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(57) ABSTRACT 

The present invention relates to a method for manufacturing 
a heating device Which is capable of generating heat When 
exposed to oxygen. The heat generating element comprises 
activated carbon and iron is used to generate an exothermic 
oxidation reaction Within the heating device. Introducing an 
oxidation inhibitor during the manufacturing process alloWs 
the manufacturing of the device to take place in ambient 
atmospheric conditions. The present invention also includes 
a loading facilitator Which alloWs the heat generating 
medium to be more easily and efficiently loaded into the heat 
generating device. When appropriate, the oxidation inhibitor 
and loading facilitator can be removed. 
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METHOD FOR MANUFACTURING A HEAT 
GENERATING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the invention 

[0002] The current invention is related to novel designs 
and methods for manufacturing heating devices that gener 
ate heat by oxidation reaction. 

[0003] 2. Relevant Technology 

[0004] Heating devices for heating human skin are plen 
tiful in the art. The heating element used in a heating device 
has a signi?cant impact on the design and overall perfor 
mance of the heating device. As a heat generating medium, 
the use of elements capable of undergoing an exothermic 
oxidation reaction has the advantage of being controlled by 
exposing the oxidation reaction elements to ambient oxygen. 
For example, an oxidation-based, heat generating hand 
Warmer may comprise an air-permeable bag containing a 
heat generating medium. The mixture may comprise loose 
granules of iron poWder, activated carbon, Water, salt, and 
optionally a material such as Wood poWder for making the 
medium more porous. The hand Warmer is usually stored in 
an airtight container. After it is taken out of the container, 
oxygen in ambient air ?oWs into the heat generating medium 
through the air-permeable bag, and the exothermic oxidation 
of iron poWder in the heat generating medium starts to 
generate heat. 

[0005] With apparatus designed for Warming the hand or 
body, the heating devices are not usually manufactured to be 
compact, and the heating temperature and duration of heat 
generated are not designed to be precisely controlled. For 
example, the hand Warmer distributed by GRABBER Warm 
ers, Grand Rapids, Mich. 49512 has minimum and maxi 
mum temperatures of 40° C. and 69° C., respectively, and 
Weighs about 20 grams. HoWever, in some situations the siZe 
of the heating device and the ability to control temperature 
and duration of the heat may be important. 

[0006] US. Pat. No. 5,658,583 discloses oxidation-reac 
tion based devices to generate heat for enhancing dermal 
drug delivery. A heat generating device as disclosed in the 
patent is a thin, ?exible chamber de?ned by a bottom and 
surrounding Walls made of materials non-permeable to air, 
and a cover With a structure Which alloWs oxygen in ambient 
air to How into the chamber at a proper rate. Inside the thin, 
?exible chamber is a heat generating medium capable of 
generating heat When exposed to oxygen. A typical compo 
sition of the heat generating medium include activated 
carbon, iron poWder, sodium chloride, ?ne Wood poWder, 
and Water in a proper ratio. 

[0007] In many medical related applications, such as 
enhancing transdermal drug delivery and regulating injected 
or implanted controlled drug release systems, the heating 
device must meet certain criteria for the device to be 
functional and practical. For example, the device usually 
needs to be thin and compact. The duration and temperature 
of the heat generated need to be precisely controlled and 
reproducible, so that the risk of drug overdose or under dose 
can be minimiZed. Additionally it is often desirable to be 
able to place as much heat generating medium into the 
chamber as possible, so that the heating device, While 
compact, can generate heat for suf?cient duration. More 
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over, the device may need to be sterile and disposable. The 
design and manufacturing process of the heat generating 
medium affects the potential applications of the heating 
device. 

[0008] The task of designing and ef?ciently manufactur 
ing heating elements in a heating device can be dif?cult. For 
example, one Way to place the heat generating medium into 
a device is to pre-mix all of the ingredients of the heat 
generating medium together, and then load the pre-mixed 
heat generating medium into the chamber or a bag. Manu 
factured in this Way, the heat generating medium is in the 
form of loose granules or coarse poWder. The chamber or the 
bag is then closed and sealed into an air-tight container. 
HoWever, the dif?culties associated With directly loading 
pre-mixed heat generating medium into a chamber or bag 
make such an approach undesirable in some situations. 

[0009] One draWback of the method described above is 
that, the pre-mixed granules or coarse poWder are usually 
loose so that the quantity of the pre-mixed heat generating 
medium that can be loaded into a unit volume is not 
maximiZed. Additionally, the particles in the pre-mixed 
granules are often attracted by electric static and ?y outside 
the chamber during loading. Furthermore, the pre-mixed 
heat generating medium starts to generate heat immediately 
upon contacting oxygen and starts losing its ability to 
generate heat later on. To prevent the exothermic reaction 
from occurring prematurely in such a process, the compo 
nents need to be mixed, transported, and loaded into the 
chamber in an oxygen free environment. An oxygen-free 
environment can be expensive to create and maintain. 

[0010] These limitations in design and manufacturing can 
pose serious problems for certain applications, such as in 
many medically related applications, and When the volume 
of the chamber is designed to be small. Thus, it Would be 
advantageous to develop a better method for manufacturing 
oxidation-based heating devices. 

OBJECTS AND BRIEF SUMMARY OF THE 
INVENTION 

[0011] In vieW of the foregoing, it is an object of at least 
one embodiment of the present invention to increase the 
amount of heat generating medium per unit volume in a heat 
generating device. 

[0012] It is also an object of at least one embodiment of 
the present invention to provide a more homogenous uni 
form distribution of heat generating medium in the heating 
device. 

[0013] It is another object of at least one embodiment of 
the present invention to inhibit oxidation of the heat gener 
ating medium during the manufacturing process. 

[0014] It is an additional object of at least one embodiment 
of the present invention to alloW the manufacturing process 
to be done in normal ambient air. 

[0015] It is further an object of at least one embodiment of 
the present invention to ensure that the ?nal Water percent 
age (Water ratio) in the heat generating medium of the 
heating device is as close to the ideal Water percentage for 
the oxidation reaction as is possible. 

[0016] It is yet another object of the present invention to 
provide a manufacturing process for making controlled 
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heating devices that use oxidation reactions to generate heat 
Which are suitable for use in medical and therapeutic-related 
uses. 

[0017] The current invention is related to novel designs 
and methods for manufacturing heating devices that gener 
ate heat by oxidation reaction. 

[0018] The limitations discussed have not been success 
fully addressed in the art until noW and thus, prior art devices 
do not operate With precise heating, duration and tempera 
ture and/or are not compact. 

[0019] Manufacturing approaches addressed in the present 
invention relate to, ?rst, the difficulty in manufacturing the 
heat generating medium Which is activated by oxygen 
present in the atmosphere, and second, the dif?culty in 
loading the generating medium into the heating device in 
such a Way as to maximiZe the amount of medium per unit 
volume in the device and provide for uniform heating. To 
reduce the loss of heat generating potential due to untimely 
reaction of the heat generating medium With ambient oxygen 
during the manufacturing process, the present invention 
provides means for inhibiting oxidation in a heat generating 
medium during the manufacturing process. At an appropri 
ate time during the manufacturing process, the oxidation 
capacity of the heat generating medium is substantially 
restored. To address the difficulties involved With loading 
the heat generating medium into the heating device, the 
present invention provides a loading facilitator to increase 
the amount of heat generating medium per volume dispersed 
Within the heating device and to provide an even and 
uniform distribution of the heat generating medium. When 
appropriate, the loading facilitator is removed from the heat 
generating medium Within the device. The description beloW 
explains in greater detail the aspects of the present invention. 

[0020] In a typical oxidation-reaction-based heat generat 
ing medium, the ratio of Water in the medium is critical to 
the heat generating function. For example, When using a 
mixture of iron poWder, activated carbon, sodium chloride, 
Wood poWder and Water, if the Water ratio is too high relative 
to the other components, the oxidation reaction either Will 
not take place or Will be at such loW rates that proper heat 
cannot be generated. Similarly, if the ratio of Water is too 
loW, the reaction Will not take place or Will not generate the 
necessary heat. The present invention utiliZes the Water ratio 
requirements of oxidation reactions in a novel Way that 
makes the manufacturing of oxidation-based heat generating 
devices easier, and alloWs manufacturing to take place in 
ambient air Without losing signi?cant heat generating capac 
ity of the products. Using this method, heating devices 
Which have more precisely controlled heating temperature 
and duration can be manufactured. In addition, this method 
also alloWs precise loading of small quantities of heat 
generating medium, (e.g., less than 1.0 grams) into very thin 
and shalloW heating device chambers. 

[0021] In this application, the terms "oxidation-facilitator” 
and “oxidation facilitating substance” are de?ned as a sub 
stance, the existence of Which is necessary for the heat 
generating medium to generate heat properly upon contact 
With oxygen. The terms “oxidation-inhibitor” and “oxida 
tion inhibiting substance are de?ned as a substances Which, 
if added into an oxidation based heat generating medium 
signi?cantly inhibits the heat generating capacity of the heat 
generating medium. Some embodiments of the present 
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invention Will employ an oxidation inhibitor rather than an 
oxidation facilitator. The inhibitor or facilitator can be a 

single substance, a mixture of substances, or a solution. In 
one embodiment the facilitator and inhibitor exist in a liquid 
state at manufacturing and/or application temperature and 
are therefore referred to as an “oxidation facilitating liquid” 
and an “oxidation inhibiting liquid,” respectfully. 

