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(57) ABSTRACT 

The present invention is directed to articles of apparel 
comprising insulating components having insulating struc 
tures With loW thermal conductivity. Preferred insulating 
components for use in apparel have an insulating structure 
comprising a gas impermeable envelope and a porous mate 
rial contained Within the envelope Where the insulating 
structure has a thermal conductivity of less than 25 mW/m 
K. 
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THERMALLY INSULATING PRODUCTS FOR 
FOOTWEAR AND OTHER APPAREL 

RELATED APPLICATIONS 

[0001] This application is a divisional of commonly 
oWned and co-pending US. patent application Ser. No. 
10/207,626, ?led Jul. 29, 2002. 

BACKGROUND 

[0002] The present invention is directed to apparel having 
insulating material With loW thermal conductivity. Apparel, 
as described in the present invention, is intended to include 
articles such as foot, hand and head Wear, as Well as body 
coverings such as jackets, coats and the like. 

[0003] Use of thermal insulation in apparel is Well knoWn, 
With conventional materials consisting of batting, foam, 
doWn and the like. By Way of example, insulation for 
footWear is knoWn to include leather, felt, ?eece, cork, 
?annel, foam and combinations thereof. A disadvantage of 
conventional insulating materials is that the achievement of 
high levels of insulation requires the use of a relatively large 
thickness of material. For example, adequate insulation in 
footWear for sub-freeZing temperatures is several centime 
ters thick. In many applications, the provision of a large 
thickness of material is impractical especially in apparel 
items for Work or sport. In these activities, there often exists 
requirements of dexterity in the hands, surefootedness and 
?rm traction for the feet, ?rm control of skis, skates or 
snoWboards, or a reasonably close and ?rm ?t for helmets. 
Too great a thickness of insulation introduces the possibility 
of relative motion betWeen the body and the item being Worn 
and hence an insecure contact With the ground or objects that 
must be handled. The esthetics of an article may also be 
affected by added thickness and users may be averse to 
Wearing bulky items of apparel Which have an un?attering or 
unfashionable appearance. 

[0004] US. Pat. No. 4,055,699, to Hsiung teaches a multi 
layer insole for an article of footWear to insulate the foot 
from cold Which is sufficiently thin to insulate Without 
changing ?t. The insole is a multi-layered laminate having a 
thin soft fabric layer laminated to the top of an open cell 
foam layer, a dense cross-linked polyole?n layer laminated 
to the foam layer, and an aluminum coated barrier layer of 
polymeric material laminated to the bottom of the cross 
linked polyole?n layer. It is taught, hoWever, that the insole 
is compressible and the open celled layer tends to pump air 
as body pressure is alternately applied, circulating Warm air 
around the side of the foot Within the shoe. Additionally, to 
increase insulation it is taught to increasing the thickness of 
the open-celled layer. 

[0005] US. Pat. No. 4,535,016, to Bradley teaches an 
insulating material for articles such as jackets, trousers 
sleeping bags, and the like. The insulation material includes 
a sealed envelope that is permeable to gas and Which is made 
of a tightly Woven or knitted material. The envelope is ?lled 
With a ?ne ?brous insulating material such as goose doWn, 
and betWeen 3% to 50% by Weight of a ?nely divided 
hydrophobic particulate metal or metalloid oxide pigment in 
an amount in excess of that required to cover all surfaces of 
the insulating material. The pigment material is added to 
increase insulating poWer and Water repellency When com 
pared to uncoated ?brous insulating material. 
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[0006] The thermal conductivity of conventional insula 
tion material for apparel is generally greater than that of air 
Which has a thermal conductivity of about 25 mW/m K at 
25° C. In the case of high density materials such as neoprene 
foam, high conductivity may result from conduction by the 
solid component, or in materials of intermediate density a 
combination of both mechanisms may result in higher 
conductivity. Conventionally, to substantially increase the 
level of insulation, a substantial increase in insulation mate 
rial is added, Which has the above-stated disadvantages such 
as changing the ?t of an article. 

[0007] Insulation materials having loWer thermal conduc 
tivities are knoWn for use in the building sector, storage and 
transport equipment such as refrigerated transporters and 
trucks, appliances such as high temperature ovens and 
furnaces, containers for storage of liquids and gases, and the 
like. For example, poWder-in-vacuum insulation is knoWn, 
Where panels of particulate material are contained in an 
impermeable cover or ?lm under an internal pressure beloW 
atmospheric pressure. 

