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FRAVELESS HEATER AND METHOD OF MAKI NG SAME Background of The

| nvent i~on The invention relates to a flanel ess heater

utilizing an exotherm c chem cal reaction to produce heat and a net hod
oft maki ng the Sﬁg More particularly, . the invention relates to a

fl amel ess heat %ﬁ({ﬂ??lcul arly suited for heating U.S. MM’%@%”?@%I d
rations and which neets or exceeds t he current nllltary perfornance
The U.S. Mlitary has | ongEhAMELESS| HEXNER £ ETHOD) AR AN

known as "Meals Ready to Eat" ("NRE") ' An |nd|V|duaI NRE package

i ncludes an entree pouch contai ning a food product and a heating pouch
cont ai ni ng a e, heating pouch is mlitarily
referred to as a " ' Y FRH'). The FRH contains a
m xt ure of nagne5|un1mnth 5 atom c melght ' percent iron supercorroding
all oy powders bl ended with ultra high nol ecul ar wei ght (" UHWV)

pol yet hyl ene powder, Thef iinventionnreiteed ol jt eladéfedRndateranuf act ur ed
by - placing the powder mixture in a nold and heating it for 20

m nutes at 168[ er r | W-ilizdngeani agothermic whemicslcreaetion to produce heat
and a method of making the heater. More particularly,
the invention relates to a flameless heater particularly
suited for heating U.S. Military field rations and which

meets or exceeds the current military performance.

The U.S. Military has long provided individual field
rations in a form known as "Meals Ready to Eat" ("MREY).
An individual MRE package includes an entree pouch
containing a food product and a heating pouch containing
a mixture of chemicals. The heating pouch is militarily
referred to as a "Flameless Ration Heater" ("FRH"). The
FRH contains a mixture of magnesium with 5 atomic weight
percent iron supercorroding alloy powders blended with
ultra high molecular weight ("UHMW") polyethylene powder,
fillers, and electrolyte. The FRH is manﬁfactﬁred by
placing the powder mixture in a mold and heating it for
20 minutes at 168° C. The heating of the mixture causes
the UHMW polyethylene powder to sinter and adhere to the
Mg-Fe alloy, which after cooling forms a strong flexible
pad with sufficient porosity to allow water to penetrate

- it and wet the alloy. The pad is packaged in a
paperboard envelope having die cut quarter inch holes

through each side. When water is added to the MRE



t he UHMW pol yet hyl ene powder to sinter and adhere to the My- Fe all oy,

whi ch after cooling forms a strong flexible pad with sufficient
poresity to allow water to penetrate . it and wet the alloy. The pad is
packaged in a paper board envel ope having die cut quarter inch holes

t kr ough each s%agb Q%ﬁn water is added to the MRE V[)%ééOGSgl
PCT/ US96/ 12835 70 ckage, it enters the FRH through the hof' PR
envel ope, the alloy and other ingredients in the FRH are wet and an
exot herm ¢ cheni calpackage,oiti entersi the FRH throigh thediolss tiakdhet he
general formof: My +2Herr] QO -> Ngi%g%é + H2 + heat (and stea

A typical FRH pad i®8}ans. theepllay mand other jingredients;'inm i are

o ame Lot he over aeearghan SEBERRRLd aneni BT FRREIA e Yt essdog 7

mililiters of THE hlactiba ERkedothd Afaiertads ropRUSH: hag} g palse the
tenperature .of an 8 ounce food package by 100 F above Its starting.
tenperature withi n MP(QH)aut e, +Theati ¢and stetimt.ated by Mlitary

Speci fication ML-R-44398B (Sept enber 20, 1993) which specifies in
part that a :

A typical FRH pad is approximately 3.5" x 4.5% x
-125" and weighs approximately 21 grams. The paperboard
envelope adds approximately 9 grams to the overall weight
of the FRH. When activated with 45-60 milliliters of
water, the FRH pad generates enough heat to raise the
temperature of an 8 ounce food package by 100° F above
its starting temperature within 12 minutes. This is
dictated by Military Specification MIL-R-44398B
(September 20, 1993) which specifies in part that a
flameless ration heater raise the temperature of an 8
ounce meal by 100°F in less than 12 minutes using 30
milliliters of water or less. The components of the
state-of-the-art FRH are described generally in U.S.
Patents Numbers 4,522,190 to Kuhn et al. and 4,264,362 to
Sergev et al., the complete disclosures of which are
hereby incorporated by reference herein. In order to
provide the FRH pad with sufficient strength for
handling, it has been found that the pad should contain
about 50% UHMW polyethylene powder.

It is recognized that the weight of the FRH is an

important consideration, particularly fhe heater—to-food
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flamel ess ration heater raise the tenperature of an 8 ounce neal by
1&0[err]F in less than 12 m nutes using 30 mlliliters of water or

| ess. The conponents of the state-of-the-art FRH are descri bed
generally in U S, Pat ents Numbers 4,522,190 to Kuhn et al. and
4,264,362 to ev et al., the conplete disclosures of which are

her eby mcorpoWé}%@‘:t?g reference herein. In order to pr QHIRS R RH
pad with sufficient strength for handling, it has been found that the
pad shoul d contai nweigh xatib Ghichiid\prelseathy) cae tliE.BAﬁ,erl:S. It is It
I's recogni zed that the weight of the FRH is an | mpor t ant

consi derati on, par t3lMaYsr Aesirable ke radiceoghe total amount of weight
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wei gh ratio which |"8161[ﬁ?’e§'é‘ﬁﬁ be carnpied in the field. M°%%9§P8§§PP$M e

to reduce the total ﬂﬁg [ ﬂyé d

field. Another i rrpor %&a@&oﬁﬁ%@%}%r zﬁ“%%‘)re{%l ggt armurﬁ%i lt%a glifggaed

to activate thﬂaé:@'ﬂl-l Vejgtet Sidfdfiers sdhgee| ﬂntﬂ?e FFCN0 %ﬁé gveLy

ounce of- water in a soldier's canteen is precious under ese

conditions. It is tdveref @efewgtarerih |y aolddest sodanteen is precious under
these conditions. It is therefore generally understood
that the performance of an FRH is improved by reducing
its weight and reducing the amount of water needed to
activate it. It is also important to note that virtually
millions of FRH units are packed and shipped by the
military every month. Therefore, even minor reductions

in the overall volume of an FRH can have a large impact

on shipping volumes.

