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METHODS AND APPARATUSES FOR DELIVERING A VOLATILE
COMPONENT VIA A CONTROLLED EXOTHERMIC REACTION

TECHENICAL FIELD
The present invention relates to reaction mixfures that include exothermic
generating pariicles having a water soluble coating encasing 2 portion of the particles, a
volatile component, and optionally, an agueous solution, and a buffer. The reaction
mixtures are especially suited to generate heat in a comtrellable manaer. Volatile
cemponents can be controllably released o the sumounding environment by the present
reaction mixtures. Apparatuses and methods that use those reaction mixtures are also

disclosed.

BACKGROUND OF THE INVENTION

There are many methods for delivering sirborng components, such a3 fragrances,

insecl repelients and the Jike. Scented candles, for example, are well know implements
for delivering a desirable smell to ihe air. Incenss performs essentially the same fungtion,
but the aroma is typically the natural smell evolved when the incense is burned, That is,
incense typically goes not require the addition of 2 fragrant component, while scented
candles are generally a mixture of wax and 2 fragrance. In yet another variant of aroma
delivering combustion devices, candles have been used to heat liquids of gels causing a
volztile component to evolve. Moreover, Jamps that burn oil bave been used for ages, not
only to provide light, but alse to deliver fragrances. Combustion devices for delivering
fragrances are well know, but most of these devices have also been used to deliver cther
airborne components, such as insect repellents, medicinal vapors such as eucalyptus, and

other compounds.

JP 2004-503668 A 2004.2.5
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Unfortunately, combustion devices inberently jnive rise to safety issues, They can
be accidentally knocked over resulting 1o 2 fire, or when lefi unattended, many
combustion devices can burn down to their base and jgoite the surrounding suarface.
Morcover, smoke is an inevitable by-product of any combusiion device, In general,
smoke fromt 2 combustion device can be noxious, and may cause loiag term bealth
problems. Thus, while these devices are simple #od inexpensive metheds for delivering
afthborne components, they are not without problems.

Another method of delivering airbomne componenis s to simply rely on
evaporation. Lior exemple, a liquid, solid or gel material that contains an aivbome
component can be placed anywhere and over time the aitborne component will evolve to
the surrounding environment via evaporation. But this system relies on the difference
between the vapor prassure of the airbome component and amospheric pressure. If the
vapor pressure of the airbome component s too high, the component will be delivered to
tust. Likewise, if the vapor pressure of the component is too low, the component will be
delivered too slowly to make a marked effect in the surrounding environmeni. Maty
insect repellents, for example, cannol be delivered effectively by evaporation alone
because of their bigh vapor pressure. Thus, evaporative devices are very limited in the
type of matcrial they can deliver, and the speed with which these select materizls can be
delivered.

Slightly more advanced apparatuses for delivering aicborne components use
eleetrical power from batterics or an electrical outlet in the home. These devices
typically use the electricity to provide heat, forced air flow, or both te speed the delivery
of the aithome componeni. Unforiunately, these deviccs are necessarily mare
complicated and expensive to build and operate than are combustion and evaporative
devices.  While these devices muy improve delivery, they increase complexity and cost.
Morcaver, the devices that are not battery operated are inherently not portable as they
require an electrical guilet.

Sprays and acrosels can deliver a wide variety of materials to fire air. But these
devices are, in general, reanuvally operated and provide a sbort burst of the delivered

component. Sprays and zerosols are not well suited for the prolonged delivery of 2

JP 2004-503668 A 2004.2.5
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substance unless they are provided with a mechanical contol mechamismn,  Such
mechawcal controls are expensive and limit the portabuity of such devices.

Self contained exothermic reaction tixtures that are initiated by the addition of an
aqueons selution have beent considered for delivering compositions to the surrounding air.
A selfl conigined exothermic reaction can provide heat without a combustion or an
glectrical source. The heai, in turn, can speed the evaporation of the compaosition that one
wishes {o dcliver. As such, a wider range a compositions can be delivered in this manner.
But thesc reactions have one substantial problem, they are hard to confrel. For example,
it has been difficult to design a reaction system that is self conlained, and runs at &
constant temperature for 2n eatended period of time. Likewise, it is difficalt to design 2
reaction system that will run at ane temperature for a fiist period of time, then chanpe fo 2
second temperamre for a second period of time, It is axiomatic that one cannot control
the delivery of the desired composition without controlling the tcmperalure of the
reaction system.

Thus, there exists a need for improved methods and apparatuses for delivering
compositions to the suromding air. These improved methods and apparatuses showld
avercome the problems discussed above.  Specifically, they should noi require
combustion, and they should aot rely solely on evaporation. There is 2 need for devices
that deliver composibons (o the &ir in a more controlled manner and for a longes period of
time than aerosols and sprays.  Morcover, these improved methods and apparatuses

should be portable and relatively inexpensive.

SUMMARY OF THE INVENTION

The present invention is dirccted to a reaction mixture comprising the following
reaction components: exothermic generaling purticles comprising a water seluble coufing
that encases a portion of the particles; and a volatile component. Optionally, the reaction
components further comprise an optional component selected from the group consisting
of an zqucous sahution, a buffer and mixtures thercof,

In onre aspect of this invention the reaction components are mixed fogether, and
the temperature of flie reaction mixture increases to a Set Temperature that is greater than
about 35°C and less than about 75°C within less than 20 minutes. More preférably, the

3
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reaction mixture remains within 15°C of the Set Temperature for at Jeast about 45
minutes.

The exotbermic penerating particles of the present invention are preferably
selected from the group consisting of uncomplexed metals, metal salis, metal oxides,
metal hydroxides, metal bydrides and mixtures thereof. The metals are selected from the
group consisting of berylliun, magnesiun, lithium, sodium, calcdim, potassinm, iron,
coppet, zine, aluminum and mixtures thereof. And the water soluble coating for these
exothenmic generating particles comprises a water sclubfe material preferably selected
from the proup consisting of patmwal water-soluble polymcrs, inarganic wator-soluble
polymers, synthetic water-soluble polymers, semi-synthetic water-soluble polymers,
polymers of plant arigin, polymers of microorganism erigin, polymers of animal ongsn,
starch polymers, ccllulose polymers, alginate polymers, vinyl pelymers, polyoxyethylene
polymers, acrylate polymers, and mixtures thereof.

There is further provided in ikc present inventiou a process for generating heat
comprising the steps of: providing exothermic generating particles comprising a water
soluble coating {hat encases a portion of the particles; providing an aqueous solution and
a volatile component;, and adding to the coated exothermic generating perticles the
aqueous solution and the volatile component.

In vet another aspect of this invention there is provided an apparatus for
generating heat comprising a container and the following reaction components:
exothermic gencrating particles compriting 2 water soluble coating that ¢ncases a portion
of the particles; a volatile component; and an aquesus golution.

