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METHODS AND REACTION MIXTURES FOR CONTROLLING
EXOTHERMIC REACTIONS

TECHNICAL FIELD
The present invention relates to reaction mixtures that include exothermic
penerating particles having a water saluble coating encasing a portion of the particles, and
aptionally, an aqueous solution, and a buffer. The reaction mixtures are cspecially suited
o generaie hieat n a controllable maaner. Apparatuses and methods that use thesc

reaction mixtures arc aise disclosed.

BACKGROUND OF THE INVENTION

Self contained excthermic reaction mixtures that are initiated by the addition of an

agqueons solution have been nsed for many years to produce heat, The beat gengrated by
the exothermic reaction can be ussd for various purposes. For example, many consumer
products utilize cxothermic rgactions for heating. Certain food products arc sold with a
self contained exathermic veaction mixture. An aqueous solution, typically water, is
added to the exothermic reaction mixtere, This initiates the reaction, which generates
heat warming the food product. Cther consumer products, such as portable heating pads,
glove aud sock warmers, eic., utitize an exothennic reaction mixture for heating,

A self contined exothermic reaction s an inexpensive, relatively safe, and
portable aiternative to heating with a combustion or an electrical source. But these
rcactions have one substantial problem, they are hard io control. For example, it has been
difficult to design a reaction system that is' self contajned, and runs at a constant
temperature for en extended period o time.  Likewise, it is difficuli o desigt & reaction
system that will ron at one temperature for a first pevied of time, then change lo 2 second
temperature for a sacond period of time. It is axiomatic that one cannot easily control the

1
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delivery of heat to the desired source without controlling the temperature of the reaction
systeni.

Thus, there cxists a need for improved exothermic reaction mixtures and
apparatuses for providing heat, These improved methods and apparatuses should
overcome the problems discussed sbove.  Specifically, they should net require
combustion or electricity, but they should provide heat in a controllable ruanner.
Moreover, these improved methods and apparatuses should be portable and relatively

ixpensive.

SUMMARY OF THE INVENTION

The present invention is ditected to # reaction mixture comprising cxothermic

generating particles comprising a water scluble coating thar encases » pertion of the
particles. Optionally, the reaction mixture further comprises an agreous solution, and a
butfer.

In one aspect of this invention the exothermic generating particles and an agueous
solution are mixed together, and the temperature of the reaction rixiure ncreases to a Set
Temperature that is greater than ubout 35°C and less than about 78°C within. less than 20
minutes. More preferably, the reaction mixtae remains within 15°C of the Set
Temperature for af least about 45 minutes.

The exothetmic generating particles of the present invention are preferably
selected from the group consisiing of uncomplexed metals, metal salts, mictal oxides,
melal hydrozides, wetal hydtides and mixtures thereof. The metals are selected from the
group consisting of beryllium, magnesium, lithium, sodium, calcium, potassiums, iron,
coppcer, zine, aluminum and mixtures thereof. And the water soluble coating for these
exothermic generating parficles comprises 2 water soluble material preferably selected
from the group consisting of natural water-soluble polymers, inorganic water-soluble
polymers, synthetic water-seluble polymers, semi-synthetic wuter-soluble polymers,
polymers of plant origin, polymers of microotganism origin, polymers of anirnal origin,
starch polymers, cellalose polymers, alginate polymers, vinyl polymers, polyoxycibylenc

polymers, acrylatc polymers, and mixtures thereof.
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There is fucther provided in the present levention a process for penevating heat
comprising the steps of: providing exotbermic generating particles comprising a water
soluble coating that encases a portion of the particles; providing an aquegus selution; and
adding the aqueous solution to the coated exothermic generating particles,

Tn yet another aspect of ilus invention thete is provided an apparatus for
generzting fieat comprising a container and exothermic generating particles comprising a
watcr soluble couting that encases a portion of the particles.

The methods and apparaiusss of this iovention previde portable and inexpensive
ways to produce heat in a controllable manner. The devices can be relatively small while
operating i a vontrollable manner for an extended period of fime. For example, a
reaetion mixture can be designed to deliver heat at a predeterminced temperature for an
extended period of time at 2 relatively controlled rate. Moreover, using the reaction
mixtures of the present invention heat can he delivered ai & first temperature, then the
reaction mixture can change to a different tomperaturc for a second period of time.

The apparatuses of this invention can be used to deliver a variety of useful
compounds to the surounding zir, and to clothes, carpet, pets, skin and many other
surfaces. Moreover, the apparatuses of this invention can be combined with color and
light to impsove the aesthetic qualities, and ultimately, imprave the averall experience for

the user of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming the invention, it is believed that the invention will be better
undersicod from the following description of preferred embodiments which is taken in
conjunction with ths accampanying drawings in which:

¥ig. 1 is & graphical representation of two conirolled reactions with & Set
Temperature of about 30°C wsing reacticn mixrmes according to ths present invention,
and an uncontrolled reactien;

Fig. 2 is & praphical representation of two controlled rerctions with a Set
Temperature of about 40°C using reaction mixtures according to the present invention,

and an uncontrolled reaction; and
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Fig, 3 is 2 schematic representation of an apparaius according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
As noted, the present invention is directed to a yeaction mixture comprising
exothermic generating particles comprising a water soluble coating that encases a portion
of the particles. Optionally, the reaction companents furiher comprise a buffor, an
aqueons solution or hoth. The reaction mixture can be used to generate heat in a
controllable manner.  Apparatuscs that utilize the reaction mixtures taught herein are also

disclosed.