U.S. Patent Number 5,117,809 to Scaringe et al., the
complete disclosure of which is hereby incorporated by
reference herein, discloses an improved FRH and method
of making it which avoids the need for sintering. The
FRH described in the '809 patent includes an Mg-Fe alloy
which is prepared.in a known way, 3% NaCl, and a
surfactant which are packaged loose in a heater pad cover
or rigid member which'provides enough rigidity to hold
the particles in place without sintering. 1In lieu of the
papegboard envelope, the heater pad cover is made of a
molded rigid polymeric bottom layer and a porous
= non-woven polypropylene top layer. The rigid bottom

member provides sufficient rigidity to avoid sintering of



that the performance of an FRH is inproved by reducing its weight and

reduci ng the anmount of water needed to activate it. It is also
i mportant to note that virtually mllions of FRH units are packed and
shi pped by the mlitary every nonth. Therefore, even mnor reductions

in the overall of an FRH can have a | arge i npact mﬁ&lﬁ'ﬂ sNg
\70I unes. W&%l"hl&;;h S. Patent Nunber 5,117,809 to Scari nggegt 51’lthe

conpl ete disclosure of which is hereby incorporated_by ref erence
herein, discloses &hei Hpmlemml#%ﬂwet‘ﬁoﬁpp layest addpwrRgwatenite wetyoi ds

t he need for sinte The scyd bed the at ent |ncludes
an My- Fe aIonI %hﬁﬁPBﬂg?E ?ﬂ%ﬂﬁﬁ%g a% gliﬁgﬁh 3%9%§gp Eg

factant which ggﬁg r r
frgabgf \(’mi ch :o?ov?1 es enough rigl té;%d%oﬂﬁ?qﬁ'&tﬁw ]T%g\é%ar e‘gﬁ? nﬁp ace
w t hout S|nter|ng 1hgef|@ytgf tfggid midaggeigygywj QD§Q| gﬁg 5ﬁﬁﬁfﬁi

cover i s nmade of nol ded rigid polyneric botton1|ayer a porous
non- woven poIyproptbenhet0po¢epatenﬁTh&llLgwhbﬂxﬁdtﬂvated w&enbss provi des

sufficient rigidity to avoid sintering of

-3- milliliters of water, produce enough heat to raise the
temperature of an 8 ounce food package by 100° P above
its starting temperature within 12 minutes. The FRH
according to the '809 patent is slightly larger than
prior FRH units, measuring approximately 5.5% x 4.5" x

«1875%,

Not every military field operation requires the use
of MREs. As mentioned above, these rations are
individually packaged and designed for use in situations
where a flame heater cannot be used. Moreover, it is
often the case that group meals are prepared in the field
by one or two soldieré to feed anywhere from 20 to 200
soldiers. Group meals ﬁre more efficient than individual
meals because only a few soldiers need to be distracted
from other duties for the preparation of a meal.
Récently, it has been proposed that the concepts of the
MRE be applied to group meals. The proposed "“Self-
Heating Group Meal" ("SHGM") is similar in design to the
MRE but uses a 6.6 pound food pouch. The state-
of-the-art SHGM is described in U.S. Patent Number
5,355,869, the complete disclosure of which is hereby

incorporated by reference herein. The SHGM described in



WD 97/ 06391 PCT/ US96/ 12835 t he
pewder and the porous top layer allows water to wet t he powder and

i ni i at®e the reaction. Alternative enbodi ments use a cardboard bottom
| ayer or porous bottom | ayer with a rigid mddle |ayer. A 22 gram FRH

agcor di ng '809 patent will, when activated with 2@?%@?
milliliters ofv&g?%ﬁgbﬁaroduce enough heat to raise the t HHPE of
an 8 ounce food package by 100 F above its starting terperature within
12 minutes. The FRHche '8¢ amteintgutilises’ 0ombpercof heatinghirayd ahjeh

t han prior FRH units sur,i ng approxi mately 5.5" x 4.5" Xx

. 1875". %tp’é‘?x‘é&?ﬁa&m n aﬁﬁg\g‘?é‘r’?ﬁ%p’é‘r %%’Féﬁ petiten sunfacegs and
of MREs. As nentiongd.abay | P ladi i | 1.y. packaged
and desi gned for usgd?n S|§Eﬂ§§¥§ snﬁﬁﬁépaﬁgre aprgﬁgagegﬁgggéﬂﬁ%ot be
used. Moreover, it sSpportedfireRheNeraps oy Rle WANA-BERLS WSodh in
the field by one or two soldiers ?% f%ed anywhere from 20 .gﬁggﬁgg

sol diers. G oup neahse gpkacemsi disckbitlycah tdmod ey FEHapackaged RIS wadeause
only-a few sol diers need to be distracted fromother duties for the
preparation of a nehf. delivenrs: dntpythetspaee bexneatedpbycthe isttandroffs,

concepts of the yRE be .applied to_group neals. The proposed "Self-
Heating Group Meal "Pg %‘F—H/I"ﬁhqpétrﬂ’ﬁi pnd "the FRH packagefe The tyaysyareuses

a 8.6 pound f00d poyphscarlif :3Alaom x 1 % dier?bha bl L2 iRy w2dd £i0a

versions of the FRH packages (12.75" x 9,75Ux .156")
described in the above-cited '190 and '809 patents.
Unfortunately, the SHGM system described in the '869
patent does not meet the requirements of Military
Specification MIL-R-443983. Some of the trays cannot be
heated more than 80° F and none of the trays will be

heated 100° F in less than 30 minutes.

Sumpmary of the Invention

It is therefore an object of the invention to
provide an FRH which weighs less than conventional FRH

units.

It is also an object of the invention to provide an
FRH which meets the performance requirements of Military

Specification MILR-~44398B.

. It is another object of the invention to provide an

FRH which may be manufactured without sintering the
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5, 355, 869, the'conplete di scl osure of which is hereby I ncor por ated by
reference herein. The SHGM described in

-4-, & - WD 97/ 06391

PCT/ US96/ 12835 the '869 patent utilizes a nunber of heating trays
mhlch are L ded with stand-offs on their bottom surf a
cor r espondi ng W@ggf FRH packages which are supporteﬁ@%’?? ays
by the stand-offs. Food pouches are placed directly on top of the FRH
packages and wat er componiantdpbiwdered i nto the space, created by the
stand-offs, between the trays and the FRH packages. The trays are
typically 13" x 10" x 1.5" deep and use slightly nodified ver si ons of

t he FRH packages (12. 75" . SREI e-cited
190 and ' 809 patents. It i%U;?(%zrﬁ%u%rZ‘?te S, Ob g@%H(SEI%/I gﬁ/\%tieﬁn\{ escri béd in the
' 869 patent d @ﬁmhﬁhiﬁﬂbﬂ'écﬁiﬁﬁss 1ebsMratdido activate than
Speci fication M L-R-44398B. Sone of the trays cannot be heat ed nore
than 80[err] F and comeentficnad FRHyaniks! be heated 100 F in less than
30 mi nut es. Summary of the Invention

It is also an object of the invention to provide an
FRH which occupies less volume than conventional FRH

units.

It is another object of the invention to provide an

FRH which does not require a rigid container.

It is still another object of the invention to
provide an FRH which may be made in various sizes for use

in MRE or in SHGM.