The methods and apparatuscs of this invention provide portable and inexpensive
ways to delivor compositions to the surrounding air in a controlluble marmer. The
devices can be relatively small while operating in a controllable manner for an extended
period of time. For example, a reaction mixfure can be designed to deliver 2 component
to the surrounding environsment for an extended peried of rime #t a relatively controtled
rate. Mereover, using the reaction mixtures of the present invention a fitst component
can be delivered to the air for a first poriod of time, then the reaction mixture can
automatically change temperature to deliver a second component for a second period of

time.
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The apparatuses of this invemtion can be used to deliver 2 varety of useful
compounds to the swrrounding air, and fe clothes, capet, pets, skin and many other
surfaces. Moreover, the apparaiuses of this invention can be combined with color and
light 1o improve the agsthetic gualities, and ultimately, improve the oversll experience for

the user of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims paicolarly pointing out and

distinetly claiminz the invention, it s believed that the invention will be better
understood from the following descriplion of preferred embodiments which is taken in
conjunction with the accompanying drawings in which: ‘

Fig. 1 is a graphical xgpresentation of two controlled reactions with 2 Set
Temperaturs of about 50°C using reaction mixmres according to the present invention,
and an uncontrolled reaction;

Tig. 2 is a graphical representation of two controlled resctions with a Set
Temperatirs of about 40°C using reaction mixtures according to the present invention,
and an uncontralied reaction; and

Fig. 3 is a schematic represcntation of an apparatus uccording to the present

invention.

DETAILE! ERCRIPIION OF THE INVENTION
As noted, the present invention is directed to a reuction mixture comprising the
following reaction components: exothermic genmerating particles comprising a water
soluble coating that encases a portion of the particles; and 2 volatile cemponent,
Optionally, the reaction components further comprise 2 buffer, an aqueous solution, or
both, The reaction mixtire can be used to generate heat iz a controllable marmer, whicl,
in turm, assists in the evelution of the volatile corsponent in a controlled manner

Apparatuses that utilize the reaction mixtures taught heroin are also disclosed.

Reaction Mixture
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In one aspect of this invention a reaction mixture i formed by mixing the reaction
components ¢ indtiate an exethermic reaction between the exothermic penerating
parficles and the aqueous solution. The cxothermic reaction penerates heat, which
elevates the temperature of the reaction mixture. The heat, more precisely, the elevated
temperature of the reaction mixture, aides the evolution of the volatile component from
the reaction mixture. As will be understocd, the water soluble coating of the exotbermic
generating particles can be used to control the speed of the cxothermic reaction, and the
heai generated. The ability to control the amwount of heat generated by the reaction
mixture, without any extecnal controls, allows for the controlled delivery of the volatile
companent.

As is well known to those skilled in the art, chemical reactions can be difficult fo
control, Assuming a bateh process, and putting aside thermodynarmic considerations, the
rate of an exothermic chemicel reaction deponds largely on the ternperature and
concentration of the reaction mixtare, With no cxteimal controls, the teinperzsture of an
exothermic reaction mixture will rapidly increase during the early stages of the reaction.
This is due largely to two factors, the consentration of the reactants 13 at its highest level,
and as the reaction progresses heat is penerated which mises (he temperature of the
reaction mixture, which, in turn, increascs the rate of the reaction.  As the reactants are
depleted, the reaction slows, causing a precipitous decrease i the temperature of the
reaction npintute,  This effect if grapbically illustrated In both Tigures | and 2,
specifically, lines “A” and “a” illustrate the temperature of an uncontrolled exothermic
reaction mixture as a function of time. Vigures 1 and 2 are discussed in greater detail
below, but they clearly llustrate one problem addressed by the present mvention. That i3,
the termperature of the reactions represented by Lines “A” and “a™ of Figures 1 and 2,
respectively, changes constantly. Moreover, the raie of change of the temperzture is
almost never consiant.

By coating the exothermic generating particles s deseribed in detail below, a
baich, exothermic reactiom wmixture can be designed t0 provide constant heat over
relatively lonyg periods of time. And other contrel schemes can be easily dosigned by
those skifled in the art, for example, a reaction mixture can be dosigned where the
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temperature increases gradually at a constant rate of increase for a relatively long period
of time.  Other control schemes will be apparent based or the following details,

In one such control scheme, a reaction mixture is prepared by mixing the reaction
compoenents to initiate an exothermic reaction. The temperature of the reaction mixture
increases to a Sef Terperature that is greater than about 35°C and less than about 75°C,
preferably between about 35°C and 60°C, and mest preferably between about 35°C and
30°C, within Tess than about 20 mimites, preferably within less than zhout 10 mimutes and
more preferably within less than about § minutes. Preferably, the reaction mixture
remaing within 15°C, more preferably within 10°C, and even more preferably within 5°C
of the Set Temperature for at least shout 45 minutes, preferably at least about 60 minutcs,
and more preferably at least about Y0 mimnes. It is understood that the term “remaing
within” as used herein, means the same as “+”. For example, to “remain within 10°C” of
3 Set Temporature of 50°C, means the temperatire can fluctuate between 40°C and 60°C.
This control scheme is graphically illustrated in Figures 1 and 2 by Lines “B”, “C”, “b”
and ¢,

Figure 1 displays one “uncontrolled” exotharmic reaction accerding to the prior
art (“5”) compared to two “controlled” reactions acoording to the present invenfion (“B”
and “C"). The reaction components, and the resulting reacticn mixture are given in Table
1 and summarized in Table 2. As can be seei, magresium powder is vsed as the
exothermic generating particlss, and a citric acid buffer is used. The exothermic
generating pacticles of reaction mixtwre “A” are uncoated (Premix 2), while the
exotherinic generating particles of reaction mixtures “B™ and “C” include both uncoated
particles (Premix 2), and pariicles coated with Polyethylene Glyeol (“PEG™) of different
molecular weights (Premix 1). The weight of the reactants {cxcluding the coating
material) was held censtant in these three reaction mixtures. That is, the weight of the
magnesium exothermic generating particles and the citric acid buffer was held relaiively
constant in all ihree reaction mixturcs, see Table 2. Moreover, the maguesiom
exothermic gencrating particles and the citric acid buffer was added to 100.0 grams of
water to form each of the reaction mixtures.