Reaction Mixture

In one aspect of this invention a resction mixture is formed by mixiog the
expthennic generating particles with an aqueous solution components fo initiatc an
cxothermie reaction between the exothermic generating particles and the agueous
solution, The exothermic reaction generates heat, which elevates the temperature of the
reaction mixture. The heat, mere precisely, the elevated temperature of the reaction
mixtute, can be used to heat an object of the swrounding enviconment. As will be
undersiond, the water soluble cozting of the exothemmic penerating particles can be used
to control the speed of the exothermic reaction, and the hest gencrated. The ability te
control the amount of heat generated by the resction mixture, without any extemal
conteols, allows for the controlled delivery of the heat.

As i well known to those skilled in the art, chemical resctions can be difficult to
control. Assuming a baich process, and putting aside ihermodynazmic considerations, the
rate of an cxoihenmic chemical reaclion depends largely on the temperanme and
concentration of the reaction mixture. With no external conivels, the temperature of an
expthermic reaction mixture will rapidly jncrease during the early stages of the reaction.
This is duc largely to two factars, the concentration of the reactants is at its highest level,
and as the reaction progresses heat is penerated whick raises the temperature of the
reaction mixture, which, in tum, increases the rate of the reaction.  As the reactants are

depleted, the reaction slows, causing a precipitous decrease in the femperature of the

&
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reaction mixture, This effect if graphically illustrated in both Figuwres 1 and 2,
specifically, lines “A” and “a” illustrate (he temperature of an wiconirolled exothermic
reaction mixture as a function of time, Figures 1 and 2 are diseussed in greater detail
below, but they clearly illusirate one problem addressed by the present invention. That is,
the temperature of the reactions represented by Lines “A” and “a” of Vigures T and 2,
respectively, chunges constantly. Moreover, the rate of change of the temperature is
almost never constant.

DBy coating the exothennic gencrating particlos as described in detail below, a
batch, exnothermic reaction mixture czn be designed to provide comstant heat over
relatively long periods of time. And other conirol schemes can be easily designed by
those skilled in the art, for example, & reaction mixture can be designed where the
temperature increases gradually at a constant rate of increase for a relatively long peried
of time. Other control schemes will be apparent based on the following dotails.

In ome such counkel scheme, a reacifon mixture is propared by mixing the
exothermic generating particles and an aqueous solution to imitiate an exothermic
reaction. The temperature of the reaction mixture increases to a Set Temperature that is
greater than about 35°C and less than sbout 75°C, prefersbly between about 35°C amd
60°C, and most preferably between about 35°C and 50°C, within less than about 20
minuies, preferably within less fhan about 10 minutes and morc preferably within less
than about 5 minutes. Proferably, the reaction mixture remeins within 15°C, more
preferably within 10°C, and even more preferably within 5°C of the Set Tomperature for
at least about 45 minutes, preferably at least about 69 minutes, and mare preferably at
least about 90 minutes, It is understeod that the term “remaing within” as used herein,
means the samme as “+". For cxample, te “remaii within 10°C™ of a Set Tenperature of
50°C, means the temperatuce cen fluctuate between 40°C and 60°C. This control scherme
iz graphically llustzated in Figwees I and 2 by Lines "B”, “C”, “b” and “c”.

Figure 1 displays one “uncontrollsd” exothermic reaction according to the prior
art (“A™) compated to two “controlled” reactions according to the pregent inventien (“B”
and “C”). The reaction camponents, and the resulting reaction mixturo are given in Table
| and surzmarized in Table 2. As can be seen, magnesium powder i used as the

exothermic penerzting particles, and a citric acid buffer i& vsed, Tie exothermic
5
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generating particles of reaction mixiure “A” are uncoated (Premix 2), while the
exothermic generating particles of reaction mixnues “B” and “C” include both uncoeated
particles (Premix 2), and particles coated with Polyethylene Glycol (“PEG”) of different
molecular weighis (Premix 1), The weight of the reactants (cxcluding the coating
malerial) was held constant in these three reaction mixtures. That is, the weight of the
magnesium exothermic generating particles and the citric acid buffer was held relatively
constant in 21! flwee reaction rnixtures, see Tablc 2. Morcover, the magresiom
cxothermic generating particles and the citric acid buffer was added to 100.0 grams of

water to farm each of the reaction mixtures.

Table1
[ a ['=® c
INGREDIENT| Wt. % | Wi.% | Wt %
Premix 1
FEG 600 0.0 150 13.5
PEGL000Q 0.0 30 4.5
Magnesium 0.0 5.0 4.5
Cilric acid 0.0 325 29.3
Premix 2
|Magnesiuin 13.3 57 G4
Citric acid $6.7) 36.8 41.5]
Total Wi. % 1400 108 100
Tahle 2
A B C
INGREDIENT| Wt (g) | Wk {g | Wt (g
Coating 0.0 4.8 4.3
Mg 2.6 2.6 2.6
Citric Acid 166 16.6 17.1
‘Water
Total Wt. (g) 19.2 24.0 24.0]

Ag discussed briefiy above, Line “A” is a typical graph of temperature v. time for
an unconirelled exothermic reaction. The ternperalure rises rapidly at first te 2 maximum
of greater then 65°C. And then, as the reaction compenenls are consumed, the

temperzture beging to decreasc along a logarithmic curve. And within appreximately 35
&

JP 2004-504580 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(23)

WO 006421 PCTIUSMIHTY

minutes, the reaction has cooled to witlin 5°C of the iuitia] ternperatore (room
temperaiue). At no time during this first 35 minutes of the reaction illustrated by Line
“4° does the temperature remain constant for more than a few minutes.

