both formed from a metal. From among the
aforementioned, at least the outer container possesses a body which is
formed by rolling a steel plate with a Vickers hardness -of 250 ~ 600.
The outer container is then shaped into a cylindrical body, and joined to
a processed inner container at their mouth poi'tions to form a metallic
double-walled container. This metallic double-walled container is then
heat treated at a teinperature of 200 ~ 600°C under a vacuum, and the
space between the two walls of the metallic double-walled container is
vacuum sealed to form the final product.

FIGURE 1
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- 10- of 200 - [err]. After sealing the vacuum | owtenperature annealing
. is performed upon returning the container to roomtenperature, thereby
resulting in an increase in the hardness of the stainless steel plate.
Consequent 'y, the thickness of the stainless steel vacuum doubl e- malled
contaimer is reduced, and a reduction gn.the weight of the
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i nvention.- For exanple, the object shown in Fig. 3 in which a vacuum seal
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enpl oyed as the stainless steel thernos bottle nentigned ~
REFLA C}'ZML\ SHEET
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above. -11- Quter container 2 of the portable thernos bottle shown in
‘Fig. 1 was forned by wel di ng together upper nenber 4, bottom nenber 6,
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Metallic Vacuum Double-Walled Container and
Manufacturing Method therein

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a stainless steel vacuum double-
walled container, and manufacturing method therein, for use as a

portable thermos bottle, pot, jar and the like.

- Relevant Art
Vacuum double-walled containers manufactured from stainless

steel require a sufficient mechanical strength to prevent exterior damage

or deformation due to impacts sustained when dropped or acted on by

an exterior force: in particular, containers for use as portable thermos:

bottles require an increased stiength. The strength of the container is
- approximately proportional to the hardness of the stainless steel plate
comprising the container. Consequently, by using a stainless steel with a

sufficiently high strength, the thickness of the stainless steel plate

material comprising the double-walled contamer can be reduced, and as
a result it is possible to 31gmﬁcantly decrease the overall weight of the
stainless steel vacuum double-walled container.

With regard to increasing the strength of the stainless steel plate,
a method exists in which the draft of the stainless steel component is
incfeased. in order to increase the curing operation (work hardening),
by performing refining and/or martensite transformation of the metallic
crystal granules during the metal processing. _

On the other hand, as a process for vacuum sealing a stainless
steel vacuum double-walled container, vacuum sealing processes are

known such as those stated in Japanese patent application, first



vacuum seal ed by neans of nelting a stopper 7, forned froma netal- |ike
brazing material, by heating at a tenperature of [err], thereby producing
t he product. The product was forned by using a stainless steel plate (SUS
304) of hardness 320 Hv, which was rolled at a workability of 20% as the
body 5 of the outer container. Moreover, upon exam ning the strength of the

pr oduct ,

It was found that a reduction in plate thickness to
-2

publication No. Sho 59-103633, Japanese patent application, first
publication No. Sho 61-106119, or Japanese patent application, first
publication No. Sho 58-192516 in which pressure welding and sealing

of a chip tube is performed after creating a predetermined degree of
vacuum by discharging the air via a chip tube arranged in the outer
container at a temperature of 406°C ~ 1200°C under vacuum or
atmospheric air conditions, or in which vacuum sealing is carried out by
heat processing and then melting a solid brazing material.

A method for making a double-walled insulating metal container is also known
from US 5 153 977 to Toida et al. The process described therein is carried out
at more than 1000° C and nothing is disclosed about the hardness of the
stainless steel used for manufacturing the thermos bottle.

US 5 082 508 to Nelson discloses a process for creating high strength plug
drawn tubing with isotropic mechanical properties.
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approximately 0.25 mm conpared to a conventional plate thickness of 0.5
mm was possible. (Manufacturing Exanple 2) Quter container 2 of the

portabl e thernmos bottle shown in Fig. 3 was forned by wel di ng together a
body 5, shown in Fig. 4, which was fornmed froma tapered tube 11 by neans

of pressing or bulging, and a bottom nenber 6, fornmed by nmeans of draw ng.
The doubl e-wal | ed .

-3-

However, according to a conventional method for manufacturing

a stainless steel vacuum double-walled container, a container is formed
by processing a cold-rolled steel plate, e.g. a stainless steel plate with a

~ surface finish such as a No. 2B material according to the JIS standard.
by means of rolling, .drawing, welding or a similar process. The
hardness therein is determined by work processing in this manner, and
consequently it is not possible to reduce the plate thickness below the

minimum plate thickness required for each respective process.

