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(57) ABSTRACT

Exothermically-enhanced articles, such as those made of fab-
ric, are provided. The enhancement allows for faster drying
times. Enhancement may be provided by using activated par-
ticles exhibiting exothermic properties. The activated par-
ticles may be removably encapsulated with a protective sub-
stance that may be used to activate or deactivate the particles.
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EXOTHERMIC-ENHANCED ARTICLES AND
METHODS FOR MAKING THE SAME

PRIORITY TO RELATED APPLICATIONS

[0001] This application claims the benefit and priority
under 35 U.S.C. §120 of co-pending U.S. patent application
Ser. No. 11/226,524, filed on Sep. 13, 2005, and Ser. No.
11/985,733, filed Nov. 16, 2007, the disclosures of which are
hereby incorporated by reference herein in their entireties.

FIELD OF THE INVENTION

[0002] The present disclosure relates to exothermic
enhanced articles and methods for making the same. The
disclosure also relates to method for measuring the drying
time of articles.

BACKGROUND OF THE INVENTION

[0003] Materials may be used for several reasons, including
their exothermic properties. An important property of mate-
rials is drying efficiency or drying time. Drying refers to the
removal of moisture or liquid from a material. Drying may or
may not be a heat-based process. For example, drying may
occur by several methods including, but not limited to, freez-
ing (e.g., the moisture solidifies and sublimes from the mate-
rial), by evaporative drying (e.g., dry heated air is applied to
the material to cause the moisture or liquid to evaporate), and
by the application of microwaves and other radio-frequen-
cies.

[0004] Regardless of the method used to dry a material, it is
generally desirable that the material exhibit a high drying
efficiency for that method and that an accurate method be
available for making such a determination. A high drying
efficiency in materials is desirable because it decreases the
amount of time and energy required to dry an article produced
from the material. For example, an article with a high drying
efficiency may dry quicker after it is dampened, for example,
by sweat. Furthermore, articles such as hospital gowns and
beddings which are laundered frequently may last longer with
improved drying efficiency as this reduces the harsh treat-
ments that often result from subjecting these articles repeat-
edly to extended drying cycles.

SUMMARY OF THE INVENTION

[0005] The present disclosure relates to exothermic
enhanced articles and methods for making the same. The
disclosure also relates to method for measuring the drying
time of articles. In one aspect of the present invention, a
composition includes a base material and active particles in
contact with the base material. The active particles may be
capable of exhibiting exothermic properties which may be
imparted to the composition, thereby improving the moisture
management properties (e.g., the drying time or required
drying energy) of the composition. In some embodiments, to
protect the active particles from being deactivated during
processing or production of the composition, the active par-
ticles may be encapsulated by a removable protective sub-
stance that prevents at least a portion of the active particles
from being substantially deactivated by other substance or
matter prior to removal of the removable protective sub-
stance. The removable protective substance may be subse-
quently removed to reactivate the portion of active particles to
improve the moisture management properties of the compo-
sition. In some embodiments, the composition may be pro-
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duced by combining an exothermic-enhanced substrate with
one or more base materials. Suitable active particles include,
but are not limited to, active particles capable of interacting
exothermically with the base material. Suitable removable
protective substances include, but are not limited to, sub-
stances having a particular chemical affinity for the active
particle that enables the substance to adhere to the active
particle when subjected to events that are possibly deleterious
to the active particle, but also enables removal of the protec-
tive substance without damaging the active particle. The pro-
tective substance may be removed by, for example, dissolving
or evaporating the protective substance.

[0006] In some embodiments, a performance-enhanced
paint provided in accordance with principles of the invention
includes a base paint material (such as, for example, a poly-
urethane or a polyacrylic paint) dissolved in a solvent. Active
particles capable of exhibiting exothermic properties are
added to the paint (e.g., during production of the paint or after
production but prior to application of the paint). The active
particles interact exothermically with the solvent and/or base
paint material to produce heat that subsequently reduces the
drying time of the paint.

[0007] Aspects of the invention also relate to a method for
accurately measuring the drying time of an article. The
method of measuring time disclosed by embodiments of the
invention may be particularly well suited to, but not limited
to, measuring drying time for articles that, for example,
exhibit adsorbance and whose drying times are therefore
ill-suited to traditional methods of dry time measurements
that are sensitive to changes in the weight of the article.
[0008] In some embodiments of the present invention, a
method for determining the drying time of an article includes
measuring under a controlled set of testing conditions an
initial equilibrium temperature of the article after diffusing
therein an amount of a liquid, such as water. As used herein,
initial equilibrium temperature refers to a substantially con-
stant temperature of an article following a relatively rapid
drop in the temperature of the article after a liquid substance
is introduced into the article. The temperature of article may
be monitored under the controlled set of testing conditions to
determine when a relatively rapid rise in temperature occurs
and a final equilibrium temperature may be determined by
measuring the temperature of the article following the rela-
tively rapid rise. As used herein, final equilibrium tempera-
ture refers to a substantially constant temperature of an article
following a relatively rapid increase in the temperature of the
article after a liquid substance is introduced into the article.
The drying time of the article may be determined based on the
initial equilibrium temperature and the final equilibrium tem-
perature. In some embodiments, the drying time of the article
may be determined as the difference between the initial equi-
librium temperature and the final equilibrium temperature.
Drying time measured in accordance with the present inven-
tion may be adjusted to account for various testing conditions,
including the room temperature and the humidity of the test-
ing environment.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The objects and advantages of the invention will be
apparent upon consideration of the following detailed
description, taken in conjunction with the accompanying
drawings, in which like reference characters refer to like parts
throughout, and in which:
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[0010] FIG. 1 is an illustrative graph comparing the dry
time differences between a base material and an exothermi-
cally-enhanced material in accordance with some embodi-
ments of the present invention;

[0011] FIG. 2 is a block diagram of an illustrative arrange-
ment for measuring the dry time of a fabric in accordance with
some embodiments of the present invention;

[0012] FIG.3 is a graph ofillustrative data retrieved regard-
ing the dry time of several fabrics in accordance with some
embodiments of the present invention; and

[0013] FIG. 4 is a block diagram of an illustrative arrange-
ment for performing a drip demonstration in accordance with
some embodiments of the present invention.

