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(57) Abstract

A liquid receptacle (10) for rapidly lowering the temperature of
a liquid contained therein to a warm range suitable for human contact
and maintaining the liquid in the warm range for an extended period of
time includes an inner vessel (12) with an open upper end and a closed
lower end and a wall connecting the upper and lower end. An insulated
outer shell (18) is spaced from the inner vessel to define an interstitial
chamber between the inner vessel and the outer shell. A phase change
material (20) occupies the chamber and regeneratively absorbs thermal
energy from the liquid to cool the liquid and then releases the thermal
energy back to the liquid to maintain the temperature of the liquid.

(54) Title: THERMAL RECEPTACLE WITH PHASE CHANGE MATERIAL
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THERMAL RECEPTACLE WITH PHASE CHANGE MATERIAL
ATl

This patent application claims priority from provisional patent application
Serial No. 60/043,431 filed April 7, 1997 entitled “Thermal Receptacle with Phase
Change Material.”

TECHNICAL FIELD

The subject invention relates generally to liquid receptacles or containers
and more specifically to a receptacle that rapidly cools a hot liquid to a warm
range and then maintains the fluid in the warm range for an extended period.

NVE N

There have been many attempts in the past to maintain liquids and solids
within certain temperature ranges. Hot beverages are usually prepared and served
at temperatures well above the temperature at which consumers prefer to drink
them. Typically, the consumer must wait an extended period for the beverage to
sufficiently cool before drinking it. Some impatient consumers will attempt to
drink the beverage too soon resuiting in burns to the mouth. Similarly, if the drink
is spilled before it has had sufficient time, to cool, burns to the skin may result.
Therefore, it is desirable to rapidly cool the beverage from the temperature at
which it is served to an acceptable drinking range. Once the beverage is within the
acceptable drinking temperature range, it is desirable to maintain the temperaturc
of the beverage within this range for an extended period of time.

Many approaches have been tried for both rapidly cooling a hot beverage
and for maintaining the temperature of the beverage within an acceptable drinking
temperature range. To rapidly cool a hot beverage, ice or a cool liquid (e.g., water
or milk) can be added to the hot beverage. This approach rapidly cools the
beverage but dilutes the hot beverage. This is frequently undesirable. This
approach is often inconvenient and imprecise; if the person adds too littic or too
much, the temperature of the hot beverage will be higher or lower than desired and
may require further attention. Finally, this approach does not provide any

assistance in maintaining the temperature of the hot beverage in the acceptable
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drinking temperature range. Once the beverage reaches an acceptable temperature,
it will continue to lose thermal energy to its surroundings. This results in the
beverage becoming cool too quickly. Therefore, the beverage remains within an
acceptable drinking temperature range for only a short period.

A hot beverage can also be cooled by pouring it into a cool container.
Thermal energy is transferred from the hot beverage to the cool container thereby
warming the container and cooling the beverage. This approach suffers from some
of the same limitations as adding cool liquid or ice. If the cup is too cool or too
warm or has too much or too little thermal mass, the beverage will stabilize at the
wrong temperature. Also, while a heavy container will slow the rate of cooling
somewhat due to the increase in the total thermal mass of the system, the effect
will be small and the beverage will only remain in the ideal drinking range for a
short period.

Up to this time, the primary method employed for slowing the cooling rate
of a beverage was to insulate the container. Everything from simple foam cups to
expensive and sophisticated vacuum mugs is used. These approaches slow the
cooling rate of the beverage. However, the ability of the insulated mugs currently
on the market to maintain beverage temperatures is relatively limited. Even the
best mugs usually keep liquids warm for less than 45 minutes. Stainless, vacuum
insulated mugs are best at maintaining temperature, but no product currently exists
which can passively cool a hot beverage quickly. Also, the beverage in an
insulated container will continue to cool despite the insulation. The cooling rate
will only be slowed. Insulation does not provide a way to add thermal energy back
to the beverage.

