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Al ROUND OF THE IN ON

Thermal cells for body warmers are well known in the art, particularly those which
use a reactive iron powder and activated carbon mixture. Such cells require oxygen to
produce a controlled exothermic reaction which provides heat over several hours.
Typically, the mixture is packaged in an air permeable pocket, which is sealed in an
impermeable outer pouch until ready for use. The permeable pocket may be a nonwoven
material or a perforated material. In either case, mixture particles may migrate through
perforations or between filaments of nonwoven when the assembly is jostled. Inadvertent
leakage of mixture, particularly carbon, may contaminate a users clothing and reduce
performance of the thermal cell.

In a typical body warmer, more than one thermal cell may be present. Placing
smaller cells side-by-side with some substrate material between them enables the body
warmer to have more flexibility to conform to body contours than a single cell can
provide. The smaller the heat cell, the more critical the location and number of
perforations or consistency of nonwoven substrate placed over the cells, in order to
control oxygen flux to the cells. Such control is required to insure that cells do not
overheat and possibly burn the user or run out of heating potential too soon.

Gas permeable membranes have been available for separation processes. For
exampie, U.S. Patent No. 5,102,552 to Callahan et al., issued 4/7/92, discloses a UV
curable polymer coated onto a microporous support having an average pore size from
about 0.005 microns to about 0.2 microns. U.S. Patent No. 3,754,375 to Bouchilloux et
al., issued 8/28/73, discloses an "anisotropic membrane having excellent mechanical
properties combined with good permeation characteristics. It comprises a
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material havmg excellent control of oxygen permeability for use with a thermal cell.

It is another object of the present invention to provide a composite material which
has no perforations or voids through which particles of thermal mixture can leak from a
pocket containing such mixture.

It is a further object of the present invention to provide a composite material which
is heat sealable to the flange of an impermeable pocket containing a thermal mixture and
from which is easily peelable an impermeable coversheet that seals out oxygen until the
thermal cell is ready for use.

It is still another object of the present invention to provide a method for making 2
composite material having excellent control of oxygen permeability for use with a thermal
cell.

SUMMARY OF THE INVENTION

In practicing the present invention, a nonwoven or other porous substrate is
silicone coated and forms the top sheet of a thermal cell of a body warmer. The silicone
coated substrate is permeable to oxygen at a preferred rate, yet is non-porous to
particulate materials within the heat cell. The oxygen permeation rate is easily adjusted by
varying the thickness of the silicone coating. The substrate provides structural integrity
since thin silicone materials by themselves are known to be easily torn. A barrier film,
which is removed to initiate oxygen permeation and heat generation, can be easily peeled
from a silicone coating, since silicone coatings act as release surfaces for pressure sensitive
adhesives.
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PCT/ US97/ 030630xygen impermeable barrier film bonded to the top sheet by pressure sensitive adheswe
The means may also be an oxygen impermeable pouch into which a body warmer having
the thermal cell is placed for storage.
The plurality of particles comprises a reactive iron mixture. The mixture may
include activated carbon, water, and salts to increase an exothermic reaction rate when the
mixture is exposed to oxygen. The oxygen flux into the pocket is preferably about 1.75 x
10° cm3/100 in2/day. The substrate comprises & nonwoven having openings of at least 2
microns, and the silicone based elastomer comprises poly (dimethyl siloxane) printed onto
the substrate at a thickness of about 0.0001 inches.
In another aspect of the present invention, 2 method of making a composite
material for controlling oxygen flux into a thermal cell comprises the steps of coating a
silicone rubber layer onto a smooth surface and partially curing the silicone rubber layer to
enhance its peelability from the smooth surface. Other steps include pressing an oxygen
porous substrate against the silicone rubber layer and then completely curing the silicone
rubber layer such that it adheres to the oxygen porous substrate. The method has a further
step of peeling the oxygen porous substrate and silicone rubber layer from the smooth
surface. The smooth surface may be a drum and the oxygen porous substrate may be a
continuous web wrapped about a portion of the drum.