BRIEF DESCRIPTION OF THE 
ILLUSTRATIONS 

[0022] The foregoing and other objects and features of the 
present invention Will become more fully apparent from the 
folloWing description and appended claims, taken in con 
junction With the accompanying draWings. Understanding 
that these draWings depict only typical embodiments of the 
invention and are, therefore, not to be considered limiting of 
its scope, the invention Will be described With additional 
speci?city and detail through use of the accompanying 
draWings in Which: 

[0023] FIG. 1 shoWs a cross section of one embodiment of 
a heat generating device With thermal insulation. 

[0024] FIG. 1 shoWs a cross section of one embodiment of 
a heat generating device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] The foregoing and other objects and features of the 
present invention Will become more fully apparent from the 
folloWing description and appended claims. 

[0026] In one method of this invention, all of the ingre 
dients of a heat generating medium except Water (i.e. 
activated carbon, iron poWder, Wood poWder, sodium chlo 
ride in a proper ratio) are mixed With a volatile, oxidation 
inhibitor (e.g. alcohol) to form granules or, preferably in 
many cases, a slushy substance. The actual form of the 
mixture depends on the amount of the oxidation-inhibiting 
liquid added. If the amount is small relative to other ingre 
dients, granules may be formed. When the amount is large 
enough, a slushy substance can be formed. Excess amounts 
of the oxidation-inhibiting liquid can make the viscosity of 
the slush too loW, Which may cause iron poWder to precipi 
tate to the bottom. This should be avoided. The slush or the 
granules are then loaded into a container, such as a chamber 
or a bag. 

[0027] In the next step, the oxidation-inhibiting liquid is 
then removed. The oxidation-inhibiting liquid may be 
removed by evaporation or other methods, such as centrifu 
gation, depending on the structure of the container and other 
considerations. In the process of evaporating the oxidation 
inhibiting liquid, some small amount of heat might be 
generated because moisture in air may facilitate oxidation. 
Although this heat generation is usually minimal and insig 
ni?cant, ideally it should be minimiZed by means such as 
using minimal evaporation time and dry and/or hot evapo 
ration environment. All of the above processes can be 
performed in normal ambient air, since the oxidation reac 
tion cannot take place at signi?cant rates in the absence of 
an oxidation-facilitating liquid, such as Water. 

[0028] After the oxidation-inhibiting liquid is substan 
tially evaporated, a desired amount of Water is quickly 
dropped onto the surface of the noW modi?ed, “dried,” heat 
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generating medium and the container is closed. If the 
container is a chamber, the chamber is capped With a cover 
that has desired air-permeability. The entire heating device 
is then sealed into an air-tight container or pouch. During the 
time betWeen When the Water is dropped into the heat 
generating medium and the device is sealed into the air-tight 
container or pouch, only a small amount of the heat gener 
ating medium is subject to oxidation reaction. That is 
because immediately after being dropped into the Waterless 
heat generating medium, Water is not homogeneously dis 
tributed in the medium. In the place(s) Where Water is 
dropped, there is too much Water for the oxidation reaction 
to take place at full rate or ef?ciently. In places far from the 
site Where Water is dropped, there is not enough Water to 
start the oxidation reaction at full rate or ef?ciently. This 
gives time to apply the cover of the chamber and seal the 
device into the air-tight container Without signi?cant loss of 
the heat generating capacity. 

[0029] In situations that require even less loss of the heat 
generating capacity, a predetermined amount of ice, instead 
of Water, can be added into the “dried,” Waterless heat 
generating medium before placing the cover and sealing the 
device into the air-tight container. Optionally, oxygen may 
be removed from the air-tight container before sealing by 
methods such as vacuuming or nitrogen purging. HoWever, 
in many cases the removal of oxygen is not necessary, since 
after sealing the heat generating device into the container, 
the limited amount of oxygen sealed in the container Will be 
used up in the reaction With the heat generating medium 
before signi?cantly reducing the heat generating potential. 
This process may cause some loss of the heat generating 
capacity of the heat generating medium, but the loss is 
usually minimal and ?nite, and in most cases does not affect 
the function of the device signi?cantly. More importantly, 
much is gained by foregoing the removal of oxygen. 
Because the present invention alloWs the entire process to be 
conducted in normal ambient air instead of an oxygen-free 
environment, the cost and complexity of manufacturing can 
be reduced. 

[0030] After the device is completely sealed, Water con 
tinues to diffuse into the entire body of the heat generating 
medium, and eventually reaches a homogeneous distribu 
tion. In the cases Where ice instead of Water is added, the ice 
Will ?rst melt into Water, Which Will eventually reach a 
homogeneous distribution. The amount of time it takes to 
reach even distribution Will depend on the amount of heat 
generating medium. Since the total amount of Water added 
into the heat generating medium is predetermined to alloW 
proper heat generation, every part of the heat generating 
medium is ready to generate heat properly upon contact With 
oxygen after homogeneous Water distribution is reached. 

[0031] Aproper mixture of iron poWder, activated carbon, 
Wood poWder and Water (i.e. a Weight ratio of about 
5:16:3z6) can generate heat at certain rates upon contact With 
oxygen, but the addition of substances such as sodium 
chloride, potassium chloride, and magnesium chloride can 
increase the heat generation rates. In the discussion above, 
the salt (sodium chloride) Was added in the Waterless poWder 
mixture before mixing With the inhibitor. As an alternative 
method, iron poWder, activated carbon and Wood poWder 
may be mixed With the inhibitor Without mixing in Water or 
sodium chloride. After the removal of the inhibitor, the 
proper amount of salt-in-Water solution can be added into 
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the “dried” heat generating medium before sealing the 
device into the air-tight container. 

[0032] Another advantage of one embodiment of the 
present invention is that it alloWs packing more heat gen 
erating medium into a unit volume than directly loading 
completely pre-mixed heat generating medium, Which is 
usually in the form of a loose granules. A higher heat 
generating medium per unit volume ratio alloWs for a more 
compact, and relatively longer lasting heating device. More 
over, loading the heat generating medium into the heat 
generating chamber according to one embodiment of the 
present invention provides for a more intimate contact With 
the bottom Wall of the chamber than Would be possible With 
loose granules. The loading technique of the present inven 
tion Will facilitate the efficient transfer of heat generated in 
the heat generating medium to the drug delivery system or 
tissue under the heating patch through the bottom Wall of the 
chamber. 

[0033] This manufacturing method advantageously alloWs 
the heat generating medium to be cast into the chamber, so 
that the heat generating medium can be made to evenly 
distribute over the entire area of the chamber. With one 

embodiment, this is easily accomplished by gentle tapping 
or shaking. To spread a heat generating medium in the form 
of loose granules evenly over the entire area of the chamber 
can be dif?cult and aWkWard. One has to spread and 
reposition the loose granule(s) With a spreading tool or 
similar object. This requires considerably more care than the 
techniques of the present invention. Also, in an embodiment 
of this method, the only volatile substance in the ?nal 
mixture of heat generating medium, namely Water, is added 
in the last step and shortly before the entire device is sealed 
into the air-tight bag. This ensures that the ?nal Water 
percentage (Water ratio) in the heat generating medium 
remains as close to the ideal Water percentage as possible. 

[0034] Pre-mixing the substances used for the heat gen 
erating element all together and then loading them into the 
device can be inefficient in some circumstances and imprac 
tical in others. Water can evaporate in the process Which may 
lead to an insufficient ?nal Water percentage in the heat 
generating medium. Insufficient Water may in turn lead to 
heat durations and/or temperatures that are different than 
designed. In the context of heat aided drug delivery this can 
alter the delivered drug dosage, With serious consequences 
for the patient. 

[0035] In an alternative method of the invention, all of the 
components of a heat generating medium except Water (i.e. 
activated carbon, iron poWder, Wood poWder, sodium chlo 
ride in a proper ratio) are mixed thoroughly and loaded into 
a chamber. The proper amount of Water is then added into 
the chamber. A cover is then applied to the chamber before 
the chamber is placed into an air-tight container. As in the 
previously described method, uneven Water distribution 
immediately after the addition of Water prevents the medium 
from reacting completely or ef?ciently. Because the medium 
cannot effectively react, the cover to the chamber can be 
applied in a regular, ambient environment With minimal loss 
of heat generating capacity of the medium. 

[0036] In another alternative method, predetermined 
amounts of activated carbon, iron poWder and Wood poWder 
are mixed With an excess amount of Water to obtain a slush. 

For example, the Weight ratio of activated carbon, iron 
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powder, Wood powder and Water is 5:16:3120. The amount 
of Water added exceeds the appropriate amount for a proper 
oxidation reaction, such that heat generation by the slushy 
matter is severely inhibited, even When exposed to oxygen. 
Apredetermined amount of the slush can then be loaded into 
an open chamber. The device is then placed into an oxygen 
free environment for removing the Water, such as by evapo 
ration. After substantially all of the Water is removed, a 
predetermined amount of a sodium chloride in Water solu 
tion is added to the medium in the open chamber. The 
amount of Water in the sodium chloride Water solution added 
to the medium in combination With any residual Water in the 
medium is adequate to alloW the medium to generate heat at 
desired rates upon exposure to oxygen. The medium Will be 
capable of generating heat after the Water is substantially 
distributed. 