DETAILED DESCRIPTION

[0014] Generally, when two or more substances interact in
a reaction or process, energy may be exchanged with the
surrounding environment. Typically, energy may be con-
sumed as input to the process or reaction, produced as a
by-product or output of the process or reaction, or both. As a
result of this energy exchange, a reaction or process may add
a net negative or a net positive amount of energy to the
surrounding environment. An exothermic process or reaction
is one that adds a net positive amount of energy in the form of
heat to the surrounding environment (e.g., the process con-
sumes less energy than it produces). Exothermic reactions
may be chemical, physical, or both. Examples of exothermic
reactions include, but are not limited to, adsorption, respira-
tion processes, combustion processes, freezing, reactions
between acid and water, and any combination thereof. An
active particle may have exothermic properties if it interacts
exothermically (i.e., releases heat when it reacts) with one or
more substances. An exothermic-enhanced article may be
derived in accordance with one embodiment of the present
invention by combining active particles having exothermic
properties with one or more base materials to improve the
drying efficiency ofthe resultant article in a heat-based drying
process such as drying by evaporation.

[0015] Exothermic particles may also reduce the energy
consumed when using a dryer to dry an article. An exother-
mic-enhanced article produced according to the principles of
the present invention may release heat into the drying envi-
ronment to supplement the energy supplied by the dryer and
thereby improve the drying rate of the article in dryer. For
example, active particles embedded in an article may adsorb
liquid introduced into the article and undergo an exothermic
reaction. Because the drying process of the dryer may be
temperature-dependent in which the drying rate may increase
as the process temperature increases, the heat released by the
exothermic process of the active particles may increase the
temperature of the drying process and thereby improve the
drying rate of the dryer beyond the drying rate that may
otherwise result from the energy supplied by the dryer.
[0016] Accordingly, exothermic-enhanced materials pro-
duced according to the principles of the present invention
may be used in a wide variety of products including, but not
limited to, for example, gowns, bedding, curtains, towels,
bathroom accessories, kitchen accessories and in any prod-
uct, process, or environment (e.g., Hospitals and hotels)
where efficient drying may be desired.

[0017] Insome embodiments, exothermic particles may be
used according to the principles of the present invention to
remove germs or the like from an article, process, or environ-
ment. For example, the heat released by adsorption may raise

Jul. 28, 2011

the temperature of the article, process, or environment to
levels that may be fatal to certain harmful germs, microbes
and the like.

[0018] Base materials that may contain an exothermic
enhanced article may include, but are not limited to, polyes-
ter, nylon, polyacrylic, polypropylene, polyurethane, ther-
malplastics, PTFE (e.g., Teflon®), polycarbonates, polyal-
kanes, polyethylenes, polystyrenes, poly-vinyl compounds,
epoxy, siloxane based reaction polymer, glue, cross-linking
polymer, polymers, fibers, cotton, acetate, acrylic, aramid,
bicomponent, lyocell, melamine, modacrylic, nylon, olefin,
PBI, rayon, spandex, water, oil, aerosols, perfumes, any other
suitable materials, or any combination thereof.

[0019] Certain particles may be used to add performance
properties to materials in different forms such as gases, lig-
uids, and solids. These particles may have properties that are
suitable for odor adsorption, moisture management, ultravio-
let light protection, chemical protection, bio-hazard protec-
tion, fire retardance, anti-bacterial protection, anti-viral pro-
tection, anti-fungal protection, anti-microbial protection, any
other suitable factors, or any combinations thereof.

[0020] These particles may provide such properties
because they are active. That is, the surface of these particles
may be active. Surface active particles are active because they
have the capacity to cause chemical reaction, physical reac-
tions, or both at their surface. Such reactions may include, for
example, adsorbing or trapping substances, including sub-
stances that may themselves be a solid, liquid, gas, or any
combination thereof. Examples of substances include, but are
not limited to, pollen, water, butane, and ambient air. Certain
types of active particles may have an adsorptive property
(e.g., activated carbon) because each particle has a large sur-
face area made up of a multitude of pores (e.g., pores on the
order of thousands, tens of thousands, or hundreds of thou-
sands, per particle). These pores may provide the particle or,
more particularly, the surface of the particle with its activity
(e.g., capacity to adsorb). For example, an active particle such
as activated carbon can adsorb a substance (e.g., butane,
methane, water, and other gases and liquids) by trapping the
substance in the pores of the activated carbon.

[0021] Active particles may include, but are not limited to,
activated carbon, aluminum oxide (activated alumina), silica
gel, soda ash, aluminum trihydrate, baking soda, p-methoxy-
2-ethoxyethyl ester Cinnamic acid (cinoxate), zinc oxide,
zeolites, titanium dioxide, molecular filter type materials, and
other suitable materials. Activated carbon that may be
included in the exothermic-enhanced article of the present
invention may be derived, for example, from wood, bamboo,
coal, coconut, or bithmus. Activated carbon may also be
derived synthetically.

[0022] Exposing the active particles to a substance may
reduce or permanently negate the activity of the active par-
ticles by blocking or inhibiting the pores, thus reducing the
surface activity of the active particles. That is, when the pores
are blocked or inhibited with a substance, those blocked or
inhibited pores may be prevented from further adsorption.
However, the adsorptive capacity of active particles may be
increased or restored by removing the substance that is block-
ing or inhibiting the pores. Hence, active particles can be
rejuvenated or reactivated, for example, by being heated to a
predetermined temperature.

[0023] A common problem associated with active particles
is that they may lose activity or become permanently deacti-
vated before, during, or after a process that incorporates the
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particles into a material (e.g., a base material). For example,
active particles may lose a portion of their activity when
exposed to contaminants in the ambient environment prior to
being used in a process or during shipment from the active
particle manufacturer to the end-user. Regardless of how par-
ticle activity is negated or reduced, such negation or reduction
thereof may adversely affect the product produced by the
process. For example, if particle activity is reduced, heavier
particle loading may be required to make up for the reduction
in activity, potentially resulting in particle loadings that affect
the inherent characteristics (e.g., hand and feel) of the mate-
rial treated in the process. Moreover, heavier particle loading
may require increased binder loadings, which may further
affect the inherent characteristics treated in the process. Thus,
it will be understood that even the smallest diminution of
particle activity may adversely affect the material because of
the cumulative affects (e.g., additional particles and binder
loadings) stemming from that reduction.

