02/06421 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
24 January 2002 (24.01.2002)

PCT

(10) International Publication Number

WO 02/06421 Al

(51) International Patent Classification’: C09K 5/18,

A47] 36/28

(21) International Application Number: PCT/US00/19079

(22) International Filing Date: 13 July 2000 (13.07.2000)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant (for all designated States except US): THE
PROCTER & GAMBLE COMPANY [US/US]; One
Procter & Gamble Plaza, Cincinnati, OH 45202 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LI, Yu-jun [CN/JP];
6-6-611-213, Koyochonaka, Higashinada, Kobe 658-0032
(JP). MAO, Mark, Hsiang-Kuen [US/JP]; 2-23-13,
Sumiyoshihonmachi, Higashinada, Kobe 658-0032 (JP).

(74) Agents: REED, T., David et al.; The Procter & Gam-
ble Company, 5299 Spring Grove Avenue, Cincinnati, OH
45217-1087 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AT
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CR, CU, CZ, CZ (utility model), DE, DE (utility
model), DK, DK (utility model), DM, DZ, EE, EE (utility
model), ES, FI, FI (utility model), GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KR (utility
model), KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD,
SE, SG, SI, SK, SK (utility model), SL, TJ, TM, TR, TT,
TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHODS AND REACTION MIXTURES FOR CONTROLLING EXOTHERMIC REACTIONS

10

(57) Abstract: Reaction mixtures (20) that include exothermic generating particles (22) having a water soluble coating (24) encasing
a portion of the particles (22) and, optionally an aqueous solution (28), and a buffer (26). The reaction mixtures (20) are especially
suited to generate heat in a controllable manner. In one such controlled reaction, the reaction components are mixed together and the
mixture increases in temperature to a Set Temperature within a predetermined time, and the mixture remains at the Set Temperature
for a longer period of time. Apparatuses (10) and methods that use these reaction mixtures (22) are also disclosed.



WO 02/06421 PCT/US00/19079

METHODS AND REACTION MIXTURES FOR CONTROLLING
EXOTHERMIC REACTIONS

TECHNICAL FIELD

The present invention relates to reaction mixtures that include exothermic

generating particles having a water soluble coating encasing a portion of the particles, and
optionally, an aqueous solution, and a buffer. The reaction mixtures are especially suited
to generate heat in a controllable manner. Apparatuses and methods that use these

reaction mixtures are also disclosed.

BACKGROUND OF THE INVENTION

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

aqueous solution have been used for many years to produce heat. The heat generated by
the exothermic reaction can be used for various purposes. For example, many consumer
products utilize exothermic reactions for heating. Certain food products are sold with a
self contained exothermic reaction mixture. An aqueous solution, typically water, is
added to the exothermic reaction mixture. This initiates the reaction, which generates
heat warming the food product. Other consumer products, such as portable heating pads,
glove and sock warmers, etc., utilize an exothermic reaction mixture for heating.

A self contained exothermic reaction is an inexpensive, relatively safe, and
portable alternative to heating with a combustion or an electrical source. But these
reactions have one substantial problem, they are hard to control. For example, it has been
difficult to design a reaction system that is self contained, and runs at a constant
temperature for an extended period of time. Likewise, it is difficult to design a reaction
system that will run at one temperature for a first period of time, then change to a second
temperature for a second 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
system.

Thus, there exists a need for improved exothermic reaction mixtures and
apparatuses for providing heat. These improved methods and apparatuses should
overcome the problems discussed above. Specifically, they should not require
combustion or\ electricity, but they should provide heat in a controllable manner.
Moreover, these improved methods and apparatuses should be portable and relatively

inexpensive.

SUMMARY OF THE INVENTION

The present invention is directed to a reaction mixture comprising exothermic

generating particles comprising a water soluble coating that encases a portion of the
particles. Optionally, the reaction mixture further comprises an aqueous solution, and a
buffer.

In one aspect of this invention the exothermic generating particles and an aqueous
solution are mixed together, and the temperature of the 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 preferably, the reaction mixture remains within 15°C of the Set
Temperature for at least about 45 minutes.

