Insulated Vessel and Method of Production Therefor

Background of the Invention

The present invention relates to an insulated vessel which
may be produced at 1ow cost,'has superior insulating s
lcapabilities and excellent volumetric efficiency, and which may
be_suitably employed in a thermos, cooler, icebox, insulated
cup, thermal insulafed lunch box, thermal insulated electric
pot, heat retaining rice cooker, refrigerator or freezer box
matérial, or as an insulating layer in a bath tub.

Insulated vessels ére conventionally available having a
double walled stfucture wherein the space interval between the
outer vessel and the inner vessel is filled with an organic _
foaming material such as hard urethane foam or foaming |
polystyrene, or a fabrication thereof, or is filled with an
inorganié\pOWder such as perlite.

Also conventionaliy available is a vacuum insulated vessel
wherein the space between the inner vessel and the outer wvessel
of a double walled vessel consistiﬁg of a metallic inner vessel
and a metallic outer wvessel joihed in an integral fashion is
vacuum sealed to form a vacuum insulating layer.

However, in the former insulated vessel, because the
coefficient of thermal conductivity of.the insulating material
itseif is large compared to the case of a vacuum insulatién, it
is not possible to obtain a'high degree of insulating
capability. Further, problems also exist with respect td the
production and capabilities of this vessel'in that, because it
is necéssary.to make the insulating layer thick (more than

several centimeters) the vessel has a small ratio of inner
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volume to the outer volume. That is to say, volumetric
efficiency is reduced.

Furthermore, while the latter vacuum insulated vessel has
excellent insulating capabilities, an insulating_layer of a
small thickness, and large volumetric efficiency, the production
process is complicated. Accordingly, high production costs are

incurred.

Summary of the Invention
The present invention was conceived in consideration of the

aforementioned problems, and has as an object the provision of

an insulated vessel which has excellent insulating properties,

is light, and for which it is possible to achieve a high
volumetric efficiency.
The insulated vessel of the present invention has a double

walled structure wherein an inner vessel and an outer vessel

have been joined in an integral fashion, with the space interval

therebetween being: filled with a low thermoconductive gas

consisting of at least one of xenon, krypton and argon.

. Furthermore; in the present invention, a metallic heat radiation

preventing me;eriel is_disposed at least one of the outer
surface of the'inner veesel and the inner surface of the outer
vessel.

The aforementioned heat rediation preventing material is
selected from a metallic foil disposed in the aforementioned
space interval, or a metallic film provided at at least one of
the'outer surface of the inner vessel or the inner surface of

the outer vessel.

Thn Sheet Has- Been Rep laced

/RN |II




i

P
i‘--—;.

3

The space interval between the inner vessel and the outer
vessel of the double walled vessel in this insulated vessel is
preferably between 1 and 10 mm thick.

Furthermore, the insulating layer may be constructed as a
plﬁrality of layers by disposing in-ﬁhe space interval between
the inner vessel and the outer vessel one or more partitioning
members which partition the insulating layer in the direction of
the thickness thereof. The space interval of the respective
partitioned insulating lavers is preferably in the range of 1 to
10 mm. |

Furthermore, the filling pressure of the low
thermoconductive gas which fills the space between the inner
vessel and the outer vessel of the double walled vessel of the
present-invention is preferably 740 - 780 mmHg at room
temperature.

‘The method for producing the insulated vessel of the
present invention comprises the steps of;

preparing a double walled vessel wherein an inner vessel
and an outer vessel are joined in an integral fashion, an |
opening is pfovided to either the inner Qessel or the outer

vessel, and a metallic heat radiation preventing material is

disposed to between the outer surface of the inner vessel and

the inner surface of the outer vessel;
evacuating the air from the space interval between the

inner vessel "and the outer vessel via the opening of the double

"walled vessel;

filling the space interval with a low thermoconductive gas

consisting of at least one of xenon, krypton and argon; and

‘sealing the opening of the double walled vessel.
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The aforementioned heat radiation preventing material is
selected from a metallic foil disposed in the space interval, or
a metallic film provided at at least one of the outer surface of
the inner vessel'and the inner surfacé of the outer vessel. The
aforementioned opening provided to the double walled vessels is
selected from an evacuation hole or an evacuation tube.

In this production method, preferable aé the method of
production for the double walled vessel are the following
methods: |

a) A method wherein a cylindrical inner vessel having a
bottom and a cylindrical outer vesse;,are'attached in an
integral fashion at the_mouth=por&idns-thereof, a metallic heat
radiation preventing material is disposed between the outer
surface of the inner vessel and the inner surface of the outer
vesSel, and a bottom plate having said opening is joined to the
open bottom of the outer vessel.

b) A method wherein a cylindrical inner vessel having a
bottom and a cylindfical outer vessel, having a bottom which has
said openihg, are prepared, a metallic heat radiation preventing
material is disposed to between the outer surface of the inner
vessel and the inner surface of the outer vessel, and thé inner
vessel and the outer vessel are joined in én integral fashion at
the mouth portions thereof. |

c) A method wherein a configured double walled structure is
prepared with the mouth portion for a cylindrical outer vessei
and a cylindrical inner vessel having a bottom being formed in
an integral fashion using an integral double molding method, a
metallic heat radiation preventing material is disposed to at

least one of the outer surface of the inner vessel and the inner
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surface of the outer vessel, and a bottom plate_having séid
opening is joined to the open bottom of the outer vessel.