To maintain the temperature of a beverage as it cools, the prior art has
taught the use of an electric heater. At least one manufacturer produces a portable
refrigerator/heater which plugs into a car's cigarette lighter and may be used to
cool or warm beverages. Likewise, plug-in mugs, hot plates and immersion
devices may be used to keep beverages warm. Some beverage containers are

available that plug into accessory plugs in automobiles. A container may also be
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periodically microwaved to reheat the contents. All of theses approaches suffer
from lack of portability and dependence on outside energy sources. They also fail
to address the need to rapidly cool a beverage to an acceptable drinking
temperature range.

The demand for hot beverages is very high, especially for coffee and tea,
the most popular adult hot beverages. In 1990, approximately 42% of the US
population consumed coffee and 30% consumed tea. The number of occasions
that hot beverages are consumed away from home has increased significantly in
recent years. By 1999, the Specialty Coffee Association of America predicts that
there will be approximately 10,000 coffee cafes in comparison to the
approximately 3,000 in 1996. The Association forecasts that of the $1.5 billion
in sales coffee cafes will ring up in 1999, 20% will be from hot beverage take out.

Therefore, it is desirable to develop a reusable beverage container that will
rapidly cool a beverage to an acceptable drinking temperature, will maintain the
temperature within an acceptable temperature range for an extended period,
requires neither manipulation by the consumer or the input of external energy, and

is portable.

Another related application requiring temperature regulation is baby

bottles. Beverages given to infants usually must be warmed but it is important to

not give an infant a beverage that is too hot. Infants cannot tolerate temperatures
as high as adults and parents must learn to determine the maximum acceptable
temperature for their child. Therefore, when a beverage is warmed for an infant,
it may be necessary to cool it rapidly back to an acceptable temperature. If the

beverage is too warm, a parent typically must add cool liquid or allow time to

pass. Also, if the infant is fussy and does not drink the entire contents of the bottle

immediately, the contents may cool to the point that the infant will not drink it.
Then the parent must reheat the bottle being careful to not overheat it. Insulated
baby bottles are available which extend the time the contents are acceptably warm
but they fail to add thermal energy back to the bottle contents. Therefore, it is

desirable to develop a baby bottle that will rapidly reduce the temperature of a
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beverage to a safe drinking temperature for an infant and then wil] maintain that
temperature for an extended period.

Another application where it is desirable to regulate the temperature of a
liquid is in bathing tubs. When a persbn takes a bath or soaks in a tub, the water
must be within a certain range to be comfortable. If the water is too hot, the
person may be unable to enter the water or may be injured by it. This is especially
important with infants and small children. If the water is too hot, cold water must
be added until the temperature falls in an acceptable range. Once the water is at
an acceptable temperature, it is desirable to maintain its temperature for the period
of the bath. If a person wishes to soak or a child wishes to play in the tub for a
period of time, the water may become uncomfortable due to its falling
temperature. Then, additional hot water must be added to raise the temperature
back into the acceptable range. Insulated bathing tubs are available which help
reduce the rate of temperature loss but do not address the issue of water that is too
hot. They also fail to add thermal energy back into the tub. Some whirlpool tubs
include heaters for maintaining the temperaturc of the water but these devices are
expensive to purchase and operate, require a complex system of pumps, valves and
switches, and are noisy in operation. They also fail to address the issue of water

that is too hot. Therefore, it is desirable to develop a bathing tub that would

rapidly reduce the temperature of water to an acceptable bathing range and then

to maintain the temperature of the water within the acceptable range for an

extended period.

SUMMARY OF THE INVENTION

This invention addresses the need to rapidly lower the temperature of a

liquid to a warm range suitable for human contact and then maintain the liquid in
the warm range for an extended period of time. The invention comprises a liquid
receptacle having a side wall with a lower end and an open upper end. A bottom
wall closes off the lower end of the side wall. The side wall has an inner surface
and a spaced outer surface. An interstitial chamber is defined by the Space

between the inner and outer surfaces. An insulation layer is disposed at least
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partially between the chamber and the outer surface of the receptacle. A phase
change material at least partially fills the chamber. The phase change material
regeneratively absorbs thermal energy from a hot liquid in the receptacle thereby
rapidly lowering the temperature of the liquid and then the material releases the
thermal energy back to the liquid to maintain the temperature of the liquid.