The exothermic generating particles of the present invention are preferably
selected from the group consisting of uncomplexed metals, metal salts, metal oxides,
metal hydroxides, metal hydrides and mixtures thereof. The metals are selected from the
group consisting of beryllium, magnesium, lithium, sodium, calcium, potassium, iron,
copper, zinc, aluminum and mixtures thereof. And the water soluble coating for these
exothermic generating particles comprises a water soluble material preferably selected
from the group consisting of natural water-soluble polymers, inorganic water-soluble
polymers, synthetic water-soluble polymers, semi-synthetic water-soluble polymers,
polymers of plant origin, polymers of microorganism origin, polymers of animal origin,
starch polymers, cellulose polymers, alginate polymers, vinyl polymers, polyoxyethylene

polymers, acrylate polymers, and mixtures thereof.
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There is further provided in the present invention a process for generating heat
comprising the steps of: providing exothermic generating particles comprising a water
soluble coating that encases a portion of the particles; providing an aqueous solution; and
adding the aqueous solution to the coated exothermic generating particles.

In yet another aspect of this invention there is provided an apparatus for
generating heat comprising a container and exothermic generating particles comprising a
water soluble coating that encases a portion of the particles.

The methods and apparatuses of this invention provide portable and inexpensive
ways to produce heat in a controllable manner. The devices can be relatively small while
operating in a controllable manner for an extended period of time. For example, a
reaction mixture can be designed to deliver heat at a predetermined temperature for an
extended period of time at a relatively controlled rate. Moreover, using the reaction
mixtures of the present invention heat can be delivered at a first temperature, then the
reaction mixture can change to a different temperature for a second period of time.

The apparatuses of this invention can be used to deliver a variety of useful
compounds to the surrounding air, and to clothes, carpet, pets, skin and many other
surfaces. Moreover, the apparatuses of this invention can be combined with color and
light to improve the aesthetic qualities, and ultimately, improve the overall 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
understood from the following description of preferred embodiments which is taken in
conjunction with the accompanying drawings in which:

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

Fig. 2 is a graphical representation of two controlled reactions 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 a schematic representation of an apparatus according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

As noted, the present invention is directed to a reaction mixture comprising

exothermic generating particles comprising a water soluble coating that encases a portion
of the particles. Optionally, the reaction components further comprise a buffer, an
aqueous solution or both. The reaction mixture can be used to generate heat in a
controllable manner. Apparatuses that utilize the reaction mixtures taught herein are also

disclosed.

Reaction Mixture

In one aspect of this invention a reaction mixture is formed by mixing the
exothermic generating particles with an aqueous solution components to initiate an
exothermic reaction between the exothermic generating particles and the aqueous
solution. The exothermic reaction generates heat, which elevates the temperature of the
reaction mixture. The heat, more precisely, the elevated temperature of the reaction
mixture, can be used to heat an object of the surrounding environment. As will be
understood, the water soluble coating of the exothermic generating particles can be used
to control the speed of the exothermic reaction, and the heat generated. The ability to
control the amount of heat generated by the reaction mixture, without any external
controls, allows for the controlled delivery of the heat.

As is well known to those skilled in the art, chemical reactions can be difficult to
control. Assuming a batch process, and putting aside thermodynamic considerations, the
rate of an exothermic chemical reaction depends largely on the temperature and
concentration of the reaction mixture. With no external controls, the temperature of an
exothermic reaction mixture will rapidly increase during the early stages of the reaction.
This is due largely to two factors, the concentration of the reactants is at its highest level,
and as the reaction progresses heat is generated which raises the temperature of the
reaction mixture, which, in turn, increases the rate of the reaction. As the reactants are

depleted, the reaction slows, causing a precipitous decrease in the temperature of the
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reaction mixture. This effect if graphically illustrated in both Figures 1 and 2,
specifically, lines “A” and “a” illustrate the temperature of an uncontrolled exothermic
reaction mixture as a function of time. Figures 1 and 2 are discussed in greater detail
below, but they clearly illustrate one problem addressed by the present invention. That is,
the temperature of the reactions represented by Lines “A” and “a” of Figures 1 and 2,
respectively, changes constantly. Moreover, the rate of change of the temperature is
almost never constant.

By coating the exothermic generating particles as described in detail below, a
batch, exothermic reaction mixture can be designed to provide constant heat over
relatively long periods of time. And other control schemes can be easily designed by
those skilled in the art, for example, a reaction mixture can be designed where the
temperature increases gradually at a constant rate of increase for a relatively long period
of time. Other control schemes will be apparent based on the following details.