It is preferable that the pressure difference between the
space interval and the environment outside the double walled
vessel be small or nonexistent when carrying out the step for
evacuating the air in the space interval between the inner
vessel and the outer vessel of the double walled vessel and the
step for filling with the space with the low thermoconductive
gas.

In the insulated vessel of the present invention, the

_insulating layer is formed by filling ;he space interval between

the inner vessel and the outer vessel 6f the double walled
vessel with a low thermocondﬁctive gas consisting of at least
one of xénon, krypton and argon, and disposihg a metallic heat
radiation preventing material in thé insulating layer. As a
result, the present invention has markedly iﬁproved insulating
capabilities as comparea to conventional insulated vessels
wherein the space between the inner vessel and the outer vessel -
is filled with an organic or inorganic solid insulating
material. Furthermore, becauSe the present invention does not
employ the technique of £filling with a solid insulating

material, it is possible to make the insulated vessel lighter.

. Moreover, as compared to conventional vacuum insulated vessels,

the pressure difference between the insulating layer and the
outside in the presehﬁ invention is small so that, accordingly,
the pressure strength demanded of the double walled vessel is
also small. As a result, it becomes possible to increase the
degree of freedom permitted with respect to the shape and

material of the double walled vessel. Furthermore, the
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voiumetric efficiency of the insulated vessel is improved.
Accordingly,lby means of the present in&ention it becomes
possible to offer an insulated vessel which has.superior
insulating capabilities, is iight, and has high volumetric
efficiency.

Moreover, by setting the thickness of the insulating layer
to be between 1 and 10 mm, convection of the filler gas is
controlled, thus obtaining excellent insulating effects.

- By disposing one or more partitioning members which
partition the insulating layer along the direction of its width
in the space interval between the inner vessel and the outer
vessel a plurality of insulating lavers is formed. As a result,
an insulated structure identical to that in which a plurality of

insulating layers are layered on tbp of one another is obtained,

‘making it possible to obtain even more excellent insulating

properties.

Furthermore, by setting the filling pressure of the low
thermoconductive gas to be 740 - 780 mmHg at room temperature,
the pressure difference between the insulating layer and the
outside when pouring in cold or hot liquids is small and the
atmosphere pressure applied to the double walled vessel is
reduced. The pressure strength required of the vessel is
reduced, and the vessel can be made more lightweight. Moreover,
it is possible to further increase the degree'of freedom
permitted with respect to the design and material of the vessel.

Moreover, in the production method for the insulated vessel
of the present invention, a double walled vessel wherein a
metallle heat radiation preventing material is disposed at at

least one of either the outer éurface of the inner vessel or the
R ettt

his Sheet Has Been Replaced

BT L



N’}

.

 inner surface of the outer vessel is produced. The air in the

space interval bétween the inner vessel and the outer vessel is
evacuated via an evacuation hole or an evacuation tube in the
double walled vessel, and this space interval is then filled
with a low thermoconductive gas. The opening of the evacuation
hole or the evacuation tube is sealed, obtaining an insulated
vessel having excellent insulating properties. The production
steps are simple and eaéy. Moreover, because production using a
synthetic resin material which is easily formable is also
possible, it is possible to reduce production costs.

Furthermore, if a metallic foil is used as the heat

radiation preventing material, a lower cost production as

compared to one employing the technique of plating the surfacés
of the inner and outer vessels which face the insulating layer
caﬁ be realized. |

"Moreover, by using a heat radiation preventing material
consisting of metaliic foil, the double walled vessel and the
metallic foil are easily fecyclable. Accordingly, the present
invention is advantageous both from the perspective of low
production cost and conservation of resources.

Moreover, by making the pressure diffefence between the
space between the inner vessel and the outer veséel and the
outside small when carrying out the steps of vacuum evacuating
this space and filling it with a low thermoconductive gas such
as xenon, it-is possible to prevent the application of external
force arising from a pressure difference on the double walled
vessel. Even when employing a double walled vessel which has
almost no pressure proof structure, no dents are created in the

vessel, and it is possible to sufficiently evacuate the inside.
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As a result, the degree of freedom permitted with respect to the
design and material of the vessel is increased, and the vessel

can be made even more lightweight.

Brief Description of the Drawings

Figure 1 is a cross sectional diagram showing a first
preferred embodiment of the insulated vessel of the.present
invention.

Figure 2 is a cross sectional diagram showing the insulated
cup of the second preferred embodiment of the insulated vessel
of the present invention.

'Figure 3 is a partial cross sectional diagram showing the
third preferred embodiment of the insulated vessel of the
present invgntion.

Figure 4 is a cross sectional diagram showing a_fourth
preferred embodiment of the insulated vessel of the present
invention.