Furthermore, there are also times when the stainless steel of |
double-walled containers, which are work hardened by means of heat
processing during vacuum sealing,.regiuce the hardness as a result of
annealing. In other words, stainless steel imparted with a high hardness
from work .hardening is softened when annealed at a temperature of
600°C or greater. In addition, at a temperature of 600 ~ 800°C, the
solid solution carbon precipitates out as a carbide resulting in
— sensitization, easily occurrence of intergranular corrosion, and
reduction of the corrosion resistance. Furthermore, the hardness is

. further reduced when the carbide is transformed into a solid solution by

heating at a temperature of 1000 ~ 1200°C -and returned to an austenite

structure. The application of heat during vacuum discharge is

important in order to sufficiently discharge the residue gas component
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container fornmed by joining outer container 2 and an inner container at

their_nmouth portions was then placed into a vacuum heatin nace, and a
vacuum exhaust treatnent was performed at a mw rj in

at nospheric air, with the vacuum exhaust exi mﬁ,ﬁt pyper pipe 10.
After this vacuum exhaust treatment was conpleged,”

o’

e 2 SNOV 1997

in the stainless steel and create a high vacuum. This application of heat
requires a temperature at least that of practical use: e.g. in the case of a
thermos bottle, a temperature of 100°C or greater is required in order
to store the boiling water. From the aforemeationed, in the
manufacturing of a light-weight, vacuum double-walled container it is
necesséry to increase the hardness of the stainless steel material to be
used, take into consideration the corrosion resistance according to heat
processing, and select conditions which will prevent softening of the

stainless steel.

SUMMARY OF THE INVENTION

[t is an object of the present invention to provide a stainless steel

. vacuum double-walled container possessing a light weight and superior

impact strength by means of increasing the work hardening of a
stainless steel plate.

According to a first aspect of the present invention, in a vacuum
double-walled container comprising a double-walled structure formed
by joining the mouth portions of an inner container and an outer
container manufactured respectively from a metal, and a vacuum
insulation layer formed in the space between the aforementioned inner
and outer containers, a metal vacuum double-walled container is
characterized in that the body therein formed by rolling at least the
outer container is formed from a steel plate with a Vickers hardness of
250 ~ 600 Hv. ,

In addition, according to a second aspect of Fhe present inverntion,

with regard to the inner and outer containers forming the double-walled

container, a manufacturing method is provided for manufacturing a'_'

metal vacuum double-walled container which characterized in that after

the steel plate of at least the outer container is rolled to a Vickers



12 this pipe 10 was pressure attached to the contai ner, thereby producing
the product. In the above case, body 3 of the outer container.wgs formed

using a steel plate material (SUS 304) in a 1/ mmw ggﬁjﬁ‘[od been

thermally refined and rolled. Upon exam ni ng thejpstrength—ot
2 5NOV 1997
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hardness of 250 ~ 600 Hv and shaped to the cylindrical contours of the
container, the aforementioned metal vacuum double-walled container is
formed by joining the mouth portion of this outer container with that of
a separately processed inner container. This metal vacuum double-
walled container is then heat processed under a vacuum at a temperature
of 200 ~ 600°C, and the space in between the two walls is vacuum
sealed.

In accordance with the present invention, it is possible to adjust
the hardness of the stainless steel plate forming the container. By
increasing this hardness it is possible to obtain a hardness that is able to
withstand impact from exterior forces even when possessing a plate
thickness thinner than conventional products. In this manner, the
formation of a metal vacuum double-walled container possessing a
lighter weight than that of conventional products is possible.

In addition, since 1t 1s possible to reduce the plate thickness of the

container, - the matenals cost can be considerably curtailed, thus
resulting in the production of an econorrucal product.

| Furthermore, in the case of 2 plate thickness similar to that of
c,Onv_entlor_la_l products, a product can.be“_rn_'a_r_mf_acmred with an superior
‘strength due to the high hardnesé of the stamless steel plate.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 shows a frontal cross-sectior_xul view of a stainless steel
thermos bottle according to an embodiment of a metal vacuum double-
walled container of the present invention. B
Fig. 2 is a graph showing the relationship between the workability
and hardness with regard to low-temperature annedling of a stainless

steel plate.



product, it was found that a reduction in plate thickness to approxi mately
0.2 mm conpared to a conventional plate thickness of 0.4 mm was possible.
(Mandf acturing Exanple 3) Quter container 2 of o+he~j-ar-far_use in box

| unches shown in Fig. 5 was forned froma stai ﬁ%@ﬁ@EMENTGI@H by neans of
drawi ng. The doubl e-wal | ed cont ai ner forned byjj pirmng-otter n)t ai ner 2

and an 6. 25NOV 1997

Fig. 3 shows a frontal cross-sectional view of a stainless steel -
thermos bottle according to a second embodiment of a metal vacuum
double-walled container of the present invention.

