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TUNABLE FLAMELESS HEATERS

TECHNICAL FIELD

The invention relates to portable flameless heating apparatuses and methods
utilizing an exothermic chemical reaction to produce heat without the need for an external
source of energy such as a fire or flame. Particularly, there is disclosed hereby a flameless
heater based on the exothermic reaction of a magnesium-iron alloy in the presence of salt
and water, which apparatus generates sufficient energy to heat an item, material or
component, as an example, but not limited to, a meal, a beverage, or any other item for
consumer, industrial and military markets. Specifically, this disclosure relates to a
flameless heater apparatus and method whose heating capacity and performance can be
selected and tuned at the time of manufacture, and which is easily used and has a long shelf
life.

BACKGROUND ART

The use of magnesium-iron super-corroding alloy to design flameless heaters has
been known for several decades. In the presence of an activator such as salt, a super-
corroding alloy, typically a magnesium-iron alloy reacts with water, resulting in an
exothermic reaction which generates heat and evolves hydrogen gas. It is possible to
design a heating apparatus which is portable, safe to store and transport, and convenient to
use. A number of such portable flameless heaters, particularly for heating of food, are
known.

For example, a flameless ration heater pad based on the magnesium-iron alloy is
described in U.S. Patent No. 4,522,190 to Kuhn, et al., the disclosure of which is
incorporated herein by reference. Kuhn, et al. describe a flameless ration heater pad or
cake which consists of a super-corroding metallic alloy such as magnesium-iron and other
ingredients blended together and dispersed throughout a porous matrix of polymeric
material, such as polyethylene. When such a pad is wetted with saline water, an

exothermic reaction is initiated, releasing enough energy to heat a desired substance. The
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magnesium-iron alloy used by Kuhn et al. contained 5 atomic percent (10.8 weight
percent) iron.

Another example of a flameless ration heater based on magnesium-iron alloy is
described in U.S. Patent No. 5,611,329 to Lamensdorf, the disclosure of which is
incorporated herein by reference. Lamensdorf teaches about a flameless ration heater
made by first creating a mixture of magnesium-iron alloy powder with salt and an anti-
foaming agent. Next, the blended powder is evenly distributed and enclosed into pockets
made by selective thermal bonding of two rectangular non-woven gas and water permeable
plastic sheets.

Other references providing useful background include U.S. Patent No. 6,248,257 to
Bell et al., and U.S. Patent No. 7,258,117 to Payen et al., both of which are incorporated
herein by reference.

Such flameless ration heaters can be included into a device specially created for a
particular use, such as for heating a single or multiple serving meal or beverage or any

other application.

DISCLOSURE OF THE INVENTION

The invention of this disclosure is a method and an apparatus relating to flameless
ration heaters. Such heaters are used to heat an item, such as container(s) of water or
tray(s) of food, or any other application. Paramount aspects of the present method and
apparatus are that the solid reactive ingredients (not including liquid reactant, typically
water) are not all blended or mixed together at the time of apparatus fabrication. Rather, at
least one key ingredient, preferably the active ingredient (typically a super-corroding alloy
of magnesium and iron) in a dry powder form is kept physically segregated from all the
other ingredients, such as catalysts (normally acids such as acetic or tartaric acid or acidic
mixtures known in the art) and surfactants. In the present invention, the exothermic
chemical reaction is initiated only after at least one (typically a dry powder catalyst) goes
into aqueous solution after the application of water (saline or non-saline). The catalytic
solution flows out, through, and about and among water-permeable pockets in the pouch-

like apparatus which contain one or more other ingredients, including the active ingredient
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(e.g., the Mg-Fe alloy). Thus, the catalyst and the active ingredient do not come into
effective contact until a flowing aqueous solution carries one or more of them to the other,
and then mixes the inter-reactive ingredients to generate the desired heat. In a preferred
embodiment, the apparatus incorporates the necessary activator, typically a salt, in dry
powder form, and the application of plain water dissolves not only the catalyst but the salt
activator also, and carries these solutions to mix with each other and to come in contact
with the Mg-Fe alloy. The self-contained apparatus does not include any liquid reservoirs;
water (whether saline or not) is separately and independently supplied.

There is disclosed hereinafter a method for flamelessly heating an item. Succinctly
summarized, the method features the steps of: providing a pouch; defining at least two
water-permeable pockets in the pouch; disposing in at least one pocket a dry powder active
ingredient; disposing in another pocket, physically segregated from the dry powder active
ingredient, a dry powder catalyst; and wetting the pouch with saline solution sufficient to
penetrate the water-permeable pockets, causing a substantial portion of the catalyst to
dissolve into solution; and then permitting the acidic saline solution to move amongst the
water-permeable pockets to come in contact with the active ingredient and initiate an
exothermic reaction in the pouch. The step of wetting the pouch may comprise applying a
saline or non-saline aqueous solution to the pouch. If the apparatus pouch has no pocket
holding a salt activator, it is necessary to apply a saline solution to the pouch to initiate the
exothermic reaction. For those embodiments of the apparatus which incorporate a pocket
holding a salt activator, merely applying plain, non-saline, water to the apparatus will
generate a saline solution which in turn activates the desired reaction.

In the method, the step of providing a pouch optionally comprises providing two or
more pouches connected together, and then defining one or more pockets in each of the
pouches. Continuing in the method, there are disposed in the pockets of any one pouch
one or more ingredients, such ingredients being selected from, but not limited to, the group
consisting of an active ingredient, a catalyst, a powder salt activator, a powder surfactant, a
hydrogen getter, and an inert material. The step of disposing in the pockets of any one
pouch the ingredients preferably comprises disposing in those pockets two or more of the

ingredients, wherein, at least one of the pockets holds the active ingredient. Such pouches
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can be connected together in a configuration to create a multi-pouch heater which provides
optimal heating of the desired item. |

Alternatively; the method may include a process whereby the step of defining at
least two water-permeable pockets in the pouch comprises defining at least three pockets,
and further comprises the steps of: disposing only the powder active ingredient in at least
two pockets, as well as disposing in the other pockets in the pouch at least one other
ingredient selected from the group consisting of a catalyst, a powder salt activator, and a
powder surfactant. If none of the pockets contain an activator salt, the step of wetting the
pouch may comprise applying a saline solution to the pouch. If at least one of the pockets
holds a powder salt activator, then the step of wetting the pouch may comprise simply
applying plain, non-saline, water to the pouch. The step of disposing in the other pockets
in the pouch at least one other ingredient may comprise disposing a powder mixture of one
or more of the other ingredients.

The method also includes a process whereby the heating performance of the
apparatus may be predetermined, or “tuned,” at the time of fabrication. In such process, the
step of defining at least three pockets comprises sealing the pockets closed, and further
comprises the step of selectively tuning the rate of the exothermic reaction by selectively
measuring the disposition of the powder ingredient in the pockets. These measuring steps
occur prior to sealing closed the pockets. Defining at least two water-permeable pockets in
a pouch preferably means creating non-frangible seams in the pouch. In the practice of the
inventive method, it is not necessary to open or rupture any seam or barrier between
pockets holding disparate reactive ingredients.

There also is disclosed hereinafter an apparatus generally concordant with the
foregoing summarized methods. The inventive flameless ration heater apparatus
comprises in a fundamental form a pouch; at least two water-permeable pockets within the
pouch by non-frangible seams in the pouch; a dry powder active ingredient disposed in a
first pocket; a dry powder catalyst disposed in a second pocket, physically segregated from
the dry powder active ingredient, wherein the active ingredient, in the presence of a
catalyst, react exothermally in the presence of a saline solution; and wherein when the

pouch is wetted with saline water sufficient to penetrate the water-permeable pockets, a
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substantial portion of the catalyst dissolves into solution which solutions move amongst
the water-permeable pockets to initiate an exothermic reaction in the pouch.