In one such control scheme, a reaction mixture is prepared by mixing the
exothermic generating particles and an aqueous solution to initiate an exothermic
reaction. The temperature of the reaction mixture increases 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 preferably between about 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 minutes. Preferably, the reaction mixture remains within 15°C, more
preferably within 10°C, and even more preferably within 5°C of the Set Temperature for
at least about 45 minutes, preferably at least about 60 minutes, and more preferably at
least about 90 minutes. It is understood that the term “remains within” as used herein,
means the same as “+”. For example, to “remain within 10°C” of a Set Temperature of
50°C, means the temperature 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 “c”.

Figure 1 displays one “uncontrolled” exothermic reaction according to the prior
art (“A”) compared to two “controlled” reactions according to the present invention (“B”
and “C”). The reaction components, and the resulting reaction mixture are given in Table
1 and summarized in Table 2. As can be seen, magnesium powder is used as the

exothermic generating particles, and a citric acid buffer is used. The exothermic
5
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generating particles of reaction mixture “A” are uncoated (Premix 2), while the
exothermic generating particles of reaction mixtures “B” and “C” include both uncoated
particles (Premix 2), and particles coated with Polyethylene Glycol (“PEG”) of different
molecular weights (Premix 1). The weight of the reactants (excluding the coating
material) 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 all three reaction mixtures, see Table 2. Moreover, the magnesium
exothermic generating particles and the citric acid buffer was added to 100.0 grams of

water to form each of the reaction mixtures.

Table 1

A B C
INGREDIENT| Wt.% | Wt. % | Wt. %
Premix 1
PEG 600 0.0 15.0 13.5
PEG1000 0.0 5.0 4.5
Magnesium 0.0 5.0 4.5
Citric acid 0.0 325 29.3
Premix 2
Magnesium 13.3 5.7 6.4
Citric acid 86.7 36.8 41.8
Total Wt. % 100 100 100

Table 2

A B C
INGREDIENT| Wt.(g) | Wt.(g) | Wt (g)
Coating 0.0 4.8 4.3
Mg 2.6 2.6 2.6
Citric Acid 16.6 16.6 17.1
Water
Total Wt. (g) 19.2 24.0 24.0

As discussed briefly above, Line “A” is a typical graph of temperature v. time for
an uncontrolled exothermic reaction. The temperature rises rapidly at first to a maximum
of greater than 65°C. And then, as the reaction components are consumed, the

temperature begins to decrease along a logarithmic curve. And within approximately 35
6
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minutes, the reaction has cooled to within 5°C of the initial temperature (room
temperature). At no time during this first 35 minutes of the reaction illustrated by Line
“A” does the temperature remain constant for more than a few minutes.

In sharp contrast, the reaction mixtures represented by lines “B” and “C” of
Figure 1, increase to the Set Temperature of about 50°C within about 10 minutes. The
reaction temperatures then level off and remain within 5°C of the Set Temperature for at
least about 45 minutes.

Similarly, Figure 2 displays one “uncontrolled” exothermic reaction according to
the prior art (“a”) compared to two “controlled” reactions according to the present
invention (“b” and “c”). The reaction components, and the resulting reaction mixture are
given in Table 3 and summarized in Table 4. Magnesium powder is used as the
exothermic generating particles, and a citric acid buffer is used. The exothermic
generating particles of reaction mixture “a” are uncoated (Premix 2), while the
exothermic generating particles of reaction mixtures “b” and “c” include both uncoated
particles (Premix 2), and particles coated with Polyethylene Glycol (“PEG”) of different
molecular weights (Premix 1). The weight of the reactants (excluding the coating
material) was held constant in these three reaction mixtures. That is weight of the
magnesium exothermic generating particles and the citric acid buffer was held relatively
constant in all three reaction mixtures, see Table 4. Moreover, the magnesium
exothermic generating particles and the citric acid buffer was added to 100.0 grams of

water to form each of the reaction mixtures.