[0024] Active particles may be “protected” through use of
at least one removable protective substance (or removable
encapsulant). Introduction and removal of the protective sub-
stance results in enhanced active performance, such as for
example, enhanced drying, enhanced adsorption, enhanced
moisture management, enhanced anti-microbial functional-
ity, enhanced antifungal functionality, enhanced anti-bacte-
rial, and enhanced catalytic interaction as compared to per-
formance of the active particles if the protective substance
had not been introduced. Protected active particles may
enhance the effective performance of materials incorporating
such active particles through use of the removable protective
substance.

[0025] A more specific aspect of protected active particles
is that the removable protective substance preserves the activ-
ity of active particles against premature deactivation caused
by deleterious or nondeleterious substances or matter (such as
deleterious adsorption of a base material during extrusion of
a composition including the active particles and base material
or a drawing of a film including the active particles and base
material solution), such active particles having the ability to
interact through particle surface exposure or particle surface
proximity to various substances or matter (of any phase).
Deleterious substances are substances that cannot be easily
removed or cannot ever be removed from an active particle
and therefore reduce the active particle’s capacity for further
adsorption. For example, a deleterious substance such as a
molten polymer may permanently deactivate active particle.
A molten polymer, for example, cannot be removed without
damaging the active particle or the substance surrounding the
active particle.

[0026] Othersubstances that are prematurely adsorbed may
berelatively easy to remove. That is, these types of substances
may be removed using methods of rejuvenation or reactiva-
tion that do not damage the active particles or the surrounding
substance. For example, when a non-deleterious substance,
such as methane, is adsorbed, it may be removed from the
active particle by heating the particle.

[0027] Such preservation is achieved through use of at least
one removable protective substance (or removable encapsu-
lant) to maintain the active particles in a protected state to
prevent premature deactivation, in a manner enabling
removal of the protective substance during reactivation to
permit subsequent active performance by the active particles.
When an active particle is in a protected or deactivated state,
its further performance interaction is temporarily or perma-
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nently reduced or negated altogether. If the deactivated state
is the result of a deleterious event (such as for example,
adsorption of a deleterious substance or matter), the further
interaction at the affected areas of the particle is more perma-
nent. Deleterious premature deactivation may occur in a vari-
ety of circumstances, including for example, when the active
particle is introduced to a deleterious slurry or exposed to an
extrusion process or other deleterious event or material at a
time that will result in the inability of the particles to provide
active performance at the desired time (such as for example,
drawing a film of the material containing the particles). Del-
eterious deactivation can occur and not constitute premature
deactivation, if such deactivation occurs at the desired or
appropriate time (for example, after drawing of a film and in
connection with an intended target substance or matter).
[0028] Inthe case of adsorptive activity and moisture man-
agement, when a removable protective substance is intro-
duced to the active particle prior to exposure of the active
particle to a deleterious event or other adsorptive performance
limiter, the active particle is placed in a protected or deacti-
vated state, limiting performance adsorption of the active
particle for the time when premature deactivation is to be
avoided. Reactivation by removal of the protective substance
re-enables the active particles to interact with other sub-
stances or matter, such as for example, target substances or
matter in the environment of a finished article incorporating
the active particles.

[0029] When deactivation is the result of performance
activity (in this case, performance adsorption) by the particles
when incorporated in an article (adsorption at a time after
removal of the removable protective substance), performance
activity may be restored through rejuvenation (or other reac-
tivation) if desired and if such deactivation was due to a
non-deleterious event. A process of rejuvenation may
include, for example, a washer/dryer cycling of an exother-
mic-enhanced article of the invention. Another process of
rejuvenation may include, for example, irradiating the exo-
thermic-enhanced article with different wavelengths of light.
[0030] With respect to the use of active particles to enhance
performance activity in a base material (whether the activity
is adsorptive, anti-microbial, dependent upon exposure of the
surface of the particle to an environmental target of interac-
tion, or simply an activity that is inhibited, enhanced, or both
through use of a removable protective substance), use of at
least one removable encapsulant also enables use of fewer
active particles in the embedding substance or matter (orin a
resultant article) to achieve effective active performance,
thereby reducing potential degradation of other physical
properties (for example, strength or feel) of the base material,
matter or resultant article (e.g., exothermic-enhanced article).
[0031] The use of a removable protective substance (some-
times referred to herein as removable encapsulant or remov-
able protective layer) can also be designed to enable time-
delayed exposure of a portion of active particles to effect an
initial exposure or enhanced active performance at a later
time (including for example, enhancement resulting from
protection against premature deactivation).

[0032] Removable protective substances can include, but
are not limited to, water-soluble surfactants, surfactants, salts
(e.g., sodium chloride, calcium chloride), polymer salts,
polyvinyl alcohols, waxes (e.g., paraffin, carnauba), photo-
reactive materials, degradable materials, bio-degradable
materials, ethoxylated acetylenic diols, starches, corn starch,
lubricants, glycols, mineral spirits, ammonium carbonate,
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any other suitable substances, or any combination thereof.
Specific examples of such protective substances that are suit-
able for protecting active particles include the Surfynol
AFEO03, AE02, 485W, 485, 2502, and 465 water soluble sur-
factants, sold by Air Products and Chemicals Corporation, of
Allentown, Pa., waxes sold as Textile Wax-Wand Size SF-2,
by BASF Corporation, of Charlotte, N.C., and waxes sold as
model numbers Kinco 878-S and Kinco 778-H by Kindt-
Collins Company, of Cleveland, Ohio. Glycols sold by DOW
Chemical Company under the name DOWANOL (DPnP,
DPM, or DPMA) and TRITON CF-I0 may also be used as a
suitable protective substance.