Certain of the foregoing and rglated objects are
readily attained in a flameless heater, comprising a
first sheet of relatively flexible polymér which is gas
and water permeable, a second sheet of relatively
flexible polymer which is gas and water permeable, said
first and 'second sheets being bonded to each other so as
to form a plurality of pockets, and an effective amount
of a powder mixture of chemicals which react
exothermically in the presence of water, said powder
mixture being substantially evenly distributed among and

contained within the pockets. The pockets filled with



It is therefore an object of the invention to provi de an FRH which
wei ghs tess than conventional FRH units. It is also an

obj ect *of the invention to provide an

requirenents of Mlitary Specificatibn M LR- 44398B. : It

t o, Qf i nvention to provide an FRH whi c
mﬁm{}‘ﬁs B ¥odNGass .

anot her obj ec
manuf act ur ed
WO 97/ 06391

intering the
PCT/ US96/ 12835

FRH whi ch neets the performance

S

conponent powders. the powder mixture define| ingruveningbchannelsthetwesmnti on
FRH which requiyes |l ess water to.activaie fhan
§pid pockets, tnd WiFP yater enkpcls %bf %Fa{:ﬁﬁ' i¥RRnti on

to pr ovi
conventi onal
to provide an
units.

»

de an
FRH u

waltBP PRLLOGF hle® BobREEs ) WP trllABohaBYeRLLLRRL, FRd
initiates an exothermic reaction in each of the pockets.
The exothermic reactions generate a heated gaseous
byproduct which at least partially inflates the pockets .
rendering the heater relatively rigid, and the gaseous
byproducts exit the pockets through the first and second
gas permeable sheets and the gaseous byproducts are

directed away from the pockets by the channels.

Certain of the foregoing and related obijects are
also attained in a method of making a flameless heater,
which includes the initial steps of providing a first and
second substantially rectangular sheet of relatively
flexible polymer which is gas and water permeaﬁle and

forming spaced-apart pockets in at least one of saiad

sheets. The first and second sheets along a plurality of

substantially parallel lines and along the periphery
thereof are bonded so as to seal the pockets and define
intervening channels between the pockets. A powder
mixture of chemicals which react exothermically in the
presence of water is prepared and the pockets are filled

with the powder mixture.

In accordance with a preferred embodiment of the
invention as discussed in detail below, the FRH of the

present invention includes two non-woven polyester sheets



It is another object of the invention to provide an FRH whi ch does

net require a rigid container. It is still another object of
the- invention to provi de an FRH which may be nmade in various sizes
for. use in MRE or in SHGM Certain of the foregoing and
rel at ed obj ect readily attained in a flanel ess he

conprising a wo |9lr st sheet of relatively flexible pol ynea,%sgﬂuﬁs gas
and water perneable, a second sheet of relatively fl exi bl e pol yner

which is gas and w¥bdchparactkemmnally jponded tejfexm &meplaweddgyshbets being
bonded to each ot her S to.form.a ral ity of pockets, and an
effective anount %O&QSS’a Bati oS ﬁPef%Eﬁﬁe‘H 1% ﬁ?ﬁ' f"&ﬁg?reff
exothermcally in erFgrggggfe ﬁgciya%@&ﬁfgghgn@ogggﬁtsL aﬁ& %P?E#EEFbelng

substantial ly evenly distrlbufed anong and cont ai ne he
pockets. The pocketedlfiekl ethei dter surfaces of the polyester sheets aréd-
WD 97/ 06391 PCT/ US96/ 12835 t he

powder mi xture def preferablyctreataharithl 8 Heodomrade surfaictaptckerhe and

when water contacts the heater, the
polyester sheets are gas and water permeable over
substantially their entire surfaces and the filled
pockets define intervening channels where the polyester
sheets are bonded. The resulting FRH can be made
approximately 50% thinner and 50% lighter than a
conventional FRH. In use, both the channels and the
permeability of the sheets allow water to wet the powder
rapidly and initiate the chemical reactions quickly. The
‘byproducts of the chemical reaction cause the pockets to
inflate slightly thereby adding sufficient rigidity to
the FRH to support a food packet. The byproducfs of the
chemical reactions exit the pockets through the permeable
sheets and are directed away from the reaction via the
channels. This rapid removal of the byproducts of the
reaction enhances the efficiency of the reaction which
allows a smaller, lighter FRH to produce the same heat as

a larger, heavier FRH.

A presently preferred embodiment of an FRH according
to the invention for use in an MRE package is -
approximately 5.5".x 4.25" x ,0625" and weighs
approximately 12 grams. The FRH has four parallel

pockets, each of which contain a 2.2 gram mixture of MgFe
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wat er perneates the pockets, wets the powder m xture, and initiates an
exotherm c reaction in each of the pockets. The exot herm c reactions
generate a heated gaseous byproduct which at |least partially inflates
t he pockets rendering the heater relatively rigid, and the gaseous

byproducts exi ockets through the first and second abl e
sheets and thé»aégﬁggg byproducts are directed away froﬁ?ﬁﬂ%mﬁggggts
by the channel s. Certain of the foregoing and rel ated objects
are al so att alhey, i NaGl nantdfoshingldagents,f adeansinéctat£iller.

which includes the initial steps of providing.,a first and second

substantial |y rect HagDI aFtivakad mithepg pikliliters of| watere fhe FRE Wikilch

i s gas and wat er pgrngabl e, and form S d:,apart pgckets in_at

| east one of said Bedt an 8 quncerggal; P%&%%atc’gg(cagnﬁ 1344 Sikgring
plurality of tanpetapid! |y parallel lines and along the periphery

t hereof are bonded so as to seal the pockets and define I nt erveni ng

channel s between the pockets. A powder m xture of chem cal s which
react¢ exothermcally in the presence of water is prepared and the
pockets are filled A presentily preferred embogliment of an FRH laccording
accordance with a preferred enbodi nent of the i nvention as discussed
in detail below, tke ERp brvenidon for psaekkh jan, SHEMogYShen it sinply a

non-woven polyestegcggggtgp version of the FRH used with an MRE. The

above-described FRH for use with and MRE has an overall
volume of 1.5 cubic inches. A standard sized SHGM FRH
has a volume of 19.4 cubic inches which is approximately
13 times the volume of the above-described FRH for use
with and MRE. The heat output of the SHGM FRH according
to the invention will therefore be approximately 13 times
the heat ocutput of the above-described FRH for use with
and MRE. Therefore, it will heat a 6.5 pound méal packet
100°F in 12 minutes. By making the FRH only slightly
larger, a 6.6 pound food pouch can be heated 100°F in 12

minutes.

