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(57) ABSTRACT 

A container comprises a container body for containing 
contents to be heated or cooled, a thermic module at one end 
of the body, and a closure at the other end of the body. 
Within the thermic module, an internal exothermic (or, 
alternatively, endothermic) chemical reaction is initiated to 
heat its contents When a user actuates the thermic module. 
The thermic module includes a heat exchanger portion 
extending proximally into the container and a thermic mod 
ule cap distal to the heat exchanger portion. The heat 
exchanger portion has a pleated Wall to improve the heat 
transfer to the contents of the container. The container 
includes a rotatable cover adhered to the container end over 
the closure With heat-sensitive adhesive that prevents a user 
from accessing the contents until a certain temperature is 
reached. The container further includes a full panel pull-oif 
Which covers and protects the actuator from being actuated 
until the pull-of lid is removed from the full panel pull-01f. 
The container may also include features Which reduce the 
damage or deformation to the container components Which 
may be caused by the heat and pressure of a retort/steril 
iZation process or mixing of reactants. 
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FIG. 21 

Mineral components I Concentration (mq/L) 

Mineral components 83.0 
Chloride 11.7 
Fluoride ND 
Nitrate ND 
Silica 28. 
Sulfate 3.4 
Calcium 16.6 
Magnesium 3.3 
Potassium 1.3 
Sodium 11. 
Total Dissolved Solids 130 
Hardness 55.0 
Heavy Metals ND 
Arsenic ND 
Trihalomethanes ND 
pH 7.04 

Conductivity ( S 250 

(ND = Not Detectable) 
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CONTAINER WITH MODULE FOR HEATING OR 
COOLING THE CONTENTS 

[0001] This is a continuation-in-part of Us. patent appli 
cation Ser. No. 10/800,987, ?led Mar. 15, 2004. The con 
tents of the aforementioned patent application is hereby 
incorporated herein by reference in its entirety. Priority to 
the aforementioned application is hereby expressly claimed 
in accordance With 35 U.S.C. §120 and any other applicable 
statutes or laWs. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to contain 
ers that include an internal module that adds heat to or 

removes heat from a material, such as a food, beverage, 
medicine, or the like, in the surrounding container. 

BACKGROUND OF THE INVENTION 

[0003] Containers may have integral modules for Warming 
materials in the container, such as sake, coffee, or soup. 
Examples of such self-heating containers are disclosed in 
Us. Pat. Nos. 5,461,867; 5,626,022; and 6,351,953 issued 
to Scudder et al. All patents, patent applications and other 
publications referenced in this application are hereby incor 
porated by reference herein in their entirety. Such containers 
typically include an outer can or body, in Which the food or 
beverage is sealed, and an inner can or thermic module that 
contains tWo chemical reactants that are stable When sepa 
rated from one another but, When they mix in response to 
actuation of the thermic module by a user, produce an 
exothermic reaction or, alternatively, an endothermic reac 
tion and thereby heat or cool the contents of the container. 

[0004] As part of the manufacturing process of such 
containers Which are used for holding food and beverages, 
the containers must go through a steriliZation process called 
“retort.” In general the retort process consists of subjecting 
the container and food contents to high temperatures and 
pressures. In a typical retort process, the container and 
contents are placed in a chamber for several minutes at 252 
degrees Fahrenheit and tWo bars of pressure. Accordingly, 
the containers must be designed to Withstand the retort 
process and still function properly. 