[0037] This method requires an oxygen-free environment 
during removal of the inhibitor, hoWever it has some advan 
tages. The advantages of this method include: 1) alloWing 
the mixing of the substances to be done in normal, ambient 
air; 2) alloWing the transfer of the slush from air into the 
oxygen-free environment Without losing heat generating 
capacity; 3) providing a convenient Way to add a precise 
amount of Water into the medium; and 4) combining the dual 
bene?ts of Water as both an oxidation inhibitor and as a 
necessary ingredient in the heat generating medium, may 
mean loWer manufacturing costs, greater safety, or less 
pollution to the environment. 

[0038] The methods described here provide speci?c 
advantages for making heating devices used in medical 
related applications. They also provide advantages for mak 
ing heating devices for other applications, such as Warming 
the hand or body. That is because even in non-medical 
applications it may be desirable to have precise control of 
heating duration and temperature, to have a heating device 
of compact siZe, and to have easier and loWer cost manu 
facturing than other methods provide. 

[0039] Another novel feature of this invention is providing 
thermal insulation to the heat generating devices. As shoWn 
in FIG. 1, one embodiment of the present invention insu 
lates the heat generating medium from ambient air in all 
directions except the surface used for passing the heat to the 
object being heated (i.e. a transdermal drug patch, a skin 
area under the heating device). Thermal insulation 6 around 
the heat generating medium 8 in the device 4 helps to isolate 
the device 6 from the outside environment and alloWs better 
heat accumulation in the heat generating medium 8. That 
means, compared With a device Without such thermal insu 
lation, the same heating temperature can be achieved With 
loWer heat generation rate. The present invention alloWs a 
given amount of heat generating medium to last longer, 
Which is very desirable for devices that need to be compact. 
This may also minimiZe the potential for risk of burning the 
skin if the heating device is directly applied on the skin by 
alloWing the heat generating medium to be effective While 
generating a slightly loWer heat temperature. 

[0040] The present invention also insulates the heat gen 
erating medium to minimiZe the in?uence of the outside 
environment on the temperature of the object being heated. 
This alloWs more precise temperature control at the object, 
Which may be very important in medical related applications 
and some other application. For instance, use of the present 
invention may minimiZe the potential for drug overdose or 
under dose if the heating device is used to enhance drug 
absorption from a dermal drug patch. 
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EXAMPLE 1 (ACTUAL) 

[0041] An actual heating patch Was manufactured With a 
method described above. The steps of the process are 
explained beloW. 

[0042] Step 1. Selecting an Open Chamber and Cover 

[0043] An open chamber and cover suitable for medical 
applications Were selected. The open chamber Was de?ned 
by a surrounding Wall and a bottom Wall. The rectangular 
ring-shaped surrounding Wall Was made of a closed-cell 
foam tape (3M 1779), and had inner dimensions of about 1.0 
inches by 1.625 inches and outer dimensions of about 1.5 
inch by 2.125 inch, With 0.125 inch rounded corners. The 
height of the surrounding Wall Was 1/16 inch. The rectangular 
bottom Wall Was made of a thin plastic tape (3M 1525L), and 
had the dimensions corresponding to the outer dimensions of 
the surrounding Wall. The bottom side of the bottom Wall is 
adhesive. The bottom side is covered by a protective liner 
prior to application. The surrounding Wall Was adhered onto 
the bottom Wall to form an open, shalloW chamber. 

[0044] The cover of the chamber Was a rectangular closed 
cell foam tape (3M 9773) With 8 holes (diameter about 1/16 
inch). The thickness of the foam tape Was about 1/32 inch. 
The tWo dimensions of the cover corresponded to the outer 
dimensions of the bottom Wall. The holes Were covered With 
a microporous membrane (3MCoTran 9711). 

[0045] Step 2. Mixing all of the Ingredients of the Heat 
Generating Medium, Except Water With an Oxidation-in 
hibitor 

[0046] Activated carbon (Norit Americas Inc, Grade 
HDC), iron poWder (SCM Metal Products, Inc. Grade 
A131), ?ne Wood poWder and sodium chloride in the Weight 
ratio of about 5:16:3:2 Were mixed together thoroughly to 
obtain a poWder mixture. About ?fty-?ve Weight portions of 
pure ethyl alcohol Were then added into every 100 Weight 
portions of the mixed poWder. The poWder mixture and 
alcohol Were stirred thoroughly to obtain a slushy matter 
mixture. The selected “alcohol to mixed poWder ratio” 
yielded a slushy matter that Was ?uid enough to be cast into 
the thin open chamber of Step 1, but that Was also thick 
enough so that the iron poWder in the slushy matter did not 
easily precipitate in the liquid and settle to the bottom of the 
slushy matter. 

[0047] Step 3. Loading the Slushy Matter and Evaporating 
the Alcohol 

[0048] About tWo grams of the modi?ed heat generating 
medium, the slushy matter, Was placed into each open 
chamber made in Step 1 and Was spread to cover most of the 
bottom area of the open chamber. The chamber Was gently 
shaken to make the slushy matter to evenly cover the entire 
bottom of the chamber. The alcohol Was removed from the 
slushy matter by placing the loaded chamber in a hood for 
about tWo hours to evaporate the alcohol. After tWo hours, 
the matter Was dry, but slight alcohol odor could still be 
detected, suggesting most of the alcohol Was evaporated but 
there Was still residual amount of alcohol in the remaining 
mixture. The heat generating medium evenly covered the 
entire bottom of the chamber. 

[0049] Step 4. Adding Water and Sealing into Air-tight 
Pouch 

[0050] After the alcohol in the chamber Was evaporated, 
about 0.3 mL Water Was added to the mixture to eventually 
form the appropriate heat generating mixture or medium 
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(after homogeneous distribution of Water is reached). The 
cover made in Step 1 Was adhered onto the open chamber to 
form a closed chamber inside Which the heat generating 
medium resided. The entire device Was then placed into a 
pouch made of an air-tight ?lm (Perfecseal 35785 G). The 
opening of the pouch Was then sealed by heat, so that the 
heating device Was isolated from the outside environment. 

[0051] Step 5. AlloWing Water to Diffuse in Order to be 
Evenly Distributed 

[0052] After the device Was sealed in the pouch, the Water 
Was alloWed to diffuse throughout the heat generating 
medium. The Water eventually reached homogenous distri 
bution, alloWing the patches to function efficiently. In this 
example, the entire manufacturing process Was performed in 
normal ambient air. Patches made With the above method 
Were tested on human skin a feW days after they Were made. 
The patch Was removed from the air-tight pouch, the pro 
tective liner Was removed and the patch Was adhered on the 
skin of the human subject, using the adhesive bottom of the 
chamber. A thin temperature probe Was placed betWeen the 
bottom of the heating patch and the subject’s skin to monitor 
the temperature. Table AshoWs the temperature produced by 
tWo of the patches, as measured by the temperature probe, as 
a function of time. Table B shoWs the temperature produced 
by another similar patch, measured for a longer period of 
time. 

TABLE A 

Time (min) Patch #1 Patch #2 

0 23.5 23.2 
1 28.3 30.9 
2 31.8 33 
3 33.4 34.7 
4 34.4 36.1 
5 36.4 37.8 
6 37.2 38.2 
7 37.9 38.5 
8 37.9 38.7 
9 38 39.2 

10 38.2 39.7 
11 38.2 39.7 
12 38.9 39.7 
13 38.7 39.7 
14 38.6 39.9 
15 38.8 40 
16 38.8 40.1 

17 38.9 40.1 
18 38.9 40.2 
19 39 40.2 

20 39 40.2 
21 39.1 40.3 
22 38.9 40.4 

23 38.8 39.3 
24 38.9 40.5 
25 38.9 40.5 
26 38.9 40.4 
27 38.8 40.4 
28 38.8 40.4 

29 38.9 40.3 
30 38.9 40.3 
31 38.8 40.2 

32 38.9 40.1 
33 38.7 40.1 
34 38.7 

35 38.6 
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[0053] 

TABLE B 

Time (min) Patch #3 

0 30.5 
1 32.7 
2 34.1 
3 35.6 
4 36.6 
5 37.1 
6 37.8 
7 38.2 
8 38.5 
9 38.6 

10 38.6 
11 38.9 
12 38.9 
13 38.9 
14 39 
15 39.1 
20 39.2 
25 39.5 
30 39.7 
35 39.6 
40 39.5 
45 39.3 
50 39.3 
55 39.2 
60 39.3 
65 39.3 
70 39.5 
75 39.1 
80 39.3 
85 39.5 
90 39.3 
95 39 
100 39.1 
105 39.2 
110 39.1 
115 39.5 
120 39.4 
125 39.3 
130 39 
135 38.8 
140 38.5 
145 38.1 
150 37.7 
155 37 
160 36.6 
165 36.4 
170 36 1 
175 36 
180 35.8 
185 35.8 
190 35.7 
195 35.7 
200 35 6 
205 35.6 
210 35.3 
215 35.3 
220 35 2 
225 35 1 
230 35 1 
235 34 9 
240 35 1 
245 34.9 
250 34.9 

[0054] The amount of each component, especially Water, 
of the heat generating medium in the chamber Was precisely 
controlled. The skin area heated by the heating patch Was 
about 10 cm2. Although the heating patch only had about 1.6 
g heat generating medium in it, the temperature of the skin 
Was rapidly raised into a narroW, elevated range. The data in 
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Table B show that the temperature Was maintained in the 
narrow, elevated range for more than 2 hours before decreas 
ing gradually. 
[0055] In the device of this example, the heat generating 
medium Was contained in a thin, shalloW chamber. The 
cover and the surrounding Wall of the chamber Were made 
of materials With thermal insulating properties (foam tape), 
but the bottom Was made of a thin, plastic tape With minimal 
thermal insulating property. Therefore, heat Was effectively 
passed from the heat generating medium to the object in 
contact With the bottom of the chamber, but heat loss via the 
surrounding Wall and the cover Was minimiZed. In addition, 
in?uence from the ambient air on the skin under the heat 
patch Was minimiZed. 