Fig. 4 shows a frontal cross-sectional view of a tapered tube used
in the manufacturing of structural members of the same thermos bottle.

Fig. 5 shows a frontal cross-sectional view of jar for use as a
stainless steel valve body accor&ing to an embodiment of a metal

vacuum double-walled container of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 shows.a frontal cross-sectionél view of a stainless steel
thermos bottle according to an embodiment of a metal vacuum double-
walled container of the present invention. This thermos bottle is
constructed from an inner container 1 and an outer container 2 both
formed from a stainless steel ‘material and are joined at their mouth
portions respectiveiy: this thermos bottle further comprises a ‘vacuum
insulation layer 3 formed in the space in between inner container 1 and
outer container 2. The aforementioned outer container 2 is constructed
~ by joining an "u_pper member 4, body 5 é‘nd bottom member 6 by rﬁeans
of weldihg and thereby forming an integrated body. In addition, a
concave portion 7 is provided at approximately the center of bottom
member 6, while an exhaust aperture 8 is formed at the apﬁroximate
center of this conicave portion 7.  This exhaust aperture 8 is sealed by
meaas of a stopper 9 formed from a metal-like brazing material which
melts upon heating to a specified temperature at the time of performing
a vacuum exhaust treatment.
This thermos ‘bottle manufactured from stainless steel is formed
by previously rolling and adjusting the steel plate to form at least the
outer container 2 to a Vickers hardness in the range of 250 ~ 600, and



——-— .....

I nner container at their nmouth portions was W 1Nt Qo _a vacuum
heating furnace, and while performng a vac i)’pigfﬁk MEN]T& nt, the
cont ai ner was vacuum seal ed by neans of nelji g a §T’6 : eat i ng at a
tenperature of [err] In this case, a product a stainless
steel plate (SUS 301) of hardness 320 Hv, | lfled at a

wor kability of 10% as the raw rraterl'aT'of oute 24 Upon

exam ni ng the

then performing an vacuum exhaust treatment under a temperature of
200 ~ 600°C on the double-walled container, formed by joining together
inner container 1 and outer container 2 into an integrated body. The
vacuum is then maintained in the space between the walls of the double-
walled container, and the container is sealed. Subsequently, by allowing
the container to stand and cool to room temperature, tﬁe stainless steel
undergoes low-temperature annealing, resulting in a structure in which
the super-hardened portion has a decreased plate thickness.

In manufacturing this thermos bottle, a stainless steel plate which
has been previously adjusted to a Vickers hardness (Hv) in the range of
250 ~ 600 by rolling is used to form the double-walled container by
means of processes such as rolling, drawing, bulging, welding and the
like. The container mouth portion is then pointed downward, stopper 9
is inserted into concave portien 7, and the container is placed into a
vacuum heating fumace. A predetermined vacuum is subsequently
created in the space between inner contaitier.l and outer container 2 at a
temperature of 200 ~ 600°C by means of this vacuum exhagist treatment;
and exhaust ‘aperture 8 of the contamer is then sealed by means of

: melting stopper 9. The steel plate then undergoes low-temperamre :
‘annealing thereby resulting in an increase m the hardness of the stainless
-steel plate to form the resultant container. . . )

In this manner, a metallic double-walied container is produced in
which an inner ‘container and outer contaihef, formed by plastic
working of the stainless steel plate previously adjusted to a Vickers

- hardness in the range of 250 ~ 600 by rolling, are joined to form an
integrated body. Subsequently, after this metallic double-walled
container undergoes a vacuum exhaust treatment at’a temperature of
200 ~ 600°C, low-temperature annealing is performed by allowing the

container to cool to room temperature. In order to prove that the



strength of the product, it was found that a reduction in plate thickness
to approximately 0.2 mm conpared to a conventional plate thickness of 0.4
nm was possible. Furthernore, as a supplenental test, a test nenber was
formed using a stainless steel plate (SUS 304) of hardness 320 Hv, which
had been rolled at a workability of 20% Upon processing this test nenber
at a tenperature greater than [err], it was foyrd—+that—t-he—above

.8- REPLACEMENT SHEET
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stainless steel plate forming the container constructed in the
aforementioned manner can actually be super-hardened, the following
experiment was carried out. .