[0033] An advantage of using the removable protective
substance is that it increases the effective performance of the
activated particles incorporated into an exothermic-enhanced
article according to the invention. This is particularly advan-
tageous for use in the exothermic reaction, as greater quanti-
ties of heat may be released for predetermined area of the
article, at least compared to prior articles having active par-
ticles incorporated therein.

[0034] A more detailed explanation of protected active par-
ticles, the preparation and applications thereof, and removal
of'the protective substance can be found, for example, in U.S.
patent application publication no. 2004/0018359, which is
incorporated herein by reference in its entirety. It will be
understood that active particles may be protected by mixing
the active particles into a slurry of at least one protective
substance, which may or may not be diluted with a solvent
(e.g., water).

[0035] Several different exothermic-enhanced articles
derived from mixtures having different compositions (e.g.,
weight percentages) of one or more different base materials,
one or more different active particles, and one or more difter-
ent protective substances may be provided and used in exo-
thermic-enhanced articles according to the invention. In some
embodiments, the base material may be a polymer base mate-
rial belonging to the polymer families of polyethylene, poly-
ester, nylon, polypropylene, polyurethane, and polyacrylics.
The loading of activated carbon in the exothermic-enhanced
article may be a predetermined % w/w (percent weight of the
carbon compared to the weight of the exothermic-enhanced
article). The predetermined % w/w may be such that the
exothermic-enhanced article has sufficient structural integ-
rity to sustain repeated gas collection and extraction cycles. It
is understood that the % w/w of activated carbon in the exo-
thermic-enhanced article may depend on a number of factors
such as, for example, the type of base material used, the “final
form” of the sheet (whether the sheet is a woven, a non-
woven, or a film), the intended use of the sheet, and any other
suitable factors.

[0036] The loading of activated carbon may range from
0.1% w/w to about 50% w/w, 0.5% w/w to about 50% w/w,
0.5% w/w to about 10% w/w, 10% w/w to about 50% w/w,
20% to about 50% w/w, 30% w/w to about 50% w/w, 40%
w/w to about 50% w/w, 10% w/w to 20% w/w, 15% w/w to
25% wiw, 20% 15 w/w to 40% w/w, or any other suitable
range.

[0037] In some embodiments, the exothermic-enhanced
article may be embodied in a film or tarp-like sheet. An
advantage of a film-based exothermic-enhanced article may
be that it possesses a certain degree of imperviousness to
water penetration, thereby providing it with a water resistant,
or water proof property. A film-based exothermic-enhanced
article may be produced as follows An aqueous mixture of
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base material, activated carbon, and a removable protective
layer may be applied to a substrate such that the mixture
forms a layer or film thereon, prior to being cured. The sub-
strate may be a substance for which the cured mixture is
intended to be permanently affixed such as, for example, a
woven, a nonwoven, paper or knitted material. In approaches
for which the cured mixture is intended to be removed and
used independent of a substrate, the mixture may be applied
to a release paper or other substance that has a low affinity for
adhering to the cured mixture. The mixture may be cured by
subjecting it to a predetermined temperature for a predeter-
mined period of time. Any suitable technique for effecting
cure may be used such as, for example, a conventional oven,
IR heating, or other suitable approach.

[0038] The base material included in the mixture from
which the film is derived may include a polyurethane solu-
tion, a polyacrylic solution, polyurethane solutions, 1,3 pro-
panediol terephthalate solutions, or any other suitable solu-
tion. The base material may include water and other
ingredients such as cross-linking polymers. If desired, a com-
bination of at least two different base materials may be used
(e.g., a combination polyurethane and acrylic solution). An
example of a polyurethane that may be used is a breathable
polyurethane available from Noveon Corporation of Cleve-
land, Ohio. See, for example, U.S. Pat. No. 6,897,281 for a
detailed discussion of a polyurethane, the disclosure of which
is incorporated by reference herein in its entirety. In some
embodiments, the base material may include Noveon’s Per-
max polyurethane coating compound. In some embodiments,
the base material may include Noveon’s Permax polyure-
thane coating compound, an acrylic polymer, and an extra
cross-linking agent.

[0039] The protective substance may be removed from the
activated carbon, thereby yielding a exothermic-enhanced
article in accordance with the principles of the present inven-
tion. The protective substance may be removed when the
mixture is curing, or when subjected to a process (e.g., wash-
ing/drying cycle) or agent (e.g., light, solvent, bacteria) that
causes the protective substance to be removed. It is under-
stood that not all of the protective substance may be removed.
That is, a portion of it may remain permanently affixed to the
base material.

[0040] In some embodiments, the exothermic-enhanced
article may be embodied in a woven sheet. The woven sheet
may be derived from yarn extruded from a mixture of base
material, activated carbon, and a protective substance. The
extruded yarn may be woven into an article that forms an
exothermic-enhanced article. If desired, the extruded yarn
may be interwoven with yarn that does not contain active
particles to provide an article constructed from a blend of
yarns. After the woven article is constructed, it may be sub-
jected to a process or conditions which cause at least a portion
of the removable protective substance to be removed.

[0041] In some embodiments, the exothermic-enhanced
article may be embodied in a non-woven sheet. The non-
woven sheet may be derived from “chopped-up” fibers or
staple fibers extruded from a mixture of base material, acti-
vated carbon, and protective substance. The fibers may then
be fused together to form a non-woven structure. After the
non-woven article is constructed, it may be subjected to a
process or conditions which cause at least a portion of the
removable protective substance to be removed. As used
herein, a woven material refers to any material held together
mechanically by looping the constituent yarns around each
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other in a non-random manner. The term woven is intended to
refer to (1) classical woven materials in which a material is
composed of two yarns, known as the warp and the weft (or
fill); and to (2) knitted materials which generally consist of
yarns that run in the same direction rather than perpendicular
directions and, like classical woven materials, are held
together mechanically. Examples of woven materials include,
but are not limited to, fabric materials, such as those used in
apparel applications, and sheet materials, such as those used
in non-apparel applications. The term yarn is intended to refer
to any continuous strand of material, such as, for example,
yarn, fiber, thread, or string.