In sharp conirsst, the reaction mixtures represented by lines “B” and “C* of
Figure 1, increasc to the Sct Tomperature of about $0°C within about 10 mitmtes. The
reaction temperatures then level off and remain within 5°C of the Set Temperaturg for at
least about 45 minutes.

Similarly, Figurc 2 displays one “uncontrolled” exothermic reaction according to
the prior art (“a™) compared to iwo “cenfrolled” reactions according to the present
invention {“h” anrl “c™. The reaction cotnpenents, and the resulting regction mixture are
given in Table 3 and summarized in Table 4, Magnesium powder is used as the
exofbormic genorating particles, and a cltric acid buffer is used, The exothermic
generating particles of reaction mixtwre “a” are wncoated {Premix 2), while the
exothermic generating particles of reaction mixtures “b” and “c” include both uncoated
parhicles {Premix 2), and particles coated with Folyethylene Glycol ("PEG”) of different
molecular weights (Premix 1). The wuight of the rcactants (cxcluding the coating
material) was held constant in these throe reaction mixiures. That is weight of the
magnesium exothermic gencrating pariiclas and the eitric acid buffer was held relatively
congtant in all three reaction muixiures, see Table 4. Moreover, the magnesium
exothermic generating particles and the ciftic acid buffer was added to 100.0 grams of

water to form each of the reaction mixtures.

Table 3

a ] €
INGREDIENT| Wi % | Wt % Wi %
Premix 1
PEG 604 0.0 13.0 134
PEG 1000 0.0 213 22.0)
PEG 2000 0.0 7.1 73
Magnesium 0.0 5.0 4.7
Citric acid 0.0 323 305
Premix 2
Magnesim 13.3 2.8 2.9
Citric acid 36.7 18.5| 190
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Total Wt. % 100] 100] 100
Tahle 4
2 b [
INGREDIENT| Wi. (g} | Wt. {0 | Wt (=)
Coaling 0.0 10.5 104
Mg 2.0 2.0 1.9
Ciuie Acid 12.9 12.% 12.2]
Total Wt. () 14.9 25.4) 24.5

As discussed briefly abuve, Line “a” is a fypical graph of temperature v. time for
an uncontrolled excthermic reaction. The tomperature rises rapidly at fivst, and then as
the teaction components are consumed, the temperature begies to deorcase along a
iogarithmic curve. It takes approximately 15 minutes for the temperature of reaction
mixture “a” te overshoot and ceol back down to 55°C, which is within 15°C of the Set
temperature, 40°C, ‘The reaction mixture remains within 15°C! of 40°C fox only ahout 40
minutes later when the reaction dips below 25°C. At no time during this ficst 55 minutes
of the reaction illusirated by Line “a” does the temperature remain constant for more than
a few minutes,

Tu sharp contrast, the Teaction mixtures represented by lines “b™ and “¢” of Figure
2, increase to the Set Temperature of abour 40°C within about 10 minutes. The reaction
ternperatures then level off and vemain within 3%C of the Set Temperzture Jor at loast
abaut 60 minutes.

1t 5 undersiood that the control scheme depicted in Figures 1 and 2, that is, where
the reaction mixture rises 0 a Set Temperalwre and the temperature remains relatively
constant for an extepded period of time, is only one of many possible contrel schemes
covered by the present invention. By way of example, another control scheme accurs
when the exothenmic generating pacticles and an aqueous solution are mixed together, the
temperature of the reaction mixture increases to a First Set Temperature and remains
within 15°C, preforably within 10°C, and more preferably within 5°C of the First Set
Tempeératute for a first period of timc and then moves to a Second Set Temperalure and
remains within 15°C, preferably within 10°C, and more preferably within 5°C of the

8
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Second Sei Temperature for a second peried of tire, Preferably, the first period of time
is at loast about 15 minuies, preferably at least about 20 mimites, and the second peried of
time i3 at least about 15 mimes, preferably at least about 20 minutes. And it is zlso
preferred that the First Set Temperature be at least about 10°C, preferably at least gbout
15°C, grealer than the Second 8¢t Temperature, or alternatively, the First Set
Temperature is at least about 10°C, preferably at Jeast about 15°C, less than the Second
Set Temperature.

Yet another example of a confrol schemme of the present invention is when the
reaction compenents are mixed together the femperature of the reaction mixturs increases
at an actual rate of increase that is measured in *°C/minute, and the actual ratc of increase
remains within 0.5°C/minute, preferably within 0.1°C/minute, and more preferahly within
0.01°Ciminute of 2 predetermined rate of increase for at least about 45 minutes,
preferably at least about 60 minutes, and more preferably ac Icast about 90 minutes.
Preferably the predetermined rate of increasc is less than 2°C/minute, preferably less than

1.5*Chwinute, and more preferably less than 1°C/minuts.