The present invention is suitable for any application requiring the rapid
lowering of the temperature of a liquid in a container and then the maintenance of
the temperature of the liquid for an extended period of time. Among other things,
the invention can be applied to drinking mugs or cups, baby bottles, carafes, and
bathing tubs.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional view of a drinking receptacle according to the

present invention.

Figure 2 is a graph depicting the temperature of a liquid in the subject
drinking receptacle versus time, and showing for comparison purposes the heat
loss characteristics of a baseline prior art drinking receptacle.

Figure 3 is a cross sectional view a foam insulated plastic outer shell for
the subject drinking receptacle.

Figure 4 is a cross sectional view as in Figure 3 but showing an alternative
vacuum insulated stainless steel outer shell for the subject drinking receptacle.

Figure 5 is a cross sectional view of a baby bottle which is a first
alternative embodiment of the present invention.

Figure 6 is a cross sectional view of a carafe which is a second alternative
embodiment of the present invention.

Figure 7 is a cross sectional view of a bathing or soaking tub which is a
third alternative embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the Figures, wherein like numerals indicate like or

corresponding parts throughout the several views, a liquid receptacle is generally

indicated at 10. The receptacle 10 includes a inner vessel 12 with an open upper
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end 13 and a closed lower end 14 and a wall 16 connecting the upper 13 and lower
14 ends. An insulated outer shell 18 is spaced from the inner vessel 12 defining
an interstitial chamber 20 therebetween. Phase change material is disposed within
the chamber 20.

Preferably, the inner vessel 12 is either wholly or partially formed of a
material having a high thermal conductivity such as aluminum, copper or alloys’
thereof. Pure aluminum has a thermal conductivity of 237 Watts/meter-degree
Kelvin when measured at 300 degrees Kelvin. Most aluminum alloys have a
thermal conductivity above 150 Watts/meter-degree Kelvin. Pure copper has a
thermal conductivity of 401 Watts/meter-degree Kelvin, Most alloys of copper
have thermal conductivities significantly lower than pure copper. It is most
preferred that inner vessel be formed from a material having a thermal
conductivity above 150 Watls/meter-degree Kelvin, As should be obvious to one
skilled in the art, other materials, including gold and silver, meet this requirement.
A material with a lower thermal conductivity may also be used but the
performance of the invention will be reduced accordingly. The inner vessel 12
may be coated, anodized, or plated in order to improve the appearance, resistance
to oxidation, or cleanability of the vessel 12. Alternatively, the vessel 12 may be
formed from 2 or more different materials, The closed lower end 14 could be
formed from plastic while the wall 16 is formed from coated aluminum. A two
material inner vessel 12 may be beneficial for cost, manufacturing, or appearance
reasons.

One embodiment of the thermal receptacle 10 has an upper rim outside
diameter 24 of about 3.5”, and a bottom outside diameter 26 of about 2.75”. The
bottom diameter 26 is small enough for the receptacle 10 to fit into typical vehicle
drink holders. Total wall thickness 28 varies from a maximum of about 5/8” to
a minimum of about 3/8” at the uppermost portion. The receptacle 10 may include
a removable lid which selectively closes off the upper end 13 of the inner vessel
12, Alternatively, the lid could sit higher and close off the top of the thermal

receptacle 10. The receptacle 10 also includes a plastic removable handle 29. The
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handle 29 can be removed allowing use of the receptacle 10 in vehicle drink
holders.