[0042] In contrast, a non-woven material is made by fusing
fibers together. This results in a random three dimensional
structure containing free volume, or pores. These pores have
a wide range of volumes. This internal pore structure results
in gas, liquid and solid permeability of the non-woven mate-
rial.

[0043] Anexothermic-enhanced article may be made using
an air dispersion method for treating an embedding substance
(e.g., woven or non-woven material). In general, an air dis-
persion method (a) entrains active particles in a gaseous car-
rier, (b) disposes a first face of an embedding substance with
the entrained gaseous carrier, (¢) maintains a pressure drop
across the embedding substance from the first face to a second
face of the embedding substance so that at least some of the
entrained active particles are incorporated into the embedding
substance, and (d) fixes the active particles to the embedding
substance. The above description of the air dispersion method
is notintended to be a comprehensive explanation, but merely
an illustrative example of such a method. A person skilled in
the art will appreciate that air dispersion methods can be
performed in a number of different ways. A detailed expla-
nation of an air dispersion method can be found, for example,
in U.S. Patent Application Publication No. 2003/0060106,
published Mar. 27, 2003, the disclosure of which is hereby
incorporated herein by reference in its entirety. If desired, the
air dispersion process may entrain active particles which are
encapsulated with a removable protective layer.

[0044] The fixing step, referred to above at step (d), may be
the step that permanently attaches the particles to the embed-
ding substance. In one approach, this step may be imple-
mented by using a solution that contains a binding agent and
a solvent (e.g., water). This solution is applied to bind the
particles to the embedding substance. The binding agent
serves as the “glue” that secures the particles to the embed-
ding substance, but the water serves as the “carrier” for car-
rying the binding agent through the embedding substance to
the particles. Because the solution may be comprised mostly
of the solvent, the solution has the propensity to pull away
from the active particles as it is adsorbed by the embedding
substance, exposing portions of the encapsulant. Thus, as the
solvent is absorbed by the embedding substance, it also car-
ries the binding agent away from the particle (e.g., the solu-
tion pulls away from the portion of the particle that is not in
direct or nearly direct contact with the embedding substance).
However, the portion of the active particle that is in contact
with the embedding substance may be unable to shed the
solution. This advantageously enables the binding agent to
form a bond between the particle and the embedding sub-
stance.

[0045] The process of fixing can cause unprotected active
particles to deactivate. For example, if the solution does not
dry quickly enough, the binding agent may seep out of the
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embedding substance and enter the pores of unprotected
active particles. This problem can be avoided by encapsulat-
ing the particles prior to being entrained in the gaseous car-
rier.

[0046] Therefore, applying the encapsulant to the active
particles before being subjected to the air dispersion process
may promote preservation of the active particles while being
subjected to a substance that may cause premature deactiva-
tion. After the encapsulated particles are attached to the
embedding substance, rejuvenation agents may be applied to
remove the encapsulant. Thus, any portions of the encapsu-
lated particles that are not covered by the binding agent are
removed, which results in exposing those particular portions
to the ambient environment.

[0047] An exothermic-enhanced article according to the
principles of the present invention may be produced using a
padding method that is used to treat an embedding substance.
The padding method involves passing a material (e.g., yarn,
fabric, etc.) through a bath of active particles. As the embed-
ding substance passes through the bath, the active particles
adhere to the embedding substance. The padding process can
agitate the particle bath to prevent formation of channels that
could prevent adequate active particle incorporation. In addi-
tion, the padding method can impress the active particles into
the embedding substance with a roller as it passes through the
padding chamber.

[0048] The active particles can be permanently attached to
the embedding substance through application of a binding
agent. The binding agent is typically applied to the embed-
ding substance as a solution either before or after the embed-
ding substance passes through the padding chamber. The
same fixing method as that described above in conjunction
with air dispersion method may be applied to this method.
The above description of the padding process is not intended
to be an exhaustive discussion, but merely serves to provide
an illustrative example in how a padding method may be
implemented. After the particles are fixed, the material may
be used to provide the exothermic-enhanced article. A
detailed discussion of the padding method may be found, for
example, in U.S. patent application publication No. 2002/
0197396, published Dec. 26, 2002, the disclosure of which is
hereby incorporated herein by reference in its entirety.

[0049] An exothermic-enhanced article may be produced
by applying a liquid suspension or mixture of a binder, active
particles, and removable protective layer to an embedding
substance (e.g., woven, non-woven, or film).

[0050] An exothermic-enhanced article may be produced
by using a xerographic method for treating an embedding
substance. The xerographic method uses the principles of
electrostatic or magnetic attraction to transfer a toner formu-
lation from a hopper to a drum assembly. The drum assembly
is an electrically charged or magnetically polarized assembly
that rotates at a predetermined speed. As the drum assembly
rotates, the toner formulation is attracted to and retained by
selective (e.g., magnetically or electrically charged) portions
of'the assembly. Then, as the assembly continues to rotate, it
impresses the toner formulation onto the embedding sub-
stance. Then the embedding substance is subjected to heat,
which causes the toner formulation to be permanently fixed to
the material (e.g., binding agents in the toner formulation
plasticize and bind the particles to the embedding substance).
A detailed discussion of the xerographic method may be
found, for example, in U.S. Patent Application Publication
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No. 2002/0197547, published Dec. 26, 2002, the disclosure
of which is hereby incorporated herein by reference in its
entirety.

[0051] The toner formulation may include, but is not lim-
ited to, active particles (e.g., activated carbon), binding
agents, and additives such as charge control particles, mag-
netic control articles, coloring agents, or any combination
thereof. If desired, the active particles may be encapsulated
with a removable protective layer (e.g., a wax) prior to being
added to the toner formulation. This encapsulant can preserve
the properties of the active particles while they are being
permanently attached to the embedding substance.

[0052] A mechanism by which an exothermic-enhanced
article may exhibit improved drying efficiency is illustrated
using the example of an evaporative drying process. As
explained above, an evaporative drying process may be gen-
erally understood as a drying process that extracts water or
any other liquid from an environment by application ofheatto
convert and release the liquid in gaseous form. Because the
rate of evaporation typically increases with the process tem-
perature, an evaporative drying process is also a temperature-
dependent.