Reaction Camponenis )

Tuming now to the reaction ‘componenis, which include as a minimum,
exothermic generating particles compzising a water scluble coating that encages 2 portion
of the pafticles. Preferably, the teaction components further comprisc a buffer, an

aqueons solution or both.

Exothermic Generating Particles

The cxothermic generating particles of the prcsent invention are preferably
selected from the group consisting of uncomplexed metals, mefal salts, metal oxides,
tetal bydioxides, metsl hydrides and mixtures thereof. The metals are seiceted from the
proup consisting of beryllium, magnesium, lithinm, sodium, calcium, potassium, irom,
copper, zinc, aluminum and mixtures thersof. These particles may also be selected from
the group consisting of berylliun hydroxide, beryllium oxide, beryllium oxide
monohydrzte, lithiwn aluminum hydride, calcium oxide, caleium hydrde, potassium

oxide, magnesium chloride, mapnesivm sulfble, aluminum bromide, alwninum iodide,
g
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sodium tetraborate, sodium phosphate and mixtures theresf. The coneentration of the
exothermic generating particles in the reaction mixture is frem about 3% to about 70%,
preferably from about 5% to aboul 65%, and mere preferably from abeut 8% to about
60%, by weight, of the reaction mixture.

It is preferred, although not rcquired, that the exothermic generating particles
{without fhe coating) have an average particle diameter of from ebout 10 mictons to about
1000 micrens, preferably from about 100 micrans to ebout 500 microus, and raore
preferably from about 200 microns to about 400 microus. [n the present reaction nrixture,
the exotliermic generating particles can be in the form of a diy powder, suspended in 2

2el, or suspended in a nen-aqueous soluiion.

Water Soluble Coating

Controlling the temperature of the reaction mixture as a function of time is onc of
the objects of fhis invention, and control is accomplished largely by coating at least a
portion of the exothermic generating partioles. While not wanting to be bound by any
one theory, it is belicved that the coated exothermic generating particles cannot react with
the aquepus solution until the coating dissolves. As the coating on the cxothermic
penerating particles begins to dissolve, the cxposed particles begin to react amd generate
heat. Tu light of this mechanism, one can easily see the bepefit of using a mixture of
exothermic gencrating particles having different coatings, different thickness of coatings,
or both. Likewise, it 15 often preferred (o include a small amount of uncoated exothermic
generating particles to help taise the temperature during the early stages of the reaction,
The concentration of the water soluble coating material in the reaction mixture is front
about 3% o ghout 70%, preferably from about 5% to about 65%, and mere preterably
from about §% to about 60%, by weight, of the reaction mixture.

Henee, it is understood that while a portion of the exothermic generating particles
must be coated with the water soluble coatings disclosed herein, not all of {he particles
need to be coated. Morgover, some particles may have different thicknesses, and the
coatings may be different. More specifically, the exothermic generating particles can be
selcated from the group consisting of uncoated particles, coated particles and mixtures
thereaf, preferably, the exothermic genctating particles comprise particles selected from

10

JP 2004-504580 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

27)

WO 006421 PCTIUSMIHTY

the group consisting of uncoated particles, first coated paticles, second coated particles
and mixtures thereof, wherein the first coated particle differ from the second coated
particles in the coating material, the thickness of the coating or both.

The coating for these exothormic generating particles should be & water soiuble
material that is preferably sclected from the group consisting of natural water-soluble
polymors, inorganic water-soluble polymers, synthetic water-soluble pelymers, semi-
synthetic water-soluble polymers, polymers of plant origin, polymers of microgrganism
origin, polymers of apimal ougin, stacch pelymers, cellulose palymers, alginatc
palymers, vinyl polymers, polyoxycthylenc polymers, acrylate polymers, and mixtures
thereof. Muore specifically, the coating for the exothermic generaiing parheles comprises
a water soluble material selocted from the group consisting of pum arabic, gum
tragacanth, galactan, gutn guar, carob-seed gum, karaya gum, carrageenan, pectin, agur,
quince sced, alge-colloid, starel: (from cormn, potate, erc), glycyrrhizic avid, gum xanthan,
dextran, succin-glucane, pullulan, collagen, casein, albumin, gelatin, carboxy-methyl
starch, methyl-hydroxypropyl starch, methyl-collulose, nitro-cellulose, ethyl-celllose,
methyl-hydroxypropyl-cellulogse, hydroxy-ethyl-cellulose, sodium cellulose sulfaie,
hydroxypropyl-cellulose, sodium  carboxy-methyl-cellulose, crystallme  cellulose,
cellulnse powder, sodium alginate, propylene glycol alginate ether, polyvinyl alcohol,
poly (vinyl methy] ether), poly-vinyl-pyrrolidene, carboxy-vinyl pelymers, alkyl co-
palymers of acryhic acid and meti-:acrylic acid, polycthylene plycol having a molecular
weight between 200 and 100,000, prefirably between 600 and 20,000, co-potymers of
polyoxy-eihylese and polyoxy-propylenc, sodium poly-gcrylate, poly ehtylacrylute, paly
acrylamide, polyethylene fmine, cationic polymers, bentonite, aluminum magnesium
silicate, hectorite, silicic anhyvidride, and mixiures thereof TPreferably, the coating
comprises & material selected from the group consisting of water-soluble alkylene
glycols, water-saluble alechols, and mixtures thereof. And even more preferably coating
is not flammable. Exemplary coatings useful in the present invention are listed below in
Table 5.