Table 3

a b c
INGREDIENT| Wt.% | Wt.% | Wt. %
Premix 1
PEG 600 0.0 13.0 13.4
PEG 1000 0.0 21.3 22.0
PEG 2000 0.0 7.1 7.3
Magnesium 0.0 5.0 4.7
Citric acid 0.0 323 30.5
Premix 2
Magnesium 13.3 2.8 2.9
Citric acid 86.7 18.5 19.0
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[Total Wt. % | 100| 100| 100|

Table 4

a b c
INGREDIENT| Wt. (g) | Wt.(g) | Wt.(g)
Coating 0.0 10.5 10.4
Mg 2.0 2.0 1.9
Citric Acid 12.9 12.9 12.2
Total Wt. (g) 14.9 254 24.5

PCT/US00/19079

As discussed briefly above, Line “a” is a typical graph of temperature v. time for
an uncontrolled exothermic reaction. The temperature rises rapidly at first, and then as
the reaction components are consumed, the temperature begins to decrease along a
logarithmic curve. It takes approximately 15 minutes for the temperature of reaction
mixture “a” to overshoot and cool 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 for only about 40

minutes later when the reaction dips below 25°C. At no time during this first 55 minutes
of the reaction illustrated by Line “a” does the temperature remain constant for more than
a few minutes.

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

It is understood that the control scheme depicted in Figures 1 and 2, that is, where
the reaction mixture rises to a Set Temperature and the temperature remains relatively
constant for an extended period of time, is only one of many possible control schemes
covered by the present invention. By way of example, another control scheme occurs
when the exothermic generating particles and an aqueous solution are mixed together, the
temperature of the reaction mixture increases to a First Set Temperature and remains
within 15°C, preferably within 10°C, and more preferably within 5°C of the First Set
Temperature for a first period of time and then moves to a Second Set Temperature and
remains within 15°C, preferably within 10°C, and more preferably within 5°C of the

8
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Second Set Temperature for a second period of time. Preferably, 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. And it is also
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 alternatively, the First Set
Temperature is at least about 10°C, preferably at least about 15°C, less than the Second
Set Temperature.

Yet another example of a control scheme of the present invention is when the
reaction components are mixed together the temperature of the reaction mixture increases
at an actual rate of increase that is measured in °C/minute, and the actual rate of increase
remains within 0.5°C/minute, preferably within 0.1°C/minute, and more preferably within
0.01°C/minute of a predetermined rate of increase for at least about 45 minutes,
preferably at least about 60 minutes, and more preferably at least about 90 minutes.
Preferably the predetermined rate of increase is less than 2°C/minute, preferably less than

1.5°C/minute, and more preferably less than 1°C/minute.

Reaction Components

Turning now to the reaction components, which include as a minimum,
exothermic generating particles comprising a water soluble coating that encases a portion
of the particles. Preferably, the reaction components further comprise a buffer, an

aqueous solution or both.

Exothermic Generating Particles

The exothermic generating particles of the present invention are preferably
selected from the group consisting of uncomplexed metals, metal salts, metal oxides,
metal hydroxides, metal hydrides and mixtures thereof. The metals are selected from the
group consisting of beryllium, magnesium, lithium, sodium, calcium, potassium, iron,
copper, zinc, aluminum and mixtures thereof. These particles may also be selected from
the group consisting of beryllium hydroxide, beryllium oxide, beryllium oxide
monohydrate, lithium aluminum hydride, calcium oxide, calcium hydride, potassium

oxide, magnesium chloride, magnesium sulfate, aluminum bromide, aluminum iodide,
9
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sodium tetraborate, sodium phosphate and mixtures thereof. The concentration of the
exothermic generating particles in the reaction mixture is 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.

It is preferred, although not required, that the exothermic generating particles
(without the coating) have an average particle diameter of from about 10 microns to about
1000 microns, preferably from about 100 microns to about 500 microns, and more
preferably from about 200 microns to about 400 microns. In the present reaction mixture,
the exothermic generating particles can be in the form of a dry powder, suspended in a

gel, or suspended in a non-aqueous solution.

Water Soluble Coating

Controlling the temperature of the reaction mixture as a function of time is one of
the objects of this invention, and control is accomplished largely by coating at least a
portion of the exothermic generating particles. While not wanting to be bound by any
one theory, it is believed that the coated exothermic generating particles cannot react with
the aqueous solution until the coating dissolves. As the coating on the exothermic
generating particles begins 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
exothermic generating particles having different coatings, different thickness of coatings,
or both. Likewise, it is often preferred to include a small amount of uncoated exothermic
generating particles to help raise the temperature during the early stages of the reaction.
The concentration of the water soluble coating material in the reaction mixture is 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.