[0053] Natural drying time of a fabric has been historically
measured by saturating a piece of fabric with water and mea-
suring the time it takes the fabric to return to its original
weight. A limitation of this method of measuring fabric dry-
ing time is that it fails to accurately determine the drying time
of fabrics that exhibit adsorbency. This failure is due in part to
the fact that the weight of adsorptive particles may vary based
on which substances are adsorbed or desorbed. As a result,
any weight change may not be accurately attributed to the
drying process.

[0054] Asaresultofthis deficiency, a measurement process
that is substantially transparent to weight variations is needed
to measure the drying time of exothermic-enhanced articles
as they may fall in the category of fabrics having adsorptive
properties. Natural drying time, as defined herein, refers to
the 5 amount of time it takes the material to return to room
temperature after water or a water-based substance is added to
the fabric at room temperature.

[0055] When a liquid such as water is added to an article
such as a piece of fabric at room temperature, 10 the tempera-
ture of the fabric quickly drops to an equilibrium temperature.
This equilibrium temperature is depends on the room tem-
perature, the base material, the rate of evaporation and the
relative humidity (RH) of the evaporative process. The tem-
perature of the article remains substantially constant at this
equilibrium during the evaporation process. When the evapo-
ration process is completed, the temperature of the article
rises quickly to a dry point temperature, also below room
temperature and then slowly rises to room temperature. For
the purposes of measuring drying time, the article is consid-
ered dry at the transition point between the fast rise in tem-
perature and the slow rise to room temperature. The time
difference between when the temperature drops quickly and
rises quickly is considered the dry time of the article.

[0056] Exothermic-enhanced articles produced according
to the principles of the present invention may exhibit
improved drying time and drying efficiency due to the exo-
thermic properties of the embedded active particles. When an
active particle having exothermic properties, such as acti-
vated carbon, is exposed to a liquid such as water, the liquid is
adsorbed by the activated carbon and heat is released to the
surrounding environment. In an exothermic-enhanced article,
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this heat results in a higher initial equilibrium temperature
when the liquid is initially added. The heat produced by the
exothermic reaction also adds energy to the evaporation pro-
cess, causing an increase in the rate of evaporation, and hence
drying rate. The higher initial equilibrium temperature and
the increased process temperature both contribute to reducing
the drying time and input energy of the drying process,
thereby increasing the drying efficiency of the exothermic-
enhanced article.

[0057] FIG. 1 shows results of drying time improvements
that may be achieved by an exothermic enhanced article com-
pared to a non-enhanced article of the same base material.
According to FIG. 1, both the exothermic-enhanced article
(represented by curve 100) and the base material (represented
by curve 102) are at about 75° F. prior to the addition of a
cooling liquid at Time 0 seconds. When the cooling liquid is
added to the base material, the initial equilibrium temperature
is 46° F., compared to 56° F. for the exothermic-enhanced
article. Furthermore, the evaporative process takes about 150
seconds to complete, compared with about 40 seconds for the
exothermic-enhanced article. Moreover, the dry point tem-
perature of the base material is substantially lower, at 59.5°F.,
than the 68° F. for the exothermic-enhanced article.

[0058] The exothermic-enhanced article of the present
invention and the methods of making the same may be applied
to produce garment products that maintain the inherent char-
acteristics of the base materials, while simultaneously
enhanced by the performance characteristics of the active
particles incorporated therein.

[0059] It is also understood that although the principles of
the present invention have been illustrated using exothermic-
enhanced articles in which an exothermic system is incorpo-
rated into the article itself, the present invention may be
applied to drying processes as well without deviating from the
principles of the invention.

[0060] Thus, exothermic-enhanced articles and methods
for making the same are provided. A person skilled in the art
will appreciate that the present invention can be practiced by
other than the described embodiments, which are presented
for purposes of illustration rather than limitation.

[0061] There are several reasons to measure the dry time of
fabrics. One reason is to understand the performance of a
fabric while a person is wearing a garment in order to deter-
mine a comfort level for the wearer. In general, the faster the
drying time of a piece of fabric (after it becomes wet from
either perspiration or external effects such as spills or rain),
the higher the level of comfort of the garment. Longer dry
times lead to either over cooling from the slow evaporation of
the water or a persistent an uncomfortable feeling of being
wet. A second reason is to determine the amount of energy or
the time required to dry the garment in a dryer or other drying
device. In general, faster dry times correlate to less energy
consumed from the dryer or ease of drying a garment on a
clothes line. Therefore, an accurate understanding or measure
of the drying time of fabric is important to, for example,
determine suitable uses of the fabric.

[0062] One way in which to determine the dry time of a
fabric is to monitor the weight change of the fabric. Using this
method, a fabric is weighed dry and then saturated with water
and the weight of the fabric is monitored until the original
weight of the fabric is achieved. A second method that is used
is to monitor the electrical resistance of the fabric. When the
fabric is wet, the fabric will have a lower resistance, as the
fabric dries the resistance increases. Both of these methods
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start with a saturated fabric and depend on static drying in air.
Because each piece of fabric is going to absorb a different
level of water (i.e., they will have different amounts of water),
the starting points for measuring the dry time for each fabric
will be different. In the case where a person is wearing a
garment and is perspiring, the garment is not necessarily
saturated with water. The person is perspiring at a specific rate
and the perspiration is coming off continually. Thus, for a test
to mimic this event, a set amount of water may be used in the
test and a demonstration of a continuous dripping or perspi-
ration may be needed.

[0063] In accordance with some embodiments of the
present invention, a determination of when a fabric is dry may
be made using temperature as a monitoring parameter. In
some embodiments of the present invention, a measurement
may be made to indicate when fabrics are dry after adding to
the fabric a known or predetermined amount of water.
[0064] Measuring the dry time of a fabric may be based on
the cooling effect of evaporation, such as for example, when
water is evaporating from a fabric. In this illustrative embodi-
ment, the water evaporation process is endothermic and thus
cools the surface of the fabric. When there is no longer any
water on or in the fabric the evaporation process stops and the
surface temperature of the fabric rises quickly. This inflection
of the temperature is the point when the fabric may be con-
sidered dry.