[0056] In another actual experiment testing the heat gen 
erating device, a heat generating device comprised side 
Walls de?ned by a 1A inch thick rectangular foam tape (4 
layers of No. 1779 1/16“ White foam tape, 3M Corporation, 
Minneapolis, Minn., USA Corporation, Minneapolis, Minn., 
USA) With an outer dimension of about 2.25 inches by 4 
inches With an opening therein inner dimension of about 
1.75 by 3.5 inches, the bottom Wall comprising rectangular 
medical tape (No. 1525L plastic medical tape, 3M Corpo 
ration, Minneapolis, Minn., USA Corporation, Minneapolis, 
Minn., USA) of a dimension of about 2.25 inches by 4 
inches With a non-adhesive side attached to the bottom of the 
side Walls, and a top Wall comprising a rectangular 1/32 inch 
thick foam tape (No. 9773 1/32“ tan foam tape, 3M Corpo 
ration, Minneapolis, Minn., USA Corporation, Minneapolis, 
Minn., USA) With thirty-tWo holes there through (diameters 
approximately 1/16 inch). The side Walls, the bottom Wall, 
and the top Wall de?ned a chamber. The holes of the top Wall 
Were covered by an air permeable membrane comprising a 
microporous membrane (no. 9711 CoTranTM membrane, 3M 
Corporation, Minneapolis, Minn., USA Corporation, Min 
neapolis, Minn., USA) disposed betWeen the top Wall and 
the heat generating medium disposed in the chamber com 
prised a mixture of activated carbon, iron poWder, saW dust, 
sodium chloride and Water in the Weight ratio of approxi 
mately 5 1213216 Weighing approximately 31 grams. 

[0057] This heating device Was tested on a volunteer’s 
skin With a temperature probe placed betWeen the heating 
device and the volunteer’s skin to measure the temperature. 
The results of this temperature experiment are illustrated in 
Table C, Which shoWs that the heating device Was capable of 
keeping the skin temperature to a narroW, elevated range 
betWeen about 41 and 44° C. for extended periods of time (at 
least 840 minutes). 

TABLE C 

Time (minutes) Temperature (0 C.) 

31.9 
32.2 

33.2 
33.8 
34.4 
34.8 
35.8 
35.9 
36.7 
37.3 
37.8 
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TABLE C-continued 

Time (minutes) Temperature (0 C.) 

12 38.4 
13 38.7 
14 39.2 
15 39.4 
16 39.8 
17 39.9 
18 40.1 
19 40.3 
20 40.5 
22 40.8 
24 40.9 
26 41 
28 41.1 
30 41.1 
35 41 
40 41 
45 40.9 
75 41.1 

150 41.7 
210 41.6 
300 41.5 
390 41.7 
510 41.4 
570 41.5 
720 41.4 
780 41.4 
840 41.5 

EXAMPLE 2 

[0058] In another example, all the ingredients of the heat 
generating medium, except Water, are mixed to form a mixed 
poWder. The mixed poWder is then loaded directly into the 
open chamber as in Example 1. More speci?c details of the 
process are set forth beloW. 

[0059] Step 1. The Open Chamber and the Cover 

[0060] The open chamber is de?ned by a surrounding Wall 
and a bottom Wall. The rectangular ring-shaped surrounding 
Wall is made of a closed-cell foam tape, and has inner 
dimensions of about 1.0 inches by 1.625 inches and outer 
dimensions of about 1.5 inch by 2.125 inch, With 0.125 inch 
rounded comers. The height of the surrounding Wall is Vs 
inch. The rectangular bottom Wall is made of a thin plastic 
tape and has dimensions corresponding to the outer dimen 
sions of the surrounding Wall. The surrounding Wall is 
adhered onto the bottom Wall to form a open shalloW 
chamber. The cover of the chamber is an rectangular closed 
cell foam tape With 8 holes (diameter about 1/16 inch). The 
dimensions of the cover correspond to these of the bottom 
Wall. The holes are covered With a microporous membrane. 

[0061] Step 2. Mixing all Ingredients of the Heat Gener 
ating Medium, Except Water 
[0062] Activated carbon, iron poWder, ?ne Wood poWder 
and sodium chloride in the Weight ratio of about 5: 16:3:2 are 
mixed together thoroughly. This forms the Waterless, inter 
mediate heat generating medium, Which is in the form of a 
poWder mixture. 

[0063] Step 3. Loading the Waterless, Intermediate Heat 
Generating Medium 

[0064] About 1.3 g of the Waterless heat generating 
medium of Step 2 is placed in the open chamber of Step 1. 
The poWder is spread evenly to cover the entire bottom of 
the chamber. 
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[0065] Step 4. Adding Water and Isolating 

[0066] About 0.3 mL Water is placed into the Waterless 
heat generating medium. The cover of Step 1 is adhered onto 
the chamber so the heat generating medium is completely 
enclosed in the chamber. The entire device is then heat 
sealed into an air-tight pouch. 

EXAMPLE 3 

[0067] In another example, a manufacturing process simi 
lar to that in Example 1 is employed, except that in Step 2, 
the mixed poWder has no sodium chloride but only activated 
carbon, iron poWder, and Wood poWder in the Weight ratio 
of about 5: 16:3. Also, the proper amount of sodium chloride 
is dissolved in the Water, and the sodium chloride in Water 
solution, instead of Water, is added into the dried, heat 
generating medium in Step 4. The steps of Example 1 With 
these variations are explained beloW. 

[0068] Step 1. Selecting an Open Chamber and Cover 

[0069] An open chamber and cover suitable for medical 
applications are selected. The open chamber is de?ned by a 
surrounding Wall and a bottom Wall. The rectangular ring 
shaped surrounding Wall is made of a closed-cell foam tape 
(3M1779), and has inner dimensions of about 1.0 inches by 
1.625 inches and outer dimensions of about 1.5 inch by 
2.125 inch, With 0.125 inch rounded comers. The height of 
the surrounding Wall is 1/16 inch. The rectangular bottom 
Wall is made of a thin plastic tape (3M 1525L), and has the 
dimensions corresponding to the outer dimensions of the 
surrounding Wall. The surrounding Wall is adhered onto the 
bottom Wall to form an open, shalloW chamber. 

[0070] The cover of the chamber is a rectangular closed 
cell foam tape (3M 9773) With 8 holes (diameter about 1/16 
inch). The thickness of the foam tape is about 1/32 inch. The 
tWo dimensions of the cover corresponds to the outer 
dimensions of the bottom Wall. The holes are covered With 
a microporous membrane (3MCoTran 9711). 

[0071] Step 2. Mixing Ingredients of the Heat Generating 
Medium, Except Sodium Chloride and Water With an Oxi 
dation-inhibitor 

[0072] Activated carbon (Norit Americas Inc, Grade 
HDC), iron poWder (SCM Metal Products, Inc. Grade 
A131), and ?ne Wood poWder in the Weight ratio of about 
5 :16:3 are mired together thoroughly to obtain a mixed 
poWder. About ?fty-?ve Weight portions of pure ethyl alco 
hol are then added into every 100 Weight portions of the 
mixed poWder. The mixture is stirred thoroughly to obtain a 
slushy matter. The selected “alcohol to mixed poWder ratio” 
yields a slushy matter that is ?uid enough to be cast into the 
thin open chamber of Step 1, but that is also thick enough so 
that the iron poWder in the slushy matter does not easily 
precipitate in the liquid and settle to the bottom of the slushy 
matter. 

[0073] Step 3. Loading the Slushy Matter and Removing 
the Alcohol 

[0074] About tWo grams of the slushy matter is placed into 
each open chamber made in Step 1 and is spread to cover 
most of the bottom area of the open chamber. The chamber 
is gently shaken to make the slushy matter to evenly cover 
the entire bottom of the chamber. The alcohol is removed 
from the slushy matter by placing the loaded chamber in a 
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hood for about tWo hours to evaporate the alcohol. After tWo 
hours, the matter is dry, but slight alcohol odor may be 
detected, suggesting most of the alcohol is evaporated but 
there is still residual amount of alcohol in the matter. The 
heat generating medium evenly covers the entire bottom of 
the chamber. 

[0075] Step 4. Adding Sodium Chloride and Water and 
Sealing into Air-tight Pouch 

[0076] After the alcohol in the chamber is evaporated, 
about 0.4 g Water With sodium chloride dissolved therein 
[about 1 Weight portion of sodium chloride dissolved in 3 
Weight portions of Water] is placed into the heat generating 
medium. The amount of sodium chloride dissolved in the 
Water is suf?cient to replace the sodium chloride left out of 
the dry mix formulation Which in dry mix has a Weight ratio 
of 2 parts. The cover made in Step 1 is adhered onto the open 
chamber to form a closed chamber inside Which the heat 
generating medium resided. The entire device is then placed 
into a pouch made of an air-tight ?lm (Perfecseal 35785G). 
The opening of the pouch is then sealed by heat, so that the 
heating device is isolated from the outside environment. 