Hence, 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 the particles
need to be coated. Moreover, some particles may have different thicknesses, and the
coatings may be different. More specifically, the exothermic generating particles can be
selected from the group consisting of uncoated particles, coated particles and mixtures

thereof, preferably, the exothermic generating particles comprise particles selected from

10
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the group consisting of uncoated particles, first coated particles, 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 exothermic generating particles should be a water soluble
material that is preferably selected from the group consisting of natural water-soluble
polymers, inorganic water-soluble polymers, synthetic water-soluble polymers, semi-
synthetic water-soluble polymers, polymers of plant origin, polymers of microorganism
origin, polymers of animal origin, starch polymers, cellulose polymers, alginate
polymers, vinyl polymers, polyoxyethylene polymers, acrylate polymers, and mixtures
thereof. More specifically, the coating for the exothermic generating particles comprises
a water soluble material selected from the group consisting of gum arabic, gum
tragacanth, galactan, gum guar, carob-seed gum, karaya gum, carrageenan, pectin, agar,
quince seed, alge-colloid, starch (from corn, potato, etc), glycyrrhizic acid, gum xanthan,
dextran, succin-glucane, pullulan, collagen, casein, albumin, gelatin, carboxy-methyl
starch, methyl-hydroxypropyl starch, methyl-cellulose, nitro-cellulose, ethyl-cellulose,
methyl-hydroxypropyl-cellulose, hydroxy-ethyl-cellulose, sodium cellulose sulfate,
hydroxypropyl-cellulose, sodium carboxy-methyl-cellulose, crystalline cellulose,
cellulose powder, sodium alginate, propylene glycol alginate ether, polyvinyl alcohol,
poly (vinyl methyl ether), poly-vinyl-pyrrolidone, carboxy-vinyl polymers, alkyl co-
polymers of acrylic acid and methacrylic acid, polyethylene glycol having a molecular
weight between 200 and 100,000, preferably between 600 and 20,000, co-polymers of
polyoxy-ethylene and polyoxy-propylene, sodium poly-acrylate, poly ehtylacrylate, poly
acrylamide, polyethylene imine, cationic polymers, bentonite, aluminum magnesium
silicate, hectorite, silicic anhydride, and mixtures thereof. Preferably, the coating
comprises a material selected from the group consisting of water-soluble alkylene
glycols, water-soluble alcohols, 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
olymers of plant origin starch-related polymers

11
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gum arabic

gum tragacanth
galactan

gum guar
carob-seed gum
karaya gum
carrageenan
pectin

agar

quince seed
alge-colloid
starch (from corn, potato, etc.)
glycyrrhizic acid

polymers of microorganism origin
e gum xanthan

e dextran

e succin-glucane

e pullulan

polymers of animal origin

e collagen
e casein
e albumin
e gelatin

e carboxy-methyl starch
¢ methyl-hydroxypropyl starch

cellulose-related polymers
methyl-cellulose
nitro-cellulose
ethyl-cellulose
methyl-hydroxypropyl-cellulose
hydroxy-ethyl-cellulose
sodium cellulose sulfate
hydroxypropyl-cellulose
sodium carboxy-methyl-
cellulose

cellulose, crystalline
cellulose, powder

alginate-related polymers
e sodium alginate
e propylene glycol alginate ester

Examples of synthetic water-soluble
polymers

examples of inorganic water-soluble
polymers

vinyl-related polymers

e polyvinyl alcohol

poly (vinyl methyl ether)
poly-vinyl-pyrrolidone
carboxy-vinyl polymers

alkyl co-polymers of acrylic acid
& methacrylic acid

polyoxyethylene-related polymers
PEG 200

PEG 600

PEG 1000

PEG 2000

PEG 4000

PEG 6000

PEG 20000

co-polymers of polyoxy-ethylene &
olyoxy-propylene

e bentonite

aluminum magnesium silicate
Laponite®

hectorite

silicic anhydride

12
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acrylate-related polymers
e sodium poly-acrylate
e poly ehtylacrylate

e poly acrylamide

e polyethylene imine
e cationic polymers

As will be understood by those skilled in the art, the water solubility of the coatings
discussed above vary across a broad band. And in general, the water solubility is dependent on
temperature. Thus, to control the temperature of a reaction mixture a skilled artisan can easily
select coatings that dissolve at the desired Set Temperature and vary the thickness of the coatings
such that exothermic generating particles are exposed to the aqueous solution at various times.
Another method of control is to use different coatings that dissolve at different rates. By this
method, certain particles will be exposed early in the reaction, while other exothermic generating
particles will take longer to be exposed. Other methods of coating the exothermic generating
particles to control an exothermic reaction will be apparent to those skilled in the chemical arts. It
is understood that in any control scheme, it may be preferred, although not necessary, to include
some particles that are not coated.