Figure 5 is a structural diagram showing an example of the
device employed in the production of the insulated vessel of the

present invention.
Detailed Description of the Preferred Embodiments

Embodiment 1

Figure 1 shows a first embodiment of the insulated vessel
of the prgsent invention. Insulated vessel A is formed by
joining in an integral fashion the respective mouth portions 3
of an inner vessel 2 and an outer vessel 1 consisting of a

metallic material such as stainless steel, glass, ceramic, or a
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synthetic resin material having high gas barrier capabilities;
forming an insulating layer 5 by filling the space intexrval
between the inner vessel 2 and the outer vessel 1 of the double
walled vessel 4 with a low thermoconductive gas consisting of at
least one of xenon, krypton, and argon; and disposing a heat
radiation preventing material 6 consisting of metallic foil to
at least the outer surface of the inner vessel 2 or the outer
surface of the inner vessel 2 and inner surface of the outer
vessel 1.

Outer vessel 1 consists of é cylindrical outer vessel side
portion 7 and a bottom plate 8 which is joined in an airtight
fashion to the open bottom of the outer vessel. An evacuation
tube 9 is provided at the center of this bottom plate 8. The
end of this evacﬁation tube 9 is pressure sealed and cut off.

Employable as the gas which fills the space between outer

vessel 1 and inner vessel 2 is an inert gas having a coefficient

of thermal conductivity ¥ which is smaller than that of air
(Kai,=2.41 x 102 erJQK‘l at 0°) such as xenon (x=0.52 x 102
wm-1-k-1 at 0°), krypton (x=0.87 x 102 wm-1.k~1 at 0°) or argon
(k=1.63 x 102 wm~1-k~1 at 0°), or a mixture thereof. Xenon,
krypton, and argon have low coefficients of thermal conductivity
and are not problematic with respect to the environment, making
them particularly suitable.

The filling pressure of the low thermocoﬁductive_gas is
preferably 740 - 780 mmHg at room temperature. When the filling
pressure is in this range, the insulating capabilities of the
insulating layer 5 are good and the pressure difference between
the insulating layer 5 and the outside is small. As a result,

denting or swelling due to the application of external force on
[
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the double walled vessel because of a pressure difference does
not occur.

The thickness of the insulatihg layer 5 is preferably set
to be within the range of 1 to 10 mm. If the thickness is
greater than 10 mm, convection of the low thermoconductive gas
inside the vessel can occur easily, and the quantity of heat
transferred in the direction of the width of the insulating
layer 5 becomes large, impairing the insulating efficiency.
When the thickness of the insulating layer ié made less than 1
mm, it is difficult to form double walled vessel 4 while
avoiding contact between.inner vessel 2 and outer vessel 1.
Accordingly, greater care and attention is required in the
production process, causing an increase in production costs.

A metallic foil which is férmed to match the outer shape of
the inner vessel 2 is attached to the outside of inner vésSel 2
to comprise heat radiation preventing material 6.

Alternatively, a metallic tape wrépped around the outer
surface of inner vessel 2 may be suitably used. The heat
radiation preventing material 6 is disposed to prevent heat
transition cauéed by radiation. A variety of metallic foils
sﬁch as aluminum, copper, or silver which are highly reflective
of heat rays may be used. Copper foil, however, is preferable.
This heat radiation preventing material 6 should be affixed to
the surface of one vesse; using an adhesive agent or by brazing
in a manner so as not to come in contact with the other vessel.
A ventilation hole 10 is provided at some position in heat
radiation preventing material 6.

In producing insulated wvessel A, a cylindriéal outer vessel

side portion 7 and a cylindrical inner vessel 2 with a bottom

is Sheet Has Been Replaced

i




o

11

afe first formed using a metallic material such as stainless
steel, glass, ceramic or a synthetic resin material having high
gas barrier capabilities. It is preferable at this stage to
also form a bottom plate 8 with an evacuation tube made from the
same material as selected for outer side portion 7 and imner
vessel 2. Next, the metallic foil is attached to the outer
surface of inner vessel 2 by coating the surface thereof with an
adhesive agent, or, alternatively( a metallic tape may be
wrapped around the outer surface 6f the inner vessei 2. At the
same time, the mouth portion 3 of inner vessel 2 and one edge of
outer vessel side portion 7 are joined in an integral fashion.
The method of conhection'may be optimally selected from the

methods of welding, soldering, adhesion or the like in response

"to the material of the vessel.

Next, bottom plate 8 with the evacuation tube is joined to
the open bottom of outer vessel side portion 7 in an airtight
fashion. Heat radiation preventive material 6 is affixed to the
outer surface of inner vessel 2, and inner vessel 2 and outer
vessel 1 are joined in an integrél fashion, thus forming the
double walled vessel 4.

Next, the evacuation tube 9 of the double walled vessel 4
is attached to the vacuum evacuator/gas supply means which is
provided with a vacuum pump and a supply sourée for a low
thermoconductive gas such as xenon or the like. The space
interval between inner and outer vessels 1 and 2 is first vacuum

evacuated, then filled with a low thermoconductive gas

consisting of at least one of xenoh, krypton, or argon.