[0077] Step 5. AlloWing Water to Diffuse in Order to be 
Evenly Distributed 

[0078] After the device is sealed in the pouch, the Water 
and sodium chloride are alloWed to diffuse throughout the 
heat generating medium. The Water With dissolved sodium 
chloride eventually reaches homogenous distribution, alloW 
ing the patches to function efficiently. In this example, the 
entire manufacturing process Was performed in normal 
ambient air. 

EXAMPLE 4 (HYPOTHETICAL) 

[0079] In another example, a manufacturing process simi 
lar to that in Example 2 is employed, except that in Step 2, 
the mixed poWder has no sodium chloride but only activated 
carbon, iron poWder and Wood poWder in the Weight ratio of 
about 5:16:3; and the proper amount of sodium chloride is 
dissolved in the Water, and the sodium chloride in Water 
solution, instead of Water, is added into the dried, heat 
generating medium in Step 4. The steps of Example 2 With 
these variations are explained beloW. 

[0080] Step 1. The Open Chamber and the Cover 

[0081] The open chamber is de?ned by a surrounding Wall 
and a bottom Wall. The rectangular ring-shaped surrounding 
Wall is made of a closed-cell foam tape, and has inner 
dimensions of about 1.0 inches by 1.625 inches and outer 
dimensions of about 1.5 inch by 2.125 inch, With 0.125 inch 
rounded comers. The height of the surrounding Wall is Vs 
inch. The rectangular bottom Wall is made of a thin plastic 
tape and has dimensions corresponding to the outer dimen 
sions of the surrounding Wall. The surrounding Wall is 
adhered onto the bottom Wall to form a open shalloW 
chamber. The cover of the chamber is a rectangular closed 
cell foam tape With 8 holes (diameter about 1/16 inch). The 
dimensions of the cover correspond to those of the bottom 
Wall. The holes are covered With a microporous membrane. 

[0082] Step 2. Mixing all Ingredients of the Heat Gener 
ating Medium, Except Water and Sodium Chloride 

[0083] Activated carbon, iron poWder, and ?ne Wood 
poWder in the Weight ratio of about 5:16:3 are mixed 
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together thoroughly. This forms the Waterless heat generat 
ing medium, Which is in the form of a powder. 

[0084] Step 3. Loading the Waterless Heat Generating 
Medium 

[0085] About 1.3 g of the Waterless heat generating 
medium of Step 2 is placed in the open chamber of Step 1. 
The poWder is spread evenly to cover the entire bottom of 
the chamber. 

[0086] Step 4. Adding Water and Isolating 

[0087] About 0.3 mL Water and sodium chloride is placed 
into the Waterless heat generating medium. The amount of 
sodium chloride dissolved in the Water is suf?cient to alloW 
ef?cient oxidation in the heat generating medium. The cover 
of Step 1 is adhered onto the chamber so the heat generating 
medium is completely enclosed in the chamber. The entire 
device is then heat sealed into an air-tight pouch. 

[0088] Having thus described in detail preferred embodi 
ments of the present invention, it is to be understood that the 
invention de?ned by the appended claims is not to be limited 
by particular details set forth in the above description as 
many apparent variations thereof are possible Without 
departing from the spirit or scope thereof. 

EXAMPLE 5 

[0089] In another alternative method, a predetermined 
amount of activated carbon, iron poWder, Wood poWder, 
sodium chloride, and an excessive amount of Water are 
mixed together to obtain a slush. For example, the Weight 
ratio of activated carbon, iron poWder, Wood poWder, 
sodium chloride and Water is 5:16:3:2:20. The amount of 
Water added exceeds the appropriate amount for proper heat 
generation, so that heat generation by the slushy matter is 
severely inhibited even When exposed to oxygen. A prede 
termined amount of the slush can then be loaded into an 
open container or chamber. The device is then placed into an 
oxygen-free environment Where Water is then removed by 
evaporation. When the amount of Water is removed such that 
the remaining amount of Water is adequate for heat genera 
tion, the open container is closed or is capped With a cover 
With selected air permeability to form a closed container 
With selected air-permeability. The closed container is then 
sealed into an airtight container. 

EXAMPLE 6 

[0090] In another alternative method, a process similar to 
that in Example 5 is used, except that the excess amount of 
Water is not removed by evaporation. Instead, a predeter 
mined amount of a Water absorbent material, such as acti 
vated carbon granules, is added into the medium to absorb 
the excess amount of Water, so that the amount of Water 
remaining in the medium is appropriate for heat generation. 

EXAMPLE 7 

[0091] In another alternative method, a predetermined 
amount of activated carbon, iron poWder, Wood poWder, and 
sodium chloride are mixed together to form a poWder 
mixture. For example, the Weight ratio of activated carbon, 
iron poWder, Wood poWder, and sodium chloride is 5:16:3:2. 
The mixed poWder is loaded into a thin bag made of a porous 
material (i.e. ?lter paper, cloth, and paper). The thin bag 
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(similar to a tea bag) is then closed. Predetermined amount 
of Water or a salt solution is added onto the thin bag, and is 
absorbed into the poWder mixture. The Water eventually 
reaches a homogeneous distribution in the poWder mixture 
to yield a heat generating medium. Immediately after Water 
is added into the thin bag. The closed thin bag is placed into 
a chamber made of air-impermeable materials and a struc 
ture With selected air permeability (i.e. similar to the device 
in Example 1). The chamber is sealed into an air-tight pouch 
for storage. In this method, the thin bag containing the mixed 
poWder can be easily made in mass quantities by automated 
equipment. The loading process is thus simpli?ed. 

EXAMPLE 8 

[0092] In this example, the heat generating device has a 
bottom Wall made of a material impermeable to air, and a 
curved cover made of a material impermeable to air. The 
curved cover has selected number of holes With selected 
siZe(s). The curved cover is curved such that its edge can be 
sealed onto the bottom Wall (by heat or adhesive) to form a 
space betWeen the bottom Wall and the curved cover inside 
Which a predetermined quantity of heat generating medium 
can be disposed. This device does not have a surrounding 
Wall as that in Example 1, so the manufacturing cost is loWer 
and the manufacturing is simpler. 

EXAMPLE 9 

[0093] In this example, the device is similar to that 
described in example 8, but further employs a thin bag 
containing the heat generating medium as in example 7. The 
thin bag is disposed in the space betWeen the bottom Wall 
and the curved cover. 

[0094] In Examples 5-9, the chamber preferably has 
means for af?xing the chamber onto human skin. One of the 
embodiment is an adhesive layer at the bottom of the 
chamber, similar to that in Example 1. 

EXAMPLE 10 

[0095] An alternative method for making heat generating 
medium involves storing a predetermined amount of acti 
vated carbon, iron poWder, Wood poWder, and sodium chlo 
ride-in-Water solution at or beloW a temperature loW enough 
so that the sodium chloride-in-Water solution is froZen. The 
substances are then mixed and ground at or beloW the same 
loW temperature. The mixture resulted from the loW tem 
perature mixing and grinding is not expected to generate 
heat effectively because the Water is in froZen state. The cold 
mixture is then loaded into a heat generating device, such as 
that in example 1, Which is then sealed into a bag imper 
meable to air. After staying at room temperature for some 
time, Water in the heat generating medium melts and reaches 
a homogeneous distribution in the heat generating medium 
in the heating device. To use, open the bag impermeable to 
air to expose the device to oxygen for heat generation. 

What is claimed is: 
1. Amethod for manufacturing a heat generating medium 

capable of generating heat When exposed to oxygen, com 
prising the steps of: 

selecting a ?rst group of substances according to a pre 
determined ratio, said ?rst group of substances being 
capable of generating heat When mixed With an oxida 



US 2002/0083685 A1 

tion facilitator and subsequently exposed to oxygen, 
said ?rst group of substances alone generating substan 
tially no signi?cant heat When exposed to oxygen in the 
absence of the oxidation facilitator; 

mixing predetermined quantities of substances in said ?rst 
group to form a Mixture A; 

mixing Mixture A With a predetermined quantity of an 
oxidation-inhibitor to obtain Mixture B Which gener 
ates no signi?cant heat When exposed to oxygen, 

removing said oxidation-inhibitor from said Mixture B to 
obtain Mixture C, 

placing a predetermined amount of said oxidation-facili 
tator into said Mixture C to obtain Mixture D, and 

isolating said Mixture D from oxygen. 
2. The method as claimed in claim 1, Wherein said ?rst 

group of substances comprises iron and activated carbon. 
3. The method as claimed in claim 2, Wherein said ?rst 

group of substances further comprises a compound selected 
from the group of sodium chloride, potassium chloride or 
magnesium chloride. 

4. The method as claimed in claim 1, Wherein said ?rst 
group of substances further comprises Wood poWder. 

5. The method as claimed in claim 1, Wherein said 
oxidation-facilitator comprises Water. 

6. The method as claimed in claim 1, Wherein said 
oxidation-facilitator comprises sodium chloride and Water. 

7. The method as claimed in claim 1, Wherein said 
oxidation-facilitator comprises potassium chloride and 
Water. 

8. The method as claimed in claim 1, Wherein said 
oxidation-facilitator comprises magnesium chloride and 
Water. 

9. The method as claimed in claim 1, Wherein said 
oxidation-facilitator comprises Water and a salt comprising 
chloride. 