[0005] The heating or cooling module (thermic module) is 
typically attached at one end of the cylindrical container 
body, and the elongated cylindrical reaction chamber portion 
of the module extends into the container body. This elon 
gated portion functions as both a chamber in Which to 
contain the reaction and a heat-exchanger for transferring 
heat betWeen it and the surrounding contents of the container 
body. The thermic module has tWo chambers, each of Which 
contains one of the chemical reactants, separated by a 
breakable barrier such as metal foil or a thin plastic ?lm. 
Typically, one of the reactants is a liquid, and the other is in 
a solid poWdered or granular form. Calcium oxide (com 
monly knoWn as limestone) and Water are examples of tWo 
reactants knoWn to produce an exothermic reaction to heat 
the contents in such containers. Other combinations of 
reactants are knoWn to produce endothermic reactions to 
cool the container contents. A cap containing the liquid 
reactant is disposed in the end of the thermic module 
attached to the container body. At one end of the cap is an 
actuator button that a user may press to initiate the heating 
or cooling. The barrier seals the other end of the cap. The cap 
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has a pushrod or similar prong-like member that extends 
from the actuator button nearly to the barrier. Depressing the 
actuator button forces the prong into the barrier, puncturing 
it and thereby alloWing the liquid reactant to How into the 
solid reactant in the reaction chamber. The heat produced by 
the resulting exothermic reaction or absorbed by the result 
ing endothermic reaction is transferred betWeen the reaction 
chamber of the thermic module and the contents of the 
container body by conduction. Exothermic reactions also 
typically generate a gas and/or steam, Which is alloWed to 
escape through vents in the end of the container. The user 
inverts the container and, When the contents have reached 
the desired temperature, consumes the contents. The second 
end of the container body has a seal or closure, such as a 
conventional beverage can pull-tab, that may be opened and 
through Which the user may consume the heated or cooled 
contents. 

[0006] A portion of the thermic module, such as the 
elongated cylindrical reaction chamber, may be unitarily 
formed With the outer can, as illustrated, for example, in 
Us. Pat. No. 3,970,068, issued to Sato and Us. Pat. No. 
5,088,870, issued to Fukuhara et al. The unitary container 
body is formed by providing a metal cylinder that is open at 
one end and closed at the other, and punching or deep 
draWing a cavity in the closed end. A cap containing the 
liquid reactant is attached to the open end of the cavity. In 
other such containers, hoWever, the elongated cylindrical 
reaction chamber may be separately formed and then 
attached to the container body by another manufacturing 
step. It Would be desirable to provide an economical and 
reliable method for manufacturing this latter type of con 
tainer. 

[0007] The previously knoWn elongated reaction cham 
bers present several other design draWbacks. For one, the 
Wall of the elongated reaction chamber separates the reac 
tion chamber from the material contained in the container 
Which is heated or cooled. This Wall acts as an insulator 
Which can sloW the heating or cooling of the material by the 
thermic module. In addition, in response to the retort pro 
cess, the chambers have suffered excessive deformation and 
cracking and have shoWn an inability to return to their 
expanded shape after being compressed during retort. 

[0008] The retort process also has the potential to cause 
Weakening or failure of the bond holding the breakable 
barrier separating the tWo chambers of the thermic module. 
The breakable barrier is typically heat sealed to a circular top 
edge of one chamber of the thermic module. During retort, 
the pressure of air expanding under the barrier tends to push 
the barrier upWard into a dome shape Which can cause the 
bond to Weaken or detach. 

[0009] Another problem associated With self-heating and 
self-cooling containers is that a person may attempt to 
consume the contents before the contents have been fully 
heated or cooled. That the person may be displeased by the 
resulting temperature of the beverage or other contents is not 
the only effect. A perhaps more serious effect is that a 
self-heating container may overheat and present a burn 
haZard if, after the user empties it of its contents, it continues 
to generate heat, because the contents act as a heat sink. It 
Would be desirable to provide a self-heating container that 
prevents or inhibits a user from consuming the contents 
before the heating reaction has completed. 
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[0010] As disclosed in the above-referenced U.S. patents, 
the actuator button may be protected by a foil safety seal. An 
unbroken seal assures a person that the container has not 
been actuated and is thus ready for use. Also, the reactivity 
of typical chemicals such as calcium oxide may decrease if 
they absorb atmospheric moisture, such as could occur if the 
container Were in storage or in transit for prolonged periods 
in a moist environment prior to use, and the seal inhibits 
exposure of the reactants to atmospheric moisture. To use 
the container, the user peels the foil seal off the container and 
discards it. The removal of the foil seal presents a disposal 
problem because the user may not be Within a convenient 
distance of a trash receptacle. It Would further be desirable 
to minimiZe disposal problems associated With self-heating 
and self-cooling containers. 

[0011] The present invention is directed to improvements 
in self-heating containers Which overcome these problems 
and de?ciencies. 