Evacuation tube 9 is pressure sealed. As a result, an
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insulating layer 5 is formed bétween inner and outer vessels 1
and 2, obtaining the insulated vessel A shown in Figure 1.

In response to the applications intended for the thus-
obtained vessel A, vessel A may be offered as a finished product
having:attached thereto a bottom member, shgulder portions
having haﬁdles or grips, or with an insulated opening and
closing 1lid.

The steps for vacuum evacuating the space between inner and
outer vessels 1 and 2 and filling it with a gas such as xenon is
preferably carried out so that the pressure difference between
the space interval and the environment outside thé vessel is
minimized as much as possible. In other words, by making the
pressure difference between the space interval and the outside
small and then carrying out vacuum evacuation and filling, it is
possible to prevent the application of external force on double
walled vessel 4 due to a pressure difference. Even when
employing a double walled vessel which does not have a pressure
proof structure, no dents are generated in the vessel, and it is
possible to vacuum evacuate the inside. When attaching an
evacuation tube 9 to a vacuum evacuator/gas supply means as
above, placing the double walled vessel 4 in a vacuum chamber
and vacuum evacuating the spacelinterval between inner and outer
vessels 1 and 2 via evacuation tube 9 in order to carry out
vacuum evacuation and filling with the gas after minimizing the
preSsure difference between the space interval between the innér
and outer vessels 1 and 2 and the outside environment, the
pressure in the vacuum chamber is lowered, the pressure
difference between the space intervai and the vacuum chamber is
minimized, and the space interﬁal is filled with a low
___ﬂ____—________.ﬂ
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the:moconductive gas such as xenon via evacuation tube 9.- Air
or another gas is introduced into the chamber so that a pressure
difference is not generated between the space interval and the
inside of the chamber as the space interval is filled with the
low thermoconductive gas. The evacuation tube is.then pressure
sealed. |
In place of evacuatioﬁ tube 9, an evacﬁation hole in the

form of a small opening or small groove may be formed in double
walled vessel 4. Brazing material and a sealing plate are

. | placed in proximity to the hole and heated to melt the brazing
material and seal the evacuation hole with the'sealing plate.
Alternatively, an insulated vessél of the type where the brazing
material is melted, flowing into and sealing the evacuation
hole, may be produced.. In this case, after disposing the
"brazing material and the sealing plate in the proximity of the
evacuation hole, the double walled vessel 4 ié placed in a
vacuum heating furnace. By vacuum evacuating the furnace, the
space between inner and outer vessels 1 and é'is vacuum

evacuated via the evacuation hole. A low thermoconductive gas

such as xenon or the like is introduced into the furnace,
filling the space between inner énd outer vessels 1 and 2 with
the gas via the evacuation hole. The evacuation hole is then
sealed by heating to melt the brazing material.

In this insulated vessel A, an insulating layer 5 is formed
by introducing a low thermoconductive gas consisting of at least
one of xenon, krypton, and argon in the space interval between
the inner vessel 2 and the outer vessel 1 of the double walled
vessel 4. As a result, it is possible tb greatly impfove the

insulating capabilities in the present invention as compared to
_ AR
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conventional insulated vessels wherein the space between the
inner and outer vessels 1 and 2 is filled with an organic or
inorganic solid insulating material. Furthermore,.because no
solid insulating material is used to fill the space, the
insulated vessel of the present invention is iighter in weight.
Moreover, the pressure difference between the insulating layer 5
and the outside is small as compared to conventional vacuum
evacuated vessels, thus only a small degree of pressure proof
strength is required of the double walled vessel 4. The present
invention permits greater freedom with respect to the shape and
material of the vessel (the double walled vessel may, for
example, be square shaped) and provides for an improved
volumetric efficiency of the insulated vessel.

| Furthermore, because a heat radiation preventing material 6
consisting of a metallic foil is disposed at at least the outer
surface of the inner vessel 2, production costs are lower than
in the case.where the technique of plating the surfaces of inner
and outer vessels 1 and 2 which face the insulating layer 5.
Moreover, by employing a heat radiation preventing material 6
consisting of a metallic foil, recycling of the metallic foil
and the double walled vessel 4 is made easy. Thus, the present
invention is particularly advantageous from the prospecﬁive of
reducéd production costs and conservation of resources.

Furthermore, in this insulated vessel A, a double walled

vessel 4 wherein a heat radiation preventing material 6
consisting of a metallic foil is attached to at least the outer
surface of the inner vessel. The air in the space interval
between the inner vessel 2 and the outer vessel 1 is évacuated

via evacuation tube 9 of . the double walled vessel 4. Next, the
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space interval is filled with a low thermoconductive gas such as
xenon or the 1ike, and the evacuation tube 9 is sealed. As a
result, it is possible to produce an insulated vessel having
excellent insulating capabilities, and the production steps are
simple and easy. Accordingly, production costs can be reduced.