To use the receptacle 10, a consumer removes the lid and pours a hot
beverage or liquid into the inner vessel 12 of the receptacle 10, which is initially
at room temperature. Because the inner vessel 12 is formed of a thermally
conductive material, the chamber 20 is in thermally conductive communication
with the beverage or liquid in the inner vessel 12. The thermally conductive
material of the inner vessel 12 begins conducting the thermal energy of the hot
beverage or liquid into the chamber 20 where it is absorbed by the phase change
material. As the phase change material absorbs the thermal energy, the
temperature of the phase change material rises from room temperature to its phase
change temperature. Preferably the phase change material will change phases in
the range of 110 - 160 degrees Fahrenheit (the phase change tempceraturc). Most
preferably, the phase change temperature will be in the range of 140-155 degrees
Fahrenheit if the receptacle is to be used by adults. Preferably, ihc phase change
will be from solid to liquid; a melting. One acceptable phase change matcrial is
palmitic acid. Many other phase change materials are also available with
acceptable phase change temperatures. One class of phase change materials
includes a set of naturally occurring fatty acids (soaps) with melting points in the
range of 110°F to 160°F. These materials are advantageous due to their non-toxic
and relatively innocuous characteristics. The performance of these materials is
enhanced if they are of relatively high purity (95% or better). Examples are
stearic, palmitic, and myristic acids. Other possibilities for the phase change
material include heavy alcohols, such as cetyl alcohol. As will be clear to one of
skill in the arf, many materials are available which can be used as phase change
materials. However, to be useful for thermal management, a material must change
phases at a temperature close to the temperature range desired to be maintained,
Also, it is desirable that the material be non-toxic and be readily available at a

reasonable price.
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Once the phase change material reaches its melting point, the temperature
of the phase change material will no longer rise as the thermal energy is absorbed
causing the material to melt (change phases). As the phase change material
absorbs thermal energy from the hot beverage, the temperature of the hot beverage
will fall. The temperature of the hot beverage will continue to fall until the
beverage and the phase change material are in thermal equilibrium; e.g., they are
at the same temperature. The quantity of the phase change material is chosen so
that during its phase change it can absorb enough thermal energy to cool the hot
beverage from the boiling point of water down to within a warm range acceptable
for human consumption. Once the hot beverage is cooled to within the warm
range, the beverage and the phase change material are at equilibrium and the
beverage is drinkable. As the beverage loses thermal energy to the surrounding
atmosphere, its temperature will begin to fall below the phase change temperature
of the phase change material. At this point, the phase change material will begin
to transfer thermal energy back through the inner vessel 12 into the beverage. This
thermal energy will maintain the temperature of the hot bevcrage near the phase
change temperature of the phase change material as the phase change material
resolidifies. Once the phase change material converts back to the solid phase, its
temperature will begin to fall and the beverage temperature will no longer be
maintained. Because the phase change material remains at the phase change
temperature during the phase change, the beverage will be maintained near the
phase change temperature for an extended period.

The warm range acceptable for human contact or consumption varies
depending on the application. For adults, the warm range acceptable for
consumption of a hot beverage is approximately 120 degrees Fahrenheit to
approximately 154 degrees Fahrenheit. Above 154 degrees, hot beverages are too
hot for most consumers. Most consumers prefer to start drinking a hot beverage
at around 145 degrees Fahrenheit. Below 120 degrees, most consumers find that
a beverage has become too cool to be palatable. Obviously, preferences vary so

receptacles 10 can be manufactured with a variety of phase change materials to
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tailor the warm range achieved. Also, a receptacle designed for children’s
beverages requires a lower warm range and therefore a phase change material with
a lower phase change temperature is most desirable.

Referring now to Figure 2, the thermal characteristics of the receptacle 10
adapted for hot beverages for adults are shown. A series of datapoints labeled_as
baseline indicate the temperature of a hot beverage poured into a typical prior art

plastic coffee mug. The temperature of the beverage falls slowly but steadily to

~ the upper limit of the warm range (labeled as Drinking Temperature Range)

acceptable for human consumption, which in this cxample is approximately 150°
F. The temperature of the beverage continues to fall at approximately the same
rate until it falls below the lower limit of the warm range which in this example
is approximately 120° F. Consequently, the beverage is only within the warm
range or acceptable drinking temperature range for a short period of time.