additional objects and advantages of the invention
will become apparent to those skilled in the art upon
reference to the detailed description taken in

conjunction with the provided figures.
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PCT/ US96/ 12835 which are thermally bonded to forma plurality of
pockets. Each pocket is filled with a powder m xture of My- Fe all oy,
NaCl , antifoam ng agents, and an inert filler. The outer surfaces of
t:he polyester preferably treated with a food

surfactant. Sagﬁhﬁmﬁolyester sheets are gas and water pernéﬂéﬁﬂgﬁO@P5
substantlally their entlre surfaces and t he fllled pockets define

I nt erveni ng channe|BhfieesSCRIDELA : dRg8t s are bonded. The

resulting FRH can be nade ‘ apprOX|nater 50% t hi nner and 50% | i ghter
than a conventi onal FRH In use, both the channels and the

perneability of the she fé}? EQ%E y and
initiate the chem cal rgtgf tl ons qU| c%a \ﬁE’ bhe ?dlucr{ BEdL

chem cal reaction oyt ehPoRSRKRE Sof Gthe flah@ﬁbé&%é&ﬁéﬂ“tddb&ﬂ&‘i’iﬁb!ﬁoa@ﬁéng
sufficient rigidity to the FRH to support a food packet. The

byproducts of the invenmtffemi;cal reactions exit the pockets through the
per meabl e sheets and are directed away fromthe reaction via the
channel s. This rapid renoval of the byproducts of the reaction

enhances the efficiency _qf the_reaction which - allows_a_smaller
lighter FRH to produce ] et 82 §&ge elevatlon view of the heater of

Pigure 1 prior to activation;

Figure 3 is a side elevation view in partial section
of the heater of Figures 1 and 2 activated and supporting

a food pouch in a tray;

Figure 4 is a graph illustrating the heat output of
the first embodiment of the invention as compared to a

prior art heater;

Figures 5a~5e illustrate field use of the first

embodiment of the invention in an MRE;
Figure 6 is a view similar to Figure 1 of a second
embodiment of the flameless heater according to the

invention;

Figure 7 is a side elevation view of the heater of

Figure 6 prior to activation; and
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a |larger, heavier FRH A presently preferred enbodi nent of an

FRH accordi ng to the invention for use in an MRE package is
approxiyately 5.5" x 4.25" x .0625" and wei ghs approximately 12 grans.
The. FRH has four parallel pockets, each of which contain a 2.2 gram
m=xt ur e of WO 97/ 06391

PCT/ US96/ 128?%";‘?097’06%” oy, Nad, antifoam ng agents, and an- iPE/¥S9638p%er
When activated with 30 milliliters of water, the FRH wi ||l heat an 8
ounce neal packet to 10CFignreFsabm\ee side eflevatbon view titipaidiulesection
A presently preferred enbodi nent of an FRH accordi ng to the invention

for use with an SHOT $he; bapter spfFigures 6 apdaf cartivatedsiaod efippbrtimH
used with an MRE. Th ve-described FRH for use with and MRE has an
over al | vol uma-L §P°Jd_. g°§§ﬁi tni?éﬂ"e?é’.' A standard sized SHGM FRH has
a vol,unme of 19.4 cubic inches which is approximtely 13 tinmes the

vol unme of the above-descri bed FRH for use with and MRE. The heat

out put of the SHGVipeREidedopdéefiptionto the invention will therefore be
approximately 13 tines

Referring now to Figures 1 and 2, a flameless heater
10 according to the invention is made from a pair of
non-woven substantially rectangular gas and water
permeable plastic sheets 12, 14. The sheets 12 and 14
are thermally bonded along three respective edges i6, 18,
20 and along substanstially parallel lines 22, 24, 26
thereby defining four pockets 28, 30, 32, 34, Accofding
to a first embodiment of the invention, the sheets 12 and
14 are approximately 4.25" by 5.5" and their edge seals
16, 18, 20 are approximately .1875" wide. The sheets are
preferably non-woven polyester which is relatively
flexible. A mixture of 7.5 grams magnesium with 5 atomic
weight percent iron supercorroding alloy is blended with
0.7 grams Cab-0-8il (inert filler), 0.3 grams antifoaming
agents, and 0.3 grams NaCl is prepared. The 8.8 gram
mixture is evenly divided among the four pockets with
each pocket dontaining approximately 2.2 grams of the
mixture. The remaining respective edges 36 of the sheets
12, 14 are then thermally sealed so that the powdered
mixture is trapped inside the pockets. The outer surface
of the sheets 12, 14 is then preferably coated with a

food grade surfactant which helps water permeate the
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t he heat output of the above-described FRH for use with and MRE

Therefore, it will heat a 6.5 pound neal packet 100[err]F in 12

m nutes. By making the FRH only slightly | arger, a 6.6 pound food
pouch can be heated 100[err]F in 12 m nut es. Addi ti ona
obj ects and adﬁ@ﬂﬁ%&ﬁﬁ of the invention wi |l becone ap hose
skilled in the art upon reference to the detailed descﬁﬁéﬁﬁ%ﬁﬁﬁgien
in conjunction with the provided figures. _ -

-0- WO 97cbests. The assembled heater 10 has a gross peightoef 12835
Brief Description & _The.Drawin FLaur | artially cut
away plan view of gppro%iﬁagé\‘{,ygﬁ%&ﬁa%sma ng.f a?h%%%‘r%l???%«%gfePgaﬁ%B?{éi ng
to the I nvent | @g2s5". The filled pockets render the heater 10 somewhat

rigid because of the properties of the polymer sheets,
although the heater is somewhat flexible because of the

parallel welds 22, 24, 26 which define the pockets.

Turning now to Figure 3, the heater 10 is used by
placing it in a tray 40 or other container as described
further herein below and by placing a food pouch 42 on
top of the heater 10. When water is added to the
container 40, it permeates the sheets 12, 16, and
initiates exothermic chemical reactions in the pockets
28, 30, 32, 34. As seen in Figure 3, the parallel welds
22, 24, 26 which define the pockets also define lower
channels 29, 31, 33 between the container 40 and the
heater 10 as well as upper channels 29a, 3la, 33a between
the heater 10 and the food pouch 42. When the chemical
reactions are activated, gaseous byproducts of the
reactions cause the pockets 28, 30, 32, 34 to inflate
slightly rendering the heater 10 more rigid and
supporting the food packet 42 above the bottom surface of
the container 40. The gaseous byproducts of the
reactions eventually permeate through the sheets 12, 14
and into the channels between the pockets where they are
directed away from the pockets so as to prevent them from
impeding the progress of the reactions. The heater 10,

thus described generates sufficient heat to warm the food
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Figure 2 is a side elevation view of the heater of Figure 1 prior to

activati on; Figure 3 is a side elevation view in.parti al
section of the heater of Figures 1 and 2 activated and supporting

a food pouch in a tray; Figure 4 is a graph illustrating the heat

aqut put of | rst enbodi nent of the invention as conp

prior art heat"gﬁ',g'?’oJaH Figures 5a-5e illustrate fiel dg{‘]@gs%azﬁﬁe
first enbodi ment of the invention in an MRE; Figure 6 is a
view simlar to Finpaket] 48f tg 3880 R above dkgoatantrindgtemperptune| éns

heat er according to the |n¥en£ion; Figure 7 is a side
el evation vi ew of Y§RP e 2ominutes i 4,0 6 prior to activation; and
- 10 - '

. The performance of the invention is illustrated in
the graph of Figure 4 where the vertical axis is the '
temperature rise in degrees Fahrenheit and the horizontal
axis is the elapsed time in minutes. The plot A is the
temperatﬁre rise of a food pouch heated by the invention

- and the plot B is the temperature rise of a food pouch

heated by a current field ration flameless heater.