SUMMARY OF THE INVENTION 

[0012] The present invention relates to a container having 
a container body, a thermic module at one end of the body, 
and a closure at the other end of the body. The body may 
have any suitable generally tubular shape, such as cylindri 
cal or can-shaped or bottle-shaped. The food, beverage, 
medicine or other material to be heated or cooled is con 
tained in a material cavity in the container body. The thermic 
module contains a chemical reactant that is segregated from 
another reactant in the container. When a user actuates the 
thermic module, the reactants mix and produce a reaction 
that, depending upon the reactants, either produces heat, i.e., 
an exothermic reaction, and thereby heats the container 
contents, or absorbs heat, i.e., an endothermic reaction, and 
thereby cools the container contents. 

[0013] In accordance With one aspect of the present inven 
tion, a plastic thermic module body is spin-Welded to a 
plastic container body by rotating one relative to and in 
contact With the other. The frictionally generated heat fuses 
or Welds the contacting plastic surfaces together. The con 
tainer body may have multiple layers, including an oxygen 
and ?avor scalping barrier layer that inhibits oxidation and 
spoilage of the contents. Spin-Welding the container body to 
the module body in this manner seals the portion of the inner 
layer that is exposed at the annular end of the container body 
betWeen tWo plastic layers and thereby prevents air or 
moisture from seeping past the outer plastic layer and into 
the inner layer. 

[0014] In accordance With still another aspect of the 
present invention, the thermic module body has a heat 
exchanger portion having a pleated Wall. The pleated design 
is provided With relatively large radii at the peaks and 
valleys of the pleats. The heat exchanger portion also has a 
plurality of circumferential grooves Which longitudinally 
separate the pleated portions. The large radii and grooves 
help prevent the thermic module from failing under the 
pressure and temperature of the retort process. 

[0015] In accordance With another aspect of the present 
invention, the container includes a movable cover mounted 
over the closure. A suitable heat-sensitive adhesive betWeen 
the cover and the container inhibits movement of the cover 
until the temperature has reached a certain threshold. The 
adhesive bond softens When the adhesive reaches approxi 
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mately that temperature. In an exemplary embodiment of the 
invention, the cover is rotatable. The cover has an opening, 
and When the threshold temperature is reached, the user can 
rotate the cover until the opening is aligned With the closure. 
The user may then open the closure and consume the 
contents of the container. 

[0016] In accordance With still another aspect of the 
invention, the thermic module includes a seal, such as a foil 
disc, betWeen an inner actuator button and an outer actuator 
button. The inner actuator button may be included in a 
module cap that holds the solid reactant. The outer actuator 
button has one or more apertures and also has one or more 

prongs directed toWard the seal. When the user presses the 
outer actuator button, the prong punctures the seal. This 
actuator structure eliminates the disposal problem associated 
With a removable foil seal. In addition, if for some reason the 
module cap Were to become over-pressurized prior to use, 
the pressure Would force the inner actuator button against 
the seal. The seal, in turn, presses against the prong and 
punctures it, thereby relieving the pressure through the 
apertures in the outer actuator button. 

[0017] In another aspect of the present invention, as an 
alternative to the outer actuator button and tamper-evident 
foil disc, the container comprises a full panel pull-off 
attached to the bottom of the container. A full panel pull-off 
is a removable cover like those used on canned foods and is 
like a typical pop-tab closure (eg the closure on a soft-drink 
or soup metal can) except that the lid part that is removable 
covers substantially the entire opening of the container 
rather than just a small opening. The full panel pull-off 
completely covers the inner actuator button and may be 
made of aluminum such that the actuator button cannot be 
pushed until the full panel pull-off is removed. The full 
panel pull-off provides a tamper-evident seal and also pro 
tects the actuator button from being inadvertently pushed. 
The full panel pull-olf may also provide a pressure safety 
release valve. In the event that the breakable barrier is 
pushed Without removing the full panel pull-off, pressure 
Will build up inside the container because the vent holes in 
the thermic module vent only to the interior of the full panel 
pull-olf. If the pressure reaches a certain level, the full panel 
pull-olf Will partially open thereby relieving the pressure. 

[0018] In yet another aspect of the present invention, a 
vent hole is provided in the sideWall at the bottom of the 
container. Like the full panel pull-off, the vent hole is a 
safety feature Which releases pressure from the inside of the 
thermic module in the event that the reaction is actuated 
Without removing the full panel pull-off. The outside Wall of 
the container body may be provided With a sWirl or helical 
shaped groove Which runs from the vent hole. Attaching the 
label on the surface of the container over the groove creates 
a conduit leading from the vent hole. In this Way, steam that 
exits the container through the vent hole Will travel in this 
conduit along the cooler outer surface of the container such 
that the steam Will cool and condense. 