Table s
Examples of natural water-soluble Examples of semi-synthetic water-
olymers soluble polymers
pulymers of plant origin starch-related polymers
11
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= gum arabic *  carhoxy-methyl starch
*  gomtragacanth = methyl-hydroxypropy! starch
+ galactan
*  gum guar cellulose-related polymers
*  carob-seed gum »  methyl-cellulose
+  Karaya pum « nitra-cellulose
= camagecnan +  cthyl-cellulose
+  pectin = metbyl-hydroxypropyi-cellulose
*  agar »  hydroxy-cthyl-cellulosc
= quince seed *  sodium cellulvse sulfate
+ algecolloid = hydroxypropyl-celluloge
*  starch (ftom corw, patato, eic.) +  sodium carhoxy-methyl-
s piycyrrhizic acid cetlilose

pa
.
.

palymess of microorganism origin

pum xanthan
dexican
succin-glucane
pullulan

lymers of animal origin

collagen
casein
albumin
polatin

.
.

celiclose, crystalline
czlielose, povwder

alginafe-related polymers

sndinm alginate
propylens glycol alginate ester

Examples of synthetic water-soluble

examples of inorganic watcr-soluble

alkyl co-polymiers of acrylic acid
& methacrylic acid

polyoxyethylene-related polymers

PEG 200
PEG 60D
PEG 1000
PEG 2000
PEG 4000
PEG 5000
PCQ 20000

co-polymers of polyoxy-cthylene &
polyexy-propylene

polyimers polymers

vinyl-related polymers a  henlooile

+  polyvinyl aloohot »  gluminum magresium silicatc
= poly {vinyl methyl ether} = Laponite®

s poly-vinyl-pymrelidone s heotarite

*  catboxy-vinyl polymers s silicic anhydride

-
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accylate-related polymers
#  sodium poly-acrylate
= poly chtylacrylate

= poly scrylamide

»  polyethylene imine
= catfonic polymers

As will be understond by those skiled in the ert, the water solubility of the coatings
discussed above vary across a broad band. And in geoeral, the water solubility is dependent on
temperature.  Thus, to conirel the wemperatare of a reaction mixture z skilled artisan can easily
select coatings that disselve at the desited Set Temperature and vary the thickness of the coatings
such thal exolhermic generating particles are exposed to the aqueous solution at varivus times.
Another method of conlrel {s tu use different coatings that dissolve at diffcrent ratez. By this
method, certain particles will be sxposed early in the reaction, while ather exothertic generating
particles will fake longer to be exposed. Qther metheds of coating the exothermic generuting
particles to conieo! an exothermic reaction will be apparent fo thase skilled in the chemical arts. Tt
is understend that in any contral scheme, it may be preferred, although nof necessary, to include
some particles that ave not coated.

The ceating can be applied to the exothermic generating particles by any appropriatc
means. The easiest method is 1o soften or melt the coating materizl and mix it wilh the desired
amount of exothermic generating particles. To achieve different coating thicknesses, separate
batches of particles and coating materials can be prepared. For example, 100g of parlicles can be
mixed with 100g of PECG 600, and scparately, 1002 of cxothermic generating particles cun bz
misxed with 200g of PEG 600. The two balehes of particles can then be combined. The thickness
of the coating can be determined by & simple material balance using the average particle size of
the exotharmic gencrating particles and the amount of coating material added thereto. If & more
precise mensurement is desired, speciroscopic analysis of the particles before snd after coating
can provide a very accurate particle size disicibulion. Speetroscopic particle size analyzers are
well known.

While it {s necessary to coat af least a portion of the exothennic generating pacticles of the
Teaction muixture, the optional buffer may or may not be coated. More specifizally, the optiona)
tuffer can be coated along, with the sxothermic gencrating particles, it can be coated separately

from the cxothsrmic generating particles, or it can be added without any coating. Combinations

13
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of these choices will also preduce acceptable results in many cases. Therefore, coating

components other than the exothermic geacrating particles is the prerogative of the formulater.

Arquegus Solution

An oplional compenent of tie present reaction mixawes is an aqueons solution.
The agueous solution performs two finctions in the reaction mixtare. Specifically, it
dissalves the water soluble coating on the exathermic particles znd thea reacts wilh the
cxothermic generating particles to generate heat. 1t is understood that the amount of the
aqueous solution is quite flexible. While a sufficient amount of the aqueous solution
must be present to dissolve the coating and to react with the exothermic parlicles, excess
aqueous solution is often acceptable and may even be desirable. In fact, excess aqueous
solution acts as a heat sink for the reaction system. In this capacity the agueous sohation
can, in some cireumstanees, be ussd to control the maxinmm ferapersture of a given
reaclion system.  The aqueous solution, however, i generally not useful for controlling
the time verses remperawre curves for the reaciion system as described above. Thus,
those skilled in the ant will be able to select the proper amount of aqueous solution for a
given reaction system,