One possible embodiment of the apparatus features two distinct pouches that are
connected together, with at least two pockets in a first one of the pouches and a single
pocket in the second one of the pouches. In this dual-pouch embodiment, one or more
ingredients are disposed in the pockets in the first pouch, which ingredients are selected
from, but not limited to, the group consisting of an active ingredient, a catalyst, a powder
salt activator, a powder surfactant, a hydrogen getter, and an inert material. Also, a single
other ingredient is disposed in the pocket in the second pouch and also is selected from the
group consisting of an active ingredient, a catalyst, a powder salt activator, a powder
surfactant, a hydrogen getter, and an inert material, but this single other ingredient is
selected to be one of the ingredients that is not disposed in any of the pockets in the first
pouch. It is acceptable, in this embodiment, to have powder mixtures of two or more of
the ingredients disposed in the pockets in the first pouch. The various pockets in the first
pouch may contain a single ingredient or a mixture of ingredients, and the mixtures of
ingredients may vary from pocket-to-pocket in the first pouch or may be a consistent
mixture amongst the pockets. At least one pocket should contain the active ingredient.
The active ingredient does not share a common pocket in any pouch with either the salt
activator or the catalyst.

If at least one of the pockets holds a powder salt activator, wetting of the pouches
with non-saline water causes a saline solution to move between the pouches and amongst
the pockets. As the saline solution penetrates the water-permeable pockets, the various
inter-reactive ingredients are brought into chemically effective contact, thus initiating the
exothermic reaction. If none of the pockets hold a powder salt activator, the wetting of the
pouches is accomplished by using a saline solution to wet the pouches.

Further to this embodiment of the apparatus, at least two water-permeable pockets
in the pouch preferably comprise at least three pockets, in which instance the apparatus
further features a configuration in which only the powder active ingredient (typically a
Mg-Fe alloy) is disposed in at least two pockets, and at least one other ingredient selected

from the group consisting of a catalyst, a powder salt activator, a powder surfactant, a
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hydrogen getter and an inert material is disposed in each of the other pockets in the pouch.
If at least one of the pockets holds a powder salt activator, whereby wetting the pouch with
a non-saline water causes the salt activator to dissolve into a saline solution which moves
amongst the pockets in the pouch. This is the “water-activated” version of the apparatus. If
none of the pockets hold a powder salt activator, the wetting of the pouches is

accomplished by suing a saline solution.

BRIEF DESCRIPTION OF THE DRAWINGS

The attached drawings, which form part of this application, are as follows:

Figure 1 is a perspective view, with portions broken away to reveal interior
elements, of a first possible embodiment of the heat-releasing apparatus according to the
present disclosure;

Figure 2 is a schematic sectional view of the apparatus shown in Fig. 1;

Figure 3 is a flowchart illustrating generally a method for fabricating a heat-
releasing apparatus according to the present disclosure;

Figures 4(a)-(e) are a series of schematic views showing a heat-releasing apparatus
according to the present disclosure in selected stages of fabrication, illustrating in part a
manufacturing method according to the present disclosure;

Figures 5(a)-(d) are a series of schematic views showing a heat-releasing apparatus
according to the present disclosure in selected stages of fabrication, illustrating in part an
alternative manufacturing method according to the present disclosure;

Figure 6 is a perspective view, with portions broken away, of a two-pocket
embodiment of a heat-releasing apparatus according to the present disclosure, there being a
mixture of salt and activator compositions situated in the right-side pocket;

Figure 7 is a schematic sectional view of yet another alternative embodiment of a
heat-releasing apparatus according to the present disclosure, illustrating a hexagonal
configuration having a plurality of sectional pockets containing active ingredients situated

peripherally around a central pocket containing an activator composition;
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Figure 8(a) is a schematic view of yet another alternative embodiment of a
heat-releasing apparatus according to the present disclosure, illustrating a pouch of
rectangular configuration composed of a water-permeable material and having a plurality
of sectional pockets containing different or same ingredients, and an additional pouch
which may be made from a different type of water-permeable material and may contain a
different ingredient;

Figure 8(b) is a sectional view of the embodiment of Fig. 8(a), the section being
taken along line A——A in Fig. 8A;

Figure 9 is a schematic of another alternative embodiment of the flameless heater
apparatus according to the present disclosure, showing a six-pocket pouch with, for
example, approximately 15 grams of magnesium-iron alloy in each of the four outer
pockets and approximately 3 grams of tartaric acid in each of the two inner pockets, also
showing a separate pouch containing about 8 grams of salt to be sprinkled onto the six-
pocket pouch prior to activation with water;

Figure 10 is a schematic of another embodiment of the flameless heater apparatus
according to the present disclosure, showing a nine-pocket pouch with, for example,
approximately 20 grams of magnesium-iron alloy in each of the six outer pockets and
approximately 4 grams of tartaric acid in each of the three inner pockets; such an apparatus
may be activated with a saline solution and is capable of heating a nominally 60- to
100-ounce meal;

Figure 11 is a graph showing the temperature rise at a selected time and the time
required to achieve a desired temperature when heating a 90-ounce water tray heated using
different compositions of active ingredient, catalyst and saline solution combinations in an
embodiment of the apparatus according to this disclosure, illustrating the tunable feature of
the disclosed apparatus; and

Figure 12 is a graph showing the temperature increase achieved after 10 minutes
and after 30 minutes of heating a 90-ounce test water tray using an embodiment of the
disclosed apparatus with varying amounts of catalyst.

Like elements are similarly labeled throughout the various views.
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DESCRIPTION OF THE INVENTION, INCLUDING BEST MODE

The present disclosure is directed to an innovative heater that is particularly well-
suited as a “flameless ration heater” (FRH), which is used for heating food servings or
beverage (single or multiple servings) using an exothermic chemical reaction. However,
the disclosed apparatus and method are not limited in its utility to the heating of food or
beverage, and may find utility in other applications where a convenient, quick, and safe
flameless source of heat is desired. Also, methods for making and using the improved
flameless heater apparatus are disclosed.

Further, in the presently disclosed apparatus, the dry powder chemical ingredients
are not all blended together; rather, one or more of the ingredients is kept segregated from
all others until the time of activation.

To use the present flameless ration heater, water is supplied to wet thoroughly a
pouch with physically distinct pockets holding respective ones of the dry powder reactive
ingredients. The water passes through the water-permeable pockets to dissolve the water-
soluble ingredients, and the flowing aqueous solutions then freely mix with and wet the
active ingredient to start the exothermic chemical reaction. For the reaction to take place,
there must be an active ingredient (typically an alloy of magnesium, typically a super-
corroding Mg-Fe alloy) in the presence of a catalyst ingredient (an acid such as tartaric
acid) and an activator ingredient (a salt, such as NaCl). When the active ingredient is a
Mg-Fe alloy, the reaction is generally characterized by': Mg + 2H,0 — Mg(OH), + H, +

heat (and water vapor).

Ingredients:

Thus the principal ingredients of the apparatus include an active ingredient, a
catalyst, and an activator. Optional ingredients include one or more surfactants a
hydrogen-getter substance, and other inert materials.

Table 1 below shows a list of ingredients, in approximate weight percentage
ranges, for the presently disclosed heat-releasing apparatus. However, the scope of the
invention is not limited by the content listed in Table 1; Table 1 offers some generalities

typical to the present apparatus and method.
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TABLE 1
TYPICAL
# | FUNCTION INGREDIENT CONTENT
Active Super-Corroding Metallic Alloy
1 . such as Magnesium-Iron Alloy or Other Balance
Ingredient p
owders
Dry Acid Granules
2 | Catalyst suglh as Tartaric Acid or Other Granules up t0 20%
3 | Surfactant Dry Surfactant (optional) upto2 %
Salt Granules (optional)
4 | Activator such as Sodium Chloride or Other 01012 %
Granules

The active ingredient according to this disclosure preferably is a powdered super-
corroding magnesium-iron alloy preferably containing approximately up to 12 weight
percent of iron. The magnesium-iron alloy most preferably contains about 5 weight
percent (2.25 atomic percent) of iron. Optionally, the active ingredient may be an alloy of
magnesium, iron and a hydrogen getter, the hydrogen-getter being optional. Alternatively,
the active ingredient could be a blend of a magnesium-iron alloy and a hydrogen getter or
an inert material. A hydrogen-getter or an inert material may be included when, according
to principles known in the pertinent art, the character of the necessary ingredients, or the
intended use of the apparatus, suggests the need for the decreased release of hydrogen.
The disclosed active ingredient is not limited to the stated alloy or the stated composition
of the alloy.