It is noted that, while in the preceding embodiment an

evacuation tube 9 was provided to the outer vessel lower plate 8

of the double walled vessel 4 and was pressure sealed and cut
off following filling of the space with the gas, the position of
evacuation tube 9 is not limited thereto. Rather, the
evacuation tube 9 may have a structure wherein it is covefed by
the bottom member or a handle attached té the insulated vessel
A. Moreover, in place of evacuation tube 9, double walled
vessel 4 may be provided with an evacuation hole consisting of a
small opening or small groove. A sealing plate is joined
through brazing by disposing brazing material or the like around
the proximity of the evacuation hole. Alternatively, a
concavity may be formed to double walled vessel 4 and an
evécuation hole may be brovided in the concavity. This
evacuation hole is then seaied by melting braéing material
disposed within the concavity, causing it to flow into the

evacuation hole.

Embodiment 2

Figure 2 shows the insulated cup of the sécond embodiment
of the insulated vessel of the present invention. This |
insulated cup B is formed by joining the respective mouth
portions of cylindrical inner vessel 12 and outer vessel 11

which have bottoms and consist of a synthetic resin in an
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integral fashion to form double walled vessel 13. A heat
radiation preventing material 14. consisting of copper foil is
affixed to the outer surface of inner vessel 12 with an adhesive
agent, and the low thermoconductive gases consisting of at least
one of xenon, krypton, and argon are used to fill the space
interval between the inner and outer vessels 11 and 12, thereby
forming insulating layer 15.

An evacuation tube 16, the end portion of which has been
sealed, is provided to the bottom plate of outer vessel 11. A
5ottom cover 17 is forcibly engaged to the bottom portion of
outer vessel 11 so as to cover evacuation tube 16. A synthetic
resin which is heat resistant up to temperatures above 100°C and
has goéd formability can be employed as the material of outer
vessel 11, inner vessel 12 and bottom cover 17. Polypropylene,
ABS, polycarbonate or the like are preferable as this material.

As in the previqus embodiment, the filling pressure of the
low thermoconductive gas in insulating layer 15 is preferably
740 - 780 mmHg at room temperature.

Furthermore, the thickness of the insulating layer 15 is
preferably set to be in'the range of 1 to ;O om.

An explanation of the structure of insulated cup B will now
be made; First, a resin material such as polypropylene is
formed using a suitable forming means such as injection molding
to produce a cylindrical inner vessel 12 having a bottom and a |
flange at the top end thereof, and a chindrical 6uter vessel 11
having a bottom and provided at the upper end theréof'with a
stepped portion which interfits with the flange. A metallic

tube which will form the evacuation tube is joined to the bottom
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portion of outer vessei 11 using fusion joining or through use
of an epoxy adhesive agent.

Nekt, the epoxy adhesive 5§ent is coated on various places
on the outer surface of the inner vessel 12, and heat radiation
préventing material 14 is formed by wrapping a tape material
consisting of copper foil thereover. A small hole for
circulation purposes is formed in the heat radiation preventing
material 14.

Next, inner vessel 12 is placed inside outer vessel 11.
The flange of inner vessel 12 sits into the stepped portion of
outer vessel 11. The mouth portions of the inner and outer
vessels 11 and 12 are joined using heat fusion or an adhesive
agent. Inner and outer vessels 11 and 12 afe joined in an
integral fashion at the mouth portions thereof, forming double
walled vessel 13. More preferably, the connection step may be
carried out using friction welding or spin'welding.

Next, the metal1ic tube (evacuation tube 16) of the double
walled vessel 13 is attached to the vacuum evacuator/gas
supplier which is provided with a vacuum pump and a supply
source for a low thermoconductive gas such as xenon. The space
interval between inner and outer vessels 11 and 12 is wvacuum
evacuated, and filled at a set pressure with the low
thermocondu;tive gas consisting of at least one of xenon,
krypton, and argon. Then the metallic tube (evacuation tube 16)
is pressure sealed. In this manner, insulating layer 15 is
formed by filling the space between inner and outer vessels 11
and 12 with a low thermoconductive gas.

Next, bottom cover 17 is for;::ibly engaged to the bottom

portion of outer vessel 11 to obtain the insulated cup B as
rion ot outer vesses
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shown in Figure 2. The means by which bottom cover 17 is
forcibly engaged is not particularly limited. As is shown in
Figure 2, for example, prdjections may be provided near the
lower pbrtion of the outer surface of outer vessel 11, and
concave grooves may be formed in the inner surface of bottom
cover 17. Bottom cover 17 fits into the lowér portion of outer
vessel 11, interfitting the projections aﬁd the concave grooves.
In addition to this type of structure, also permissible is a
structure where bottom cover 17 is attached using a screw
engagement.

As necessary, insulated cup B may also be formed having
éttached thereto a shoulder member provided with a grip.

Effects almost identical to those described for insulated
vessel A in the preceding first embodiment are obtained with
insulated cup B. In addition, because double walled vessel 13-
is forhed usiﬁg a cylindrical outer vessel 11 having a bottom to
which is joined an evacuatién tube 16, and fusing this outer
vessel 11 to an inner vessel where the mouth portions thereof
join, it is possible to omit the stop of joining lowér plate 8
to the bottom end of outer vessel side portion 7. Accordingly
production effiéiency can be impro&ed.