The most common and most preferred agueous solution is water and selulions
containing water. Monohydric alcohols and other low molecular weight liquids are
suitable for usc in the present invention. The only eriteria for an “aqueous solution™ is
thai it dissclve the water soluble coatings described above, and that it rsact with the
chosen exothermic generating particles. The concenlration of agueous sokution in the
reaction mixture is from about 30% to about 97%, preferably from about 30% to about
93%, and more preferably from about 60% to about 90%, by weight, of the reaction

mixture,

Buffer

The reaction mixtures of the present invention will often include, as an option
component, 4 butfer. The buffer can provide a variety of benefits, such as aceeleration or
deceleration of the exothermic reaction, and pH control at the end of the reaction. It is

well known that certain exothermic generating particles will react fastor than others. A

“
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buffer can speed up or slow down a reaction, mixiure. Tt ds understood, however, that
even with a buffer, uncontrolled exothermic reactions will gencrally follow the time vs.
temperature curves depicted in Lines “A” and “a” of Figures 1 and 2. Thus, the buffer
worls 0 provide a favorable thermoedynamic environment for the reaction mixture, but
the buffer does not conizol the (ime vs. teperature profile of the reaction, With regard
ta pH, it is often @esirable to control the pH both during the reaction and at the end of the
reaction. During the reaction, the pH can contribute to the favorable thermodynamic
environment as discussed above, and it can regulate the final pH of the reaction mixture
when the exothermic reastion is nearing completion. The final pH may be important
because at certain pHs the reaction products will precipitate leaving a relatively clear
solntion.  The clear solution may be desirable and it can signal the end of the reaction.
Begurdless, & buffer may help the formubator of the reaction mixtures disclosed herein.
Preferably, if a buffer is preseot in the reaction mixfurcs of this invention, the
ratio by weight of the cxothermic generating particies fo the buffer i¢ in the range of from
1000:1 1o 1:1000, preferably from 500:1 to 1:500, and more preferably from 2081 te
1:200. And the Luffer js preferably scleeted from the group consisting of citric acid,
malic, acid, famatic acid, succinic acid, tartatic acid, formic acid, acetic acid, propamoic
acid, butyrle acid, valeric acid, oxalic acid, malenic acid, glutaric acid, adipic acid,
glycelic acid, aspartic acid, pimelic acid, maleic acid, phtbalio acid, isophthalic actd,
terphthalic acid, glutamio acid, lactic acid, hydroxyl acrylic acid, alpba hydroxyl butyric
acid, glycerie acid, tartronic aecid, salicylic acid, gallic acid, mandelic acid, tropic acid,
aseorbic acid, gluconic acid, cinnamic acid, benzoic acid, phenylacetic acid, nicotinic
acid, kainic acid, sotbie acid, pymolidons carboxylic acid, wimeliitic acid, benzene
sulfonic acid, toluene sulfonic acid, potassium dibydrogen phosphate, sodiwn bydrogen
sulfite, sodium dibydrogen phesphate, potassium. hydrogen sulfite, sodium hydrapen
pyrosulfite, ecidic sodium hexametaphosphate, acidic sodium pyrophesphate, acidic
potassium pyrophosplate, sulfamic acid, ortho-pbosphoric acid, pyro-phosphoric acid

and mixtures thereol.

dggdl‘dﬂti
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W vet another aspect of this invention there is provided an appavatus for
generating heat, the apparatus comprises a container and exothermic generating particles
comprising a water soluble coating that encases 2 portion of the particles. The apparatus
optionally further comprises a buffer, an aqucous solution, or combinations of these. The
reaction components for use in the apparatuses of the present invenlion are the same a3
those discussed above. The apparatus of the present invention is preferably a self
contained and portable device in which an exnthermic reaction is conducted. Preferably,
the apparatus container should bave at least one vent or openiug fo emit the velatile
components that are evolved during the cxathermic reaction. Morgover, the container
sheeld be constructed of a material that can withstand the maximuom tegperature of the
cxothermic reuction. Many materials Fulfill this requirement becsuse the maximum
temperature of the reaction might be as low as 35°C, higher temperature reaction might
require higher {emperature tolerance.  Glass, plastic, styrofeam, meial, liguid
impernicable paper, and many other materials arc suitable for use in the presemt
invention. The containes can be clear, transparent, franslucent, or opaque. In the present
appargtuses, the exothermic generating particles can be in the form of 4 dry powder,
sugpended in a gel, or suspended in a non-agueous solution.

Fiygure 3 is 2 schematic representation of an apparatus 10 according to the present
invention. Apparatus 10 comprises container 12 and reaction mixure 20, which includes
exathermic generating pariicles 22 with coating 24, Reaction mixture 20 further
compriscs buffer particles 26 and an agqueous seluijon 28.

The reaction mixture used in the apparatuses of the present invention should be
controliable as discussed above, That is, when the reaction components are mixed
together in the present apparatses, the reaction mixiure should increasc in temperatre to
a Set Temperature that is greater than about 35°C and less than about 75°C, preferably
between about 35°C and 60°C, and most prefcrably between aboui 35°C and 50°C, within
less than about 20 minutes, preferably within less than about 10 minutes and more
preferably within, less than about 5 minufes. Preferably, the reaction mixture within the
appacatus remains within 15°C of the Set Temperatore for at least about 45 minutes,

preferably at least zbout 60 minutes, and more preferebly at least about 90 minutes.