The preferred catalyst according to this disclosure is a tartaric acid, or acetic acid,
or citric acid, or any similar mild acid which controls or modifies the pH of the activating
solution and/or acts a catalyst for the heat-generating reaction. However, the catalyst is not
limited to the stated ingredients or stated amounts. The surfactant, which is optional, can
be any known material that can help control or modify the surface energy or surface
tension of the activating solution.

The preferred activator according to this disclosure is a salt such as sodium
chloride; however, the disclosed activator is not limited to the stated salt or stated amount.

Also, in referring to Table 1, it should be understood that while an activator is necessary
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for the desired exothermic reaction to occur, it may or may not be an integral part of the
apparatus itself. Rather, the activator, such as a salt, in some embodiments can be
independently added from a separate source during the actual practice of the invention.
Thus, depending on the embodiment utilized, either water or a saline solution is needed to
initiate the heat-releasing reaction. If the salt has been incorporated into the apparatus,
water is used to initiate the reaction (“water-activated” embodiment of the apparatus). If
salt has not been incorporated into the apparatus, a saline solution is needed to initiate the
reaction (“saline-activated” embodiment)‘. Alternatively the catalyst, for example an acid,
can also be incorporated into the saline solution. Further, as an alternate, the end user can
add or sprinkle salt (or a mixture of salt and tartaric acid) on the apparatus and initiate the
reaction using plain water.

The ingredients, including the active ingredient (e.g., a super-corroding metallic
alloy), the catalyst (e.g., tartaric acid, or may be acetic acid), and optionally the activator
(e.g., sodium chloride) and/or surfactant are held separately within various sealed pockets
of a water-permeable non-woven pouch. At least some of ingredient remains segregated in
separate pockets until such time that water or a saline solution is added to the apparatus, at
which time the various ingredients dissolve into the aqueous solution and can exit their
respective pockets to permit general mixing of ingredients and initiation of the desired
exothermic reaction.

In this disclosure and claims, “powder” refers to particles, that is, a solid substance
in the form of tiny loose particles or agglomerates; a solid that has been pulverized.
“Frangible” means readily torn, opened, or ruptured, and “non-frangible” in this disclosure
refers to a seam or barrier that is relatively durable and not intentionally devised or
intended to be opened, ruptured, torn or broken. “Water-permeable” describes a material
through which water readily passes, a material that is a substantially negligible barrier to

the passage of an aqueous solution.

Apparatus Description:

Reference is made to Figs. 1 and 2 showing a water-activated, heat-releasing
apparatus 10 according to the present disclosure. In the illustrated example, the

apparatus 10 is a water-permeable non-woven fabric pouch 14 having six pockets 16-21

10
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arranged in two rows. Each row has three pockets, two large pockets 16, 18 and 19, 21 on
the outside, with small pockets 17 and 20 in the middle. In this configuration, the active
ingredient 26, for example the dry powder super-corroding magnesium-iron alloy, is
roughly evenly distributed among the four large pockets 16, 18, 19 and 21. The

catalyst 28, for example tartaric acid powder, is held in one of the small pockets 17. The
activator 30, for example sodium chloride powder, is sealed in the other small pocket 20.
In the alternative embodiment of a saline-activated apparatus, the small pocket 20 is empty
or the catalyst 28 only is roughly evenly distributed between the two small pockets 17

and 20.

Fabrication Methods:

There also is disclosed hereby a process for efficiently fabricating the apparatus
according to the invention. Fig. 3 provides a general illustration of a method for
fabricating the heat-releasing apparatus 10. The first step is to manufacture the active
ingredient 26, which in all embodiments preferably is a magnesium-iron alloy powder
wherein iron particles are alloyed with or embedded within a magnesium matrix.
Optionally, a hydrogen getter or an inert material may be included into the active
ingredient mix. Preferably, the hydrogen getter composition and/or the inert material are
incorporated directly with the active ingredient alloy as part of the alloy manufacturing
process. As an example, a preferred method to produce the magnesium-iron alloy is by co-
milling pure magnesium powder and iron powder. (The production of the magnesium-iron
alloy is not limited to the stated method.) Next, optionally, some — but not all — of the
ingredients may be mixed together. A water-permeable sheet, for example a non-woven
fabric material, then is folded, and a pouch 14 is created by sealing (by any suitable means)
two sides of the folded sheet. Individual pockets (e.g., pockets 16-21) are also created by
selectively seaming the pouch 14. These pockets are filled respectively with the various
ingredients, and the pouch 14 is finally sealed such that the ingredients are held within the

heat-releasing apparatus 10.
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Several possible options exist for the more specific step-by-step manufacture of the
apparatus 10. A few possible production methodologies are now presented, but the
disclosure of these options is not intended to be limiting.

As an example, Fig. 4 illustrates a “fill and seal” type process to create a six-pocket
heat-releasing apparatus 10. As seen in Fig. 4(a), fabrication begins with a rectangular
piece of water-permeable non-woven sheet 40. This sheet 40 is first folded at the “fold-
line” 41 shown in Fig. 4(a). The two sides 42, 43 of the sheet 40 are sealed to create a
pouch with a single void. Next, non-frangible seams 44, 45 are selectively defined, as by
heat welding or the like, onto the pouch to create three pockets 46-48, as depicted in
Fig. 4(b). Two pockets 46, 48 are provided (at least partially filled) with active
ingredient 26 (e.g. the super-corroding alloy powder), and the third pocket 47 is provided
with a suitable powdered catalyst 28 (or activator salt 30, including, but not limited to
NaCl), as seen in Fig. 4(c). Thus Fig. 4(c) shows the first “row” provided with measured
quantities of ingredients. The powder-containing pockets 46-48 are then sealed with a
non-frangible mid-seam so that the ingredients 26 and 28 (or 30) remain within the first
row of filled (or partially filled) pockets, as illustrated in Fig. 4(d). This creates a second
row of pockets 52, 53, 54.

Next, two pockets 52, 54 in the second row are provided with the active
ingredient 26 and the third and middle pocket 53 is provided with an activator 30 such as a
salt (or catalyst 28, such as, but not limited to, tartaric acid). It is noted that, for a water-
activated embedment, if the first middle pocket 47 is provided with a catalyst, the other
middle pocket 53 is provided with an activator, and vice-versa. For a saline-activated
embedment, one pocket 47 or 53 may be empty and the other contains the catalyst 28 or
both 47 and 53 may contain the catalyst 28. Referring lastly to Fig. 4(e), the second row is
sealed with an appropriate top non-frangible seam 55 to complete a six-pocket heat-
releasing pouch apparatus 10.

A variation of the “fill and seal” process is the “seal, fill and seal” process wherein
two water-permeable non-woven sheets are used instead of just one. The variation can
also be understood in reference to Fig 4(a)-(e), except that two sheets 40 are brought

together and sealed to create seams 41, 42, 43, 44 and 45, thus creating pockets 46, 47

12



10

15

20

25

30

WO 2010/141080 PCT/US2010/001604

and 48. Next, ingredients 26 is filled into pockets 46 and 48 and ingredient 28 or 30 is
filled into the pocket 47. Next, seam 49 is created, further ingredient 26 (or potentially
alternative ingredient 28 or 30) is filled into pockets 52 and 54 and ingredient 28 or 30 is
filled into pocket 53. Finally, seam S5 is created and optionally the fabric cut to create the
embodiment 10.