The series of datapoints labeled as “Phase Change Mug” illustrate the
thermal characteristics of a receptacle constructed according to the present
invention. The datapoints indicate the temperature of a hot beverage poured into
the receptacle versus time. The beverage cools very rapidly as the thermal energy
of the beverage is absorbed by the phase change material. The beverage rapidly
falls to the upper limit of the warm range and then the cooling rate slows. The
beverage remains within the warm range for an extended period; more than an
hour.

Referring now to Figures 3 and 4, the outer shell is shown generally at 18.
The shell 18 has an inner surface 30, an outer surface 32, and an upper edge 34
that terminates in a lip 36 for drinking from the receptacle. Two embodiments of
the outer shell 18 are envisioned. In the preferred embodiment, shown in F igure
3, the outer shell 18 has a rigid plastic outer surface 32 and a insulating foam layer
38. The outer surface 32 defines the outer contours of the receptacle 10. The
inner surface 30 of the outer shell 18 is defined by the inner surface of the

insulating foam layer 38. The insulating foam layer 38 can be made of a variety
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of insulating‘ foams. Two acceptable foams are polyurethane foam and polystyrene

foam.

A first alternative embodiment of the outer shell 18, as shown in Figure 4,
consists of a stainless steel outer surface 32 and inner surface 30 that form a totally
sealed chamber 40. The chamber 40 is evacuated thereby creating a vacuum
insulated outer shell 18. The two versions of the outer shell 18 have similar
shapes but the stainless version is somewhat heavier and more costly to produce.
A plastic insulated version of the complete receptacie assembly with a capacity of
about 12 fluid ounces has a dry weight of about 12 oz. and the stainless version
has a dry weight of about 16 oz.

The performance of the receptacle is greatly enhanced by the insulated
outer shell 18. The insulation slows the loss of thermal energy from the phase
change material thereby greatly extending the period that the beverage can be
maintained within the warm range.

Referring back to Figure 1, an additional feature of the present invention
can be appreciated. The inner vessel 12 is recessed within the outer shell 18. The
upper end 13 of the inner vessel 12 is located below the lip 36 of the outer shell
18. This prevents the lips of a consumer from contacting the inner vessel 12 when
the consumer drinks from the receptacle 10. Because the inner vessel 12 is highly
thermally conductive, the upper end 13 can be uncomfortably warm and therefore
it most preferred that it is positioned so that it does not contact the consumer’s
lips. The amount that the upper end 13 should be recessed varies depending on
the shape of the lip 36 and the overall design of the receptacle 10. With the shape
illustrated in Figure 1, it is preferred that the upper end 13 be spaced from the lip
36 by at least 1/8 inch and more preferably by at least 1/4 inch. The upper end 13
of the inner vessel 12 seals to the inner surface 30 of the outer shell 18. The seal
between the upper end 13 and the inner surface 30 must be sufficient to reliably
retain the phase change material in chamber 20. Several sealing methods are
available. Currently, it is preferred to form the inner surface 30 with a small

recess 37 for the upper end 13 of the inner vessel 12 to snap into. A silicon sealant
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is applied to the recess 37 before the inner vessel 12 is inserted. A preformed
silicon seal offers an alternative. It can be formed to fill a portion of the recess 37.

A baby bottle 110 incorporating a phase change matetial is a first
alternative embodiment of the present invention as shown in Figure 5. The baby
bottle 110 includes a thermally conductive inner vessel 112 surrounded by an
insulated outer shell 118. The outer shell 118 is spaced from the inner vessel 112
so as to form a chamber 120 which is at least partially filled with a phase change
material. The acceptable temperature for liquid consumed by infants is
significantly lower than the temperature desired by adults so a phase change
material with a lower phase change temperature is used. The outer shell 118 can
be plastic with a foam insulation layer or vacuum insulated stainless steel. I is
desirable to minimize the weight of a baby bottle to allow an infant to support its
weight unaided. Thercfore, a lightweight plastic outer shell 118 with foam
insulation is most preferred. The shell 118 may also incorporate a handle or other
gripping means to allow an infant to more easily grasp the baby bottle 110. For
maximum benefit from the phase change material, the infant beverage should be
added to the bottle at a temperature above the warm range for infants so that
excess thermal energy is absorbed by the phase change material. After a short
period, the phase change material will have absorbed the excess thermal energy
thus lowering the temperature of the beverage into the warm range for an infant.
The excess thermal energy will serve to maintain the temperature of the beverage
for an extended period. This is desirable if the infant is fussy and refuses to drink
the entire contents of the bottle immediately. The temperature stabilizing effect
of the phase change material has the additional benefit that parents will not have
to worry about checking to see if the beverage is too hot. The bottle holds
sufficient phase change material that a beverage could be added at boiling
temperature. The bottle will cool the beverage to the acceptable range within a
short period. Therefore, parents can be confident that as long as they wait a