Table

JP 2004-503668 A 2004.2.5
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A B <
INGREDIENT| Wi % | We. % | Wt.%
Pyemix 1
PEG 600 0.0 15.0 13.5
FEG1000 0.4 5.0 4.5
Mapmesium 0.0 5.0 4.5
Citrie acid 0.0 325 29.3
Premix 2
Magnesium 133 5.7 6.4
Citric acid 86.7 36.8 41,8
Tokal Wt. % 100 100 100
Talle2
A B C
INGREDIENT| Wit.(g) | Wi(g} | Wt ()
Ceating Q.0 4.3 4.3
Mg .6 2.8 2,
Citric Acid 16.6) 16.6] 17.1
Water
Total Wi- {g) 18.2 24.0 24.0]

As discussed briefly above, Line “A” is a typical graph of temperature v, lime for
an uncontrolled exothennic reaction. The lemperature rises rapidly at first to 2 maximnm
of greater than 65°C. And then, as the rcaction components are censumed, the
fomperature beging to decrease along a logarithmic curve. And within approximately 33
miputes, the reaction has cooled to within 5°C of the initlal temperzture (room
tomperature), At no time during this first 35 minutes of the reaction jllustrated by Line
“A” does the temperature remaim consiant for more than a few mimtes.

1 sharp contrast, the reaction mixtures represented by lines “B™ and “C” of
Figure 1, increasc to the Set Temperature of about S50°C within about 10 minutes. The
reaotion temperatures then level off and remain within 5°C of the Set Temperature for at
least abont 45 mimues,

Similarly, Figure 2 displays one “uncontrolled” exothermic rcaction according to
(he prior art ("a”) compared to two “controlled™ reactions according te the prosent

invention (“b” and "e”). The reaction components, and the resulting reaction mixture are

a
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given in Table 3 and summarized in Table 4, Magnesium powder is5 used as the
exathermic generating particles, and a citric acid buffer is used The exothermic
penerating pacticles of reaction mixmre “4” wre uncoated (Premix 2}, while the
exothermic generating particles of reaction mixtures “b” and “c” include both uncoated
particles (Premix 2), and particles coated with Polycthylene Glyeel ("PEG”) of different

moleeular weights (Premix 1), The weight of the reactants (excludieg the coating

materizl) was held constant in these three reaction mixtures, That s weight of the’

mapnesium exothermic generating particles and the eitrio acid buffer was held relatively
constunt in zil three reaction mixtures, see Table 4. Moreover, the magnesium
exothermic generating particles and ibe citric zcid bufter was added te 100.0 grams of

water to form cach of the reaction mixtures.

Table 3

a b <
INGREDIENT| Wt.% | Wi, % | Wt %
Premix 1
PEG 600 0.0 139 134
PEG 1000 1.0 213 22.0]
PEG 2000 0.0 7.1 73
Magnesium 0.0 54 4.7
Citric acid 0.0 323 30.5
Premix 2
Magnesium 13.3 2.8 2.9
Citric acid £6.7 18.5 18.0
Total Wt 24 100] 1409 100

Tahle 4

a b c
INGEEDIENT| Wt (g) | Wt (g} | Wt (g)
Coatingr 1.0 10.5 10.4
Mg 2.0 2.0 1.9
Citric Acid 12.9 12.9 12.2
‘Total Wt, £} 14.9 254 24.5

As discussed briefly above, Line “a™ is a typical graph of temperature v, time for

an uncontroiled exothermic reaction. The iemperature rises rapidly at first, and then as
a
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the reaction components are sonsumed, the toaperamre begins to decrease along a
Iogarithmic curve. It takes approximately 15 mimter for the temperature of reaction
mixture “a” to overshoot and conl back down to 55°C, which is within 15°C of the Set
temperature, 40°C. The reuction muxtute remains within 15°C of 40°C for only about 40
minutes later when the reaction dips below 23°C, At no time during this first 35 minutes

PPy

of the reaction illustrated by Line “a” does the ternperature remain constant for more than
a few minutes.

In sharp contrast, the reaction mixtures represented by lines “b™ and “c” of Figure
2, ingrease to the Set Temperature of about 40°C within about 10 minutes. The rcection
tempetaturcs then level off and remain within 5°C of the Set Temperatore for at least
about 60 minutes.

It is understoad that the control scheme depicted i Rigures | and 2, that is. where
the reaction mixhwe rises to & Set Tomperature and the temperature remains telatively
constant for an cxtended period of time, is only one of many pessible control sehemes
covered by the preseni mvention, By way of example, another confrol scheme occurs
when the reaction commponents are mixed together, the temperature of the reaction
mixture inereases 0 a First Set Temperaturs and remains within 15°C, preferably within
10°C, and more preferably within 5°C of the First Set Temperature fir a first period of
time and then moves to 2 Sevond Sei Teroperalure and remains within 13°C, preforably
within 19°C, and more preferably within 5°C of the Sesond Set Temperaturs for a second
period of time. Preferably, the first period of time is at least about 15 minutes, preferably
at Isast about 20 minutes, and the scoond period of time is at lezst about 15 minutes,
preferably at least about 20 minutes, And it is alzo preferred that the First Set
Temperature be at least about 10°C, preferably at least about 15°C; greater than the
Second Set Temperature, or nlterpatively, the First Set Temperature s at least 2hout
10°C, preferably at least abour 15°C, less than the Second Set Temperature.

et anather example of a confrol scheme of the present vention is when the
reaction components are mixed together the temperature of the reaction mixture increases
&t an actual rate of ncrease that is mcasured in *Cininute, and the actual rate of increase

resains within 0.5°Cfminute, proferably within 0,1°Ciminute, and more preferably within

10

JP 2004-503668 A 2004.2.5



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 |

10

26

25

30

G

WO 0TS0 PCTIUSOHE0

0.01°Chninutc of 2 predetermined rate of erease for at least about 45 rofnutes,
preferably at Teast about 60 minuies, and more preferably at least about 90 minutes.
Preferably the predetermined rate of increase is Jess than 2°CAninute, preferably less than

1.5°Cfminute, and sore preferably tess than 1°Chninute.

Beuction Components

Tuming now to the reactien componexnts, which include as a minimum,
exothenmic generating parlicles comprising a water soluble coating that encases a portion
of the particles, and a volalile component, Praferably, the reaction components farther

comprise 2 buffer, and an agueous solution, or both.

Exothermic Generating Particles

The exothermic gencrating particles of the present invention are preferably
selected from the group conzisting of uncomplexed metals, metal salts, metal oxides,
metal hydroxides, metal hydrides and mixtures thereof. The metals are selected from the
group consisting of beryllium, magnesiuny, lithium, sodium, calcium, potassium, iron,
copper, zine, aluminum and mixtures thereof. These particles may also be sclected from
the proup cousisting of berylliom hydroxide, beryllium exide, beryllium oxide
monehydrate, lithivm aluminum hydride, caloium oxide, caleium hydride, potassivm
oxide, magnesium ¢hloride, magnesium sulfate, aluminum bromide, aluminum lodide,
sodium terraborate, sodium phosphate and mixmres thereof. The concemivation of the
exothernlic penerating particles o the reaction mixture s from about 3% to about 70%,
preferably from about 5% to about 65%, and more preferably from about 8% to about
60%, by weight, of the reaction mixture.