In an alternative “drop, fold, and seal” fabrication process, a water-permeable
sheet 58 (for example, of non-woven fabric) is laid flat on a working area as shown in
Fig. 5(a). The various ingredients 26, 28, 30 are measured as to quantity and controllably
dropped or deposited at pre-determined locations on one-half of the sheet 58, as seen
Fig. 5(b). Referring to Fig. 5(c), the sheet next is folded “in two” along fold line 41 so as
to cover the ingredients. The doubled-over sheet 58 is selectively sealed along selected
lines to create non-frangible seams 42, 43, 44, 45, and 55 that isolate the
ingredients 26, 28, 30 within their individual respective pockets 46-48 and 52-54, thus
creating the apparatus 10 shown in the sectional view of Fig. 5(d). The end product 10 is
substantially the same in final physical configuration as in the “fill and seal” method
discussed above with reference to Figs. A(a)-(e).

A variation of the “drop, fold, and seal” process is the “drop and seal” fabrication
process. In this method, two water-permeable sheets 58 are utilized. The variation also
can be understood yet with reference to Figs. 5(a)-(d), except that a first one of two water-
permeable sheets is placed on the working surface; in this variation, the first sheet is about
one-half the size of the sheet utilized in the variation explicitly shown in Fig. 5(a). The
ingredients 26, 28, 30 are then measured and placed at pre-determined locations on the |
sheet. Next, instead of folding over a single sheet, a second, separate sheet is placed on top
of the first sheet in alignment therewith to cover the ingredients. Finally, the two sheets
are selectively sealed to create the intermediate and peripheral seams that isolate the
ingredients 26, 28, 30 within their individual corresponding pockets, as seen in Fig. 5(d).
In this variation, thus, there is no fold line 41 (Fig. 5(a)), and instead there is one additional
seam made in lieu of the folded edge of the variation explicitly seen in Figs. 5(a)-(c).

As another option, a pouch with unfilled pockets may be first created by folding

and sealing of a water-permeable fabric. As a next independent step, the empty pockets
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are filled with ingredients as desired. Such a flameless-heat-releasing apparatus, or
multiple such flameless-heat-releasing apparatus, can be optionally sealed in a water-proof
plastic bag for the purpose of transportation.

A heat-releasing apparatus as described above may be used in operative
combination with any of a variety of additional structural elements known in the art,
including trays, boxes, bags, or other suitable containers, including containers having all or
portions of their structure substantially impermeable to water, to provide a portable device

for providing flameless heat for heating food, beverages, or other items.

Using a Heat-Releasing Apparatus:

There can be a variety of applications for the heat-releasing apparatus described
above. The description below on how to use a heat-releasing apparatus are for illustration
purposes only and shall in no way be construed to limit the scope of the invention.

A multi-pocket heat-releasing pouch apparatus, as described above, may be placed
within a container or tray, and the item to be heated placed in a resting position upon the
heat-generating apparatus. Water (plain or saline, depending on the embodiment utilized)
may then be poured into the container or tray, thereby wetting the water-permeable pouch.
Water penetrates the permeable sheet material and contacts the ingredients contained
within the various pockets of the pouch. While the different ingredients initially are
physically separated in discrete pockets of the apparatus, certain ingredients dissolve in the
added water and their respective solutions are free to exit the pockets and mix freely.

For example, when a water-activated flameless heat-releasing apparatus according
to the present disclosure is activated using plain water, the water permeates into the various
pockets, including those containing salt and/or tartaric acid. Some of the salt and tartaric
acid dissolve in the water. The resulting acidic saline solution (“activating solution”)
escapes the activator- and catalyst-containing pockets, and then penetrates into the other
pockets of the apparatus to come into contact with the active ingredient (e.g., Mg-Fe
alloy); such contact initiates the exothermic reaction and generates the desired heat. As the
activating solution heats up, it dissolves further the balance of the catalyst and activator

powders, and the exothermic reaction continues till the ingredients are spent. The spent
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material is magnesium hydroxide or magnesium oxide or a combination of two. These are
inert materials and can be discarded as regular trash.

Again, a central feature of the apparatus is that some of the ingredients are kept
mostly unmixed until the actual time for use. The apparatus features a water-permeable
pouch, preferably fabricated from an unwoven felt or fabric. Seams provided in the pouch
define separate, closed, pockets within the pouch, whereby each ingredient is physically
segregated in its own pocket. (For example, a pouch has three pockets, one containing salt,
one containing tartaric acid, and one containing a magnesium-iron powder.) The seams
may be created by thermal sealing, or by ultrasonic sealing, or by using an adhesive or any
other such method.

The exothermic reaction is triggered by pouring water or saline solution onto the
apparatus, or alternatively, partially immersing and optionally agitating the apparatus in
water or saline solution. The water-soluble ingredients (e.g., salt, tartaric acid) go into
solution and then, and only then, do these ingredients escape their respective pockets by
penetrating outward through the permeable pouch material. The solution transports the
dissolved ingredients to other pockets in the apparatus. Thus, via such an activating
solution, the dissolved ingredients can be transported to pockets containing the other
(perhaps non-soluble or less-soluble) ingredients, for example the magnesium-iron alloy
powder. The overall result is that all the ingredients eventually are wet-mixed by the
action of the moving solution flowing through the permeable pouch material and into (and
out of) all the separate pockets. But, again, further to advantages of the invention, at least
some of the dry ingredients are not pre-mixed; they are physically separated into discrete
pockets until a solution is applied to mix them. Further, the pockets in the pouch are
defined in a preferred embodiment by non-frangible seams. This feature safeguards the
integrity of the physical segregation of the dry powder ingredients in different pockets
prior to use. It also distinguishes the apparatus from known devices requiring the rupture
of package compartments, at the time of use, to permit ingredients physically to come in

contact.
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Examples of Apparatus Design:

The heat-releasing appératus thus described can be manufactured in various shapes
and configurations. At a minimum, there are two pocket sections in the apparatus — one
section holding the active ingredient (Mg-Fe) alloy, and the other holding a second
ingredient or a mixture of ingredients. In theory, the heat-releasing pouch apparatus may
have any number of pockets greater than two; the maximum is limited mainly by
pragmatics, including the size of the starting sheet and the end application. The pockets of
the heat-releasing apparatus can be of any desired shape or size and arranged in any
desirable configuration. The type and amount of reactive ingredients can be placed within
the pockets in any desirable configuration; the amount and location of different reactive
ingredients in the apparatus permits the apparatus to be “tuned” at the time of fabrication to
have a predetermined heating performance characteristic. Thus, the pocket sizes, shapes,
and configurations and the type and amounts of ingredient within the respective pockets
can all be varied to optimize and fine-tune the performance of the apparatus for a given
end-use application.

Further, as an option, it is possible to blend some, but not all, of the ingredients
together — for example, the catalyst (e.g., tartaric acid) and activator (salt) may be blended
together. It is noted, however, that not all the reactive dry powder ingredients are blended
together. The active super-corroding metallic alloy active ingredient preferably remains
segregated in its own corresponding pocket of the apparatus until activation commences
with the deliberate application to the apparatus of water or saline solution. The metallic
alloy active ingredient may have an inert material and/or a hydrogen-getter incorporated
therewith; thus in certain preferred embodiments the pocket(s) holding active ingredient
may contain only active ingredient or a composition consisting only and exclusively of the
alloy and a hydrogen getter, or of only the alloy and an inert material, or of only the alloy,
a hydrogen getter, and an inert material.

The apparatus may consist of more than one pouch, different pouches may be made
from different materials, and one or more pouches may have multiple pockets, and the
pouches may be assembled together into one cohesive unit, and the ingredients may be

brought together at time of use.