proscribed period, the beverage will be safe. The bottle may also incorporate a

PCT/US98/07031



WO 98/45208

15

20

25

30

12

timing device or a temperature indicator to provide the parents with additional
information.

InFigure 6, a second alternative embodiment, a carafe incorporating phase
change material, is generally shown at 210. The carafe 210 includes a thermally
conductive inner vessel 212 surrounded by an insulated outer shell 218. The shell
218 is spaced from the inner vessel 212 so as to form a chamber 220 which is at
least partially filled with a phase change material. Since the carafe 210 will be
used to hold hot beverages for pouring into mugs or cups, it is desirable to hold the
beverage at a higher temperature than the maximum acceptable drinking
temperature. When the beverage is poured from the carafe 210 into a mug, the
mug will cool the beverage. Therefore, the pouring temperature should be higher
than the desired drinking temperature. The carafe 210 will differ from the
drinking receptacle 10 in that the carafe 210 will require significantly more phasc
change material to adequately absorb and store the thermal energy of the increased
mass of hot beverage. Also, a phase change matcrial with a higher phase change
temperature is preferred.

In Figure 7, a third alternative embodiment, a bathtub incorporating phase
change material, is generally shown at 310. The bathtub 310 includes a thermally
conductive vessel 312. Attached to the exterior of the vessel 3 12 are boxes 313,
314, 316 which are at least partially filled with phase change material.
Surrounding the boxes 313, 314, 316 are insulating layers 318, 320, 322. When
hot bathing water is added to the bathtub 310, the phase change material absorbs
thermal energy conducted into the boxes 313, 314, 316 from the bathing water.
The bathing water quickly cools to an acceptable bathing temperature and then the
phase change material starts conducting thermal energy back into the bathing
water thereby maintaining its temperature. The boxes 31 3, 314, 316 are
removably attached to the exterior of the vessel 312 so that boxes with different
phase change materials can be substituted. This allows for changes in the
sustained temperature of the bathing water as may be desirable when adults and

children use the same bathtub. For example, when someone plans to use the tub,
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they would check to see what boxes 313, 314, 316 are connected. If a child is
going to use the tub, the low temperature version of the boxes 313, 314, 316
should be connected. After confirming that the low temperature boxes arc
connected, an adult can fill the tub with hot water for the child. After a set period
of time has passed, the temperature of the water in the tub will be acceptable and
safe for the child. If later, the adult wishes to use the same tub for a higher
temperature soak, they would change the boxes 313, 314, 316 to the higher
temperature version, drain the tub if necessary, and refill the tub with hot water.
It should be noted that the tub would require refilling with hot water if the boxes
313, 314, 316 were changed. The new hot water would then melt the phase
change material in the new boxes 3 13, 314, 316 for the new bath. If the boxes
313,314, 316 were changed without changing the water in the tub, the water in the
tub would not have sufficient thermal energy to melt the phase change material in
the boxes 313, 314, 316. Therefore, the phase change material could not provide
the temperature maintenance function that it would ordinarily provide if it were
melted by the excess thermal energy of fresh hot water.
MANUFACTURING OF THE MUG