The coating can be applied to the exothermic generating particles by any appropriate
means. The easiest method is to soften or melt the coating material and mix it with 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 particles can be
mixed with 100g of PEG 600, and separately, 100g of exothermic generating 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 a more
ﬁrecise measurement is desired, spectroscopic analysis of the particles before and after coating
can provide a very accurate particle size distribution. Spectroscopic particle size analyzers are
well known.

While it is necessary to coat at least a portion of the exothermic generating particles of the
reaction mixture, the optional buffer may or may not be coated. More specifically, the optional
buffer can be coated along with the exothermic generating particles, it can be coated separately

from the exothermic generating particles, or it can be added without any coating. Combinations
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of these choices will also produce acceptable results in many cases. Therefore, coating

components other than the exothermic generating particles is the prerogative of the formulator.

Aqueous Solution

An optional component of the present reaction mixtures is an aqueous solution.
The aqueous solution performs two functions in the reaction mixture. Specifically, it
dissolves the water soluble coating on the exothermic particles and then reacts with the
exothermic generating particles to generate heat. It 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 particles, 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 aqueous solution
can, in some circumstances, be used to control the maximum temperature of a given
reaction system. The aqueous solution, however, is generally not useful for controlling
the time verses temperature curves for the reaction system as described above. Thus,
those skilled in the art will be able to select the proper amount of aqueous solution for a
given reaction system.

The most common and most preferred aqueous solution is water and solutions
containing water. Monohydric alcohols and other low molecular weight liquids are
suitable for use in the present invention. The only criteria for an “aqueous solution” is
that it dissolve the water soluble coatings described above, and that it react with the
chosen exothermic generating particles. The concentration of aqueous solution in the
reaction mixture is from about 30% to about 97%, preferably from about 50% to about
95%, 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, a buffer. The buffer can provide a variety of benefits, such as acceleration 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 faster than others. A
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buffer can speed up or slow down a reaction mixture. It is understood, however, that
even with a buffer, uncontrolled exothermic reactions will generally follow the time vs.
temperature curves depicted in Lines “A” and “a” of Figures 1 and 2. Thus, the buffer
works to provide a favorable thermodynamic environment for the reaction mixture, but
the buffer does not control the time vs. temperature profile of the reaction. With regard
to pH, it is often desirable 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 reaction is nearing completion. The final pH may be important
because at certain pHs the reaction products will precipitate leaving a relatively clear
solution. The clear solution may be desirable and it can signal the end of the reaction.
Regardless, a buffer may help the formulator of the reaction mixtures disclosed herein.
Preferably, if a buffer is present in the reaction mixtures of this invention, the
ratio by weight of the exothermic generating 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 200:1 to
1:200. And the buffer is 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, oxalic acid, malonic acid, glutaric acid, adipic acid,
glycolic 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,
ascorbic acid, gluconic acid, cinnamic acid, benzoic acid, phenylacetic acid, nicotinic
acid, kainic acid, sorbic acid, pyrrolidone carboxylic acid, trimellitic acid, benzene
sulfonic acid, toluene sulfonic acid, potassium dihydrogen phosphate, sodium hydrogen
sulfite, sodium dihydrogen phosphate, potassium hydrogen sulfite, sodium hydrogen
pyrosulfite, acidic sodium hexametaphosphate, acidic sodium pyrophosphate, acidic
potassium pyrophosphate, sulfamic acid, ortho-phosphoric acid, pyro-phosphoric acid

and mixtures thereof.

Apparatus

15
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In yet another aspect of this invention there is provided an apparatus for
generating heat, the apparatus comprises a container and exothermic generating particles
comprising a water soluble coating that encases a portion of the particles. The apparatus
optionally further comprises a buffer, an aqueous solution, or combinations of these. The
reaction components for use in the apparatuses of the present invention are the same as
those discussed above. The apparatus of the present invention is preferably a self
contained and portable device in which an exothermic 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 container
should be constructed of a material that can withstand the maximum temperature of the
exothermic reaction. Many materials fulfill this requirement because the maximum
temperature of the reaction might be as low as 35°C, higher temperature reaction might
require higher temperature tolerance.  Glass, plastic, styrofoam, metal, liquid
impermeable paper, and many other materials are suitable for use in the present
invention. The container can be clear, transparent, translucent, or opaque. In the present
apparatuses, the exothermic generating particles can be in the form of a dry powder,
suspended in a gel, or suspended in a non-aqueous solution.