10. The method as claimed in claim 1, Wherein said 
oxidation-facilitator comprises Water and a salt comprising 
?uoride. 

11. The method as claimed in claim 1, Wherein said 
oxidation-facilitator comprises Water and a salt comprising 
bromide. 

12. The method as claimed in claim 1, Wherein said 
oxidation-facilitator is a liquid in a substantially solid state. 

13. The method as claimed in claim 1, Wherein said 
oxidation-inhibitor is ethyl alcohol. 

14. The method as claimed in claim 1, Wherein said 
oxidation-inhibitor is methyl alcohol. 

15. The method as claimed in claim 1, Wherein said 
oxidation-inhibitor is a propyl alcohol. 

16. The method as claimed in claim 1, Wherein said 
oxidation-inhibitor is gasoline. 

17. The method as claimed in claim 1, Wherein said 
oxidation-inhibitor is acetone. 

18. The method as claimed in claim 1, further comprising 
the step of 

placing said Mixture B into a container, 

placing a predetermined amount of said oxidation-facili 
tator into said Mixture C in said container to obtain 
Mixture D in said container, and 

isolating said Mixture D in said container from oxygen. 
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19. The method as claimed in claim 18, Wherein said 
container comprises a bag With pre-determined air perme 
ability. 

20. The method as claimed in claim 18, Wherein said 
container de?nes a chamber de?ned by a bottom and a 
surrounding Wall made of material substantially imperme 
able to air, and a cover having selected air permeability. 

21. The method as claimed in claim 20, Wherein said 
cover comprises a sheet of material substantially imperme 
able to air, de?ning at least one hole of a selected siZe. 

22. The method as claimed in claim 21, Wherein said at 
least one hole is covered by membrane With selected air 
permeability. 

23. The method as claimed in claim 20, Wherein said 
surrounding Wall de?nes at least one hole. 

24. The method as claimed in claim 23, Wherein said at 
least one hole is covered by a membrane With selected 
air-permeability. 

25. The method as claimed in claim 20, Wherein the cover 
further comprises a sheet of material having thermal insu 
lation properties. 

26. The method as claimed in claim 1, Wherein said 
oxidation inhibitor is a liquid and the step of removing said 
oxidation-inhibitor from said Mixture B comprises evapo 
rating said oxidation-inhibitor. 

27. The method as claimed in claim 1, Wherein said 
oxidation inhibitor is a liquid and the step of removing said 
oxidation-inhibitor from said Mixture B comprises remov 
ing said oxidation-inhibitor liquid from said Mixture B by 
centrifugation. 

28. The method as comprised in claim 18, Wherein said 
container further comprises means for affixing to human 
skin. 

29. The method as claimed in claim 28, Wherein said 
means for af?xing comprises an adhesive material. 

30. The method as claimed in claim 20, Wherein said 
bottom Wall further comprises means for affixing said cham 
ber to human skin. 

31. The method as claimed in claim 30, Wherein said 
means comprises an adhesive area in said bottom Wall. 

32. Amethod for manufacturing a heating device Which is 
capable of generating heat When exposed to oxygen, com 
prising the steps of: 

selecting predetermined amounts of a ?rst group of sub 
stances comprising iron and activated carbon, said ?rst 
group being capable of generating heat When exposed 
to oxygen When mixed according to a predetermined 
ratio With a pre-determined type of oxidation facilitat 
ing liquid, said ?rst group of substances generating 
substantially no heat When exposed to oxygen in the 
absence of said oxidation facilitating liquid, 

mixing said substances in said ?rst group With a volatile 
oxidation inhibiting liquid, selected from the group of 
ethyl alcohol, methyl alcohol, propyl alcohol, gasoline, 
acetone, or a combination thereof, to obtain an initial 
mixture Which, When exposed to oxygen, can generate 
substantially no heat, 

placing said initial mixture into an open chamber made of 
material substantially impermeable to air, 

evaporating said volatile oxidation inhibiting liquid from 
said initial mixture in said open chamber to obtain an 
intermediate mixture in said open chamber, 
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placing a predetermined amount of said oxidation facili 
tating liquid into said intermediate mixture in said open 
chamber to obtain a ?nal mixture in said open chamber, 

placing a cover With selected air-permeability onto said 
open chamber to form a closed chamber in Which said 
?nal mixture is disposed, and 

isolating said closed chamber containing said ?nal mix 
ture in a container made of material substantially 
impermeable to oxygen. 

33. The method as claimed in claim 32, Wherein said ?rst 
group of substances further comprises a chloride compound 
selected from the group of sodium chloride, potassium 
chloride or magnesium chloride. 

34. The method as claimed in claim 32, Wherein said ?rst 
group of substances further comprises Wood poWder. 

35. The method as claimed in claim 32, Wherein said 
oxidation facilitating liquid comprises Water. 

36. The method as claimed in claim 35, Wherein said 
liquid comprising Water is in a froZen state. 

37. The method as claimed in claim 32, Wherein said 
cover With selected air-permeability comprises a sheet of 
material substantially impermeable to air; said sheet of 
material de?ning at least one hole. 

38. The method as claimed in claim 37, Wherein said at 
least one hole is covered by a membrane With selected air 
permeability. 

39. The method as claimed in claim 32, Wherein the air 
permeability of said cover With selected air permeability is 
so chosen that the temperature of human skin can be 
increased to a range of betWeen about 37°-50° C. When said 
heating device is directly applied onto said human skin. 

40. The method as claimed in claim 32, Wherein said 
surrounding Wall de?nes at least one hole. 

41. The method as claimed in claim 40, Wherein said at 
least one hole is covered by a membrane With selected 
air-permeability. 

42. The method as claimed in claim 32, Wherein said 
cover comprises a sheet of material With thermal insulation 
properties. 

43. The method as claimed in claim 32, Wherein the 
heating device further comprises means for af?xing onto 
human skin. 

44. The method as claimed in claim 43, Wherein said 
means for af?xing comprises a layer of adhesive. 

45. A method for manufacturing a heat generating 
medium Which is capable of generating heat When exposed 
to oxygen, comprising the steps of 

mixing a ?rst group of substances in a proper ratio to 
obtain an initial mixture, said initial mixture being 
capable of generating heat When exposed to oxygen if 
mixed With predetermined amount of a selected type of 
oxidation-facilitator, said initial mixture in the absence 
of an oxidation-facilitator generating substantially no 
heat When exposed to oxygen; 

disposing a predetermined amount of said oxidation 
facilitator in said initial mixture to obtain a ?nal 
mixture; and 

isolating said ?nal mixture from oxygen. 
46. The method as claimed in claim 45, Wherein said ?rst 

group of substances comprises iron and activated carbon. 

Jul. 4, 2002 

47. The method as claimed in claim 46, Wherein said ?rst 
group of substances further comprises a compound selected 
from the group of sodium chloride, potassium chloride or 
magnesium chloride. 

48. The method as claimed in claim 46, said ?rst group of 
substances further comprises Wood poWder. 

49. The method as claimed in claim 45, Wherein said 
oxidation-facilitator comprises Water. 

50. The method as claimed in claim 45, Wherein said 
oxidation-facilitator comprises sodium chloride and Water. 

51. The method as claimed in claim 45, Wherein said 
oxidation-facilitator comprises potassium chloride and 
Water. 

52. The method as claimed in claim 45, Wherein said 
oxidation-facilitator comprises magnesium chloride and 
Water. 

53. The method as claimed in claim 45, Wherein said 
oxidation-facilitator comprises Water and a salt comprising 
chloride. 

54. The method as claimed in claim 45, Wherein said 
oxidation-facilitator comprises Water and a salt comprising 
?uoride. 

55. The method as claimed in claim 45, Wherein said 
oxidation-facilitator comprises Water and a salt comprising 
bromide. 

56. The method as claimed in claim 45, said oxidation 
facilitator existing as a liquid at about room temperature, and 
said oxidation-facilitator being added to said initial mixture 
in froZen state. 

57. The method a claimed in claim 45 , further comprising 
the steps of 

placing said initial mixture into a container, 

placing a predetermined amount of said oxidation-facili 
tator into said initial mixture in said container to obtain 
the ?nal mixture in said container, and 

isolating said ?nal mixture in said container from oxygen. 
58. The method as claimed in claim 57, Wherein said 

container comprises a bag With pre-determined air perme 
ability. 

59. The method as claimed in claim 57, said container 
comprises a chamber comprising a bottom and a surround 
ing Wall made of ?exible material substantially impermeable 
to air, and a cover having selected air permeability. 

60. The method as claimed in claim 59, Wherein said 
cover comprises a sheet of material substantially imperme 
able to air, de?ning at least one hole. 

The method as claimed in claim 60, Wherein said at least 
one hole is covered by a membrane having selected air 
permeability. 

62. The method as claimed in claim 45, Wherein said 
cover With selected air permeability has a selected air 
permeability such that the temperature of human skin can be 
increased to a range of about 37°-50° C. When said heating 
device is directly applied on to said human skin. 

63. The method as claimed in claim 57, Wherein said 
surrounding Wall de?nes at least one hole. 

64. The method as claimed in claim 63, Wherein said at 
least one hole is covered by a membrane With selected 
air-permeability. 

65. The method as claimed in claim 57, Wherein said 
container further comprises means for affixing to human 
skin. 
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66. The method as claimed in claim 65, wherein said 
means for af?xing comprises an adhesive material. 