1t is preferred, although not required, that the excthermic generating particles
(withaut the coating) have an average particle diameter of from about 18 microns to aboni
1908 microns, preferably from about 10K} microns to zbout 500 microns, and more
preferably from about 200 microns to sbout 400 microns. In the present reaction mixture,
the exothersnic generating patticles can be in (he furm of & diy powder, suspended in a

homagenous gel, or suspended in # non-agquecus solution.
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Water Soluble Coating

Controtling the temperature of the reaction mixture as a fonetion of time is one of
the ohjects of this invention, and control is accomplished largely by coating at lsast a
portion of the exothermic generating particles. While not wanting to be bound by any
ane (heary, it is belicved that the coated exothermic generating particles cannot react with
the aqueous sofution until the coating dissolves. As the coaling on the exothermic
penerating particles beging to dissolve, the exposed particles begin to react and generate
heat. In light of this mechanism, one can easily see the benefit of using a mixture of
cxothermic gencrating particles have different coatings, different thickness of coatings, or
both. Likewise, it is often preforred fo include a small amount of ungoated exothermic
generating particles to help raise the temperature during the early stages of the reaction.
The concentration of the warer soluble coating material in the reaciion mixiwe is from
aboue 3% to about 70%, preferubly from about 5% to about 65%, and more preforzbly
from about §% te about 60%, by weight, of the rcaction mixture.

Henee, it is understood that while a pottion of the exothermic generating particles
must be coated with the water soluble coatings disclosed herein, not all of the particles
need to be coated. Moreover, some particles may have different thickncsses, and the
coatings may be diffcrent. More specifically, the exothermie generating particles can be
selected from the group consisting of uncoafed partcles, coated particles and mixtores
thersof, preferably, the exothermic generating particles comprise particles selected from
the group consisting of uncoated particles, first coated particles, second coated purticles
and mixfures thereof, wherein the first coated pariicle differ from the secound coated
particles in the coating material, the thickness of the coating or both.

The coating for these exothermic generating particles should be a water soluble
malerial that is preferably selected fiom the group comsisting of natural water-soluble
polymers, inorganic water-soluble polymers, synthetic water-soluble polymers, semi-
synthetic water-soluble polymers, polymers of plant origio, polymers of microorganism
origin, polymers of animal origin, starch polymors, vellulose polymers, alginafe
polymers, vinyl polymers, polyoxyethylene polymers, aciylate polymers, and mixtures
theroof,  More specifically, the coating for the exothernmnic generating particles compriscs

4 water soluble material selected from the group consisling of gum arabic, gnm
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tragacanth, galactan, gum guar, carob-seed gumy, karaya guim, carrageenan, pectin, agar,
quince seed, alge-colloid, siarch (from com, potato, cte), ghycyrrhizic acid, gam xanthan,
dextran, Succin-glucane, pullulan, collagen, casein, albumin, gelatin, carboxy-methyl
starch, methyl-hydroxypropyl stacch, methyl-cellulose, mitro-cellulose, sthyl-cellulese,
methyl-hydroxypropyl-cellulose, hydroxy-ethyl-ccliulose, sodium  celiulose  sulfate,
hydrosypropyl-cellulose,  sodium  carboxy-methyl-cellulose, erysialline  cellulese,
cellulosc powder, sodium alginate, propylens glycol alginate ether, polyvinyl aleohal,
poly {vinyl methyl cther), poly-vinyl-pyrrolidone, carboxy-vinyl polymors, alkyl co-
polymers of acrylic acid and methacrybe acid, polyethylene glycol having & melecular
weight between 200 and 100,008, preferably between 600 and 20,000, co-polymers of
potyory-cthylene and potyoxy-propylene, sodium poly-acrylate, poly chiylacrylate, poly
wcrylamide, polyethylene imine, cationic pelymiers, bentonite, eluminem magnesivm
silicate, hectarite, silicic anhydride, and mixiures thercof  Preferably, the coating
comprises a material selected from the group consisting of waler-soluble alkylens
glycals, water-soluble alcohols, and mixtures thereof. And even raore preferably coating
is not flammauble. Exemplary coatings useful in the present invention are listed below in
Table 5.
Lable 5

Eaamples of patural watcr-soluble
polymers

Examyrles of semi-synthetic water-
aoluble polymers

palymers of plant origin
+  gum arabic

xum lragacanth
glactag

gum guar
carob-seed gum
karaya gum
carrageenan

pesting

agar

quince seed
alge-colloid

stapeh (from com, potato, ete.)
glycyrrhizic acid

* 2 8 % 8 % s 2 oasoacn

polymers of micreorganisim origin
« pum xanthan

*  dexiran

starch-related polymers
= carboxy-méthyl starch
«  methyl-hydroxypropyl starch

sellulose-related polymers
methyl-cellulose
ritra-cetlulose
ethyl-cellulose
meihyl-hydroxypropyl-celulose
hydroxy-ethyl-celiulose
sodium cellulose sulfate
hydroxypropyl-cellulose
sedium carboxy-methyl-
celluiose

cellulose, crystalling

o cellulose, powder

alginate-related polymers

13
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= succin-glusine
s pullulan

polymers of animal origin

s collagen
e casein
+ albymin
+ gelatin

«  godium elginate
= propylene glycol alginate ester

Examples of synthetic water-soluble
polymers

examples of inorganic water-seluble
polymers

vinyl-related polymors

* polyvinyl aicobel

poly (vinyl micthyl ciher)
poly-vinyl-pyrrolidone
carboxy-vinyl polymers

w  bentonite

a  gluminiom magnesivm silicate
* Laponite®

s Thectarite

«  gilicie anhydride

2lkyl co-polymers of acrylic acid
& methacrylic acid

polyoxyethylene-relaied polymets
PEG 200

PEG 600

PEG 1000

PEG 2000

PEG 4000

PEG 600

PEG 20000

co-polymers of polyoxy-ethylene &
pelyoxy-propylene

acrylate-related polymers
* sodium pely-accylate
= poly ehiylacrylalc

+ poly acrylamide

= poiyethylene jmine

*  cationic palymers
As will be understood by thoso skilled in the arm, the water solubility of the coatings

discussed above vary across a broad band. And i general, the water solubility is dependent an
temperature. Thus, to control the temperature of 2 teaction mizttne a skilled aitisan can casily
seloet coatings that disselve at the desired Set Termperature and vary the (hickness of the coatingy
such that exothesmic generating particles arc exposed to the agueous solution at various times.
Another methed of control is fo use different coatings that dissolve et different rates, By this

methad, certain patticles will be exposed early in the reaction, while ather exothermic generating
14
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pariicles will take longer to be exposed. Other methods of costing the exothermic generating
particles Ta control ay exothermic teaction will be apparent to those skilled in the chemical avts. L
is understood that in any comtro] schenze, it may be preferced, although not necessary, to include
sorme particles that are not coated.