Figure 3 is a schematic representation of an apparatus 10 according to the present
invention. Apparatus 10 comprises container 12 and reaction mixture 20, which includes
exothermic generating particles 22 with coating 24. Reaction mixture 20 further
comprises buffer particles 26 and an aqueous solution 28.

The reaction mixture used in the apparatuses of the present invention should be
controllable as discussed above. That is, when the reaction components are mixed
together in the present apparatuses, the reaction mixture should increase in temperature 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 preferably between about 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 minutes. Preferably, the reaction mixture within the
apparatus remains within 15°C of the Set Temperature for at least about 45 minutes,

preferably at least about 60 minutes, and more preferably at least about 90 minutes.
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Other control sequences, such as those describe above in conjunction with the reaction

mixture are contemplated for use in the present apparatus.

EXAMPLES
The following examples illustrate the reaction mixtures of the present invention,

but are not necessarily meant to limit or otherwise define the scope of the invention.

Method of Coating the Exothermic Generating Particles

Exothermic generating particles are coated with polyethylene glycol as follows. A
premix is made by combining magnesium powder and anhydrous citric acid (1:6.5 w/w,
both components from Wako Chemicals). The premix is then added into melted
polyethylene glycol. The melted polyethylene is a mixture of three different molecular
weights, PEG 600 (from Union Carbide), PEG 1000 (from Wako Chemicals), and PEG
2000 (from Wako Chemicals). The melted PEG mixture is around 50°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, magnesium powder and anhydrous citric acid powder,

and is a gel with suspended particles.

17
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WHAT IS CLAIMED IS:

1. An exothermic reaction mixture comprising exothermic generating particles

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

2. The reaction mixture of claim 1, wherein the reaction mixture further comprise an

aqueous solution.

3. The reaction mixture of claim 1, wherein the reaction mixture further comprise a
buffer.

4. The reaction mixture of claim 2, wherein when the exothermic generating particles
and the aqueous solution are mixed together, the temperature of the reaction mixture
increases to a Set Temperature that is greater than about 35°C and less than about
75°C, preferably between about 35°C and 65°C, and most preferably between about
35°C and 50°C, within less than about 20 minutes, preferably within less than about

15 minutes and more preferably within less than about 10 minutes.

5. The reaction mixture of claim 4, wherein the reaction mixture remains within 15°C,
preferably within 10°C, and more preferably within 5°C of the Set Temperature for at
least about 45 minutes, preferably at least about 60 minutes, and more preferably at

least about 90 minutes.

6. The reaction mixture of claim 1, wherein the exothermic generating particles are
selected from the group consisting of uncomplexed metals, metal salts, metal oxides,
metal hydroxides, metal hydrides and mixtures thereof, wherein the metals are
selected from the group consisting of beryllium, magnesium, lithium, sodium,

calcium, potassium, iron, copper, zinc, aluminum and mixtures thereof.

7. The reaction mixture of claim 1, wherein the exothermic generating particles have an
average particle diameter of from about 10 microns to about 1000 microns, preferably
18
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10.

from about 100 microns to about 500 microns, and more preferably from about 200

microns to about 400 microns.

The reaction mixture of claim 6, wherein the exothermic generating particles are
selected from the group consisting of beryllium hydroxide, beryllium oxide,
beryllium oxide monohydrate, lithium aluminum hydride, calcium oxide, calcium
hydride, potassium oxide, magnesium chloride, magnesium sulfate, aluminum
bromide, aluminum iodide, sodium tetraborate, sodium phosphate and mixtures

thereof.

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, glycolic 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, ascorbic acid, gluconic acid, cinnamic acid,
benzoic acid, phenylacetic acid, nicotinic acid, kainic acid, sorbic acid, pyrrolidone
carboxylic acid, trimellitic acid, benzene sulfonic acid, toluene sulfonic acid,
potassium dihydrogen phosphate, sodium hydrogen sulfite, sodium dihydrogen
phosphate, potassium hydrogen sulfite, sodium hydrogen pyrosulfite, acidic sodium
hexametaphosphate, acidic sodium pyrophosphate, acidic potassium pyrophosphate,

sulfamic acid, ortho-phosphoric acid, pyro-phosphoric acid and mixtures thereof.