Turning now to Figures 5a through 5e, as mentioned
above, the heater 10 may be included as part of an MRE
kit 100 as shown in Figure 5a. The MRE kit 100 iﬁéludes
a cardboard box 102 which contains a plastic pouch 104
inside which an eight ounce food pouch 42 and tﬁe heater
10 according to the invention are both packaged one on
top of the other. To prepare the MRE, the soldier
removes the pouch 104 from the box 102 as shown in Figure.
5 b and adds a measured amount of water éo the pouch 104
as shown in Figure 5c. In order to measure the amount of
water, the pouch 104 is provided with a £ill line 106
which indicates the presence of approximately 30
milliliters of water. After the water has been added to
the pouch, the top of the pouch is folded over and the
pouch 104 is returned to the box 102 as shown in Figure
5d. The box 102 is then preferably placed on an incline

by leaning it against a rock or other object 108 as shown
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FEigure 8 is a side elevation view in partial section of the heater of
Figures 6 and 7 activated and supporting a food pouch in a tray.
Det ai | ed Description Referring now to Figures 1 and 2, a

fd amel ess heat g 10 according to the invention is nade f qw% Lt Of
non-woven substag)n%mg?fglly rectangul ar gas and water permea{) esg a%?%c
sheets 12, 14. The sheets 12 and 14 are thernmal |y bonded al ong_three

respective edges 18n Figure 5e mp ihatakhegheatry Aisdisabrjopatae| £rodi nes
22, 24, 26 h fi ni ng.f . 34 |
t %ﬁg%)(f 9? aid he ¥ Bgcﬁlgé %%%hs el%f gl% deieVaé% 0 ;%Pé‘er

to a f!rst enbodi heé I nvent1on, t
approxi mately 4. 25apByoRinat@ly 10495/ n¢fid€es fAle meal 18 hdltedOaRd Cready

approximately .1875" " wi de. The sheets are pref erabl y non-woven

pol yester which istbehat refibyed fronf khei pbechds moq,use.of 7.5 grans
magnesiumwi th 5 atom c wei ght percent iron supercorroding alloy is
bl ended with 0.7 grans Cab-O-Sil (inert filler), 0.3 grans antifoam ng
agents, and 0.3 grans NaCl is prepared. The 8.8 gram m xture is

evenly divided anong t hEL9BERS fo@n& d &P 3 secqng:iembodipent off ok nlaxger

cBPCONTR 1Y 22 94301 ke ey, 1751 Sblifosnd o R BB LS R U

powder ed suitable for use in an SHGM system. The heater 110 is
made from a pair of non-woven substantially rectangular
gas and water permeable plastic sheets 112, 114. The
sheets 112 and 114 are thermally bonded along three
respective edges 116, 118, 120 and along substantially
parallel lines 122, 124, 126, 128, 130 thereby defining
six pockets 132, 134, 136, 138, 140, 142. According to
the second embodiment of the invention, the sheets 112
and 114 are approximately 9.75" by 12.75". The sheets
are prefefably non-woven polyester which is relatively
flexible. A mixture of 97.5 grams magnesium with 5
atomic weight percent iron supercorroding alloy is
blended with 9.1 grams Cab-0~Sil (inert filler), 3.9
grams antifoamipg agents, and 3.9 grams NaCl is prepared.
The 114.4 gram mixture is evenly divided among the six
pockets with each pocket containing approximately 19.06
grams of the mixture. The remaining respective edges 144
of the sheets 112, 114 are then thermally sealed so that
the powdered mixture is trapped inside the pockets. The
outer surface of the sheets 112, 114 is then preferably

coated with a food grade surfactant which helps water

_14-



m xture is trapped inside the pockets. The outer surface of the sheets
12, 14 is then preferably coated with a food grade surfactant which
helps wat er perneate the WO 97/ 06391

PCT/ US96/ 12835 sheets. The assenbl ed heater 10 has a gross wei ght of
appr oxi mat el y and an overall thickness of about " .. TNE
filled pocket§§$3ﬂ%§¥Fthe heater 10 sonewhat rigid becaﬂggggvgfﬁﬁ
properties of the polynmer sheets, al t hough the heater i s sonewhat

flexi bl e because opermsate thqaahabt:el- v@h@igsﬂm&i Béaber chl@ldiasaa t he

pockets. Turni hg now to Fi gi@? , the heater 10 is used by
placing it in a tr@goa® widghthof apprex t%%ﬂ'&é§c9FB§ﬂ and an g¥er@lierein

bel ow and by pl aci f ood h 42 on, f t he @l er, 10 en
water is adéeg to ?ﬂt" ese c‘%ita%c’ﬁgr ig it'm]‘o F sPPRESER ST gﬁ\@}‘%
and . | ni tI-at eShexPeNe{18 %&J&%Eahéf&%éd%%é et Eﬁepgféiﬁéxstles 028,

30, 32, 34. As seen in Figure 3, the parallel welds 24, 26 i ch
define the pocket sthéSpolipierasheets!, althowé‘lﬁrﬁlﬂl hedler3is Schémaren the
contai ner 40 and the heater 10 as well as upper channels 29a, 3la, 33a
bet ween t he hEhexibl® heahusee of othe Raralleld weAds 122, chidu k26,

128, 130 which define the pockets.