Namely, various types of steel plates were made by cold working
stainless steel plates (SUS 304) to a workability in the range of 0 ~ 70%,
and the Vickers hardness of each stainless steel plate was measured. In
addition, the aforementioned stainless steel plates were put through low-
temperature annealing for 30 minutes each at 200°C, 400°C and 600°C
respectively, following which measurements of the Vickers hardness
were again performéd. The relationship between the workability and
hardness according to the low-temperature annealing was then
examined. These results are shown in Fig. 2.

In addition, the increase in hardness with regard to differences in
the workability and annealing temperature of the same stainless steel
plate (SUS 304) are'sh_own in Table} 1.

* Experimental Method: Test members of thickness 0.5 mm, with 5 |
cm sides were cold worked to predetermined workabilities. After cold
working, each test member was placed in a heating funace at normal

| temperaiure, and tﬁe temperaﬁire of the furnace was raised to the above
specified temperatures which were respectively maintained for 30
minutes. Subsequently, the Vickers hardness was measured after

removing the test member from the furnace.



menti oned hardness was not obtainable by nmeans of the resultant high-

tenperat ure anneal i ng. - 13 - In addition, upon exam ni ng the increases
i,n hardness obt ai ned
REPLACEMENT SHEET
25 NOV 1997
-9. _
Table |
Workability Hardness (Hv)
(%)
Without 200°C 400°C 600°C
Annealing (Increased Hv) | (Increased Hv) | (Increased Hv)
V’ 10 266 277 (11) 303 (37) 300 (34)
20 326 342(16) - 382 (56) 385 (59)
30 360 378 (18) 426 (66) 433 (73)
40 395 418 (23) - 433 (38) 490 (95)
\,_ As seen from. Fig. 2 and Table 1, Hv is increased by means of

increasing the workability of the stamless steel plate. Addmonally, it
" was discovered that the Hv is further mcreased when carrying out low-
temperature annealing after heat processmg at a temperature in the
range of 200 ~ 600°C and returning the cold worked stainless steel plate
to room temperature. Consequently, in order to increase the hardness,
pressure rolling of the stainless steel plate to serve as the double-walled
container material is previously carried.out when the steel plate is in a
raw material state. A double-walled container is then formed by
carrying out processes such as rolling, bulging“drawing, welding and
the like, and a vacuum is created in the space between the walls by

means of a vacuum exhaust treatment while hé‘ating under a temperature



fromvarying workability and annealing tenperature using stainless steel
material other than SUS 304 (e.g. SUS 301, SUS 201 and SUS 316). it was

di scovered that simlar increases in hardness were obtainabl e by increasing
the workability when heating the rolled steel nenber at tenperatures in the
range of 200 - [err] in the same manner as SUS 304. Were techni cal
features mentioned in any claimare foldowed by

of 200 ~ 600°C. After sealing the vacuum, low-temperature annealing
is performed upon returning the container to room temperature,
thereby resulting in an increase in the hardness of the stainless steel
plate. Consequently, the thickness of the stainless steel vacuum double-
walled container is reduced, and a reduction in the weight of the
container becomes possible. |

In the case when the Vickers hardness of the raw matenal
stainless steel plate is Jess than 250, a sufﬁcxently high hardness is

S unobtainable for the final product, and reduction of the thickness, and
thereby weight of the plate rhaterial cannot be sufficiently achieved. In
addition, in the case when the Hv is greater than 600, plastic working of
the steel plate becomes difficult.

As well, when the temperature of the loﬁ-temperanne annealing
is less than 200°C, the increase in the hardness due to this low-
temperature annealing is small, while on the other hand, when this
temperature is creafer than 600°C, problems arise such as a reduction of
the hardness, degradanon of the corrosion resistance, and the like.

| Furthermore, in the aforementioned embodiment, 2 stainless steel

W thermos bottle __was used as an example of a _metalhc ‘vacuum double-
walled container, however, it is needless to say that other metallic

vacuum double-walled containers may also be applied according to the

present invention. For example, the object shown in Fig. 3 in which a

vacuum seal is obtained by means of pressure welding chip tube 10, the

stainless steel jar for use in lunch boxes shown in Fig. 5, various types

of stainless steel cups, vacuum insulated cooking containers, and the like

may also be employed as the stainless steel thermos bottle mentioned

above.