The current design for the plastic version of the receptacle 10 shown in

figure 1 calls for four parts which require expensive production equipment, three
of which are injection molded, and one of which is a stamped aluminum part. The
injection molded parts include the outer shell 18 of the receptacle, the handle 29,
and an insulating lid. The stamped part is the aluminum inner vessel 12. Once
these parts are produced, the remaining assembly can be done in a light
manufacturing facility. The receptacle 10 is assembled in a series of four
workstations, labeled as receiving, foam insulation injection, general assembly,
and finally, packaging and shipping. At the insulation injection workstation, a
plastic outer shell is snapped on to an inner mold and a portioned amount of
urethane foam is injected into the cavity producedA between the outer shell 18 and
the inner mold. After this process is completed, the assembly s set aside to cure,

generally in a heated area and for a period of two to three hours.
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The ‘general assembly station receives warmed, foam lined plastic outer
shells 18 from the foaming station, adds the liquid phase change material, applies
a bead of adhesive to the sealing point, and snaps the aluminum inner vessel inside
the shell 18. This assembly operation must be performed “hot,” that is, at a
temperature that exceeds that of the melting point of the phase change material.
This assembly temperature varies, but generally does not exceed 150°F. The
handle 29 and lid are also added at this station to complete the assembly.

Alternative manufacturing technologies include the use of new expandable
polymers such as expandable polypropylene. The use of these materials in
producing plastic versions of the receptacle may reduce the fixed costs of
injection molds and injectibn molding machines, as they will only require blow
molds and stream blowing machines. These latter devices are approximately 1/4
the cost of the injection molding equipment.

The manufacture of this stainless vacuum insulated version of the
receptacle 10 varies only in the construction of the outer shell 18. The stainless
outer shell 18 is composed of two pieces of stamped stainless steel. One different
workstation is required for the fabrication of the vacuum jacketed stainless outer
shell 18 from the stamped parts. This workstation is referred to as the welding and
evacuation station, and in the four workstation sequence, it replaces the foaming
station. As a result, the station sequence for the stainless versions is: receiving,
welding and evacuation, assembly, and packaging.

The stainless steel version of the receptacle 10 requires two additional
stampings, described as an inner and an outer half, The assembly of the stainlcss
steel outer shell 18 includes pressing the inner and outer halves of this shell
together. This operation leaves a seam at the top of the shell 18, and this seam is
sealed by a TIG welding process, accomplished with the parts in a rotating holding
jig.

Following the welding of the upper edge 34, the shell 18 is inverted, and
a small tube attached by welding to the center of a depression in the bottom of the

shell 18. This tube serves as the evacuation port. The small tube is connected to
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a vacuum source in a different section of the workstation, and left to evacuate.

Once a sufficient vacuum has been reached, the shell 18 is leak checked. If the

shell 18 passes this leak check, the evacuation tube, still under active pumping, is

crimped, then welded off. Shells that fail the vacuum check must be inspected and
5 their tops rewelded.

I claim:
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CLAIMS

1. A liquid receptacle for rapidly lowering the temperature of a liquid
contained therein to a warm range suitable for human contact and maintaining the
liquid in the warm range for an extended period of time, said receptacle
comprising:

an inner vessel having an open upper end and closed lower end and a wall
connecting said upper end and said lower end;

an insulated outer shell spaced from said inner vessel defining an
interstitial chamber therebetween; and

a phase change material disposed within said chamber for rcgeneratively
absorbing thermal energy from the liquid and then releasing the thermal encrgy to

the liquid to maintain the temperature of the liquid.

2. A receptacle according to claim 1 wherein said outer shell has an inner
surface and an outer surface; and
said upper end of said inner vessel is in sealing engagement with said inner

surface of said outer wall.

3. A receptacle according to claim 1 wherein said inner vessel is formed
from a material having a thermal conductivity greater than 150 Watts/meter-degree

Kelvin.

4. A receptacle according to claim 3 wherein said material is selected from

the group consisting of aluminum, aluminum alloys, copper. and copper alloys.