Turﬁing now to Figure 8, the heater 110 is used by
placing it in a tray 240 or other container and by
placing a 6.6 pound food pouch 242 on top of the heater
110. When water is added to the container 240, it
permeates the sheets 112, 116, and initiates exothermic
chemical reactions in the pockets 132, 134, 136, 138,
140, 142. As seen in Figure 8, the parallei welds 122,
124, 126, 128, 130 which define the pockets alsb define
lower channels 133, 135, 137, 132, 141 between the
container 240 and the heater 110 as well as upper
channels 133a, 135a, 137a, 13%9a, 14l1a between the heater
110 and the food pouch 242. When the chemical reactions
are activated, gaseous byproducts of the reactions cause
the pockets 132, 134, 136, 138, 140, 142 to inflate
slightly rendering the heater 110 more rigid and
supporting the food packet 242 above the bottom surface
of the container 240. The gaseous byproducts of the
reactions eventually permeate through the sheets 112, 114
and into the channels between the pockets where they are

directed away from'the pockets so as to prevent them from

- 15 -



reactions are activated, gaseous byproducts of the reactions cause the
pockets 28, 30, 32, 34 to inflate slightly rendering the heater 10
nore rigid and supporting the food packet 42 above the bottom surface
of , - t he contai ner 40. The gaseous byproducts of the reactions

eventual |y per rough the sheets 12, 14 and into | s
bet ween the pd@ﬁg@émﬁﬁere they are directed away fron1t?§%poc_e?§ SO
as to prevent themfrom _inpeding the progress of the reactions. The

heater 10, t hiBPeRing | e RFOFELRE QT Sthe HSaGtHoREat The Reakathd Y¥%od
S 12 - 0 . L

PCT/ US96/ 12835 motg%ép‘g%?érﬁﬁdo IPBOFRFPT TS B8R FP: R e iRt e
In I ess than A2exieU3£5 to 100° F above flecsoguewﬁaceeﬂg% aa[&afé“ﬁnt i on

is illustrated in ™- t he graph of Figure 4 where the“verti XIs 1s the
tenperature rise i DeggotigRs IRienfest and the horizontal axis is the

el apsed tinme in mnutes. The plot Ais the tenperature rise of a f.ood

pouch heated by the invention and the plot Bis the tenperature rise

of a food pouch heated by a current field ration flameless heater.

There have been described and illustrated herein

severai-embodiments of a flameless heater for heating
field rations. While particular embodiments of the
invention have been described, it is not intended that
the invention be limited thereto, as it is intended that
the invention be as broad in scope as the art will allow
and that the specification be read likewise. Thus, while
particular formulations of the powder contents of the
heater have been disclosed, it will be appreciated that
other formulations could be utilized. Also, while the
pockets have been shown as substantially parallel
extending across the width of the heater, it will be
recognized that other types of pockets could be used with
similar resulﬁs obtained provided that the pockets define
channels through which the gaseous byproducts of the
reactions may escape. Moreover, while particular
configurations have been disclosed in reference to the
composition of the gas and water permeable sheets, it
will be appreciated that other configurations could be
used as well provided that the proper permeability and
relative flexibility/rigidity is maintained. Also while

two embodiments of different size have been disclosed, it

will be understood that any size heater can be made by

- 16 =~



Turning now to Figures 5a through 5e, as nentioned above, the heater
10 may Be included as part of an MRE kit 100 as shown in Figure ba.
The'MRE kit 100 i ncl udes a cardboard box 102 which contains a plastic
pouch 104 i nsi de which an ei ght ounce food pouch 42 and the heater

18 according t@o@i)@‘sﬁwve”“ on are both packaged one on top of the
other. To prepare e MRE, the soldier renoves the pouc SP6A2BR t he
box 102 as shown in Figure 5 b and adds a neasured anount of water to
t he pouch 104 appropviAtely sraling Sthe icomporents casratimoussiede hepetint of
wat er, the pouch 4 is provided mLth a fill line 106 whi ch indicates
the presence of aég‘?’fﬁﬁ‘?%'el 138 the hegters degrxibed haxain amecr the water

has been added to édyg c of .t uch is faql ded over and
t he pouch 1046?2§$€HIJFﬁg ?gc% %%%’135 legﬁ%ﬁwﬁqqfqﬂlagﬁg that 5

The box 102 i s t heftirelataplalsy mty 366 hi1i304' Hith"Sinilar Peced N9 11
agai nst a rock or other object 108 as shown _

-13- WO optaaid@eil. It will therefore be appreciated by those
PCT/ US96/ 12835 in Figure 5e so that the heater 10 is below the food
pouch 42 and the t¥ptied 3@ $hacart hats yeteothed modifications could be

made to the provided invention without deviating from its

spirit and scopée as so claimed.

- 17 -



approximately 10-15 mnutes, the neal is heated and ready I
removed fromthe pouches 104, 42. Figures 6 and Hlummgluuawum
enbodi ment of a larger fl amel ess heater 110 accordi ng to+the 1nventison=
which is suitable for use in an SHGM system The heater 110 is

made from a pa] n-woven substantially rectangul ar ter
per neabl e pl agﬂocﬁ&ﬁégts 112, 114. The sheets 112 and 1%%%&

thermal |y bonded al ong three respective edges 116, -118, 120 and al ong
substantially Cladimskel |ines 122, 124, 126, 128, 130 thereby defining

Ssi x pockets 132, 134, 136, 138, 140, 142. According to t he second
enbodi nent of the invention, the sheets 112 and 114 are approxi mately

9.75" by 12.75". The sheets |y 2 pol yester which
is relatively fl ex:ibl e.AAf}na%%s%r g‘%%g.ps 8%%3%69 umwith 5

atom c wei ght percent iron supercorroding alloy is bl ended with 9.1
grans Cab-O Sil (inert filler), 3.9 grans antifoam ng agents, and 3.9

grams Nadl is prepared. aJlhe & leirbtonueti of Ureldtiveignieledipided anong
t he six pockets with each pocket containing approxi mtely 19.06

grans of the m xtupelyter which nis @assmdc water cpepaesabie; of the sheets
112, 114 are then thermally sealed so that the powdered m xture is
trapped inside the pockets. The outer surface of the sheets 112, 114

s then preferably = coatggl wifha.d00d,6898 SHELARVATY Wiaiiule! P

wat er
polymer which is gas and water permeable, said first and

second sheets being bonded to each other so as to form a

plurality of pockets;

c) a powder mixture of chemicals which react
exothermically in the presence of water, said powder
mixture being substantially evenly distributed among and

contained within said pockets, wherein

said pockets filled with said powder

nixture define intervening channels between said pockets,

when water contacts said heater, the water
permeates said pockets, wets said powder mixture, and

initiates an exothermic reaction in each of said pockets,
said exothermic reactions generate a

gaseous byproduct which at least partially inflates said

pockets rendering said heater relatively rigid, and

- 18 -



- 14 - WD 97/ 06391

PCT/ US96/ 12835 perneate the sheets. The assenbl ed heatermmuﬂﬂtlﬂu"m"l"l
gross Wei ght of approxinmately 156 grams and an overall t hix s %
about .16". The filled pockets render the heater 110 sonmewhat rigid
because of theWB&ﬂ@%éfies of t he pol yner sheets, although t he heater

i s sonewhat bl e because of the parallel welds 122, P¢3WSI6{IES

128, 130 which define the pockets. Turning nowto Figure 8, the
heater 110 is used by pl aci repid gaseausrbypeiiuats etier sadat poclestsind

by placing a 6.6 pound food. pouch 242 on top of the heater 110.