[0065] The following experiment was performed using a 6"
by 6" fabric sample, and is intended merely to demonstrate
the drying measurement process described above.

[0066] It will be understood that the invention is by no
means limited by this illustrative experiment. With reference
to FIG. 2, fabric 200 is mounted in an embroidery hoop 202
which is attached to a fan 204. Fan 204 may be run by a DC
power supply that continuously supplies about the same
amount of voltage and current to fan 204. Fan 204 runs at
about the same speed for every test. A thermocouple 206 with,
for example, a Teflon 30 sleeve is mounted to touch the top of
fabric 200. A known amount of distilled water (e.g., 0.2 ml, in
this example) that is at room temperature may be dropped on
fabric 200 at the location of thermocouple 206. The tempera-
ture of fabric 200 is recorded by a meter 208 connected to a
computer. The temperature is monitored before and after the
water is added to fabric 200. The point at which the tempera-
ture drops is stated to be time zero. The point at which the
temperature rises rapidly is termed the end time. The differ-
ence between the end time and time zero is the dry time.
Samples are preferably measured under the same room con-
ditions when performing comparisons. The relative humidity
and room temperature all play a role in the dry time.

[0067] Advantages of this test for measuring dry time
include the ability to get reproducible results, being able to
obtain accurate results because of the fast inflection point, the
ability to determine the start and end point because of the
continual monitoring, the ability to eliminate the absorbance
factor of fabrics because the comparison is based on equal
amounts of water (or any other suitable liquid), and the ease of
performing the measurement.

[0068] The graph illustrated in FIG. 3 represents data col-
lected on several fabrics. The control fabric 300 is 100%
polyester fabric, fabric 302 contains 47% Cocona yarn (i.e.,
activated carbon from coconut shells), and fabric 304 con-
tains 47% yarn with a zeolite additive. All three fabrics are the
same construction, same weight (135 g/m2), and same pro-
cessing. Both the activated carbon and zeolite yarns contain
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materials which adsorb water. The adsorbance process is
exothermic and adds heat to the system. In addition, the large
surface area of the additives may aid in the drying of the
fabric. Time zero is where the temperature begins to drop; this
is when the water was dropped on the fabric. The end time is
the middle of the knee of the temperature curve; this is the
point when the fabric is dry. The end time minus time zero is
the dry time. The dry time for control fabric 300 is 110
seconds, for fabric 302 is 55 seconds, and for fabric 304 is 55
seconds.

[0069] A laboratory test is good at generating comparative
data to determine the performance features of a product.
However, in order to understand what the lab data represents,
often a demonstration is required. To demonstrate the efficacy
of the faster dry time facilitated by the present invention, a
drip demonstration is provided. The drip demonstration of the
present invention may involve a water dripping source that
may deliver the same amount of water continually at the same
rate to two or more fabrics. A liquid pump with multiple tubes
(i.e., one or more per fabric) may be used to deliver the same
amount of water to each fabric. The fabrics may be mounted
in embroidery hoops (or in any other suitable stabilizer) on
top of respective fans (or any other suitable air sources) con-
nected to a common power source. Alternatively, multiple
identical power sources may be used (e.g., one per fan). Thus,
the drip demonstration of the present invention delivers the
same or substantially the same amount of water and blows the
same or substantially the same amount of air across the dif-
ferent fabric samples. The drip demonstration shows how the
slow drying fabric saturates with water while the fast drying
fabric is able to keep up with the perspiration or the water drip
rate. The rate may be adjusted to find where the fast drying
fabric reaches a steady state.

[0070] In some embodiments, as illustrated in FIG. 4, a
demonstration unit may include two water delivery systems
400 and 402 (e.g., parastalic pumps, separatory funnels, or
any other water delivery system) which drop water 416 and
418 equally or substantially equally over two fabrics 404 and
406 mounted using embroidery hoops 408 and 410 on top of
fans 412 and 414. The two fans 412 or substantially the same
amount of air across the different fabric samples. The drip
demonstration shows how the slow drying fabric saturates
with water while the fast drying fabric is able to keep up with
the perspiration or the water drip rate. The rate may be
adjusted to find where the fast drying fabric reaches a steady
state.

[0071] In some embodiments, as illustrated in FIG. 4, a
demonstration unit may include two water delivery systems
400 and 402 (e.g., parastalic pumps, separatory funnels, or
any other water delivery system) which drop water 416 and
418 equally or substantially equally over two fabrics 404 and
406 mounted using embroidery hoops 408 and 410 on top of
fans 412 and 414. The two fans 412 and 414 may be the same
type running at the same speed. Water 416 and 418 is dropped
on fabrics 404 and 406 where the water is adsorbed and moves
out on fabrics 404 and 406. The faster drying fabric is able to
evaporate the water at the same rate as it is dropped on the
sample. The slower drying fabric becomes saturated and
starts to drip water.

[0072] The present invention may be used in the context of
a performance-enhanced paint, and more particularly, to
improving the drying time of paint by the addition of active
particles.
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[0073] Paints may be classified as pigments doped into a
polymer material. Generally speaking, paints are able to dry
by driving off added solvents, cross-linking of the polymer
system, or both. Polyurethane and polyacrylic paints are two
families of paint that may 30 require the solvent, which may
be organic or aqueous, to evaporate in order to dry the paint.
[0074] In some embodiments of the present invention,
additives, such as active particles that have adsorbance prop-
erties, may be added to the paint. Evaporation of the solvent
may be sped up, and the dry times of these paints may be
improved as a result. In these embodiments, the active par-
ticles exhibit exothermic properties when they adsorb,
thereby releasing heat that aids in the evaporative process.
Additives may include activated carbon, zeolites, silica gel,
aluminum oxide, desiccants, any other suitable material or
chemical which exhibits adsorbance, or any combination
thereof.