F DE ON OF DRAWINGS
While the specification concludes with claims which particularly point out and
distinctly claim the present invention, it is believed that the present invention will be better
understood from the following description of preferred embodiments, taken in conjunction
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thermal cell 10. Thermal cell 10 has a bottom sheet 12, which is formed into a pocket 14.
Bottom sheet 12 is sealed at a flange 18 around pocket 14 to a top sheet, generally being
indicated as 16. Closed pocket 14 preferably contains a thermal mixture 20. Top sheet 16
is a composite material comprised of a substrate 22 and a coating silicone rubber 24.
Substrate 22 is highly permeable to oxygen.

FIG. 2 shows a sectioned side view of thermal cell 10. In the embodiment of FIG.
2, thermal cell 10 is enclosed in an oxygen impermeable pouch 26, Thermal mixture 20 is
activated by opening impermeable pouch 26, thereby causing oxygen to permeate through
top sheet 16 and into thermal mixture 20.

FIG. 3 shows a sectioned side view similar to FIG. 2, but with peelable film 28
bonded with a pressure sensitive adhesive 27 to silicone rubber coating 24. In this
embodiment peelable film 28 has a tear tab 30. When tear tab 30 is used to peel peelable
film 28 from silicone rubber coating 24, oxygen from air passes through silicone rubber
coating 24 and substrate 22 into thermal mixture 20. Pressure sensitive adhesive 27
preferably adheres to peelable film 28 rather than silicone rubber coating 24.
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OF THE | NVENTI dolited onto the microporous membrane with a sharp blade to a thickness of about 0.0001
inches. The PDMS mixture is then exposed to vapors of tetraethoxy silane, or TEOS, for
5 to 15 minutes. Longer exposure times correspond with thicker coatings. Residual,
unreacted PDMS is washed away with toluene and then methanol. Oxygen permeation
rates vary from 3.5 x 10° to 1.5 x 105 cm3/100 in.2/day result for TEOS exposure times
from 5 to 15 minutes.

Although microporous membranes provide a very uniform coating surface and
uniform pore size, they are considered to be very expensive. By comparison, expensive
non-woven materials typically provide a fairly uniform coating surface and a fairly uniform
pore size. Inexpensive non-wovens typically have very rough coating surfaces and very
large pores, which makes coating a 0.0001 inch thick layer of initially liquid silicone
rubber onto their surfaces very difficult when using coating techniques known in the art,
such as wire wound rod coating and gravure print coating. By coating the liquid silicone
rubber onto a smooth surface, bringing the non-woven into contact with the partialiy
cured silicone rubber, and then completely curing the silicone rubber while it is in contact
with the non-woven, the silicone rubber can be transferred from the smooth surface to the
non-woven. This method results in a uniform coating of silicone rubber on the non-
woven's rough surface. It is believed that a preferred coating method, shown in FIG. 4,
would automate the coating of a 0.0001 inch thick layer of silicone rubber onto the uneven
surface of an inexpensive non-woven web, The method shown in FIG. 4 would of course
also be applicable to expensive microporous membranes.

FIG. 4 shows a process generally referred to as 29 for making top sheet 16.
Silicone rubber application system 32 deposits about 0.0001 inches of uncured, liquid
silicone rubber onto drum 36 as drum 36 rotates. The surface of drum 36 is preferably
polished smooth. It may be stainless steel, chrome plated material, or other suitable
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In a particularly preferred embodiment of the present invention, heaters 37 and 40
heat the silicone rubber 34 and 24 between 100 °F and 200 °F, respectively, when drum 36
has a surface speed between 50 and 750 FPM. Drum 36 is preferably 6 inches to 36
inches in diameter and has an outer surface made of stainless steel or chrome plating.