16
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Other control sequences, such as those describe above in conjunction with the reaction

mixture are confeniplated for use in the present apparatus.

EXAMITES
The following examples illusirate the reaction mixtures of the present invention,

but are not necessarily meant fo linit or otherwise define the scope of the invention.

Method of Coating the Exothermic Generating Particles

Exothermie gencrating particles are coated with polyethylene glyeol as follows. A
premix is made by combining magnesimn pewder and anhydrous ciliic acid (1:6.5 wiw,
beth components from Wako Chemicals). The premix is then added into mclied
polyethylene glycel. The melted polyethylons is a mixture of three different moleeular
weights, PEG 600 {from Union Carbide), PEG 1000 (from Wako Chemicals), and PEG
2000 {from Wake Chericals). The melted PEG mixfurc is around 30°C. The mixture is
then cooled ar 5°C for 10 min to approximate 20-25°C, The product comprises PEG of
three different molecular weights, magnesium powder and anhydrous ciiric acid powder,

and is a gel with suspended particles.
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WHAT IS ED
1. An exothermic reaction mixture comprising exothermic penerating particles

2.

comprising & water soluble coating that encases a portion of the particies.

The reaction mixture of elaim 1, wherein the reaction mixture further comprise an

aqueous solution.

. The reaciion mixfure of ¢jaim 1, wherein the reaction mixture further comprise a

buffer.

. The reaction mixture of claim 2, wherein when the exothermic gencrating particles

and the aqueous solution are mixed together, the ternperature of the reaction mixture
increases fo a Set Temperature thaf is greater than about 35°C and loss than about
75°C, preferably between abowi 35°C and 65°C, and most preforably between about
33°C and 50°C, within less than about 20 minutes, preforably within less than about

15 minutes and more preferably within less than about 1 minutes.

. The resction mixture of claim 4, wherein the reastion mixture remaing within 15°C,

preferably within 10°C, and more preferably within 5°C of the Set Temperature for at
least about 45 miputes, preferably et least about 60 minules, and mere preferably at

1east abaut 90 minutes.

. The resction mixture of claim 1, wherein the exothermic gencrating particles are

selected from the group consisting of nncomplexed metals, metal salts, metal oxides,
metal hydroxides, metal hydrides and mixtures thereof, wherein the metals are
selected from the group consisting of beryllium, magnesium, lithtum, sodium,

caleiura, potassium, iron, copper, wme, aluminum and wixtures theveot.

;E’hc reuction mixtute of claim 1, wherein the exothermic generating particles have an
average particle diameter of from about 10 microns to about 1007 micrans, preferably
18
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1

from abont 100 mricrons to about 500 microus, and more preferably from about 200

microns to 2bout 4){ microns.

. The reaction mixturs of claim 6, wherein the exothexmic geperating particles aie

selected from the group consishing of beryllinm bydroride, beryllium  oxide,
heryllium oxide monohydrate, lithium aluminum hydride, calcinm axide, calcinm
hydride, polassiwm oxide, magnesium chlonde, magoesium sulfate, aluminam
bromide, aluminum iodide, sodium tetruborate, sodium phosphate and mixtures

thercof.

. The reaction mixture of claim 3, wherein the buffer is selected from the group

=

consisting of citric acid, malic, acid, fumaric acid. succinic acid, tartaric acid, formic
acid, acetic acid, propanoic acid, butyric acid, valeric acid, oxalic acid, malonic acid,
glutaric acid, adipic acid, glycalic acid, aspartic acid, pimelic acid, maleic acid,
phthalic acid, isophthalic acid, terphthalic acid, glutamic acid, lactic acid, hydroxyl
acrylic acid, alpha hydroxyl butyric acid, glyceric acid, tartronic acid, salicylic acid,
gallic acid, mandelic acid, tropic acid, ascotbic acid, gluconic acid, cinnamic acid,
benzole acid, phenylacetic acid, nicotinie avid, kainic acid, sorbic acid, pyrrolidone
carboxylic acid, (rimellitic acid, benzene sulfonmic acid, toluens sulfonic acid,
potassium dihydrogen phosphate, sodium hydrogen sulfite, sodium dihydrogen
phosphate, potassivm hydrogen sulfite, sodium hydrogen pyrosulfite, acidic sodium
hexamctaphosphate, acidic sodium pyrophosphate, acidic potassium pyrophosphate,

sulfamic acid, ortho-phusprhoric acid, pyre-phosphoric acid and mixrares fiereof.