REPLACEMENT SHEET
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reference signs, those reference signs have been |ncluded for the sole

purpose of increasing the intelligibility OfﬂLhﬁ-G+ﬂT
such’ reference signs do not have any limt

accordingly,

identified by way of exanple by su

$$Peﬁer§ﬁﬁé si ghs
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Outer container 2 of the portable thermos bottle shown in Fig. 1

-11 -

was formed by welding together upper member 4, bottom member 6,
and body 5 in such a manner that they formed an integrated body: upper
member 4 and bottom member 6 were both formed by means of

" drawing using stainless steel plates, while body 5 was formed by means
of rolling using similar stainless steel plates. The double-walled
container formed by joining outer container 2 and an inner container at
their mouth portions was then placed into a vaéuum heating furnace,
and while performing a vacuum exhaust treatment, the container was
vacuum sealed by means of melting a stopper 7, formed from a metal-
like brazing material, by heating at a temperature of 500°C, thereby
producing the product.

The product was formed by using a stainless steel plate (SUS 304)
of hardness 320 Hyv, which was rolled at a workability of 20%, as the
body 5 of the outer container. Mpfeove:j, upon examining the strength
of the product, it was foi;nd that a reduction in plate thickness to
approximately 0.25 mm, compared to 2 conventional plate thickness of

~ 0.5 mm, was possible.

" (Manufacturing Example 2) _
Outer container 2 of the portable thermos bottle shown in Fig. 3
was formed by welding together a body 5, shown in Fig. 4, which was
- formed from a tapered tube 11 by means of pressing or bulging, and a
bottom member 6, formed by means of drawing. The double-walled
'container formed by joining outer container 2 and an inner container at
their mouth portions was then placed into a vacuum heating furnace,
and a vacuum exhaust treatment was perfortiiéd “at™a téniperature of
450°C in atmospheric air, with the vacuum exhaust exiting through a

copper pipe 10. After this vacuum exhaust treatment was completed,

cope of each



14 1. A netal lic vacuum doubl e-wal | ed cont ai eﬁmcarrpr;l sing a netal

I nner ,container (1) and a netal outer container b?E?L A sakd,l nner
container (1) and said outer container (2) are jpi dﬁm"émy cuum
doubl e-wal | ed structure, a space between said inngr E%gl ner ard jsaid
outer container serving as Y 1997

-12- | e

a1

this pipe 10 was pressure attached to the container, thereby producing
the product.

In the above case, body 3 of the outer container was formed using
a steel plate material (SU;S 304) in a 1/2 H-shape which had been
thermally refined and rolled. Upon examining the strength of the
product, it was found that a reduction in plate thickness to
approximately 0.2 mm, compared to a conventional plate thickness of
0.4 mm, was possible.

(Manufacturing Example 3)

Outer container 2 of the jar for use in box lunches shown in Fig.
5 was formed from a stainless steel plate by means of drawing. The
double-walled container fo?med by joining outer container 2 and an
inner container at their mouth poi'tions was then placed into a vacuum
heating furnace, and while performing a vacuum exhaust treatment, the
container was vacuum sealed by means of melting a stopper by heating
ata temperamfe of 300°C .

. In this case, a product was formed using a stainless steel plate
(SUs 301) of hardness 320 Hv, which had been rolled ata workability
of 10%, as the raw material of outer container 2. -Upon exammmc the
strength of the product. it was found that a reduction in plate thickness
to approximately 0.2 mm, compared to a conventional plate thickness of
0.4 mm, was possible. - '

Furthermore, as a supplemental test, a test member was formed
using a stainless steel plate (SUS 304) of hardness 320 Hv, which had
been rolled at a2 workability of 20%. Upon processing this test member
at a temperature greater than 600°C, it' was found that the above-’
mentioned hardness was not obtainable by means of the resultant high-

temperature annealing.



a vacuuminsul ation layer (3), said netallic vacuum doubl e- wall ed

contai ner characterized by at |east said outer container (2) possessing a
roll ed austenite stainless steel plate body with a Vickers hardness of 250
- 600. 2. A nmet hod of manufacturing a netallic vacuum doubl e-wal | ed
contai ner conprising a nmetal inner container (1) and a netal outer
container (2), said inner container (1) and said outer

-13-

[n addition, upon examining the increases in hardness obtained
from varying workability and annealing temperature using stainless
steel material other than SUS 304 (e.g. SUS 301, SUS 201 and SUS
316). it was discovered that similar increases in hardness were
obtainable by increasing the workability when heating the rolled steel
member at temperatures in the range of 200 ~ 600°C in the same

manner as SUS 304.