While particular embodiments of the present invention have been illustrated and
described, it will be obvious to those skilled in the art that various changes and
modifications may be made without departing from the spirit and scope of the invention,
and it is intended to cover in the appended claims all such modifications that are within the
scope of the invention.
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3. The composite material according to Claim 1 or Claim 2 wherein said
oxygen flux is about 1.75 x 10° cm3/100 in 2/day.

4. The composite material according to Claim 1 wherein said plurality of
particles comprises a reactive iron mixture, said mixture including activated carbon, water,
and salts to increase an exothermic reaction rate when said mixture is exposed to oxygen.

5. The composite material according to any of Claims 1, 2, 3, or 4 wherein said
substrate comprises a nonwoven having openings of at least 2 microns, and said silicone
based elastomer comprises poly (dimethy! siloxane) printed onto said substrate at a
thickness of about 0.0001 inches.

6. A composite material for controlling oxygen flux into a thermal cell
characterized by:

i
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| nvention. for preventing exposure comprises an oxygen impermeable barrier film bonded to said top
sheet by pressure sensitive adhesive, said oxygen impermeable barrier film being peelable
from said poly (dimethyl siloxane).

9. A method of making a composite material for controlling oxygen flux
therethrough, said method characterized by the steps of:

a) coating a silicone rubber layer onto a smooth surface;

b) partially curing said silicone rubber layer to enhance its peelability from said
smooth surface;

d) pressing an oxygen porous substrate against said silicone rubber layer, and
completely curing said silicone rubber layer such that it adheres to said oxygen porous
substrate; and

¢) peeling said oxygen porous substrate and silicone rubber layer from said
smooth surface.

10. The method according to Claim 9 wherein said smooth surface comprises a
drum and said oxygen porous substrate comprises a continuous web wrapped about a
portion of said drum.
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7 CLAI M5 1. A conposite material for controlling oxygen
flux-into a thermal cell conprising: 5a) a bottonlsheet forned to have
a.pocket, said bottom sheet being inpermeable to b)
plurality of Wa®¥i3s42es pl aced in said pocket, said plurallt§C¥ﬁmﬁwﬂmﬁcles
reacting exot hermal | y when exposed to oxygen; and c) atop
sheet sealed to said bottomsheet at a flange around said pocket to encl ose
said 10 plurality of particles such iCat said particles cannot fall out
of said pocket, said top sheet havilhg a substrate which is highly
perneable to oxyagen, said substrate being coated with an oxygen
perneabl e silicpne based el astoner to a thickness which repul ates an

oxygen flux int/o said paocket when said top sh S exposep to oxygﬁg,
wherein said 0, Nux i ko said pogket i3\about 1
10[err]cnerr] 100 /da;{to about /3.5 x.10ferr]cnferr] -’
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15- 100 i n. 2/ day. . .._..2. The conposite nmaterial of claim1l furﬁwgé”"g '
cofpri qimai means for preventing exposure of said top sheeti?g |
oxygenimﬂulmym ﬂ’ | cell is ' i it ended to be used. 20 3.

et

The conposikt *Wof claim 2 wherein the means for preventing exposure
conprises an oxygen inperneable barrier filmbonded to said top sheet by

pressure sensitive adhesive, said oxygen inperneable barrier film

bei ng peelaqge Irgn1said oxygen perneabl e silicone based el ast oner.
25 L The conposite material of claim2 wherein the neans for
preventing exposure conprises an oxygen i nperneabl e pouch into which a

body warner having said
1. A composite material for controlling oxygen flux into a thermal cell comprising:
5 a) a bottom sheet formed to have a pocket, said bottom sheet being impermeable to

oxygen,;
b) a plurality of particles placed in said pocket, said plurality of particles reacting
exothermally when exposed to oxygen; and
c) a top sheet sealed to said bottom sheet at a flange around said pocket to enclose said

10 plurality of particles such that said particles cannot fall out of said pocket, said top sheet
having a substrate which is highly permeable to oxygen, said substrate being coated
with an oxygen permeable silicone based elastomer to a thickness which regulates an
oxygen flux into said pocket when said top sheet is expo;ed to oxygen, wherein said
oxygen flux into said pocket is about 1.5 x 10°cm®/ 100 in./day to about 3.5 x.10%cm’ /

15 100 in.¥/day.