16



10

15

20

25

30

WO 2010/141080 PCT/US2010/001604

For example, a two-pocket embodiment of the apparatus 10 may have the super-
corroding active ingredient 26 situated in one pocket, and the catalyst 28 and/or
activator 30 in a second pocket 61, as seen in Fig. 6. If the second pocket 61 contains only
a catalyst, the apparatus 10 is saline-activated. If it contains a selected mixture of catalyst
and activator, the apparatus is a water-activated version of the invention. In such an
embodiment, the edges of the pouch 14 are sealed with closed seams 62, 63, 64. A central
divider seam 65 separates the pockets 60 and 61.

Or, a three-pocket embodiment of the heat-releasing apparatus 10 may have Mg-Fe
alloy powder in two large pockets and the catalyst (or catalyst mixed with the activator) in
one other small pocket. Further yet, the Mg-Fe alloy may be in a single (comparatively
large) pocket, with the catalyst in a second (smaller) pocket, and the activator in a third
(small) pocket. Thus one preferred embodiment of the flameless heater apparatus may
consist of a pouch with three pockets. Two large outside pockets may each contain
approximately 10 grams of the active ingredient Mg-Fe alloy powder, and a center small
pocket may contain approximately 2 grams of tartaric acid. Such an apparatus could be
used to heat a seven- to nine-ounce meal serving.

Or, the heat-releasing apparatus 10 optionally may be crafted to define a hexagonal
shape, as depicted generally in Fig. 7, as a pouch 14 with six peripheral pockets 66-71 for
the active ingredient (e.g., magnesium-iron alloy powder) and a central pocket 72 for a
catalyst. The various pockets 66-72 are defined by non-frangible seams (again, created by
suitable known means) which separate the respectively contained dry ingredients.

As seen in Figs. 8(a) and 8(b), the apparatus 10 alternatively may be made with two
pouches 74 and 76, preferably but not necessarily fabricated according to a method
described hereinabove, which have been connected together. A larger pouch 74 made with
Fabric Type-1 75 has four pockets 80, 81, 82, 83 holding two or three different
ingredients 85, 85°, 85°” (for example, Mg-Fe alloy powder, hydrogen-getter compositions,
surfactants, or catalysts). A smaller pouch 76 made with Fabric Type-1 or Type-2 77
defines a pocket holding an ingredient 86 which preferably but not necessarily is different
from those held in the larger pockets 80-83 (for example, a catalyst or an activator, as

selected at the time of manufacture, and depending upon the contents of the larger pockets,
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whether the apparatus 10 is water- or saline-activated, and the desired heating
characteristics of the apparatus). The small pouch 76 preferably is connected or attached
to the larger pouch 74, as indicated in Figs 8(a) and 8(b).

The two pouches 74, 76 may be connected together by known techniques such as
gluing, thermal sealing, ultrasonic bonding, sewing etc. A further extension of this concept
allows for a design of an appafatus 10 in which practically any type of geometric
configuration is possible, with any combination of ingredients placed in any spatial
orientation, with the flexibility of having at least one dry ingredient that is enclosed in a
pouch material that is different than the pouch material enclosing and containing one or
more other dry ingredients. Combining multiple pouches 74, 76 made from differing
materials permits the pouches to have different permeability to water (or to have some
other distinctive physical characteristic), or pouches made of materials of different costs,
for example. Further a variety of geometric configurations of multi-pouch heaters can also
be designed to provide heat preferentially to certain sections of the item, the material or the
component being heated.

Referring to Fig. 9, another embodiment of the apparatus may consist of a
flameless heater pouch 14 with six pockets. Each of four large outer pockets 92,

94, 95, and 97 contains approximately 15 grams of the magnesium-iron alloy 26, and each
of the two smaller center pockets 93 and 96 contains approximately 3 grams of catalyst
tartaric acid 28. A separate pouch 15 is packaged together with the main pouch (as in a
kit). The separate container 15, which for example may be made from plastic or paper,
contains approximately 8 grams of sodium chloride powder 30. This embodiment of the
flameless heater apparatus is activated by the user opening the separate container 15 and
distributing the salt widely upon the exterior of the main pouch 14. With the salt from the
separate container 15 upon the permeable main pouch 14, the apparatus is activated by the
user thoroughly wetting the main pouch 14 with plain water. Such an embodiment may be
used to heat, for example, approximately 50 ounces of water for making hot coffee, hot tea,
hot cocoa, or hot soup.

Fig. 9 also suggests a possible alternative method, whereby an ingredient 30 is

incorporated in a separate solution in a waterproof separate container 15. Such an
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ingredient may be selected from the group consisting of a surfactant, a catalyst, and a salt
activator, and wetting a pouch may involve’placing the separate solution directly upon the
exterior of the pouch immediately at the time of use. The separate solution is allowed to
permeate the pockets and transport the various ingredients in solution to intermix and react
when contacting the super-corroding alloy.

Fig. 10 illustrates schematically yet another preferred embodiment of the
apparatus 10, which consists of a flameless heater pouch 14 with nine pockets 101, 102,
103, 104, 105, 106, 107, 108, 109, defined in accordance with previous explanations
hereinabove, with dividing seams pressed or provided into a pouch 14 composed of water-
permeable woven or non-woven material. Each of six large outer pockets 101, 103, 104,
106, 107, and 109 each contains, for example, approximately 20 grams of the magnesium-
iron alloy powder 26. Each of the three small center pockets 102, 105 and 108 contains,
for example, approximately 4 grams of tartaric acid 28 (with or without a surfactant). Such
an apparatus is activated by allowing a saline solution to permeate the pouch 14 to wet the
ingredients, and allowing the resulting solution to move between and amongst the various
pockets 101-109. An apparatus 10 so configured could be used to heat a multi-serving 60-
ounce to 100-ounce meal.

As another example, yet another preferred embodiment of the apparatus may be
configured as shown in Fig. 10, being a flameless heater with nine pockets. In this
alternative embodiment, the six large outer pockets 101, 103, 104, 106, 107, and 109 each
contain approximately 30 grams of the active ingredient and the three small center pockets
102, 105 and 108 each contains approximately 6 grams of tartaric acid. Such an
apparatus 10 also is activated using an applied saline solution, and would generate
sufficient heart energy to heat approximately 100 to 130 ounces of water.

Thus, a wide range of shapes and configurations are possible for the apparatus.
With the physical segregation of the catalyst and/or the salt activator from the super-
corroding alloy active ingredient, prior to use of the invention, as the basic specification,
the apparatus can be fabricated with any number of pockets in a wide variety of positional
relationships. Further, each pocket may contain a single ingredient (often the active

ingredient), or may contain mixtures of ingredients (e.g., selected mixtures of one or more
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other ingredients such as a catalyst, salt activator, a surfactant, and/or a hydrogen getter).
In other embodiments, any particular pocket may hold only one single ingredient, such as
the salt activator, or only a surfactant, or only a catalyst. Also, in some embodiments the
active ingredient may share a pocket with one or more inert ingredients, or perhaps a
hydrogen getter, without departing from the scope of the invention. The specific design is
selected based on the application and the configuration of the heating device for that
application. Further, the configuration of the apparatus is influenced by the need to

achieve optimal heat transfer to the food/beverage being heated in a given device.

Fine-Tuning Performance:

Depending on the particular application, there may exist different performance
criteria for flameless ration heaters. A common way of evaluating the performance of
flameless ration heaters is to measure and record temperature versus time while heating a
certain amount of water which is equivalent to the food or beverage to be heated for that
application. Typically, such tests are conducted using a set-up which simulates the device
whose performance is being evaluated.

Table 2 below compares the performance of the presently disclosed apparatus with
that of a previously known flameless ration heater product. Preferred performance criteria
for the presently disclosed apparatus are to achieve a temperature increase (AT) of at least
100 °F in less than 45 minutes when heating a 90 ounce tray of water. The Known Product
was able to achieve a AT of 100 °F in about 24 minutes, reaching 117 °F in 45 minutes and
cooling down to 108 °F in two hours. In contrast, Table 2 shows the presently disclosed
powder flameless ration heater (of Fig. 10) was tested and achieved a AT of 100 °F
temperature in just 20 minutes, reaching 118 °F in 45 minutes and was still at 118 °F in 2

hours.
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TABLE 2
Performance of Present Apparatus vs. Known Products

TIME | TEMPERATURE INCREASE (AT) AT

FOR
HEATER - AT=100 | 30 min. | 45 min. PEAK | 120 min.