The coating can be applied to the exothermic penerating particles by any appropriate
means. The eusiest method is to sefien or roell the coating material and mix it with the desired
amount of exothermic generating partieles. To achieve different coating thicknesses, separate
batches of particies and coating materials can be prepared. For example, 100g of particles can be
mixed with 100g of PEG 60, snd separnicly, 100z of exothermic gencrating particles can be
mixed with 200g of PEG 600. The two batches of particles can then be combined. The thickness
of the coating can be determined by a simple material balance using the average particle size of
the exothermic generating particles and the amount of coating material added thereto. If 3 more
precise measurement is desired, spectroscopic analysis of the particles bofore and after coating
can provide a very ascurate particle size distribution. Spectroscopic particle size analyzers are
well known.

‘While it is necesssry o coat at lcast a portion of the exothermic gencrating particies of the
seaction mixture, the volatile component, the sptional buffer, and (he other optional cormponents,
{discussed below) may or may not be coated, More specifically, the wolatile component, the
oplienal buffer, and (he othier optional components, can be coated along with the exothermic
generating paricles, they can be coated separately from the exothermie generating particles, or
they can be added without any coating, Combinativns of these choiess will alsa produce
acceptable 1esulls in many cases. Therefore, coating components other than the cxotheomic

generating particles is the prerogative of the fonnulator.

Volatile Component

The reaction imixtures disclosed berein include as an essentinl component a
volatile component that is preferably selected from the group censisting of & perfume, a
fragrance, an insect repellent, 2 fomigant, @ disinfectant, a bactericide, an insecticide, a
pesticide, & germicide, an acaricide, & sterilizer, a deodorizer, a fogging agent and
mixtures thereof. The concentrztion of volatile component in the reaction mixturs is from
gbout 0.01% to about 20%, preferably from about 0,1% to about 15%, and more
preferably from aboui 0.5% to ghout 10%, by weight, of the reaction mixture.
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“Volatile compenent™ as wsed bevein means any componnd that is evelved from a
reaction mixture according to the present mwvention fo the surrpunding environreent
during an exothermic reaction. The term “volatile” does not imply any resirictions on the
vapor pressure of the boiling point of the component. For example, many fine fTagrances
have boiling points well above the boiling point of water, while othet fiagrances have
boiling poiats below water. Both types of fragrances fall within the definition of “volatile
components” if they are cvolved during en exothermic reaction according to the present
invention. Necessarily, however, the agueous soluiion canoot be considercd the volatile
comporent even though a portion of the aqueous solution may evolye during the
exolhermic reaction.

Fragrances are prefemred volatile componentz for use i the present reaclion
mixmre and preferred fragrances are selected from the group consisting of musk. eil,
civef, castreum, ambergris, plant perfumes, sandalwood oil, neroli oil, bergamet oil,
lemon oil, lavender oil, sage oil, Tosemary oil, peppermint off, eucalyptus oil, menthol,
camphor, verbena oil, citronella oil, cavour oil, salvia cil, elove eil, chamemille ofl,
sandalwood oil, costs oil, labdarum ofl, broom exrracs, carrot seed extract, jasmine
extract, nuwmosa  exfract, narcissus éxtract, olibanum, cxtract, rose extruct,
acetophenonene, dimethybnadane derivatives, naphthaline derivatives, allyl caprate,
_alpha ~amylcinnamic aldehyde, anethole, anisaldehyde, benzyl acetate, benzyl alcohol,
benzyl propionate, hornieo), cinnamy) acetate, cinnamyl alcohol, citral citronnellal, cumin
aldehyde, cyclamen zldehyde, decanocl, ethyl butyrate, sihyl caprate, ethyl cinnamszte,
etiyl  vanillin, eugenel, geraniol, exenol, alpba-hexyleinnamic  aldehyde,
hydroxycitrolnellal, indole, iso-amyl acetate, iso-amyl iso-valeratek iso-gugenol, linalol,
linalyl acetaie, p-methylacctophenone, methyl anthranilate, methyl dihydroasmenate,
methyl cugenol, methyl-.beta.-naphthal keione, methylphenblearbiny] acetate, musk
ketol, musk xylel, 2,5 6-nanodinol, .gamima.-nanolactone, phenylacetoaldshydodimethyl
acetate, befa.-phenylethyl aleohol, 3,3,5-trimethyleyclchexancl, .gamma,-undscalactore,

undecenal, vanillin, and mixtures thereof.

Aqueous Solution

JP 2004-503668 A 2004.2.5
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An optional component of the present reaction mixtures is an aqueous solution.
The aqueous solution performs twa functions in the reaction mixture. Specitically, it
dissolves the water soluble coating on the cxothermic particles and then reacts with the
exothermic generating particles to pencraic heat. It is understood that the amount of the
agueous solution is quite flexible. While a sufficient aimount of the aquecus solution
must be present to dissolve the coating and to react with the exotherinic particles, exeess
aqueows solution is ofien acceptable and may cven be desirable. In fact excess agucous
solution acts as a heat sink for the reaction system. In this capacity the aqueous solution
can, in some circumstances, be used to confrol the maximum temperature of a given
reaction system. The aqucous solution, however, is generally not vsefl for controlling
the time verses temperature curves tor the reaction system as described above. Thus,
thase skilled n the art will be able to select the proper amount of squeous selution for a
given reaction system.

The most conmon and most preferved aqueous solution is watcr and solutions
containing water, Maonohydric aloohols and other low molecular weight liquids are
suitable for use in the present invention. The only riteria for an “agweous solution” js
that it dissolve the water soluble coatings described above, and that it react with the
choscn cxothermic generating particles. The concentration of agueous solution in the
reachion mixture is from about 30% to sbout 97%, preferably from about 50%% to about
95%, and more preferably from about §0% o ebout 0%, by weight, of the reaction

mixture.