The reagtion mixture of claim 1, wherein the coating comprises a water soluble
material selected from the group consisting of patural water-soluble palymers,
inorpamic water-soluble polymers, synthetic water-soluble polymers, semi-synthetic
water-sajuble polyrsrs, pelymers of plant origin, pulymers of microorganism origin,
polymers of animal origin, starch polymers, ecllulose polymers, alginate polymers,

viny] polyrners, polyoxyetiylenc polyniers, acrylate polymers, and mixiures thereof.
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11. The reaction mixture of claitn 1, wherein the coating comprises a water soluble
material selected from the grovp consisting of gum arabic, gum tragacanth, galactan,
mim guar, cerob-seed gum, karaye gum, carragecnan, pectin, agar, quinee sesd, alge-
colloid, starch, plycyrhizic acid, gum xantban, dextran, succin-glucane, pullulan,
collagen, casein, albumin, gelatin, carboxy-methyl starch, methyl-hydroxypropyl
starch, methyl-vellulose, nitro-cellulose, ethyl-cellulose, methyl-hydroxypropyl-
cellutose, hydroxy-cthyl-cellulose, sodium cellulose sulfate, hydroxypropyl-cellulose,
sodium carboxy-methyl-cellulose, crystalline cellulose, ceilulose powder, sedium
zlginate, propylenc glycol alginate ether, polyviny! aleohol, pely (vinyl methyl echer),
poly-vinyl-pyrrolidone, carboxy-vinyl palymers, alkyl co-polymers of acrylic acid
and metbacrylic acid, polycthylene glycol having o molecular weight botween 200
and 106,000, preferably between &40 and 20,000, co-polymers of polyoxy-cthylenc
and polyoxy-propylene, sodium poly-acrylate, poly ehtylacrylate, poly acrylamide,
polyethylene imine, cationic polymors, bentonite, aluminuwm magnesium silicate,

heetorite, silicic anhydride, and mixtures thereot.

12. The vercfion mixlure of claim 11, wherein the coating coroprises a material selected
from the group consisting of water-soluble atkylene glycols, water-seluble alcohols,

and mixtures thersof.

13. The reaction mixture of claim 3, wherein the ratio by weighi of the exothermic
generating particles to the buffer is in the range of fom 1000:1 to 1:1000, preferably
from 560:1 to 1:500, and more preferably from 200:1 to 1:200.

14. The reaction mixture of claim 2, wherein when. the exothermic generating particles
and the agueous solution are mixed togetber, the temperature of the reaction mixtore
increases at an actual rate of increase thar is meagsured in °C/minute, and the actual
rate of inerease remains within 0.5°C/minute, preferably within 9.1°C/minute, wnd
more preferably within 0.01°C/minwe of a predetermined rate of incizase for at least
about 45 mimutes, preferably at least about 60 minufes, and more preferably at least
about 90 munutes.

20
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15. The reaction mixture of ¢laim 14, wherein the predetermined rate of increase is less
than 2°C/minute, preferably less than 1.5°C/mimte, and more preferably less than

1°C/minnte.

1

&

The reaction mizture of claim ), wherein the exothermic generating particles
comprise particles sclected Fom the group consisting of uncoated particles, coated

particles and mixturcs thereof.

17. The reaclicn mixture of claim 16, wherein the cxothermic generating particles
vomprise particles sclected from the group consisting of uncoated particles, first

voaled pariicles, second coated particles and mixtures thereof.

18. A process for generating heat, the process comprising the steps of:
a) providing cxothermic generating particles comprising a water soluble coating
that encases a portion of the particles; and

b) adding to the ceated exothermic generating particles an aqueous solution,

19. The process of claim 18, further comprising the steps of:
¢} providing 2 buffer; and
d) adding the buffer to the agucous solution and the exofhermic gencrating

particles.

20. An apparatus tor generating heat comprising a contaimer and exothermic generating

particles comprising & water soluble coating that encases a portion of the particles.

(¥

. The apparatus of claim 20, wherein the reaction mixture further comprises a buffer.

22. The apparatus of claim 20, wherein & reaction mixture is created when the
exothenmic generating particles are mixed together with an aqueous solution, and the

terperature of the reaction mixture increuses to @ Set Temperature that ig greater than

Al
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2

24.

(]
w

20,

27

28,

29.

w

gbout 40°C and less than about 73°C, preferably betwesn zbout 45°C and 63°C, and
mast preferably between about 50°C and 60°C, within at leest 20 minutes, prefecably

within at least about 15 minuies and more preferably within at Jeast 10 minutes.

The apparatus of claim 22, wherein the reaction nuxture remains withtn 15°C of the
Set Temperature for at least about 45 minutes, preferably at teast about 60 minutes,

and more preferably at least about 90 minutes.

The apparatus of claim 20, wherein the exothermic generating purticles are in the

form of a dry powder.

. The apparatus of claim 20, wherein the expthermic generating particles are suspended

in 2 gel, 3 non-aqueous liquid snd mixtures thereof,

The reagtion mixture of claim 2, wherein when the exothermic generating particles
and the aqueous solution arc mixed together, the temperature of the reaction mixture
increases to a First Sef Tetoperature and remains within 15°C, preferably within
10°C, and mote preferably within 7°C of the First Sct Temperature for a fust period
of fime and then the temperaiure of the reaction mixture changes te a Second Set
Temperature and remains within 15°C, preferably within 10°C, and more preferably
within 7°C of the Second Jet Teraperature for a second peried of time.

The reaction mixture of claim 26, wherein the first period of time is at least about 15
minutes, preferably at least about 20 minutes, and the second period of time is at least

about 15 minutes, preferably at least about 20 minutes.

The reaction mixture of claint 26, wherein the First Set Temperature is at least about

10°C, preferably at least about 15°C, greater than the Second Set Ternperature.

The reaction mixture of claim 26, whetein the First Set Tamperanwe is at least about

10°C, preferably at Jeast about 15°C, less than the Second Set Tempersture.

22
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