Wien water is addedProughesaifiBinasy avdpseppnd gas permeable sheetficand 112,

134 136, 138, “aiod8hdbls pnclihe” ey FEGCNH, hy; AFebl SatR as 120

124,.126, 128, 130 pakebsdefi £81d haiigls al so define | ower channel s
133, 135, 137, 139, 141 between the ~container 240 and the heater 110
as well as upper channel s 133a, 135a, 137a, 139a, 1l4la between the
heat er 110 and the food pouch 242. Wen the chem cal reactions

are activated, gaseous ByproluElanefesshbentertacerdingséo claim 1,

wherein:

said first and second sheets are each a non-

woven polyester.

3. A flameless heater according to claim 1,

wherein:

said powder mixture weighs approximately 8.8

grams.

4. A flameless heater according to claim 3,

wherein:

said first and second sheet weigh approximately

1.6 grams each.

5. A flameless heater according to claim 4,

wherein:

said exothermic reactions generate sufficient

heat to raise the temperature of an eight ounce food

- 19 -



t he pockets 132, 134, 136, 138, 140, 142 to inflate slig [
the heater 110 nore rigid and supporting the food packet m Hmi““tlmn““‘
bott om surface of the container 240. The gaseous byproduc henw s+
reactions eventually perneate through the sheets 112, 114 and into the
channel s bet we ockets where they are directed a e
pockets SO0 as %%&@/gnt them from V‘%TMS?&]{;&B -

PCT/ US96/ 12835 i npedi ng the progress of the reactions. The heater 110,

t hus descri bed genpagket whi¢h cieemlaced: onosaid heater gpproximapelkctogm

to 100[err] F above,its artin erature in ess than 1 nut es.
There Lave]been dg§Pklﬁegﬁﬁnﬁé?éﬁ 8gﬁﬁ?%ﬁr9f the’§898r§?°§ﬁ%oﬁ$nﬂﬁﬁ%

of a flanel ess heaEﬁEnf9§gP§§5 @iﬁﬁﬂe ations. Wile particular
ve

enbodi nments of th |on een described, it is not intended

t hat the invention be l.imted thereto as it is |ntended t hat the -
invention be as broad in scope as the art will allow and that the.

speci fication be read’| kewi Aefldikslessvhehter accqiirigc toae1hdmny| at i ons of

t he powder contents of the - heater have been disclosed, it wll be

appreci ated that wherein:

said heater has overall dimensions of
approximately 4.25" by approximately 5.5" by

approximately .0625" thick.

7. A flameless heater according to claim 1,

wherein:

said bowder mixture includes magnesium with 5
. atomic weight percent iron supercorroding alloy, NaCL,

antifoaning agents, and inert filler.

8. A flameless heater according to claim 3,

wherein:

said powder mixture includes approximately 7.5
grams magnesium with 5 atomic weight percent iron
supercorroding alloy, approximately 0.7 grams Cab~0-Sil

inert filler, approximately 0.3 grams antifoaming agents,

and approximately 0.3 grams NacCl.



ot her formul ations could be utilized. A so, while the
heen shown as substantially parallel ext endi ng across thg g ﬁﬂ@“““t“““
heater;y it will be recogni zed that other types of pocket

used with simlar results obtained provided that the pockets defi ne
channel s thro h t he gaseous byproducts of the y
escape. Nbreoagag ? he parti cul ar configurations have %%@H&ﬁﬁygﬁosed
in reference to the conposition of the gas and water perneabl e sheets,
it will be appreciied & fienelres beaten)acsardivgcbol didbm 1, used as
wel | provided that the Eroper perneability and relative
erX|b|I|ty/r|g|d|V DereiRii nt ai ned. Al so while two enbodi nents of

different size have been disclosed, it w || be understood that any
si ze heater can be made by - 16 -

WO 97/ 06391 ' an outer surface of eadﬂjg%uggﬁélgﬁégﬁﬁ)i
appropriately scaling the conponents as di scussed herel eover,

whi |l e the heaters deatéabrikies dicvdageade surgdriamti.i al |y rectangul ar, i t
wi | |- be appreciated that ot her shapes may be utilized with simlar
results obtained. It wll therefore be appreciated by those

skilled in the art that get ot her nodifjcations could be
1l flameless heater according to claim 1,

wherein:

said powder mixture weighs approximately 114.4

grams.

11. A flameless heater according-fo claim 10,

wherein:

sajd first and second sheet weigh approximately

19.8 grams each.

12. A flameless heater according to claim 11,

wherein:

said exothermic reactions generate sufficient
heat to raise the temperature of an 6.6 pound food packet
which is placed on said heater approximately 100°F above
the starting temperature of the food packet in less than

approximately 12 minutes.

- 21 ~



made to the provided invention wi thout deviating fromits : T
scope as so cl ai med. R A RV
- 17 -- . * ¢ L M S *
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13. A flameless heater according to claim 12,

wherein:

¥

said heater has overall dimensions of -
approximately 12.75" by approximately 9.75" by
approximately .16" thick.

14. A flameless heater according to claim 12,

vherein:

said powder mixture includes approximately 97.5
grams magnesium with 5 atomic weight percént iron
supercorroding alloy, approximately 9.1 grams Cab-0-Sil
(inert filler), approximately 3.9 grams antifoaming

agents, and approximately 3.9 grams NacCl.

15. A method of making a flameless heater,

comprising the steps of:

a) providing a first substantially
rectangular sheet of relatively flexible polymer which is

gas and water permeable;

b) providing a second substantially

rectangular sheet of relatively flexible polymer which is

gas and water permeable;

c) forming spaced-apart pockets in at least

- 22 -
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Claims: * 1. A flaneless heater, conprising: Iii!lmlluuuuwl " |I||
%* S *

a first® sheet of relatively flexible pol yner which is ga

per.aeabl e; b) a second sheet of relatively flexible

pol ymer which b;b%@ﬁ”gnd wat er perneable, said first and second sheets
bei ng bonded t& & ther so as to forma plurality of HSJAIS96/42835

c) a powder m xture of chemicals which react exothermcally in the
presence of water, opai af psaiikrsheets;ni xt ure being substantially evenly

di stri buted anong and contained within said pockets, wherein

sai d pockets filled with said powder m xture define intervening
channel s between sai d pocket contacts

, : .when
sai d heater, the water %krn@gF r%g?dad%gﬁg?%?9ﬁ%$§esﬁ dcﬁﬁmﬁﬁﬁ s
m xtwre, and wahéhafééc@rh%%&ﬂhilgeﬂ?tﬂ@%rs Acl 8F a8tdpockets,

sai d exotherm c reactions generate a aseous uct | east
partially inflates said pockets rendering said heater relatlvely
rigid, and

e) filling said pockets with said powder

nixture; and

£) bonding said first and second sheets along
the periphery thereof and along a plurality of |
- substantially parallel lines so as to seal said pockets

and define intervening channels between said pockets.
16. A method according to claim 15, wherein:

said first and second sheets are each a non-

woven polyester.