It is noted here that other optimal production methods for
producing insulated cup B may be offered. For example, a double
walled structure wherein only the bottom portion of outer vessel
11 is open may be formed by carrying out an integral double
molding method using a convenient molding means such as
injection molding of a resin material like polypropylene. 1In
the same manner as described in the preceding production method,

copper foil tape or the like is then used to form a heat
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radiation preventing material 14 about the outer surface of the
inner vessel or the immer surface 6f the outer vessel. Next,
the bottom plate to which is attached a metallic tube which will
function as evacuation tube 16 is joined in an integral fashion
to the open bottom of_theldouble walled structure by means of a
joining method such as friction welding or spin welding. Next,
as in the.production method described above, the metallic tube
is attached to the vacuum evacuator/gas supply méans, and vacuum
evacuation of the space between the inner and outer vessels of
the double walled vessel is performed. The space is then filled
with a low phermoconductive gas such as xenon or the like, and
the tube is then pressure sealed. The insulatéd cup 1is then
produced by forcibly engaging bottom cover 17.

In this production method, because the double walled
structure is formed using an integral double molding method, the
step for joining the mouth portions of the inner and outer
vessels is omitted. Further, by forming a double walled vessel
by means of integral double molding in this way, irregularities
in ﬁhe mouth portion of the doub}e walled vessel can be
eliminated. Accordingly, an insulated cup which has a rim which
provides a smooth sensation on the lips when drinking is

obtained.

Embodiment 3

Figure 3 shows a third embodiment of the insulated vessel
of the present invention. This insulated vessel C was'formed by
providing composition elements almost identical to those of
insulated vessel A of the above described embodiment 1, and is

characterized by the disposition between the walls of outer
o e T
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vessel 1 and inner vessel 2 of a partitioning member 20 for
partitioning the insulating layer 5 in the direction of the
thickness thereof. .

A small hole for gaé circulation is provided to
partitioning member 20, preférably when partitioning member 20
is being formed. In addition, partitioning member 20 is
disposed between inner vessel 2 and outer vessel 1 in a manner
so that the permeation of the xenon or other filler gas is
prevented. The material of partitioning member 20 is not
particularly limited but may be made from metal or a synthetié
resin. It is preférable, howevef, to_reduce radiation loss for
the vessel by using, in conjunction with heat radiation
preventing material 6, a metallic material which has a high rate
of refraction of radiant heat. Further, by providing a
partitioning member 20 whicﬁ.has radiation_preventive effects
suéh as these, it is possible to omit the use of a)heat
radiation preventing material 6.

In addition, partitioning meémber 20 may be provided SO as

to form two layers or more. Furthermore, suitable as the method

of disposition of the partitioning member 20 is a method wherein

a partitioning member 20 shaped to fit the outer surface of.the
inner Qessel 2 . but slightly larger than the inner vessel 2 is
formed using‘a metallic foil material or the like. This is
placed on top of inner vessel 2 to which is affixed heat
radiation preventing material 6, the lower surface of the flange
of inner vessel 2 joining with the upper end of partitioning
member 20. Nextl outer vessel 1 is placed on top of the
assembly of inner vessel 2 and partitioning member 20, and inner

vessel 2 and outer vessel 1 are joined in an integral fashion at
I —
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their respective mouth portions. 1In this case, it is.necessary
to ensure that partitioning member 20 does not touch inner
vessel 2 or outer vessel 1.

The insulated vessel C obtained according to this
embodiment provides nearly the same'effécts as those obtained in
the preceding embodiment 1. In addition, by designing
insulating layer 5 with the provision of a partitioning member
20 which partitions the layer in the direction of the width |
thereof, the transition of the filler gas which fills the space
between inner vessel 2 and outer vessel 1 in the direction of
the width thereof is prevented. Accordingly, in essence the
insulating structure obtained is one wherein a plurality of
insulaﬁing layers are placed on top of one another{ making it

possible to obtain even better insulating capabilities.

Embodiment 4

Figure 4 shows a fourth embodiment of the insulated vessel
of the present invention. This insulating vessel D is provided
with an inner vessel 22, an outer vessel 21 disposed about the
circumference of inner vessel 22, heat radiation preventing
materials 24,24 consisting of metallic film formed respectively
to opposing surfaces of inner vessel 22 and outer vessel 21, and
a low thermoconductive gas which fills the épaée interval 26
between opposing heat radiation preventing materials 24,24.
Inner vessel 22 and oﬁter vessel 21 are joined in an integral
fashion at the peripheriés thereof to form a double walled
vessel 23. Insulating layer.25 is formed by filling the space
interval 26 with a low thermoconductive gas.

[
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Inner vessel 22 is formed of a synthetic resin such as ABS
resin or the like. Inner vessel:22 is formed in a box shape
having a bottom wherein an open portion 27 is formed at the top
thereof as shown in Figure 4. Flange 22a which lies along the
periphery of opening 27 of inner vessel 22 is formed projecting
outward. The lower surface of flange 22a is joined in an
integral fashion to stepped portion 21b which is formed at the
top end of side wall plate 2l1la of outer vessel 21 by
thermofusion, or the use of a synthetic resip adhesive such as
soldering, epoxy resin or the like.