°F
min. °F °F °F °F

Pel.'for.mance <45 > 100
Criteria
Known Product 24 110 117 120 108
Present Apparatus 20 107 118 122 118

The presently disclosed apparatus more than satisfied the preferred performance
criteria. Notably also, this apparatus achieved the target temperature 16 percent faster and
maintained a 10 °F higher temperature differential compared to the Known Product. Thus,
the disclosed apparatus has a performance advantage over previously known devices.

In designing and fabricating the present heat-releasing apparatus for a given
application, it is possible, with very limited experimentation and by application of
principles of chemistry known to those skilled in the art, to tune the performance of the
apparatus by changing the levels of various ingredients and/or the structural configuration
of the product. As an example, it is possible to modify how quickly water is heated, the
peak temperature achieved, and/or how long the material remains hot by changing the
levels of the various ingredients in the sections of the apparatus. Further, the reaction
dynamics can be controlled and fine-tuned by modifying the size, shape, and/or placement
of the pockets within the apparatus.

For example, Fig. 11 shows the difference in temperature rise for a 90-ounce water
tray when heated using three different combinations of Mg-Fe alloy active ingredient,
catalyst and amount of saline. The performance is measured in the amount of temperature
rise in 30 minutes. Configuration A in the graph of Fig. 11 consisted of 144 g active
ingredient alloy, 450 g saline and 1% catalyst. Configuration B consisted of 120g active
ingredient alloy, 330 g saline, and zero catalyst. Configuration C consisted of 105g active
ingredient alloy, 290 g saline and 1% catalyst. The results present in Fig. 11 show that it is

possible to controllably modify the desired temperature reached after 30 minutes by as
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much as 30°F, and also possible to alter the slope of temperature rise, by varying the
apportionment of the reacting ingredients.

As a further example illustrative of the invention, Fig. 11 also shows the time
required to reach a temperature of 120° F when heating the 90-ounce water tray. The
results show that it is possible to controllably modify when the desired temperature is
reached by as much as 15 minutes.

As another example, when heating a 90-ounce test water tray, the rate of
temperature increase can be controlled by varying the amount of catalyst in the heat-
releasing apparatus. Fig. 12 shows a graph of the temperature increase achieved after
both 10 minutes and 30 minutes of heating the test tray for varying amount of catalyst. As
seen in this graph, after 10 minutes of heating, a temperature increase (AT) of 47° F can be
achieved when using an apparatus containing 0.5 gram of catalyst powder, whereas a AT
of 62°F can be achieved with an apparatus containing 1.2 gram of catalyst powder.

After 30 minutes of heating, an apparatus with 0.5 gram of catalyst powder results in a AT
of 82° F, whereas an apparatus with 1.2 gram of catalyst powder can provide a AT
of 107° F.

Thus, as shown in above examples, the flexible design of the disclosed heat-
releasing apparatus allows for fine-tuning the performance of the apparatus by varying the
amount of ingredients in the apparatus. Also the apparatus may be fine tuned by
appropriately designing the placement and shape of pockets in a pouch and/or
configuration of pouches in a multi-pouch design. This fine-tuning may be formulated and
implemented at the time of manufacture. Applying known thermo chemical principles and
calculations and simple experiments, the type, amount, and relative ratios of active
ingredient alloy, catalyst, and activator to be apportioned and deposited in respective
pockets of an apparatus pouch permitting the function to be predictably customized to the
intended use of the apparatus after manufacture.

A method for practicing the invention is evident from the foregoing. However, it is
again observed that one aspect of the methodology is to permit a flowing solution to
transport soluble ingredients between and amongst the various pockets of the pouch(es) of

the apparatus. Once the pouch is wetted, either with a saline or a non-saline solution as
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described hereinabove, the ingredients such as salt activator and catalyst and/or surfactant,
for example, freely mix in the solution and flow through the permeable pockets to contact
the generally water-insoluble active ingredient to trigger the desired chemical reaction.
The need to rupture any seams or barriers within the main pouch(es) is eliminated.

Thus, summarily described, one preferred method disclosed hereby features basic
steps of providing a pouch; defining at least two water-permeable pockets in the pouch;
disposing in at least one water-permeable pocket a dry powder active ingredient; disposing
in at least one different water-permeable pocket (i.e., physically segregated from the active
ingredient) a dry powder catalyst; and supplying the pouch with a salt activator; and then,
at the time of use, wetting the pouch with water sufficient to penetrate the water-permeable
pockets, causing a substantial portion of the salt activator and the catalyst to dissolve into
solution, and permitting the resulting solution to move amongst the water-permeable
pockets and come into contact with the active ingredient to initiate an exothermic reaction
in the pouch. The step of supplying the pouch with a salt activator can be: a) disposing dry
powder salt in a water-permeable pocket defined in the pouch; or b) placing dry powder
salt upon the pouch immediately prior to use; or c) a different sub-process in which the
steps of supplying the pouch with a salt activator and wetting the pouch with water are
combined into to a step of applying saline solution to the pouch.

The method preferably features the added step of disposing in at least one water-
permeable pocket at least one other ingredient selected from the group consisting of a dry
powder surfactant, a dry powder hydrogen getter, and an inert material. Alternatively, user
may incorporate, in a separate solution, at least one ingredient selected from the group
consisting of a surfactant, a catalyst, and a salt activator; in such a process, the step of
wetting the pouch involves wetting the pouch with this separate solution.

Preferably, the invention permits selectively tuning the rate of the exothermic
reaction by selectively measuring the disposition of a powder active ingredient in at least
one pocket, and selectively measuring the disposition in the other pockets of at least one
other ingredient selected from the group consisting of dry powder salt and dry powder
catalyst, wherein the measuring steps occur prior to a step of sealing closed the pockets.

Thus, by disposing predetermined, quantified amounts of ingredients into selected pockets
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at the time of apparatus manufacture, the performance characteristics of the apparatus are
pre-determined or “tuned” according to the method to suit the circumstance of use.

In the most preferred practice of the method, the step of disposing a
magnesium-iron alloy means disposing a magnesium-iron alloy containing approximately
5 weight percent of iron. Also according to one version of the method, a hydrogen getter
and/or an inert material may be incorporated into the magnesium-iron alloy. A hydrogen-
getter or inert material, while often incorporated into the alloy, in alternative processes
may be disposed into practically any pocket.

In an alternative version of the present method, the step of defining at least two
water-permeable pockets in the pouch may involve defining at least three pockets, in which
instance the method may further comprise the steps of disposing the powder active
ingredient in at least one pocket, and disposing in at least one of the other pockets in the
pouch, besides the pockets in which active ingredient is disposed, at least one other
ingredient selected from the group consisting of the catalyst, a powder salt activator, and a
powder surfactant. In this version of the method, at least one of the other pockets holds a
powder salt activator, and the step of wetting the pouch is applying non-saline water to the
pouch. Alternatively, none of the pockets holds a powder salt activator, in which case the
step of supplying the pouch with a salt activator may mean placing dry powder salt upon
the pouch immediately prior to use. If none of the pockets holds a powder salt activator, in
yet another alternative method the step of supplying the pouch with a salt activator and the
step of wetting the pouch are the combined step of applying a saline solution to the pouch.
The step of disposing in the other pockets in the pouch at least one other ingredient
preferably involves disposing a powder mixture of at least two of the other ingredients.
Optionally, this method also optionally may include the added alternative step of
incorporating in a separate solution at least one ingredient selected from the group
consisting of a surfactant, a catalyst, and a salt activator, so that the step of wetting the
pouch comprises simply wetting the pouch with that separate solution.