2. The composite material of claim 1 further comprising:
d) means for preventing exposure of said top sheet to oxygen until said thermal cell is
intended to be used.

20
3. The composite material of claim 2 wherein the means for preventing exposure
comprises an oxygen impermeable barrier film bonded to said top sheet by pressure

sensitive adhesive, said oxygen impermeable barrier film being peelable from said

oxygen permeable silicone based elastomer. REPLACEMENT SHEET
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th:erma}m iﬂl ’Huﬂmﬂm for storage. 5 5. The conposite material of
claim Lygen flux into said pocket is about 1.75 x
10[err]cnferr] 7100 in. [err]/day. . The conposite material of claim
1 wherein said plurality of particles conprises a reactive iron

Tnor onse an EXRehepREul Bt ol 2 ThERadEt B AP enlnRllE 0 T

oxygen. 7, The conposite terial. of ¢]ai wherein said, substrate
conprises a “r?&%i’-%ﬁ%‘h"xygg}‘) URBRIPIYE ﬁ&ﬂ‘?abn’é%" Ug“’gta%é&g‘fa“’?eﬂaé’iwds and said
silicone based el astoner conprises poly (di net hyl siloxane) printed
onto sai d subemalrell istplaced fprstoress of about 0.0001 inches. 15 8. A
conposite material for controlling oxygen flux into a thermal cell

conpri si ng: a) a bottom sheet forned to have a pocket, said bottom
sheet being inperneable to oxygen; b) a plurality of particles

pl aced i n ssag. dheRekPbsiteatdrifll dfichlimt lywhéredasaid cXdygen fI€ inésl b4 packet is about

p/

1.75 x 10%cm® / 100 in.*/day.

6. The composite material of claim 1 wherein said plurality of particles comprises a
reactive iron mixture, said mixture including activated carbon, water, and salts to

10 increase an exothermic reaction rate when said mixture is exposed to oxygen.

7. The composite n}aterial of claim 1 wherein said substrate comprises a non-woven
having openings of at least 2 microns, and said silicone based elastomer comprises poly
(dimethyl siloxane) printed onto said substrate at a thickness of about 0.0001 inches.

15
8. A composite material for controlling oxygen flux into a thermal cell comprising:
a) a bottom sheet formed to have a pocket, said bottom sheet being impermeable to
oxygen;
b) a plurality of particles placed in said pocket, said plurality of particles including a

20 reactive iron mixture, said mixture including activated carbon, water, and salts to
increase an exothermic reaction rate when said mixture is exposed to oxygen; and
¢) a top sheet sealed to said bottom sheet at a flange of said pocket to enclose said
plurality of particles such that said particles cannot fall out of said pocket, said top sheet
including a nonwoven having openings of at least 2 microns, which is highly permeable

ith

25 to oxygen, said nonwoven having an outer surface, said out i inted
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20: re I“mm”m'L said m xture including activated carbon, water,

and Simumﬂlu ase an exothermc reaction rate when said mxture is
exposed t 6 okyg n;* and c) a top sheey sealed to said bottom sheet at a
fl ange of said pocket to encl ose said plurality of particles such that

said particl said p 0

i ncluding a %ﬁ“&@ven&?ﬂs}“’@ﬁ%‘é’nﬁ t%%n%sfs ngl ?‘&«Qg@%g qﬁthggg)ﬁggﬁmlagwxyge% ghly
perneable 25 tp. ox d nog n havi n n outer surface, said outer
surface bei n@ f%gp%?kleﬁ when said fop sh eet15,¢ g?‘f ofiX¥8hy| sil oxane) to a

t hi ckness of about 0.0001 inches to regul ate an oxygen flux into said
pocket when said top sheet is exposed to oxygen. 9. The conposite
material of claim8 wherein said oxygen flux into said pocket is about 5

1. 75 x 10[ er9.|wef{comppsitelMaterial ¢felaiin 8 dhgrein said oxyged flux e said ppckeet iscabout
material of claim8 further conprising:

5 1.75 x 10°cm® /100 in.2 /day.