[0019] The thermic module may also include a ?lter 
disposed in interfering relation With the vents betWeen the 
inner and outer actuator buttons to block egress of any 
particles of the solid reactant or the reaction product, and 
also absorb Water (gaseous and liquid) during the reaction. 
The ?lter may include a disc-shaped portion betWeen the 
inner and outer actuator buttons’ and an annular portion 
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between ?anges coupled to the actuator buttons. The disc 
shaped portion may be integrally formed With the annular 
portion prior to assembly of the container and separated 
from one another along an annular perforation line during a 
manufacturing step in Which the ?lter portions are inserted 
into the thermic module. 

[0020] In still another aspect of the present invention, the 
tWo reactants producing the thermal reaction are specially 
designed calcium oxide particles and Water. The calcium 
oxide particles are siZed and shaped to optimiZe the heating 
pro?le of the container. The particles also comprise additives 
to affect the reaction. In another aspect of the invention, the 
Water is puri?ed and selected additives are included in the 
Water to modify the reaction With the calcium oxide particles 
to optimiZe the heating pro?le of the container. The ration of 
Water to calcium oxide is also predetermined to produce the 
desired heating pro?le. 

[0021] The foregoing, together With other features and 
advantages of the present j invention, Will become more 
apparent When referring to the folloWing speci?cation, 
claims, and accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] For a more complete understanding of the present 
invention, reference is noW made to the folloWing detailed 
description of the embodiments illustrated in the accompa 
nying draWings, Wherein: 

[0023] FIG. 1 is a side vieW of a container of the present 
invention; 

[0024] FIG. 2 is a bottom vieW of the container; 

[0025] FIG. 3 is a top vieW of the container With the cap 
in the closed position; 

[0026] FIG. 4 is a vieW similar to FIG. 3, With the cap 
rotated to the opened position; 

[0027] FIG. 5 is an exploded perspective vieW of the 
elements of the container; 

[0028] FIG. 6 is a sectional vieW taken on line 6-6 of FIG. 
1; 

[0029] FIG. 7 is a similar sectional vieW shoWing the 
container after actuation; 

[0030] FIG. 8 is a sectional vieW taken on line 8-18 of 
FIG. 1; 

[0031] FIG. 9 illustrates the manufacturing step of bloW 
molding the plastic body elements of the container; 

[0032] FIG. 10 illustrates the manufacturing step of sepa 
rating the elements from one another folloWing bloW-mold 
ing; and 

[0033] FIGS. 11A-C respectively illustrate the sequence of 
manufacturing steps that comprise spin-Welding the con 
tainer body to the module body. 

[0034] FIG. 12 is an exploded perspective vieW of the 
elements of another container in accordance With the present 
invention. 

[0035] FIG. 13 is a sectional vieW of the container of FIG. 
12. 
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[0036] FIG. 14 is a perspective vieW of the reactant barrier 
attached to the module cap of the container of FIG. 12. 

[0037] FIG. 15 is a graph of transient temperature curves 
for calcium oxide particles of various sieve siZes. 

[0038] FIG. 16 is a graph of transient temperature curves 
for calcium oxide particles of various sieve siZes. 

[0039] FIG. 17 is a graph of transient temperature curves 
for calcium oxide particles of various sieve siZes. 

[0040] FIG. 18 is a graph of transient temperature curves 
for calcium oxide particles of various sieve siZes. 

[0041] FIG. 19 is a graph of reaction/temperature curves 
for various ratios of Water to calcium oxide. 

[0042] FIG. 20 is a graph of reaction/temperature curves 
for various ratios of Water to calcium oxide. 

[0043] FIG. 21 is a table of mineral components in Water 
that should not be exceeded. 