-

where tachnical features mentioned in any claim are-followed by
reference signs, thosa reference signs have been included for

the sole purgosa of {ncreasing the inte!iigihility af the claims -
and accardingly, such reference signs do not have any limiting
effect 6n the scopé of each element identified by way of exampie
by such refaygnce signs.
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container (2) being joined to form a vacuum . doubte-watH-ed-structure,

a space between said inner container and said outer ' serving ias a
vacudm insul ation |ayer (3); said nethod conprising Zﬂmgwm"w ”m l'i ng
at least a M@ : S: I out er container (2); s Ny e pl at.e

into a cylif o # {016 A 5&5.3a
25N0OV 1997 -14 -
CLAIMS
1. A metallic vacuum double-walled conéainer comg}rising a

metal inner container (1) and a metal outer container (2),
wherein said inner container (1) and said outer container (2)
are joined to form a vacuum double-walled structure, a space
between said inner container and said outer container serving as
a vacuum insulation layer (3), said metallic wvacuum double-
walled container characterized by at least said outer container
(2) possessing a rolled austenite stainless steel plate body
with a Vickers hardness of 250 ~ 600.

2. A method of manufacturing a metallic vacuum double-walled
container comprising a metal inner container (1) and a metal
outer container (2), said inner container (1) and said outer
container (2) being joined to form a vacuum double-walled
struccure.' a2 space between said inner container and said outer
container serving as a vacuum insulation layer (3); said method
comprising the steps of: .
rolling at least a steel plate for an outer container
(2); - _ .
shaping said steel plate into a cylindrical body having a
N mouth portion; o . o
forming a metallic’ double-walled container by joining '
.said outer container (2) and an inner container (1) having a
mouth portion at their mouth portions;
heat treating said metallic double-walled container under _'
a vacuum; and _ -_
vacuum sealing the space between said inner co.n.tainer and .
said outer 'conta;iner;
said rolling characterized by the steel plate for the
outer container being an austenite stainless steel plate and
being rolled to a Vickers hardness.of 250.~ .600; .and said heat
treating characterized by being pe_rformed at a temperature of
200 ~ 600°C. o



mout h portion; formng a netallic double-walled container by joining said
outer container (2) and an inner container (1) having a nouth portion at

theit nouth portions; heat treating said netallic ai ner
under a vacuunm and vacuum sealing the space betwe m Mm Ilam ai ner
and * ¢ L M s x

-15-

3. A method for manufacturing a mectallic . vacuum .double-
walled container according to claim 2, wherein the shaping of
said rolled austenite stainless steel plat'e into a cylihcirical
body is accomplished by performing at least one process selected
from the group of rolling, drawing. bulging and welding.

REPLACEMENT SHEET
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said outer container; said rolling characterized by the steel plate for the
outer container being an austenite stainless steel plate and being rolled
to a Vickers hardness of 250 - 600; and said heat treating characterized by
being performed at a tenperature of 200 - [err].

-1-
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- 15 - 3. A nmethod for manufacturing a netallic vacuum doubl e- wall ed
contai ner according to claim2, wherein the shaping of said rolled
austenite stainless steel plate into a cylindrical body is acconplished by
perform ng at | east one process sel ected

-2-
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fromthe group of rolling, drawi ng, bul ging and wel di ng.

FIG.3




FIG.4
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FIG.5
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METALLIC VACUUM DOUBLE-WALLED CONTAINER AND
MANUFACTURING METHOD THEREIN
ABSTRACT OF THE DISCLOSURE

A metallic vacuum double-walled container and manufacturing method therein

is provided in which an inner container and outer container are both formed from a metal.
From among the aforementioned, at least the outer container possesses a body which is
formed by rolling. a ‘steel plate with a Vickers hardness of 250 ~600. The outer container
is then shaped into a cylindrical body, and joined to a processed inner container at their
mouth portions to form a metallic double-walled container. This metallic double-walled
container is then heat treated at temperature of 200 ~600°C under a vacuum, and the space
between the two walls of the metallic double-walled container is vacuum sealed to form the
final product.
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