The method optionally may involve a more sophisticated process in which the step
of providing a pouch comprises providing two or more pouches connected together, and in

which the step of defining at least two water-permeable pockets comprises defining at least
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one water-permeable pocket in each of these pouches. This method of using more than one
pouch has the added steps of disposing an active ingredient in at least one pocket, and
disposing in selected other pockets (i.e., besides the pockets in which active ingredient is
disposed) one or more ingredients selected from the group consisting of a catalyst, a salt
activator, and a surfactant. This version of the method likewise to previously described
versions may include the step of disposing in any pocket a hydrogen getter or an inert
ingredient. And, similar to previously summarized versions, if at least one of the pockets
holds a powder salt activator, the step of wetting the pouch preferably is simply applying
non-saline water to the pouch. If none of the pockets holds a powder salt activator, the
step of supplying the pouch with a salt activator may feature: a) placing dry powder salt
activator upon the pouch immediately prior to use; or b) applying a saline solution to the
pouch, which not only supplies the salt activator but also wets the pouch. The step of
disposing in the other pockets in the pouch at least one other ingredient preferably means
disposing a powder mixture of at least two of the other ingredients.

In all embodiments of the method, the step of defining at least two water-permeable
pockets in the pouch means creating non-frangible seams in the pouch.

The heat-releasing apparatus and method according to this disclosure offer an
additional significant advantage. In general, conventional flameless ration heaters have all
or a majority of ingredients blended together — this can result in limited shelf-life of the
apparatus. In known devices and methods, the ingredients (such as an active ingredient
Mg-Fe alloy and a catalyst) — which are in intimate contact with each other in the mixed
state — can react with certain other ingredients in the blend. Over time, this can result in
degradation of the performance of the flameless heater. As an example, certain flameless
ration heaters which contain certain catalysts, have been demonstrated to show a decreased
rate of temperature rise after about two years of shelf life.

In contrast, in this disclosed invention, the ingredients are mainly enclosed in
separate pockets and are not in intimate contact with each other. As a result of this
physical segregation, there is limited opportunity for the ingredients to react with one
another during pre-use storage. Thus, the disclosed heat-releasing apparatus can offer an

added advantage of a significantly longer shelf-life.
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Although the invention has been described in detail with particular reference to
these preferred embodiments, other embodiments can achieve the same results. The
present invention can be practiced by employing conventional materials, methodology and
equipment. Accordingly, the details of such materials, equipment and methodology are not
set forth herein in detail. In the previous description, specific details are set forth, such as
specific materials, structures, chemicals, processes, etc., in order to provide a thorough
understanding of the present invention. However, as one having ordinary skill in the art
would recognize, the present invention can be practiced without resorting to the details
specifically set forth.

Only some embodiments of the invention and but a few examples of its versatility
are described in the present disclosure. It is understood that the invention is capable of use
in various other combinations and is capable of changes or modifications within the scope
of the inventive concept as expressed herein. Modifications of the invention will be
obvious to those skilled in the art and it is intended to cover in the appended claims all

such modifications and equivalents.
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CLAIMS

What is claimed is:

1. A method for flamelessly heating an item comprising the steps of:

providing a pouch;

defining at least two water-permeable pockets in the pouch;

disposing in at least one water-permeable pocket a dry powder active ingredient;

disposing in at least one different water-permeable pocket, physically segregated
from the active ingredient, a dry powder catalyst;

supplying the pouch with a salt activator;

at time of use, wetting the pouch with water sufficient to penetrate the water-
permeable pockets, causing a substantial portion of the salt activator and the
catalyst to dissolve into solution; and

permitting the resulting solution to move amongst the water-permeable pockets
and come into contact with the active ingredient to initiate an exothermic

reaction in the pouch.

2. The method of claim 1 wherein the step of supplying the pouch with a salt activator
comprises disposing dry powder salt in a water-permeable pocket defined in the

pouch.

3. The method of claim 1 wherein the step of supplying the pouch with a salt activator

comprises placing dry powder salt upon the pouch immediately prior to use.

4. The method of claim 1 wherein the steps of supplying the pouch with a salt
activator and wetting the pouch with water comprise the combined step of applying

saline solution to the pouch.

5. The method of claim 1 further comprising the step of disposing in at least one

water-permeable pocket at least one other ingredient selected from the group
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10.

11.

consisting of a dry powder surfactant, a dry powder hydrogen getter, and an inert

material.

The method of claim 1 further comprising the step of incorporating in a separate
solution at least one ingredient selected from the group consisting of a surfactant, a
catalyst, and a salt activator and wherein the step of wetting the pouch comprises

wetting the pouch with the separate solution.

The method of claim 1 further comprising the step of selectively tuning the rate of
the exothermic reaction by:
selectively measuring the disposition of a powder active ingredient in at least one
pocket; and
selectively measuring the disposition in the other pockets of at least one other
ingredient selected from the group consisting of dry powder salt and dry
powder catalyst;

wherein the measuring steps occur prior to a step of sealing closed the pockets.

The method of claim 1 wherein the step of disposing the dry powder active
ingredient comprises disposing a magnesium-iron alloy containing up to 12 weight

percent of iron.

The method of claim 8 wherein the step of disposing a magnesium-iron alloy
containing up to 12 weight percent of iron comprises disposing a magnesium-iron

alloy containing approximately 5 weight percent of iron.

The method of claim 8 further comprising the step of incorporating a hydrogen

getter into the magnesium-iron alloy.

The method of claim 8 further comprising the step of incorporating an inert

material into the magnesium-iron alloy.
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12.

13.

14.

15.

16.

17.

18.

The method of claim 1 wherein the step of defining at least two water-permeable
pockets in the pouch comprises defining at least three pockets, and further
comprising the steps of:
disposing the powder active ingredient in at least one pocket; and
disposing in at least one of the other pockets in the pouch, besides the pockets in
which active ingredient is disposed, at least one other ingredient selected
from the group consisting of the catalyst, a powder salt activator, and a

powder surfactant.

The method of claim 12 further comprising the step of disposing in any pocket

either a hydrogen getter or an inert material.

The method of claim 12 wherein at least one of the other pockets holds a powder
salt activator, and the step of wetting the pouch comprises applying non-saline

water to the pouch.

The method of claim 12 wherein none of the pockets holds a powder salt activator
and wherein the step of supplying the pouch with a salt activator comprises placing

dry powder salt upon the pouch immediately prior to use.

The method of claim 12 wherein none of the pockets holds a powder salt activator
and the steps of supplying the pouch with a salt activator and of wetting the pouch

comprise the combined step of applying a saline solution to the pouch.
The method of claim 12 wherein the step of disposing in the other pockets in the
pouch at least one other ingredient comprises disposing a powder mixture of at

least two of the other ingredients.

The method of claim 12 further comprising the step of incorporating in a separate

solution at least one ingredient selected from the group consisting of a surfactant, a
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19.

20.

21.

22.

23.

catalyst, and a salt activator and wherein the step of wetting the pouch comprises

wetting the pouch with the separate solution.

The method of claim 12 further comprising the step of selectively tuning the rate of
the exothermic reaction by:
selectively measuring the disposition of the powder active ingredient in at least
one pocket; and
selectively measuring the disposition in the other pockets of at least one other
ingredient selected from the group consisting of dry powder salt and dry
powder catalyst;

wherein the measuring steps occur prior to a step of sealing closed the pockets.

The method of claim 1 wherein:
the step of providing a pouch comprises providing two or more pouches
connected together; and
the step of defining at least two water-permeable pockets comprises defining at

least one water-permeable pocket in each pouch.

The method of claim 20 further comprising the steps of:
disposing an active ingredient in at least one pocket;
disposing in selected other pockets, besides the pockets in which active ingredient
is disposed, one or more ingredients selected from the group consisting of a

catalyst, a salt activator, and a surfactant.