The reaction mixture of claim 1, wherein the coating comprises a water soluble
material selected from the group consisting of natural water-soluble polymers,
inorganic water-soluble polymers, synthetic water-soluble polymers, semi-syn’ghetic
water-soluble polymers, polymers of plant origin, polymers of microorganism origin,
polymers of animal origin, starch polymers, cellulose polymers, alginate polymers,

vinyl polymers, polyoxyethylene polymers, acrylate polymers, and mixtures thereof.
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11.

12.

13.

14.

The reaction mixture of claim 1, wherein the coating comprises a water soluble
material selected from the group consisting of gum arabic, gum tragacanth, galactan,
gum guar, carob-seed gum, karaya gum, carrageenan, pectin, agar, quince seed, alge-
colloid, starch, glycyrrhizic acid, gum xanthan, dextran, succin-glucane, pullulan,
collagen, casein, albumin, gelatin, carboxy-methyl starch, methyl-hydroxypropyl
starch, methyl-cellulose, nitro-cellulose, ethyl-cellulose, methyl-hydroxypropyl-
cellulose, hydroxy-ethyl-cellulose, sodium cellulose sulfate, hydroxypropyl-cellulose,
sodium carboxy-methyl-cellulose, crystalline cellulose, cellulose powder, sodium
alginate, propylene glycol alginate ether, polyvinyl alcohol, poly (vinyl methyl ether),
poly-vinyl-pyrrolidone, carboxy-vinyl polymers, alkyl co-polymers of acrylic acid
and methacrylic acid, polyethylene glycol having a molecular weight between 200
and 100,000, preferably between 600 and 20,000, co-polymers of polyoxy-ethylene
and polyoxy-propylene, sodium poly-acrylate, poly ehtylacrylate, poly acrylamide,
polyethylene imine, cationic polymers, bentonite, aluminum magnesium silicate,

hectorite, silicic anhydride, and mixtures thereof.

The reaction mixture of claim 11, wherein the coating comprises a material selected
from the group consisting of water-soluble alkylene glycols, water-soluble alcohols,

and mixtures thereof,

The reaction mixture of claim 3, wherein the ratio by weight of the exothermic
generating 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 200:1 to 1:200.

The reaction mixture of claim 2, wherein when the exothermic generating particles
and the aqueous solution are mixed together, the temperature of the reaction mixture
increases at an actual rate of increase that is measured in °C/minute, and the actual
rate of increase remains within 0.5°C/minute, preferably within 0.1°C/minute, and
more preferably within 0.01°C/minute of a predetermined rate of increase for at least
about 45 minutes, preferably at least about 60 minutes, and more preferably at least

about 90 minutes.
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15. The reaction mixture of claim 14, wherein the predetermined rate of increase is less
than 2°C/minute, preferably less than 1.5°C/minute, and more preferably less than

1°C/minute.

16. The reaction mixture of claim 1, wherein the exothermic generating particles
comprise particles selected from the group consisting of uncoated particles, coated

particles and mixtures thereof.

17. The reaction mixture of claim 16, wherein the exothermic generating particles
comprise particles selected from the group consisting of uncoated particles, first

coated particles, second coated particles and mixtures thereof.

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

b) adding to the coated exothermic generating particles an aqueous solution.

19. The process of claim 18, further comprising the steps of:
¢) providing a buffer; and
d) adding the buffer to the aqueous solution and the exothermic generating

particles.

20. An apparatus for generating heat comprising a container and exothermic generating

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

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

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

temperature of the reaction mixture increases to a Set Temperature that is greater than
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23.

24,

25.

26.

27.

28.

29.

about 40°C and less than about 75°C, preferably between about 45°C and 65°C, and
most preferably between about 50°C and 60°C, within at least 20 minutes, preferably

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

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

and more preferably at least about 90 minutes.

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

form of a dry powder.

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

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

The reaction mixture of claim 2, wherein when the exothermic generating particles
and the aqueous solution are mixed together, the temperature of the reaction mixture
increases to a First Set Temperature and remains within 15°C, preferably within
10°C, and more preferably within 7°C of the First Set Temperature for a first period
of time and then the temperature of the reaction mixture changes to a Second Set
Temperature and remains within 15°C, preferably within 10°C, and more preferably
within 7°C of the Second Set Temperature for a second period 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 claim 26, wherein the First Set Temperature is at least about

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

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

10°C, preferably at least about 15°C, less than the Second Set Temperature. '
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