17. A method according to claim 15, further

comprising:

g) coating said first and second sheets with

a food grade surfactant.
18. A method according to claim 15, wherein:

said powder mixture weighs approximately 8.8

grans.

- 23 -



I-?C%'?U-S%/ 12835 Yo 977106391 sai d gaseous byproducts eu“l“lsmllum“lll'"l“l

pocket s through said first and second gas perneabl e sheet$ a hd *

sai.d gaseous byproducts are directed away from said pockets by said
channel s. 2. A flaneless heater according to c

wher ei n: WO 97/06351 said first and second sheetg are ggkﬁk;mﬁ%sﬁ-
woven pol yester. 3. A flaneless heater according to claim1,
wher ei n: . 19. dmimetpoddarcarding cavslgin agprehereiniy 8.8
grans. : 4. A flaneless heater according to claim 3,

wher ei n:

sajid first and second sheet weigh approximately

1.6 grams each.
20. A method according to claim 19, wherein:

said powder mixture includes approximately 7.5
grams magnesium with 5 atomic weight percent irori
supercorroding alloy, approximately 0.7 grams Cab-0-8Sil
inert filler, approximately 0.3 grams antifoaming agents,

and approximately 0.3 grams NaCl.

- 24 -



said first and second sheet wei gh approxi mately 1.6 grans each.

5. A fl anel ess heater according to claim 4, wherei n

sai d exothernic reactions generate sufficient heat to raise the
tenperature of an ei ght ounce food - 19 -
WD 97/ 06391 PCT/U896/12835 acket
whi ch is pl aceWO9#06381 d heater approxi mately 100[err]F Eg
starting tenperature of the food packet in |ess t han apprOX|nater 12
m nut es. 6. A fl anel ess heater according to claimb§b,

wher ei n: - sai d heater has overall dinensions of

approxi mately 4.25" by approxi mately 5.5" ?g approxi mately .0625"

t hi ck. 7. A flanel ess heat & according to claim1g\}
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wher ei n: said powder m xture includes magnesiumw th 5

atom ¢ Wei ght percent iron supercorroding alloy, NaCL, anti f oam ng
agents,” and inert filler. 8. A flamel ess heater according to
claim 3, wher ei n: sai d powder mixture includes
approxi mately grans magnesiumw th 5 atom ¢ wei ght

super cor rodi ngzgﬁ’gﬁg approximately 0.7 granms Cab-O Si | F}%{Z&?}"Héﬁ er,
approximately 0.3 grans antifoam ng agents, and approxi mately 0.3
grans Nad . - 20 - WO

97/ 06391 2 /6 pcr/usoss 12835 9.

A fl anel ess heater ac

rdi ng to claiml, wher ei n: an
outer surface of each

f said sheets is

-

29a

«
o)
o)

QA
ﬂ'/

SUBSTITUTE SHEET (RULE 26)



coated with a food grade surfactant. 10. A fl anel ess heater

according to claim1, wher ei n: said powder m xture
wei ghs approxi mately 114.4 grans. 11. A fl anel ess heater
according to claim 10, wher ei n: said first and
second sheet wei gh approxi mately 19. 8 grans each. 12. A
fl anel ess heat ewoawesssdi ng to claim 11, ~ Wwherein: PCT/US96/12835
sai d exotherm c reactions generate sufficient heat to raise the
tenperature of an 6.6 pound food packet - which is placed on said
heat er approximately 100[err] F above the starting tenperature of the
food packet in |less than appr oxi mat eB46 12 mi nut es.
- 21 -
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13. A fl*anmel ess heater according to claim 12, wher ei n:

said heater has overall dinmensions of approximately 12.75" by
approximately 9.75" by approximately .16" thick. 14. A
fFamel ess heater according to claim 12, wher ei n: sai d
powder mi xt ur eWORPeks approxi mately 97.5 gr ans nmagnes PGHURPGIRSIS
atom c wei ght percent iron supercorrodi ng alloy, approximately 9.1
grans Cab-O Sil (inert filler), ai &i mately 3.9 grans antifoaning

agents, and appr oxi mately 3.9 granms Nad . 15. A method of
maki ng a fl anel egg—hes conprising the steps of:
a) providing a f N2 04 rectangul ar sheet of relatively -
fl exi bl e pol yner § gas and water perneabl e;

LY

LASNN NN H

I™~106
FIG. 5c¢

FIG. 5e
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b) providing a second substantially rectangul ar sheet of relatively

fl exi bl & polymer which is gas and wat er perneabl e; c)
form ng spaced-apart pockets in at |east -
2 - WD 97/ 06391 -
PCT/ US96/ 1283 e of said sheets; d) reparing a
powder nixtur§w8fwgﬁ§£1cals whi ch react exothermcally PET4¢ﬁgﬁﬂdgsence
of water; e) filling said pockets with said powder
m xture; and f) bondi ng said first and second sheets
al ong t he periphery thereof and along a plurality of
substantially parallel lines so as to seal 54&i d pockets and defi ne
i nt erveni ng channel s bet ween i d pockets. 16. A et hod N~
according to claim15, mhereié? .
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said first and second sheets are each a non-
17. A nmBthod according to claim15, further
g9 "~ coating said first and second sheets with

surfactant.
sai d powder
- 23 -
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said first and second sheet wei gh approxi mately
20. A nmethod according to claim19, wherein

FIG. 8

woven pol yester

conpri si ng:

a food grade
18. A nethod according to claim15, wherein:
m xture wei ghs approximately 8.8

grans.
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19. A method according to claim 18, wherein: -

1.6 grans each
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sai'd powder nixture includes approximately 7.5 grans magnesi UngpNd Bopy
atom cMei ght percent iron supercorrodi ng all oy, approxi mat el y 0.
grams _Gab-O Si | inert filler, approximately 0.3 grans antifoam ngpgm
ag@_m/s, and approxi mately 0.3 granms Nad .
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(57) Abstract

A flameless heater (10} includes two non-
woven polyester sheets (12, 14) which are thermally
bonded along respective edges (16, 18, 20) and
parallel weld lines (22, 24, 26) to form a number of
pockets (28, 30, 32, 34). Each pocket is filled with a
powder mixture of Mg-Fe alloy, NaCl, antifoaming
agents, and an inert filler. The outer surfaces of
the polyester sheets are preferably treated with a
food grade surfactant. The polyester sheets are gas
and water permeable over substantially their entire
surfaces and the filled pockets define intervening
channels (29, 31, 33, 29a, 31a, 33a) where the
polyester sheets are bonded. Both the channels and
the permeability of the sheets allow water to wet the
powder rapidly and initiate the chemical reactions
quickly. The byproducts of the chemical reactions
exit the pockets through the permeable sheets and
are directed away from the reaction via the channels.
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