The method of claim 21 further comprising the step of disposing in any pocket a

hydrogen getter or an inert ingredient.
The method of claim 21 wherein at least one of the pockets holds a powder salt

activator, and the step of wetting the pouch comprises applying non-saline water to

the pouch.
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24.

25.

26.

27.

28.

29.

The method of claim 21 wherein none of the pockets holds a powder salt activator
and wherein the step of supplying the pouch with a salt activator comprises placing

dry powder salt activator upon the pouch immediately prior to use.

The method of claim 21 wherein none of the pockets holds a powder salt activator
and the steps of supplying the pouch with a salt activator and of wetting the pouch

comprise the combined step of applying a saline solution to the pouch.

The method of claim 21 wherein the step of disposing in the other pockets in the
pouch at least one other ingredient comprises disposing a powder mixture of at

least two of the other ingredients.

The method of claim 21 further comprising the step of incorporating in a separate
solution at least one ingredient selected from the group consisting of a surfactant, a
catalyst, and a salt activator and wherein the step of wetting the pouch comprises

wetting the pouch with the separate solution.

The method of claim 21 further comprising the step of selectively tuning the rate
of the exothermic reaction by:
selectively measuring the disposition of the active ingredient in at least one
pocket; and
selectively measuring the disposition in the other pockets of mixtures of one or
more of the other ingredients selected from the group consisting of dry
powder salt and dry powder catalyst;

wherein the measuring steps occur prior to a step of sealing closed the pockets.

The method of claim | wherein the step of defining at least two water-permeable

pockets in the pouch comprises creating non-frangible seams in the pouch.
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30.

31.

A method for flamelessly heating an item comprising the steps of:

providing a pouch;

defining with non-frangible seams a plurality of water-permeable pockets in the
pouch;

disposing in at least one water-permeable pocket a dry powder active ingredient;

disposing in at least one water-permeable pocket, physically segregated from the
active ingredient, a dry powder catalyst;

supplying the pouch with a salt activator;

at time of use, wetting the pouch with water sufficient to penetrate the water-
permeable pockets, causing a substantial portion of the salt activator and the
catalyst to dissolve into solution; and

permitting the resulting solution to move amongst the water-permeable pockets
and come into contact with the active ingredient to initiate an exothermic

reaction in the pouch.

An apparatus for flamelessly heating an item, the apparatus comprising:

one pouch;

at least two water-permeable pockets in the pouch;

a dry powder active ingredient disposed in at least one water-permeable pocket;

a dry powder catalyst disposed in at least one different water-permeable pocket,
physically segregated from the active ingredient;

a salt activator;

wherein the pouch is wetted at the time of use with water sufficient to penetrate
the water-permeable pockets, causing a substantial portion of the salt
activator and the catalyst to dissolve into solution; and

wherein the resulting solution is allowed to move amongst the water-permeable
pockets and come into contact with the active ingredient to initiate an

exothermic reaction in the pouch.
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32.

33.

34.

35.

36.

37.

38.

39.

An apparatus according to claim 31 wherein the salt activator comprises dry
powder salt activator disposed in at least one water-permeable pocket defined in the

pouch.

An apparatus according to claim 31 wherein the salt activator comprises a dry

powder salt disposed upon the pouch exterior immediately prior to use.

An apparatus according to claim 31 wherein the salt activator comprises a saline
solution applied to the pouch exterior immediately prior to use.

An apparatus according to claim 31 further comprising at least one other ingredient,
selected from the group consisting of a dry powder surfactant, a dry powder
hydrogen getter, and an inert material, disposed in at least one other water-

permeable pocket.

An apparatus according to claim 31 further comprising a separate container which
contains a separate solution with at least one ingredient selected from the group
consisting of a surfactant, a catalyst, and a salt activator; wherein the separate

solution in the separate container wets the pouch at time of use.

An apparatus according to claim 31 comprising:
a selectively measured quantity of powder active ingredient sealed in at least one
pocket; and
a selectively measured quantity of at least one other ingredient selected from the
group consisting of dry powder salt and dry powder catalyst; and sealed into
another pocket;

whereby the rate of the exothermic reaction is selectively fine tuned.

An apparatus according to claim 31 wherein the active ingredient comprises a

magnesium-iron alloy containing up to 12 weight percent of iron.

An apparatus according to claim 38 wherein the magnesium-iron alloy contains

approximately 5 weight percent of iron.
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40.

41.

42.

43.

44.

45.

46.

An apparatus according to claim 38 further comprising a hydrogen getter

incorporated into the magnesium-iron alloy.

An apparatus according to claim 38 further comprising an inert material

incorporated into the magnesium-iron alloy.

An apparatus according to claim 31 wherein the at least two water-permeable
pockets in the pouch comprise at least three pockets, and further comprising:
the powder active ingredient disposed in at least one pocket; and
at least one other ingredient selected from the group consisting of a catalyst, a
powder salt activator, and a powder surfactant disposed in at least one other
pocket in the pouch, besides the pocket in which the active ingredient is

disposed.

An apparatus according to claim 42 further comprising a hydrogen getter or an inert

material disposed in any pocket.

An apparatus according to claim 42 wherein the salt activator comprises dry salt
activator powder disposed in at least one water-permeable pocket defined in the

pouch

An apparatus according to claim 42 wherein none of the pockets holds a powder
salt activator and the salt activator comprises dry powder salt placed upon the

pouch immediately prior to use.
An apparatus according to claim 42 wherein none of the pockets holds a powder

salt activator and the salt activator comprises a saline solution applied to the pouch

immediately prior to use.
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47.  An apparatus according to claim 42 wherein the at least one other ingredient

comprises a powder mixture of at least two of the other ingredients.

48.  An apparatus according to claim 42 further comprising a separate container which
contains a separate solution with at least one ingredient selected from the group
consisting of a surfactant, a catalyst, and a salt activator; wherein the separate

solution in the separate container wets the pouch at time of use.

49.  An apparatus according to claim 42 further comprising:
a selectively measured quantity of powder active ingredient sealed in at least one
pocket; and
a selectively measured quantity of at least one other ingredient selected from the

group consisting of dry powder salt and dry powder catalyst; and sealed into

another pocket;

whereby the rate of the exothermic reaction is selectively fine tuned.

50.  An apparatus according to claim 31 comprising:
at least two pouches connected together; and

at least one water-permeable pocket in each pouch.

51.  An apparatus according to claim 50 further comprising:
an active ingredient disposed in at least one pocket; and
one or more ingredients from the group consisting of a catalyst, a salt activator,
and a surfactant disposed in at least one other pocket, besides the pocket

with the active ingredient.

52. An apparatus according to claim 51 further comprising a pocket containing at least
one ingredient selected from the group consisting of an inert material and a

hydrogen getter.
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53.

54.

55.

56.

57.

58.

59.

An apparatus according to claim 51 wherein the salt activator comprises dry salt
activator powder disposed in at least one water-permeable pocket defined in the

pouch.

An apparatus according to claim 51 wherein the salt activator comprises a dry

powder salt disposed upon the pouch exterior immediately prior to use.

An apparatus according to claim 51 wherein the salt activator comprises a saline

solution applied to the pouch exterior immediately prior to use.

An apparatus according to claim 51 further comprising at least one other ingredient
selected from the group consisting of a dry powder surfactant, a dry powder
hydrogen getter, and an inert material, disposed in at least one other water-

permeable pocket.

An apparatus according to claim 51 further comprising a separate container which
contains a separate solution with at least one ingredient selected from the group
consisting of a surfactant, a catalyst, and a salt activator; wherein the separate

solution in the separate container wets the pouch at time of use.

An apparatus according to claim 51 wherein the rate of the exothermic reaction is

selectively fine tuned by:
incorporating a measured quantity of powder active ingredient sealed in at least

one pocket; and

incorporating a measured quantity of at least one other ingredient sealed into

another pocket.

An apparatus according to claim 31 wherein the at least two water-permeable

pockets in the pouch are defined by non-frangible seams in the pouch.
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