67. The method as claimed in claim 59, Wherein said 
bottom Wall further comprises means for af?xing said cham 
ber to humans skin. 

68. The method as claimed in claim 67, Wherein said 
means for af?xing comprises an adhesive area on said 
bottom Wall. 

69. Amethod for manufacturing a heating device Which is 
capable of generating heat When exposed to oxygen, com 
prising the steps of: 

mixing a ?rst group of substances comprising iron and 
activated carbon according to a predetermined ratio to 
form an initial mixture, said initial mixture, When 
mixed With pre-determined amount of a predetermined 
type of liquid comprising Water, being capable of 
generating heat When exposed to oxygen; said initial 
mixture in the absence of a liquid comprising Water 
generating substantially no heat When exposed to oxy 
gen, 

disposing said initial mixture in an open chamber made of 
material substantially impermeable to air, 

adding a predetermined amount of said liquid comprising 
Water into said initial mixture in said open chamber to 
obtain a ?nal mixture in said open chamber, 

placing a cover With selected air-permeability over said 
open chamber to form a closed chamber inside Which 
said ?nal mixture is disposed, and 

placing said closed chamber containing the ?nal mixture 
into a container made of material substantially imper 
meable to oxygen. 

70. The method as claimed in claim 69, Wherein said ?rst 
group of substances further comprises a compound selected 
from the group of sodium chloride, potassium chloride or 
magnesium chloride. 

71. The method as claimed in claim 69, Wherein said ?rst 
group of substances further comprises Wood poWder. 

72. The method as claimed in claim 69, Wherein said 
liquid comprising Water further comprises a chloride salt. 

73. The method as claimed in claim 69, Wherein said 
liquid comprising Water is added in froZen state. 

74. The method as claimed in claim 69, Wherein said 
cover With selected air-permeability comprises a sheet of 
material substantially impermeable to air, said sheet de?ning 
a selected number of holes With selected siZe(s). 

75. The method as claimed in claim 74, Wherein said 
selected number of holes are covered by a membrane With 
selected air permeability. 

76. The method as claimed in 69, Wherein said surround 
ing Wall de?nes at least one hole. 

77. The method as claimed in claim 76, Wherein said at 
least one hole is covered by a membrane With selected 
air-permeability. 

78. The method as claimed in claim 69, Wherein said 
cover comprises a sheet of material having thermal insula 
tion properties. 

79. The method as claimed in claim 69, Wherein said 
heating device further comprises means for af?xing said 
device onto human skin. 

80. The method as claimed in claim 79, Wherein said 
means for af?xing comprises a layer of adhesive. 
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81. Amethod for manufacturing a heating device Which is 
capable of generating heat When exposed to oxygen, com 
prising 

selecting a ?rst group of substances comprising iron and 
activated carbon according to a predetermined ratio, 
said group being capable of generating heat When 
exposed to oxygen When mixed With a pre-determined 
amount of a ?rst liquid comprising Water, said ?rst 
group of substances in the absence of said ?rst liquid 
comprising Water generating substantially no heat 
When exposed to oxygen, 

mixing said substances in said ?rst group With an excess 
amount of said ?rst liquid comprising Water to obtain 
an initial mixture; said excess amount of said ?rst 
liquid comprising Water being sufficient to inhibit oxi 
dation such that said initial mixture generates substan 
tially no heat When exposed to oxygen, 

placing said initial mixture into an open chamber made of 
material substantially impermeable to air, 

evaporating Water from said initial mixture in said open 
chamber in an oxygenless environment to obtain an 
intermediate mixture in said open chamber, 

placing a predetermined amount of a second liquid com 
prising Water into said intermediate mixture in said 
open chamber to obtain a ?nal mixture in said open 

chamber, 
placing a cover With selected air-permeability onto said 

open chamber to form a closed chamber inside Which 
said ?nal mixture is disposed, and 

placing said closed chamber containing said ?nal mixture 
into a container made of material substantially imper 
meable to oxygen. 

82. The method as claimed in claim 81, Wherein said ?rst 
group of substances further comprises a compound selected 
from the group of sodium chloride, potassium chloride or 
magnesium chloride. 

83. The method as claimed in claim 81, Wherein said ?rst 
group of substances further comprises Wood poWder. 

84. The method as claimed in claim 81, Wherein said 
second liquid comprising Water further comprises a chloride 
salt. 

85. The method as claimed in claim 81, Wherein said 
second liquid comprising Water is added in froZen state. 

86. The method as claimed in claim 81, Wherein said 
cover With selected air-permeability comprises a sheet of 
material substantially impermeable to air, said sheet de?ning 
at least one hole. 

87. The method as claimed in claim 81, Wherein said at 
least one hole is covered by a membrane With selected air 
permeability. 

88. The method as claimed in claim 81, Wherein said 
surrounding Wall de?nes a hole. 

89. The method as claimed in claim 88, Wherein said hole 
is covered by a membrane With selected air-permeability. 

90. The method as claimed in claim 81, Wherein said 
cover comprises a sheet of material With thermal insulation 
properties. 

91. The method as claimed in claim 81, Wherein the 
heating device further comprises means for af?xing onto 
human skin. 



US 2002/0083685 A1 

92. The method as claimed in claim 81, wherein said 
means for af?xing comprises a layer of adhesive. 

93. A method of making a heating device With thermal 
insulating properties Which is capable of generating heat 
When exposed to oxygen, comprising the steps of: 

providing a chamber comprising a bottom Wall and a 
cover; said cover comprising material With thermal 
insulation properties and de?ning at least one hole; said 
bottom Wall being made of material With less thermal 
insulating capability than the material of said cover, 

placing a medium capable of generating heat When 
exposed to oxygen into said chamber, and 

sealing said chamber into a container made of material 
substantially impermeable to oxygen. 

94. The method as claimed in claim 93, Wherein said 
chamber further comprises a surrounding Wall. 

95. The method as claimed in claim 93, Wherein said 
cover comprising material With thermal insulation properties 
comprises closed-cell foam material. 

96. The method as claimed in claim 94, Wherein said 
surrounding Wall further comprises material With thermal 
insulation properties. 

97. The method as claimed in claim 93, Wherein said 
cover possesses selected air-permeability. 

98. The method as claimed in claim 97, Wherein said 
cover comprises a sheet of material substantially imperme 
able to air, de?ning a selected number of holes With selected 
siZes in said sheet of material. 

99. The method as claimed in claim 98, Wherein said 
selected number of holes are covered by a membrane With 
selected air permeability. 

100. The method as claimed in claim 93, Wherein the 
heating device further comprises means for af?xing onto 
human skin. 

101. The method as claimed in claim 93, Wherein said 
means for af?xing comprises a layer of adhesive. 

102. An apparatus capable of generating heat When 
exposed to oxygen, comprising: 

a chamber comprising a bottom Wall and a cover, said 
cover being made With material having thermal insu 
lation properties and de?ning at least one hole, said at 
least one hole having a selected siZe; said bottom Wall 
being made of material having less thermal insulating 
capability than the material of said cover, and 

a heat generating medium disposed inside said chamber 
said heat generating medium being capable of gener 
ating heat When exposed to oxygen. 

103. The method as claimed in claim 102, Wherein said 
chamber further comprises a surrounding Wall, said sur 
rounding Wall comprises material having better thermal 
insulating properties than said bottom Wall. 

104. The method as claimed in claim 102, Wherein said 
cover has selected air-permeability. 

105. The method as claimed in claim 104, Wherein said 
cover comprises a sheet of material substantially imperme 
able to air, said sheet de?ning a selected number of holes. 

106. The method as claimed in claim 102, Wherein said 
selected number of holes are covered With a membrane With 
selected air permeability. 

107. The method as claimed in claim 102, Wherein the 
heating device further comprises means for af?xing onto 
human skin. 
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108. The method as claimed in claim 102, said means for 
af?xing comprises a layer of adhesive. 

109. Amethod for manufacturing heating device Which is 
capable of generating heat When exposed to oxygen com 
prising the steps of: 

a. selecting a group of substances Which When combined 
can form a heat generating medium and When com 
bined can result in an exothermic oxidation reaction; 

b. mixing said group of substances together With an 
oxidation inhibitor to form the heat generating medium 
With inhibited heat generating capacity; 

c. disposing said heat generating medium in a container; 
and 

d. isolating said container from oxygen. 
110. The method of claim 109 further comprising the step 

of restoring the heat generating capacity of the heat gener 
ating medium, folloWing the step of mixing. 

111. The method of claim 109, Wherein the oxidation 
inhibitor additionally functions as a loading facilitator. 

112. Amethod for manufacturing a heating device, Which 
is capable of generating heat When exposed to oxygen, 
comprising the steps of: 

a. selecting a group of substances according to a prede 
termined ratio, Which When combined can form a heat 
generating medium and When combined can result an 
exothermic oxidation reaction; 

b. mixing said group With a loading facilitator to form an 
intermediate heat generating medium; 

c. disposing said intermediate heat generating element 
Within a container, said loading facilitator increasing 
amount of heat generating medium per unit volume 
Within the container; and 

d. isolating said container from oxygen. 
113. The method as claimed in claim 112 further com 

prising the step of removing the loading facilitator from the 
modi?ed heat generating medium. 