Outer vessel 21 is formed of a synthetic resin such as ABS
resin or the like. It is provided with a side wall plate 21la
which is disposed along the outer surface of inner vessel 22 in
opposition thereto, a bottom plate 21c which is formed in an _
integral fashion to side wall plate 2la, an evacuation tube 214
which is formed to bottom plate 2ic projecting outward and
functions for filling space interval 26 with a low
thermoconductive gas, and a protector 2le which protects
evacuation tube 21d from external force.

Heat radiation preventive materials 24,24 consisting of
metallic film which prevents heat radiation as well as the
permeation of gas are respectively formed to the outer surface
of inﬁer vessel 22 and the inner surface of outer vessel 21.
Heat radiation preventive materials 24,24 are formed by means of .
plating, deposition or the like. A space interval 26 of 1 to 10
mm- in width is formed between these opposing radiation
preventive members 24,24 to be filled with a low
thermoconductive gas. The low thermoconductive gas which fills

this space interval 26 is prevented from permeating to the
_ [
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outside by surrounding space intefval 26 with heat radiation
preventing materials 24,24.

At least one of xenon, krypton, and argon may be used as
the low thermoconductive gas.

Next, an explanatidn.will be made of the produgtion»meﬁhod
for this insulated vessel D. First, heat radiation preventing
material 24 is-formed at the inner surface of outer vessel 21
and to the outer surface of inner vessel 22 which consist of a
synthetic resin or the like using.a vacuum deposition method,
plating (chemical plating, electroplating) or the like. Then,
flange 22a qf inner Qeséél 22 is joined to stepped portion 21b
of outer'véssel 21 by means of soldering, an adhesive agent,
thermofusion or the like, to form inner vessel 22 and outer
vessel 21 into a unitary structure. As a result, an space
interval 26 of 1 to 10 mm in'width is formed between inner
vessel 22 and outer vessel 21.

- Next, the double walled vessel 23 is-placed inside an
airtight vessel 30 shown in Figure 5. Airtight vessel 30 is
provided with gas introduction portion 31 for introducing low.

thermoconductive gas into space interval 26 of the double walled

.vessel 23, a vacuum evacuation valve 32 for evacuating the air

inside airtight vessel 30, and an atmosphere introduction valve
33 for introducing.the surrounding atmosphere into airtight
vessel 30. Gas introduction portion 31 is provided to the end
of evacuation tube 21d of the double walled vessel 23. One end
of gas introduction portion 31 is connected to a chemical
cylinder 34 which fills the space interval 26 with a low
thermoconductive gas such as xenon via filling valve 35. The

other end thereof is connected to a vacuum pump 37 via an
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evacuation valve 38. Chemical cylinder 34 and vacuum pump 37
are provided outside airtight wvessel 30.

Double walled veséel 23 is-plaéed inside airtight wvessel 30
and evacuation tube 21d of outer vessel 21 is connected to gas
introduction portion 31. Then airtight vessel 30 is closed
tightly, evacuation valve 38 and vacuum evacuation valve 32 are
opened, and vacuum pump 37 is operated. The air inside space
interval 26 of the double walled vessel 23 and the air inside
airtight vessel 30 is evacuated. The difference between the
pressure inside airtight vessel 30 and the pressure inside space
interval 26 of double walled vessel 23 is made as small as
possible. It is preferable tq reduce the pressure so that
excessive force is not applied to double walled vessel 23.

Then, once the pressure of airtight vesse1.30 has reached one-
tenth of ambient pressure, vacuum evacuation valve 32 is closed,
and the vacuum evacuation of airtight veséel 30 is complete. -
The vacuum evacuation of space interval 26 of double walled
vessel 23 continues until the pressure within space interval 26
reaches 10 mmig. Then, evacuation valve 38 is closed, and the
vacuum evacuation of double walled vessel 23 is complete.

Next, filling valve 35 is opened and a low thermoconductive
gas such as xenon from chemical cylinder 34 fills space interval
26 of double walled vessel 23. At this point, the atmosphere
valve 33 is opened éo that the difference between the pressure
in airtight vessel 30 and the pressure in space interval 26 is
made small-so as not to apply excessive force to double walled
vessel 23. As the atmosphere is introduced inté airtight vessel
30, space interval 26 is filled with a low thermoconductive gas.

After opening airtight vessel 30 to ambient pressure, evacuation
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tube 21d of double walled vessel 23 is thermofused to seal
insulating layer 25, thus forming insulated vessel D. Then,
insulated vessel D is removed from airtight vessel 30 and, as
shown in Figure 4, protector 2le is attached to evacuation tube
21d. By means of the above steps, the coefficient of thermal
conductivity in the insulating layer 25 is small, and an
insulated vessel D filled with an inert gas is obtained.