5. A receptacle according to claim 1 wherein said outer shell comprises
an inner layer and an outer layer with an evacuated void therebetween for vacuum

insulating said outer shell.
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WO 98/45208 PCT/US98/07031

17

6. A receptacle according to claim 1 wherein said outer shell comprises

a layer of insulating foam.

7. A receptacle according to claim 6 wherein said foam is selected from

a group consisting of polyurethane and polystyrene.
8. A receptacle according to claim | wherein said outer shell is plastic.

9. A receptacle according to claim 1 wherein said outer shell is stainless

steel,

10. A receptacle according to claim | wherein said phase change material

has a solid to liquid phase change temperaturc within the range of 110 degrees
Fahrenheit to 160 degrees Fahrenheit.

11. A receptacle according to claim 10 wherein said phase change material

is selected from the group consisting of naturally occurring fatty acids.

12, A receptacle according to claim 1 wherein said phase change material

is palmitic acid.

13. A receptacle according to claim 1 wherein said receptacle is a mug for

receiving a hot beverage.

14. A receptacle according to claim 1 wherein said receptacle is a baby

bottle.

15. A receptacle according to claim 1 wherein said receptacle is a carafe.
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16. A receptacle according to claim 1 wherein said receptacle is a bath

tub.

17. A liquid receptacle for rapidly lowering the temperature of a hot
beverage contained therein to a warm range suitable for human consumption and
maintaining the liquid in the warm range for an extended period of time, said
receptacle comprising:

an inner vessel having an open upper end and closed lower end and a wall
connecting said upper end and said lower cnd;

an insulated outer shell spaced from said inner vessel defining an
interstitial chamber therebetween;

said outer shell having an inner surface and an outer surface and an upper
edge terminating in a lip for drinking;

said upper end of said inner vessel being in sealing engagement with said
inner surface of said outer shell and spaced from said lip for preventing contact
between said inner vessel and the mouth of a consumer of liquid from said
receptacle; and

a phase change material disposed within said chamber for regeneratively
absorbing thermal energy from the beverage and then releasing the thermal energy

to the beverage to maintain the temperature of the liquid.

18. A receptacle according to claim 17 wherein said upper end of said

inner vessel is spaced from said lip by a distance greater than .125 inches.

19. A receptacle for bathing comprising;
an inner vessel having an inner surface and an outer surface;

a container contacting said outer surface and in thermally conductive
communication with said inner surface; and

phase change material disposed within said container.

PCT/US98/07031
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20. A receptacle according to claim 19 wherein said container is insulated

for preventing heat loss to the atmosphere.

21. A receptacle according to claim 19 wherein said container is
removably attached to said outer surface for removal and replacement of said

container.

22. A method of rapidly cooling a hot liquid to a temperature within a
warm range suitable for human contact and maintaining the liquid in the warm
range for an extended period of time comprising the steps of:

a) conducting thermal energy from the hot liquid through a thermally
conductive layer and into a chamber containing a phase change matecrial;

b) absorbing the thermal energy into the phase change material thereby
converting the phase change material from a solid state to a liquid state until the
liquid and the phase change material are substantially at equilibrium; and

¢) releasing thermal energy from the phase change material and
conducting the thermal energy into the liquid thereby supporting the temperature
of the liquid and converting the phase change material from the liquid statc to the

solid state.

23. A method of making a liquid receptacle comprising the steps of:

a) molding a plastic outer shell;

b) stamping an inner receptacle from a material selected from a group
comprising aluminum, aluminum alloys, copper, and copper alloys;

¢) injecting uncured liquid foam into the outer shell;

d) inserting a die into the outer shell thereby forming the foam into a layer
between the outer shell and the die;

e) allowing the liquid foam to cure into a solid foam creating a foam lined
outer shell;

f) removing the die;

PCT/US98/07031
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g) melting a phase change material by raising the temperature of the
material above the solid to liquid phase change temperature;

h) injecting the phase change material into the foam lined outer shell;

i) inserting the inner receptacle into the outer shell so that the receptacle
is sealed to the outer shell and the inner receptacle is spaced from the outer shell

defining an interstitial chamber

containing the phase change material.
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