114. A method for generating heat and heating skin 
comprising the steps of: 

selecting a ?rst group of substances according to a pre 
determined ratio, said ?rst group of substances being 
capable of generating heat When mixed With an oxida 
tion-facilitator and subsequently exposed to oxygen, 
said ?rst group of substances generating no signi?cant 
heat in the absence of the oxidation-facilitator When 
said heat generating medium is exposed to oxygen, 

mixing pre-determined quantities of said substances in 
said ?rst group to form a Mixture A; 

mixing Mixture A With a pre-determined quantity of an 
oxidation-inhibitor to obtain a Mixture B Which gen 
erates substantially no heat When exposed to oxygen, 

removing said oxidation inhibitor from said Mixture B to 
obtain Mixture C, 

placing a pre-determined amount of said oxygen facilita 
tor into said Mixture C to obtain a heat generating 

medium, 
isolating said heat generating medium from oxygen prior 

to application of said heat generating medium, 
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exposing said heat generating medium to oxygen to 
initiate and sustain an oxidation reaction of the heat 
generating medium; and 

applying said heat generating medium proximate to skin. 
115. The method as claimed in claim 114 further com 

prising the steps of: 

loading the heat generating medium into a container prior 
to the step of isolating. 

116. The method as claimed in claim 114 Wherein said 
?rst group of substances comprises activated carbon, iron, 
sodium chloride, and Water. 

117. The method as claimed in claim 114 Wherein said 
oxidation-inhibitor is ethyl alcohol, methyl alcohol, propyl 
alcohol, gasoline or acetone. 

118. The method of claim 115 Wherein the container is a 
chamber comprising a bottom made of materials substan 
tially impermeable to air, and a cover having selected air 
permeability. 

119. A method for manufacturing a heating device Which 
is capable of generating heat When exposed to oxygen, 
comprising: 

selecting a ?rst group of substances comprising iron and 
activated carbon according to a predetermined ratio, 
Which, if mixed With predetermined amount of a ?rst 
liquid comprising Water, is capable of generating heat 
When exposed to oxygen, said ?rst group of substances 
alone capable of generating substantially no heat When 
exposed to oxygen; 

mixing said substances in said ?rst group With an excess 
amount of said ?rst liquid comprising Water to obtain 
Mixture B, said excess amount of said ?rst liquid 
comprising Water being such that Mixture B can gen 
erate substantially no heat When exposed to oxygen; 

placing said Mixture B into an open chamber; 

removing a predetermined quantity of Water from said 
Mixture B in said open chamber to obtain Mixture D in 
said open chamber, said Mixture D having the proper 
amount of Water for facilitating heat generation; 

placing a cover With selected air-permeability onto said 
open chamber to form a closed chamber inside Which 
said Mixture D is disposed; and 

placing said closed chamber containing Mixture D into a 
container made of material substantially impermeable 
to oxygen. 

120. The method of claim 119, Wherein said ?rst group of 
substances further comprises a compound selected from the 
group of sodium chloride, potassium chloride and magne 
sium chloride. 

121. The method of claim 119, Wherein said ?rst group of 
substances further comprises Wood poWder. 

122. The method of claim 119, Wherein said cover With 
selected air-permeability comprises a sheet of material sub 
stantially impermeable to air, With at least one through hole. 

123. The method of claim 122, Wherein said hole is 
covered by membrane With selected air permeability. 

124. The method of claim 119, Wherein said cover com 
prises a sheet of material With thermal insulation properties. 

125. The method of claim 119, Wherein said heating 
device further comprises means for af?xing onto human 
skin. 
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126. The method of claim 125, Wherein said means 
comprises a layer of adhesive. 

127. The method of claim 119, Wherein said removing 
predetermined quantity of Water from Mixture B comprises 
evaporating said predetermined quantity of Water. 

128. The method of claim 119, Wherein said removing 
predetermined quantity of Water from Mixture B comprises 
placing a Water absorbent material into contact With Mixture 
B to absorb Water from Mixture B. 

129. A method for manufacturing a heating device Which 
is capable of generating heat When exposed to oxygen, 
comprising the steps of: 

mixing a ?rst group of substances comprising iron poWder 
and activated carbon according to predetermined ratio 
to form an initial mixture; said initial mixture, When 
mixed With predetermined amount of a predetermined 
type of oxidation facilitating liquid comprising Water, 
being capable of generating heat When exposed to 
oxygen; said initial mixture in the absence of a oxida 
tion facilitating liquid generating substantially no heat 
When exposed to oxygen; 

disposing a predetermined amount of said initial mixture 
into a shalloW bag comprising material permeable to air 
and Water; 

placing predetermined amount of said oxidation facilitat 
ing liquid into said initial mixture in said bag; 

placing the bag containing said initial mixture into a 
chamber comprising a bottom Wall and a cover With 
selected air permeability; and 

placing said chamber into a container made of material 
substantially impermeable to oxygen. 

130. The method as claimed in claim 129, Wherein said 
?rst group of substances further comprises a compound 
selected from the group of sodium chloride, potassium 
chloride, or magnesium chloride. 

131. The method as claimed in claim 129, Wherein said 
?rst group of substances further comprises Wood poWder. 

132. The method as claimed in claim 129, Wherein said 
oxidation facilitating liquid comprises Water comprising a 
chloride salt. 

133. The method as claimed in claim 129, Wherein said 
oxidation facilitating liquid comprising Water is added in 
froZen state. 

134. The method as claimed in claim 129, Wherein said 
cover With selected air permeability comprises a sheet of 
material substantially impermeable to air, said sheet de?ning 
a selected number of holes With selected siZe. 

135. The method as claimed in claim 134, Wherein said 
selected number of holes are covered With a membrane With 
selected air permeability. 

136. The method as claimed in claim 129, Wherein said 
cover comprises a sheet of material having thermal insula 
tion properties. 

137. The method as claimed in claim 129, Wherein said 
chamber further comprises means for af?xing itself onto 
human skin. 

138. The method as claimed in claim 137, Wherein said 
means for af?xing comprises an adhesive area in said 
chamber. 

139. A method for manufacturing a heating device Which 
is capable of generating heat When exposed to oxygen, 
comprising the steps of: 
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providing a sheet of material as the bottom Wall of a 

chamber; 
placing a predetermined amount of a heat generating 
medium onto said bottom Wall, said heat generating 
medium being capable of generating heat When 
exposed to oxygen; 

placing a sheet of material on said heat generating 
medium and said bottom Wall to form a cover, said 
cover having selected air permeability; and 

securing the edge of said cover onto said bottom Wall to 
form an enclosed space inside Which said heat gener 
ating medium is disposed. 

140. The method as claimed in claim 139, Wherein said 
heat generating medium comprises iron poWder, activated 
carbon, and a compound selected from the group of sodium 
chloride, potassium chloride, and magnesium chloride. 

141. The method as claimed in claim 139, Wherein said 
heat generating medium comprises Wood poWder. 

142. The method as claimed in claim 139, Wherein said 
bottom Wall is a plastic tape. 

143. The method as claimed in claim 139, Wherein said 
securing the edge of said cover onto said bottom Wall 
comprises adhering said edge onto said bottom Wall. 

144. The method as claimed in claim 139, Wherein said 
securing the edge of said cover onto said bottom Wall 
comprises heat sealing said edge onto said bottom Wall. 

145. The method as claimed in claim 139, Wherein said 
cover With selected air permeability comprises a sheet of 
material substantially impermeable to air; said sheet de?ning 
a selected number of holes With selected siZe. 

146. The method as claimed in claim 145, Wherein said 
selected number of holes are covered With a membrane With 
selected air permeability. 

147. The method as claimed in claim 145, Wherein said 
cover comprises a sheet of material having thermal insula 
tion properties. 

148. The method as claimed in claim 139, Wherein said 
heating device further comprises means for af?xing itself 
onto human skin. 

149. The method as claimed in claim 148, Wherein said 
means for af?xing comprises an adhesive area on side 
chamber. 
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150. The method in claim 139, Wherein said heat gener 
ating medium is disposed in a thin bag comprising material 
permeable to air and Water. 

151. The method in claim 139, further comprising the 
folloWing steps before placing said cover onto said bottom 
Wall: 

placing a mixture A onto said bottom Wall; said mixture 
A being a heat generating medium minus oxidation 
facilitating liquid comprising Water, and can generate 
substantially no heat When exposed to oxygen; and 

placing a predetermined amount of said oxidation facili 
tating liquid comprising Water into said mixture A. 

152. The method in claim 151, Wherein said mixture A is 
in a thin bag comprising a material permeable to air and 
Water. 

153. A method of manufacturing a heat generating 
medium capable of generating heat When exposed to oxy 
gen, comprising the steps of: 

selecting a group of substances comprising iron, activated 
carbon, and an oxidation facilitating liquid comprising 
Water; said group of substances, When mixed at room 
temperature, being capable of generating heat at room 
temperature When exposed to oxygen; and 

mixing said group of substances at a temperature loW 
enough such that said oxidation facilitating liquid is 
froZen. 

154. The method as claimed in claim 153, Wherein said 
?rst group of substances further comprises Wood poWder. 

155. The method as claimed in claim 153, Wherein said 
oxidation facilitating liquid comprising Water comprises 
sodium chloride. 

156. The method as claimed in claim 153, Wherein said 
oxidation facilitating liquid comprising Water comprises a 
chloride slat. 

157. The method as claimed in claim 153, Wherein said 
temperature is beloW 0° C. 

158. The method as claimed in claim 153, Wherein said 
temperature is beloW —15° C. 