[0044] FIG. 2211-2219 is a table of additives Which may be 
added to the calcium oxide reactant. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0045] As illustrated in FIGS. 1-8, a container 10 includes 
a container body 12, a thermic module body 14, and a 
thermic module cap 16. As best illustrated in FIGS. 5-7, 
module body 14 has an elongated heat-exchanger portion 
that extends into container body 16. The interior of this 
portion de?nes a reaction chamber in Which the reaction 
occurs that heats (or, in alternative embodiments of the 
invention, cools) the beverage or other contents 18. The 
heat-exchanger portion has a corrugated or pleated Wall to 
increase surface area and, as a result, heat transfer. Although 
in the illustrated embodiment the Wall is corrugated or 
pleated, in other embodiments the Wall may have other 
suitable geometries. Module cap 16 is press-?t in the open 
end of module body 14. An endcap 20 With a pop-tab closure 
22 of the type commonly used in beverage cans is crimped 
over the other end of container body 12 in the manner of a 
conventional beverage can. 

[0046] Module cap 16 is of unitary construction and is 
made of a semi-rigid plastic, such as high density polyeth 
ylene. Module cap 16 has a disc-shaped or dome-shaped 
inner actuator button 24 and a cylindrical prong 26 With an 
elongated notch 28. A breakable reactant barrier 30 made of 
metal foil is adhesively attached to the open end of module 
cap 16 to seal the Water or other liquid reactant 32 inside. 

[0047] Module cap 16 has multiple vent channels 34 
distributed around its outside surface. When module cap 16 
is ?t in the open end of module body 14, each of vent 
channels 34 provides a channel through Which gas can 
escape during the reaction. Vent channels 34 extend longi 
tudinally along the outside surface of the body portion of 
module cap 16, change direction to extend radially along the 
loWer surface of the ?ange portion 36 of module cap 16, 
change direction again to extend longitudinally along the 
outside cylindrical surface of ?ange portion 36, and change 
direction again to extend radially along the upper surface of 
?ange portion 36. This long, narroW, Zig-Zag path of chan 
nels 34 inhibits escape of particles of the calcium oxide or 
other solid reactant 38 While alloWing gas to vent. 
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[0048] A ?lter ring 40 is sandwiched between ?ange 
portion 36 and thermic module body 14. Filter ring 40 
further prevents solid particles from escaping through vent 
channels 34 While alloWing gases to vent unimpeded. Filter 
ring 40 may be made of any suitable ?lter material such as 
synthetic sponge, open-cell foamed rubber, or any Woven or 
?brous materials such as paper and cloth. A suitable material 
is commercially available from Filter Material Corporation 
of Wisconsin under the product number AC20. 

[0049] An outer actuator assembly 40 is attached to the 
end of container body 12 and, as best illustrated in FIG. 2, 
includes a ring portion 44 and an outer actuator button 46. 
The ring of squares shoWn around the outer periphery of ring 
portion 44 in FIG. 2 are surface features that facilitate 
spin-Welding outer actuator assembly 42 to the end of 
container body 12 as described beloW. Outer actuator button 
46 is supported on at least three but preferably four spline 
shaped ?ngers 48, suspending it in a resiliently de?ectable 
manner Within the interior of ring portion 44. Outer actuator 
button 46, ?ngers 48 and ring portion 44 are preferably 
unitarily formed as a molded plastic part. The concentric 
rings shoWn Within outer actuator button 46 in FIG. 2 are 
surface features that provide a frictional grip for user’s 
?nger When actuating the container as described beloW. A 
?lter disc 50, preferably made of the same material as ?lter 
ring 40, is sandWiched betWeen outer actuator assembly 42 
and inner actuator button 24. Although ?lter ring 40 provides 
an adequate ?lter by itself, ?lter disc 50 may be included in 
certain embodiments of the invention to further enhance 
?ltering. An advantage in manufacturing economy may be 
achieved in such embodiments by forming ?lter ring 40 and 
?lter disc 50 as a unitary part With perforations betWeen 
them, and handling them as a unitary part until they are 
separated during the manufacturing step in Which they are 
assembled into container 10. 

[0050] As illustrated in FIGS. 5-7, outer actuator assem 
bly 42 further includes an breakable actuator barrier 52. 
Breakable actuator barrier 52 is preferably made of metal 
foil that is adhesively attached to the end of an annular culf 
portion 54 projecting from the interior periphery of ring 
portion 44. Three pointed projections 56 extend from the 
underside of outer actuator button 46 toWard actuator barrier 
52. The star-shaped or x-shaped surface feature centered at 
the middle one of projections 56 reinforces outer actuator 
button 46 but is not otherWise signi?cant to the invention. 