Buofier

The reaction mixtures of the present invention will ofter include, as an option
component, 2 buffer. The buller can provide a variety of benefits, such as acceleration or
decaleration of the exothermic reaction, and pH control at the end of the reaction. Itis
well knovn that certain exothermic generating particles will react faster than others, A
buffer can speed up or slow down a reaction mixture. Tt is understvod, however, that
even with a butfer, uncontrolled exothermic reactions will generally fallow the time ve.
temperature curves depicted in Lines “A” and “a” of Figwes 1 and 2. Thus, the buffer

works to provide a favorable thermodynamic cavironment for the reaction mixture, but

17

JP 2004-503668 A 2004.2.5



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 |

2Q

30

(38)

WO 0TS0 PCTIUSOHE0

the buffer does not conirol the time vs. temperature profile of the reaction. With regard
to pH, it is often desiable to control the pH both during the reaction and at the end of the
reaction. During the reaction, the pH can centribute to the favorable thermodypamic
environment as discussed above, and it can regulate the final pH of the reaction mixture
when the exothermic reaction is nearing completion.  The final pH may be iraportant
because 2t certain ps the teaction products will precipitate leaving a relatively clear
solutipn.  The clear soluifon may be desirable and it can signal the end of the reuciion.
Regardless, a buffer may help the fonulator of the reaction mixtures disclosed herein,
FPreferably, if a buffer is present in the reaction mixtures of this invention, the
ratio by weight of the exothermic gencrating particles to the buffer is in the range of from
1000:1 to 1:1000, preferably from 500:1 to 1:500, and more preferably from 200:] to
1:200. And the buffer i preferably 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, axalic acid, malonic acid, glutaric acid, adipic acid,
glyeclic aeid, aspartic acid, pimelic acid, maleic acid, phibalic acid, izophthalic acid,
terphthalic acid, glatarnic acid, lactic acid, hydroxyl acrylie acid, alpha hydroxyl butyrie
acid, ghyceric acid, tartronic acid, salicylie acid, gallic acid, mandelic acid, tropic acid,
ascorbic acid, gluconic acid, cinnamic acid, benzoic acid, phenylacetic acid, nicotinic
acid, kainic acid, serbic acid, pymolidone catboxylic acid, trimellitic acid, benzene
sulfonic acid, tolaene sulfonic acid, potassinm dihydrogen phosphate, sodium hydrogen
sulfits, sodinm dihydrogen phosphate, potassimm hydrogen sulfite, sodfum hydrogen
pyrosulfite, acidic sodium Lexametaphospbate, acidic sodiim pyrophosphate, acudic
potassium pyrophosphate, sulfamic acid, ortho-phasphoric acid, pyro-phosphorie acid

and mixtures thereof.

Other Ingredients

The reaction mixtures of the present invention may comprise, &5 optional
components, other ingredienis, These optional ingredients can be, for example, vieual
enhancement agents selected from. the group consisting of a dye, a chemiluminescence
agent, a flucresecnee agent, a pearlescence agent, and mixtures therevf, Mure preferably,

the visual enhancement ageni is selected from the group consisting of fire-fly luciferase,

i8
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adenosinetriphosphate, ethylene glycol disteacate and mixtares thereof These visual
enhancement agents can be used to color the reaction mixture, make it “glow™, or provide
other visually satisfying effects. The concentration of in the other ingredients, if present
in the reaction mixture js from about ¢.01% to about 30%, preferably from about 0.1% fo
about 20%, and more prefesably from about 0.5% to about 15%, by weight, of the

reaction mixture.

Apparafus

In yet another aspect of this invention there is provided an apparatus for
generating, heat, the apparatus comprises # contniner and the following reaction
components: exothermic generating particles comprising a water soluble ceating that
encases a portien of the particles; & volatile component; and an aqreous solution. The
apperatus optionally further comprises a buffer. The veaction components for use in the
apparatuses of the present invention are the samc as those discussed above, The apparatus
of the present invention is preferably a self contained and portable device in which an
exolhermic reaction is conducted. Preferably, the apparatus container should have at
least one vent or opening to emit the volatile components that are evolved during the
exothermic reaction. Moreover, the confainer should b constructed of a material that can
withstand the mazimum temperatuce of the exothermic reaction. Many materials fulfill
this requirement because the maxitmum temperature of the regction might be as low as
35°C, higher temperature teaction imight require higher lemperature tolerance.  Glass,
plastic, styrofoam, metal, liquid impermeable paper, and muny other matemals are
saitable for use in the present invention. The container is preferably clear, transpavent, or
translucent, although opacue containers, while less preferable, are suitable for use herein.
T the present apparatuses, the exothermic generating particles can be in the form of a dry
powder, suspended in a homogenous gel, or suspended in 4 non-2quecus solution,

Figure 3 is a schematic representation of an apparatus 10 according to the present
invention, Apparatus 10 compriacs container 12 and reaction mixiure 29, which ucludes
cxothermic generating particles 22 with coating 24, Reaction mixture 20 further
comprises buffer particles 26 and an aquecus solution 28. Volatile component 3¢ appears
throughout reaction mixture 20 as emulsified droplets, 2lthough volatile component 30

18
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can also be dissolved in aqueous solution 28 or incarporated into coating 24. Confainer
12 sits on base 32 that houses light souree 34 and power source 36.

The reaclion mixture used in the apparatuses of the present invention skould be
conrollable as discussed above. That is, when the reaction components are noxed
together in the prescnt apparatuses, the reaction mixture should increase in temperature fo
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 preferably between about 35°C and 50°C, within
less than about 20 minutes, preferably within less thun wbout 10 minutes and more
preferably within less than about 3 munutes. Preferably, the reaction mixture within the
apparatus remains within 15°C of the Set Temperature for at leasi zbout 45 minutes,
preferably at least about 60 minutes, and more preferzbly at lcast about 90 minutes.
Other control sequences, such as those describe sbove in conjunction with the reaction
mixture are contemplated for use in the present apparatus.

In one preferted embodiment of the present invention, the apparatus includes 2
Jight source. The light source, which can nptionally pravide colored light, can be used to
enhance the visup) effect of the apparatus. Moreover, as discussed above, visual
enhancement agents may be cmployed in the reaction misburs in additien fo the light
source. The light source can be used lo accentuate the visual enhancement agents, or
simply to “light wp” the apparatus. The light source can be battery powered, selar
powered or the Tike. While gencrally not preferred, the light source could be externally
powered by, for exarmple, an electrical outlet, The apparatuses of the present invention
are preferably portable, fhus using external pewer may limit the portability. The light
source ¢an he within the container, or adfacent the cxterior of the container, If the Jight
source is placed in the container, it will be preferzble to encase the light source and its
power supply i a liquid impermeable barrier to shield the deviee from the aqueous
solution. Preferably, the container sifs on a base that both supporis the container, and
provides a housing for the light source.

The light source may confribute some heat to the reaction mixtire, but that is not
the desired function. Moreover, mist hattery operated devices operated at low voltage,
and produce very litile heat. Thus the light source is not intended te funclion as a conirol
mechatism.