10. The composite material of claim 8 further comprising:
d) meané for preventing exposure of said top sheet to oxygen until said thermal cell is
intended to be used.

10
11. The composite material of claim 10 wherein the means for preventing exposure
comprises an oxygen impermeable barrier film bonded to said top sheet by pressure
sensitive adhesive, said oxygen impermeable barrier film being peelable from said poly
(dimethyl siloxane).

15
12. The composite material of claim 10 wherein the means for preventing exposure
comprises an oxygen impermeable pouch into which a body warmer having said

thermal cell is placed for storage.

20 13. A composite material for controlling oxygen flux therethrough comprising:
a) an oxygen porous substrate; and
b) an oxygen permeable silicone based elastomer coated onto said oxygen porous
substrate to a thickness which regulates an oxygen flux ranging from about 1.5 x 10°

em® / 100 in.2/day to about 3.5 x 10° cm® / 100 in.%/day through said composite material.
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d) ting exposure of said top sheet to oxygen until said
”‘mmﬂm!mmmmr intended to be used. 10 11. The conposite
materical tof ®cl &i nf 10 wherein the means faqop preventing exposure

conprises an oxygen inperneable barrier filmbonded to said top sheet by

pressure LV | i i ) I f1lm

bei ng. poel ate i aipisifis AR YFelali ) pRtEEAab AL TRy Bqbidelaibapld | T, o
conposite teri f glaim 10 wherein the ans, for preventing exposure
et ses. nipesiey o Hondkd tnckin XS BEh BemeHb Ssoenbaron SHSOMET REPTRSE g sai d
thermal cell is placed for storage. 20 13. A composite material for
cont r ol | i ng sessfdeardbesixe.shidraxyBemimperneshie bariarfilm being pyelable Srygwaid por ous
substrate; and b) an oxygen perneable silicone based el astoner coated
ont o sai d o)xygen permealse siliconeshased elastemen a t hi ckness which regul ates an
oxygen flux ranging fromabout 1.5 x 10[err] cnerr] / 100

in.[err]/8ay to about 3.5 x 10[err] cnferr] / 100 in.[err]/day through said
conposite material .
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14. The corfposite material of claim 13 further conprising: an O@W%G‘J‘B'

| npef meabl e barrier filmbonded to said oxygen perneable sili cqma.sed
elastoner by pressure sensitive adhesive, said oxygen inp§¢r*;ble
barrier film being peelable fromsaid oxygen perneabl e sijgt@ae based
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(57) Abstract

A composite waterial for controlling oxygen flux into a thermal cell (10) comprises a bottom sheet (12) formed to have a pocket
{14). The bottom sheet is impermeable to oxygen. A plurality of particles (20) is placed in the pocket. The plurality of particles reacts
b exothermally when exposed to oxygen. A top sheet is sealed to the bottom sheet at a flange around the pocket to enclose the plumlity of
patticles such that the particies cannot fall out of the pocket. The top sheet has a substrate (22) which is highly permeable to oxygen. The
substrate is coated with an oxygen permeable silicone based elastomer (24) to a thickness which regulates an oxygen flux into the pocket
when the top sheet is exposed to oxygen. The composite materia) further comprises an oxygen impermeable barrier film (28) bonded to the
top sheet by pressure sensitive adhesive (27) for preventing exposure of the top sheet to oxygen until the body warmer is intended to be
used. A method for making a top sheet material involves couting a silicone rubber layer onto a smooth surface, partially curing the silicone,
pressing a porous substirate against the silicone rubber layer, and completely curing the silicone rubber such that it adheres to the substrate,