[0051] As illustrated in FIGS. 3-5, lid 58 is mounted over 
endcap 20 and the end of container body 12. Lid 58 has tWo 
apertures 60 and 62. As illustrated in FIG. 8, lid 58 is 
mounted to the end of container body 12 With patches or 
spots of heat-sensitive adhesive (labeled “A”) having an 
adhesion strength that, generally speaking, decreases With an 
increase in temperature. Thus, the adhesive immobiliZes lid 
58 until container 10 is actuated and produces heat. A range 
of such heat-sensitive adhesives are commercially available 
With various speci?cations. One parameter that can typically 
be speci?ed is the threshold temperature at Which the 
adhesive loses (or, conversely, achieves) substantial adhe 
sion strength. Suitable adhesives are manufactured by 
National Starch and Chemical of Illinois under the product 
numbers 34-2780 and 70-4467. Although its precise formu 
lation is proprietary to the manufacturer, the manufacturer 
describes the adhesive as starch-based. Before a user actu 

ates container 10, cap 58 is in the position shoWn in FIG. 3. 
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In this position aperture 60 is not aligned With pop-tab 
closure 22 and thus prevents a user from opening closure 22. 
Also, in this position aperture 62 is not aligned With the 
sealed opening 64 through Which beverage 18 can be 
consumed. When container 10 heats and the adhesive 
reaches the threshold temperature, it loses su?icient adhe 
sion strength that a user can move cap 58. The user rotates 
cap 58 until it is in the position shoWn in FIG. 4, as indicated 
by the arroW. In this position aperture 60 is aligned With 
pop-tab closure 22, thereby alloWing the user to open it. 
Also, in this position aperture 62 is aligned With the sealed 
opening through Which the user can consume the beverage. 
As in a conventional soft drink can, opening pop-tab closure 
22 breaks the seal and alloWs a user to drink beverage 18 
through the resulting opening. The user’s lips contact the 
relatively cool plastic of cap 58 rather than the potentially 
very hot metal of endcap 20. 

[0052] Although exactitude in the threshold temperature is 
not necessary for the invention to Work properly, it is 
preferable in a container for a beverage such as coffee or tea 
that the adhesive maintains substantial adhesion When its 
temperature is beloW about 100 degrees Fahrenheit (38 
Celsius) and loses substantial adhesion When its temperature 
exceeds said this threshold. The preferred adhesive noted 
above that is manufactured by National Starch and Chemical 
has this property. For purposes of this patent speci?cation, 
the term “substantial adhesion” refers to the inability of a 
user to rotate lid 58 by exerting no more than the normal 
amount of torque that a person typically exerts When open 
ing a jar or other screW-top food or beverage container 
Without the assistance of tools. Although the adhesion 
strength of such adhesives continues to decrease to some 
extent With an increase in temperature over a fairly Wide 
range, the adhesion strength decreases much more sharply at 
the threshold temperature than at other temperatures in the 
range. 

[0053] To actuate container 10, the user depresses outer 
actuator button 46 by exerting a force upon it in the general 
direction of the longitudinal axis of container 10. As noted 
above, actuator button 46 is suspended by ?ngers 48, Which 
resiliently de?ect to alloW button 46 to move in this axial 
direction. The force exerted upon outer actuator button 46 
urges its projections 56 into actuator barrier 52, puncturing 
it. The force further urges outer actuator button 46 toWard 
inner actuator button 24, Which in turn is urged in the same 
axial direction. Inner actuator button 24 is ?exible and 
responds to the force by popping or snapping inWardly 
toWard reactant barrier 30. 

[0054] In response to the inWard ?exure of inner actuator 
button 24, the distal end of prong 26 punctures reactant 
barrier 30. Water 32 ?oWs through punctured reactant barrier 
30 and mixes With solid reactant 38 in the reaction chamber, 
i.e., the interior of the elongated portion of thermic module 
body 14. Notch 28 in prong 26 facilitates the ?oW of Water 
18 into the reaction chamber. The resulting exothermic 
reaction produces heat, Which is transferred to beverage 18 
by conduction through the pleated Wall of the heat-ex 
changer portion of thermic module body 14. As noted above, 
in other embodiments of the invention, other reactants may 
be selected that give rise to an endothermic reaction When 
mixed. 

[0055] Gas or steam produced in the reaction escapes the 
reaction chamber through vent channels 34, but any solid 