2
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One espeaialty preferred light seurce for use in the present apparatuses is a light
emifting diode {“LED”). LEDs are woll known to the art and examples of these deviees
can be found in, for cxample, US Patent No. 5,963,185, which issued to ITavel on October
3, 1999, and US Patent No. 5,940,683, which issued to Holm, &i al. on August 17, 1599,
The entire disclosure of the Havel and Holm et al patents are ncorporated herein by
reference. LEDs are small devices that provide numerous eolors thom e single source.
Thus, from. one device, & varicty of colors can be projected onte (he reaction mixture
increasing the range of available visual effects.  These devices have the addilional
benefit in that they operate at low powsr, and would requite only a small battery o solar

power cell.

EXAMPLES
The following exumples illusirate the reaction mixtares of the present invention,

but aze not necessarily meant to limit or otherwisc define the scope of the invention.

Method of Coating the Exothermic (Generating Particles
Exolhermic generating particles are coated with polycthylene glycol as follows. A
premix iy made by combining magnesium pewder and anhydrous citric acid {1:6.5
wiw, both components from Wake Chemicals), and then a fragrant oi] is added to this
premix. The premix is then added into melicd polyethylenc glyool. The melied
polyetltylene is a mixture of three different molecular weights, PEG 600 (from Union
Carbide), PEG 14900 (from Wako Chemicals), and PEG 2000 {from Wako
Chemiculs), The melted PEG mixwre is around 30°C. The mixture is then cooled at
5°C for 10 min to approximate 20-25°C. The product comprises PEG of three
different molecular weights, a fragrant oil, magnesium powder and anhydrous citric

acid powder, and is a gel with suspended particles.

21
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WHAT IS CLATMED IS:

1. A reaction wixture comprising the following reaction components:
a) exothermic generating pariicles comprising a water soluble coating that encases 2
portien of the particles; and

b} a2 volatile component.

2. The reaction mixture of clzim 1, wherein the reaction components further comprisc an

aqueous solufion.

3. The reaction mixture of clajm 1, whersin the reaction cormponents further comprise 2
bulfer.

4. The reaction mixture of claim 2, wherein when the reaction components are mixed
togetber, the temperature of the reaction mixture increases to a Set Teruperature that
is greater than about 35°C and less thao about 75°C, preferably between about 35°C
and 65°C, and most preferably between zbout 35°C and 50°C, within less than about
20 minutes, preferably within less than about 15 minutes and mere preferably within

less than about [0 minutes.

5. The reaction mixture of claim 3, wherein the reaction mixture remains within 15°C,
proferably within 10°C, and more preferably within 5°C of the Set Temperature for at
least about 45 minutes, preferably at least about 50 minutes, and more preferably at

least about 9 minuies,

6. The reaction mixmire of claim 1, wherein the volutile component is selecied from the
group consisting of a perfume, a fragrance, an ingect repellent, a fumigant, a
disinfectant, a bactericide, an insesticide, a pesticide, a germicide, an acaricide, a

aterilizer, a deadorizer, a fogging agent and mixtures thereof.
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7. The reaction mixture of claim [, wherein the volatile component is selected from the
group consisting of a musk oil, civef, castrewm, ambergris, plant perfumes,
sandalwood oil, nernli oil, bergemot oil, lemen oil, lavender oil, sage o, rosemary
oil, peppermint oil, cucalyptug oil, menthol, camphor, verbena oil, citronella nil,
ciuout oil, sulvia oil, clove cil, chamomille oil, sandalwood oil, costus oil, labdanum
oil, broom exfract, carrot seed exiract, jasming exXtract, minmose extract, narcissus
extract, olibanum, extract, rose exaact, acelophenonene, dimethylinadane dexvatives,
naphthaline derivatives, allyl caprate, .alpha.-smyleimamic aldehyde, ancthole,
anisaldehyde, benzyl sceiate, benzyl zleohol, benxyl propionate, bomecl, cinnamyl
acetate, cinpamyl alcchol, citral citronnellal, cumin aldehyde, cyelamen aldehyde,
decanol, cthyl buiyrate, ethyl caprate, ethyl cinnamate, ethyl vanillin, cugenol,
geraniol, exemol, alpbw.-hexylcinnamic aldehyde, hydroxycilralnellal, indole, isa-
amyl acetate, iso-amyl iso-valeratek iso-eugenol, linalol, Tinzlyl acetatc, p-
methylacetophenone, methyl anthranilate, methyl dihydroasmonate, methyl eugenol,
methyl-.bota.-naphthol ketone, methylphenhicasbinyl acetate, musk ketol, mosk xylol,
2,5,6-nanodinol, gammnz.-nanolactone, phenylacetoaldehydodimethyl acotate, bota -
phenylethyl aicohol, 3,3,5-rimethyleycloiicxanol, .gamma. -undecalactone, Wdecenal,

vanillin, and mixtures thereof.

2. The reaction mixture of claim [, wherein the exothormic generating paricles exe
gelected from the group consisting of uncomplexed metals, metal salts, mefal oxides,
meta] hydroxides, metal hydrides and mixtures thereof, wherein the wmefals are
sclected from the group consisting of  beryllium, magnesium, [thium, sodium,

calcium, potassium, iren, copper, zine, alumirzum and mixtures thereof,

9. The reaction mixture of claim 1, wherein the exothermic generating particles have an
average particle diameter of frem about 10 microns to about 19400 microns, preferably
from abaut 100 microns to about 540 microns, and more preferably from about 200

microns to about 400 mricrons,
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16. The reaction mixtwre of clatm 8, wherein the exothermic pencrating particles are
selecied from the group consisting of beryliium hydroxide, beryllium oxide,
beryllimn oxide monchydrate, lithium aluminum hydride, calcium oxide, calcium
hydride, potassium oxide, magnesium chloride, magnesinm sulfale, aluminum
bromide, aluminum iodide, sodium tetraborate, sodinf phosphate and mixtures
thereof.

11. The reaction mixture of claim 3, wherein the buffer is sclected from the group
comsisting of citric acid, malic, acid, fumaric acid, suecinic acid, tartario acid, formic
acid, acetic acid, propanoic acid, tutyric acid, valeric acid, nxalie acid, malonic acid,
glularic acid, adipic acid, glycolic acid, aspartic acid, pimelic acid, malelc arid,
phthatic acid, isophtialic acid, terphthalic acid, glutamic acid, lactic acid, hydroxyl
acrylic scid, alpha bydroxyl butyric acid, glyeeric acid, tartronic acid, salicylic acid,
gallic acid, mandelic acid, tropic acid, ascorbic acid, gluconic acid, cinnamic acid,
benzoic acid, phenylacetic acid, nicetmic acid, kawic acid, sorbie acid, pyrrolidone
carboxylic acid, trimellitic acid, benzene sulfonic acid, tolucne sulfonic acid,
potassium  dihydrogen phosphate, sodivm bydrogen sulfite, sodium dibydregen
phosphate, potassivm hydrogen sulfite, sodivm hydrogen pyrosulfite. acidic sodium
bexamctaphosphate, acidic sedium pyrophosphate, acidic potassivm pyrophesphate,

sulfarnic acid, ortho-phosphorie acid, pyro-phospheric acid and mixeures {hercof.