[0075] Any suitable method or system may be used to
incorporate the additives or active particles into the paint. In
some embodiments, the active particles may be added to the
paint to achieve the desired improved drying while avoiding
premature deactivation of the active particles by encapsulat-
ing the active particles using a removable encapsulant during
processing of the paint materials. A detailed description of
encapsulated active particles is described in U.S. patent appli-
cation Ser. No. 11/226,524, which is incorporated by refer-
ence herein in its entirety. Where active particles are encap-
sulated during processing of the paint, the encapsulant may be
removed during drying of the paint, such as for example,
during application of the paint. In some embodiments, instead
of, or in addition to, incorporating additives during process-
ing of the paint, the additives may be added at the time of use
directly to the paint.

[0076] Thus, methods and systems for measuring the dry
times of fabrics as well as methods and systems for perform-
ing a drip demonstration are provided. A person skilled in the
art will appreciate that the present invention can be practiced
by other than the described embodiments, which are pre-
sented for purposes of illustration rather than limitation.

What is claimed is:

1. A composition comprising:

a base material; and

active particles in contact with the base material, wherein

the active particles exhibit exothermic properties that
improve the moisture management properties of the
composition.

2. The composition of claim 1, wherein the composition
dries faster than, or requires less drying energy than, the base
material without the active particles.

3. The composition of claim 1, wherein the active particles
comprise activated carbon or zeolites.

4. The composition of claim 1, wherein the active particles
comprise about 0% to about 75% of the composition.

5. The composition of claim 1, wherein the active particles
comprise about 30% to about 50% of the composition.

6. The composition of claim 1, wherein the active particles
comprise about 0% to about 30% of the composition.

7. The composition of claim 1, wherein the active particles
comprise about 0% to about 50% of the composition.

8. The composition of claim 1, wherein the active particles
are selected from the group consisting of activated carbon,
graphite, aluminum oxide (activated alumina), silica gel, soda
ash, aluminum trihydrate, 5 baking soda, p-methoxy-2-
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ethoxyethyl ester Cinnamic acid (cinoxate), zinc oxide, zeo-
lites, titanium dioxide, molecular filter material, and any
combination thereof.

9. The composition of claim 1, wherein the base material is
selected from the group consisting of polyesters, nylons,
polyacrylics, thermalplastics, PTFEs, polycarbonates, poly-
alkanes, poly-vinyl compounds, epoxies, siloxane based
reaction polymers, glues, crosslinking polymers, fibers, cot-
ton, acetates, acrylics, aramids, bicomponents, lyocells,
melamines, modacrylics, olefins, PBIs, rayons, spandexes,
water, oils, aerosols, perfumes and any combination thereof.

10. The composition of claim 1, wherein the composition is
selected from the group consisting of bags, foam, plastic
components, upholstery, carpeting, rugs, mats, sheets, towels,
rugs, pet beds, mattress pads, mattresses, curtains, filters,
shoes, insoles, diapers, shirts, pants, blouses, undergarments,
protective suits, and any combination thereof.

11. A method of producing an exothermically enhanced
article, the method comprising: encapsulating a plurality of
active particles with at least one removable encapsulant to
produce encapsulated active particles, wherein the active par-
ticles are capable of exhibiting exothermic properties; and
mixing the encapsulated particles with a base material to
obtain a mixture, wherein the at least one removable encap-
sulant is removable to impart the exothermic properties of the
active materials to the mixture to produce the exothermically
enhanced article.

12. The method of claim 11, wherein the encapsulating and
the mixing are performed in a single step.

13. The method of claim 11, further comprising removing
at least a portion of the encapsulant from the encapsulated
active particles.

14. The method of claim 13, wherein the removing com-
prises dissolving the encapsulant or evaporating the encapsu-
lant.

15. The method of claim 13, wherein the removable encap-
sulant deactivates the active particles and the removing com-
prises reactivating the active particles.

16. A performance-enhanced paint comprising:

a solvent having diffused therein a base paint material; and

active particles in contact with the solvent, wherein the

active particles exhibit exothermic properties that are
capable of increasing evaporation of the solvent to pro-
duce a performance-enhanced paint having a reduced
drying time.

17. The performance-enhanced paint of claim 16, further
comprising: a removable protective substance that prevents at
least a portion of the active particles from being substantially
deactivated by other substance or matter prior to removal of
the removable protective substance, and wherein the remov-
able protective substance is removable to reactivate the por-
tion of active particles to produce the performance-enhanced
paint.

18. The performance-enhanced paint of claim 16, wherein
the solvent is selected from the group consisting of an organic
solvent and an aqueous solvent.

19. The performance-enhanced paint of claim 16, wherein
the base paint material is selected from the group consisting
of a polyurethane and a polyacrylic paint.

20. The performance-enhanced paint of claim 16, wherein
the active particles are selected from the group consisting of
activated carbon, graphite, aluminum oxide (activated alu-
mina), silica gel, soda ash, aluminum trihydrate, baking soda,
p-methoxy-2-ethoxyethyl ester Cinnamic acid (cinoxate),
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zinc oxide, zeolites, titanium dioxide, molecular filter mate-
rial, and any combination thereof.

21. A method of producing performance-enhanced paint,
the method comprising: mixing active particles that are
capable of exhibiting exothermic properties with a solvent
having diffused therein a base paint material to obtain a paint
mixture, wherein the exothermic properties of the active par-
ticles reduce the drying time of the paint mixture.

22. The method of claim 21 further comprising encapsu-
lating a plurality of the active particles with at least one
removable encapsulant to produce encapsulated active par-
ticles, wherein the encapsulated active particles improve the
drying time of the paint mixture.

23. The method of claim 22, wherein the encapsulating and
the mixing are performed in a single step.

24. The method of claim 22, further comprising removing
at least a portion of the encapsulant from the encapsulated
active particles.
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25. The method of claim 22, wherein the removable encap-
sulant deactivates the active particles, the method further
comprising: removing the removable encapsulant during
application or drying of the paint to reactivate the active
particles.

26. The method of claim 21, wherein mixing the active
particles with the solvent having diffused therein a base paint
material comprises incorporating the active particles into the
solvent having diffused therein the base paint material during
application or use of the paint.

27. The method of claim 21, wherein mixing the active
particles with the solvent having diffused therein a base paint
material comprises incorporating the active particles into the
solvent having diffused therein the base paint material during
production of the paint.
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