It.is noted here that the preceding embodiments are not

intended in any way to limit the present invention but rather a

variety of variations thereon are possible. For example, the

shape of the insulated vessel may vary acéording to the intended
application and may be, for example, dylindrical, a squared-off
cylindrical shape, or hemispherical. Further, the present
invention may be designed so that an insulated lid is attached
in an opening and closing fashion to the opening of the
insulated vessel. Moreover, the insulated vessel of the present
invention may be used in combination with another insulated
structure such as, for example, an insulated structure filled
with a solid insulating material or a vacuum insulated

structure.
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1. An insulated vessel wherein there is provided a double
walled vessel having an inner veésel and an outer vessel joined
in an integral fashion, and an insulating layer in the space
interval between said inner vessel and said.outer vessel of said
insulated vessel, said insulated vessel being characterized in
that said insulating layer is forméd by filling said space
intervél between said inner vessel and said outer vessel of said
double walled vessel with a low thermoconductive gas consisting
of at leaét one of xenon, argon and krypton, and-in that a
metallic heat radiation preventing material is disposed to said

insulating layer.

2. An insulated vessel according to claim 1 qharacterized in
that said space. interval between said inner vessel and said
outer vessel of said double walled vessel is between 1 and 10 mm

in width.

3. An insulated vessél according to claim 1 characterized in

. that said heat radiation preventing material is a metallic foil

disposed in said space'interval}

4. An insulated vessel according to claim 1 characterized in
that said heat radiation preventing material is a metallic film
provided to at least one of the outer surface of said inner
vessel and the inner surface of said outer vessel.
[
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5. An insulated vessel according to claim 1 characterized in

27

that the filling pressure of said low thermoconductive gas which
fills the space between said inner vessel and said outer vessel
of said double walled vessel is 740 - 780 mmHg at room

temperature.

6. An insulated vessel according to claim 1 characterized in
that said insulating layer is partitioned into a plurality of
layers by disposing one Oor more partitioning members which
partition said_insulating layer in said space interval between

said inner vessel and said outer vessel.

7. An insulated vessel according to claim 6 characterized in
that the intervals of space between said plurality of insulating

layers are between 1 and 10 mm in width.

8. An insulated vessel according to claim 6 characterized in
that the filling pressure of said low thermoconductive gas which
fills said space between said inner vessel and said outer vessel
of said double walled vessel is 740 - 780 mmHg at room'

temperature.

9. A method for producing an insulated vessel characterized in
the provision of each of the steps of:

- preparing a double walled vessel wherein an inner vessel
and an outer vessel are joined in an integral fashion, an-
opening is provided to said doubie walled vessel, and a metallic

heat radiation preventing material is disposed to between the
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outer surface of said inner vessel and the inner surface of said

outer vessel;

evacuating thelair from the space interval between said
inner vessel and said outer vessel via opening of said double
walled vessel;

filling said space intefval with a low thermoconductive gas
consisting of at least one of xenon, krypton and argon; and

sealing said opening of the double walled vessel.

10. A method for producing an insulated vessel according to
claim 9 characterized‘in that the metallic heat radiation
preventing material is a metallic foil disposed in the space

interval in said double walled vessel.

11. A method for producing an insulated vessel according to
claim 9 characterized in that the metallic heat radiation
preventing material is a metallic film provided to at least one
of the outer surface of saidlinner vessel and the inner surface

of the outer wvessel.

12. A method for-prdducing an insulated vessel according to
claim 9 characterized in that the step of preparing the double
walled vessel consists of:

jéining in an integral fashion the respective mouth
portions of a cylindrical.outer vessel and a cylindrical inner
vessel having a bottom; |

disposing a metallic heat radiation preventing material to

.at least one of the outer surface of said inner vessel or the

inner surface of said outer vessel; and
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joining a bottom plate having said opehing to the open

bottom of said outer vessel.

13. A method for producing an insulated véssel according to
claim 9 characterized in that the step of preparing the double
walled vessel consists of:

preparing a cylindrical inner vessel with a bottom gnd a
cylindrical outer vessel with a bottom which has said opening;
and

fixing a metallic heat radiation preventing material to at
least one of the outer surface of said inner vessel and the
inner surface bf said outer vessel: and

joining in an integral fashion the mouth portions of said

inner vessel and said outer vessel.

14. A method for producing an insulated vessel according to

claim 9 characterized in that the step of preparing the double

‘walled vessel consists of:

forming a configured double walled structure wherein a

cylindrical inner vessel with a bottom and a cylindrical outer

" vessel form an integral structure joined at the mouth portion

thereof by means of thé integral double molding;

fixing a metallic heat radiation preventing material to at
least one of the outer surface of said inner vessel and the
inner surface of said outer vessel; and

joining a bottom plate having said opening to the open

bottom of said outer vessel.
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15. A method for producing an insulated vessel according.to
claim 9 characterized in that the step of evacuating the air
from the space interval between said inner vessel and said outer
vessel of said double walled vessel and the step of filling said
space interval with said low thermoconductive gas are carried
out while minimizing as much as possible the pressure difference
between said space interval and the environment outside the

double walled vessel.

16. A method for producing an insulated vessel according to
claim 9 characterized in that the opening provided to the double

walled vessel is an evacuation hole.

17. A method for producing an insulated vessel according to
claim_9_characterized in that the opening provided to the double

walled vessel is an evacuation tube.
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