12, The reaction mixture of claim 1, wherein the coafing comprises a water seluble
material selected from the wroup consisting of patural watet-soluble polymers,
inorganic water-soluble polymers, synthetic water-soluble polymers, semi-synthetic
water-snluble polymets, polymers of plant origin, pelymers of microerganism origin,
polymers of animal origin, starch polymers, cellulose palymers, alginate polymeds,

vinyl polymers, polyoxyethylene polymers, acrylate polymers, and mixtures thereof,

13. The reaction mixture of claime I, wherein the coating comprises -2 water soluble
maierial selected from the group consisting of gum arabic, pum tragacanth, galuctan,
guin guar, cargb-seed gum, kardya gum, canmageenan, pectn, agar, guince seed, alge-

24
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colloid, starch, glyeymhizic acid, gum xanthan, dextran, succm-glucane, pullulan,
collagen, casein, albumin, gelatin, carboxy-methyl stareh, methyl-bydraxypropyl
siarch, methyl-cellulose, nitro-cellulose, ethyl-cellulose, methyl-hydroxypropyl-
cellulose, hydroxy-ethyl-cellulose, sodium cellulose sulfate, hydroxypropyl-ceilulose,
sodinm carboxy-methyl-cellulose, crystailine cellulose, cellulose powder, sodium
alginate, propylene glycol alginate cther, polyviny! alcohol, pely (vinyl methyl ether),
poly-vioyl-pyrrelidone, carboxy-vinyl polymers, elkyl co-polymers of acrylic acid
and methacrylic acid, pelyethylene glycel having a molecular weight betwsen 200
and 100,000, preferably between 600 and 20,000, co-polymers of polyexy-ethylene
aud polyoxy-propylene, sodivm poly-nerylaie, poly ehtylacrylate, poly acrylamide,
polyethylene imine, cationic polymers, bentonite, aluminum magnesivm silicate,

hectorite, silicic anhydride, und mixtwres thereol.

. The reaction mixture of claim {2, wherein the coating comprisca a nraterial seleeted

from the group consisting of water-soluble alkylene glycols, water-seluble alcohols,

and mixtures thereof.

. The reaction mixture of claim 2, wherein the raiio by weight of the oxothermic

gencrating particles to the buffer is in the range of from 1000:1 to 1:1000, preferably
from 500: 1 ko 11500, and tmore preferably from 200:1 to 1:200.

. The reaction mixture of claim I, furfher comprising a water soluble wisval

enhanicement agen( selecied from the group consisting of a dye, a chemiluminescence

agent, a fluorescence agent, a pearlescence agent, and mixtures thereof,

_ The reaction mixfure of clajm 16, wherein the visval enkancement agent is sclected

from the group consisting of fire-fly luciferase, adenosinetriphosphate, cthylene

ghycol disteate and mixtures thercof.

. The reaction mixture of ¢lzim 2, wherem when the reaction components are mixed

together, the femperature of the rezction mixture increases at an actual rate of increasc
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that is measwred in °C/minute, and the actual rate of increase remaios within
0.5°C/minute, prefersbly within 0.1°C/minute, and more preferably within
0.01°C/minute of a predetermined rate of increase for at least about 43 minules,

preferably at least about 60 minutes, and more preferably at Ieast about 90 minutes.

15. The rezction mixture of clai: 18, wherein the predetermined rate of inorcase is lesa
than 2°C/minute, preferably less than 1.5°C/minute, and more preferably less than

1*Cmimite,

20, The reaction mixture of ¢laim 1, wherein the exothermic generating particles
comprise particles selected from the group consisting of uncoated particles, coated

particles and mixtures thereof.

21. The reaction mixture of claim 20, wherein the cxothermic gencrating particles
comprise particles selected from the group comsisting of uncoated pasticles, first

coated particles, second coated particles and mixhures thereof.

22. A process for generating heat, the process comprising the steps of:
a) providing exothermic generating particles comprising o weter soluble coating
that encases & portion of {he particles;
b) providing an aquecus solution and a volabile component; and
¢} adding ic the coated exotherniic generating particles the aqueous sclution and

the volatile camponcnt.

23. The process of claim 22, further corprising the steps of:
d) providing a bufter; and
€) adding the buffer fo the aqueous solution, the volatile compound and the

exothermic generaling particles.

24. An apparatus for gencrating heai. comprising a container and the following reaction
COMpOonents:
26
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a) exothermic generating particles comprising a water soluble coating that encases a
portion of the particles;
b) avolatile component; and

¢} an agueous solution.

25. The apparatus of claim 24, wherein the reaction coraponents further comprise a
buffer.

26. The apparatus of claim 24, wherein a reaction mixture is oreated when the reaction
componenis are mixed together, and the temperature of the reaction mixiure increases
to a Sct Temperature that is greater than about 40°C and less than about 75°C,
preferably between about 45°C and 55°C, and most preferably between about 30°C
and 60°C, within at least 20 minutes, preferably within at least bout 15 minutes and

more preferably within at least 10 minutes.

27, The apparatus of ¢laim 26, wherein the reaction mixture remaing within 13°C of the
Sct Temperature for at least about 45 minutes, preferably at least about 60 minutes,

and more preferably at least about 90 micutes,

(]
]

. The apparatus of claim 24, wherein the exothermic generating particles are in the

form ot a dry powder.

29. The apparatus of claim 24, wherein the cxothermic generating particles are suspended

in a gel, a non-aqueous liquid and mixtures thereof.

30, The apparatus of claim 24, further comprising a light emitiing device capable of
emitting a variety of colors, prefcrably the light cmitting device is a light enatfing
diode.

31, The reaction mixture of elaim 1, wherein when the reaction components are mixed
1ogether, the temperutace of the reaction mixture increases fo a First St Temperature

27
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32.

33

4.

and remains within 15°C, preferably within 10°C, and more prefierably within 7°C of
the First Set Temperature for 2 first period of time and then the temperatwre of the
reaciion puixfure changes to a Second Set Temperatyre and remains within 15°C,
preferably within 10°C, and mwore preferably within 7°C of the Second Set

Temnperature for 4 second period of time.
Tie reaction mixtire of claitn 31, wherein fhe first period of fime is at least zhout 15
minutes, preferably at least about 20 minutes, and the second pariod of time is ot least

about 15 minutes, preferably at Ieast about 20 minutes.

The reaction mixture of claim 31, wherein the First Set Terperature is at least about

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

The reaction mixture of claim 31, wherein the First Set Temperature is at least about

10°C, preferably at least aboud 15°C, fess than the Second Set Temperature.
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