[0008] US. Pat. No. 5,877,100, to Smith et al. teaches 
compositions With loW thermal conductivity for use in 
insulation panels. The composite is a particulate composi 
tion Which under 15 psi load at 20° C. and at a pressure 
Within the range of 133.3-13332.2 Pa in nitrogen, has a 
packing density of less than or equal to 160 kg/m3, and a 
thermal conductivity of 4 to 6 mW/m K. 

[0009] US. Pat. No. 4,159,359, to Pelloux-Gervais et al. 
teaches insulating materials used in buildings, refrigerators, 
ovens and furnaces. The insulating material is formed of a 
compacted structure having a loW thermal conductivity. The 
compacted structure is formed of a ?ne silica-based, 100 
angstrom particles, obtained by the heat treatment of a silane 
compound, Which is compacted mechanically. At atmo 
spheric pressure, the compacted structure is reported to have 
about tWice the insulating performance of organic foams. 

[0010] European Patent Publication No. 0 032 176 B2 to 
Degussa A G, teaches heat insulation mixtures that exhibit 
the least possible shrinkage at temperatures above 9500 C. to 
minimiZe loss of heat-insulating properties. Insulation mix 
tures are compressed into boards, surrounded by porous 
enclosures and used for heat insulation of heat storage 
furnaces, decks and heating hoods. The heat insulation 
mixtures comprise pyrogenic silica, opaci?er, inorganic 
?ber, and organosilicon compounds. While some loW ther 
mal conductivity insulation materials have enhanced insu 
lation values, the utility of these materials is limited. Typi 
cally con?gured as large blocks or panels suitable for the 
above mentioned uses, the structures are thick and lack 
pliability. 

[0011] Japanese Unexamined Patent Application No. 
2-38385 teaches pliable insulating materials that may be 
used in non-planar arrangements, having loW thermal con 
ductivity. The insulating material comprises a pliable base 
material With open cells ?lled With ?ne particulate. The 
pliability of the open-celled material is taught to be unaf 
fected by the ?ne particulate material Which is formed by an 
anti-agglomeration treatment to ensure small void siZe 
Within the cells. To avoid spillage of the particulate, the 
open-celled material may be covered With porous paper or 
air permeable ?lm. It is taught that hermetic sealing of the 
insulating material Would adversely affect pliability, and 
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cause damage to the insulating material due to expansion of 
internal air from increase in temperature. 

[0012] There is a need for articles of apparel having 
insulating components that provide greater insulation than 
conventional insulating materials, and Which can be incor 
porated into apparel Without substantially changing ?t or 
appearance. 

[0013] Advantageously, such insulating components 
Would be incompressible, having a loWer thermal conduc 
tivity than conventionally used materials, and remain suf? 
ciently pliable to meet the requirements of various apparel 
applications. The present invention is, therefore, directed to 
articles of apparel having insulating components Which have 
substantially incompressible insulating structures and Which 
have loWer thermal conductivity than that of conventional 
insulating materials. The articles of apparel have pliable, 
?exible insulating structures that provide enhanced insula 
tion Without the addition of thick layers of insulating mate 
rials Which disadvantageously affect the ?t or functionality 
of the design of the article. 

SUMMARY 

[0014] The present invention is directed to articles of 
apparel comprising insulating components having an insu 
lating structure With a loW thermal conductivity. The thermal 
conductivity of the insulating structure is less than or equal 
to air, or i.e., less than or equal to about 25 mW/m K at 25° 
C. 

[0015] Insulating structures comprise a gas impermeable 
envelope and structure material contained therein. Preferred 
structure materials comprise very ?ne porous materials, such 
as fumed silica, and optional other components such as 
binders and opaci?ers. Preferred insulating structures com 
prise structure material of very ?ne pore siZes Where the 
mean free path of a gas molecule, such as air, is larger than 
the dimensions of the pore. The mobility of the air molecule 
is limited, and thermal conductivity is thereby reduced. 

[0016] The gas impermeable envelope may be sealed at 
atmospheric pressure, or alternately, the envelope may be 
evacuated of air and sealed at reduced pressure to further 
decrease the thermal conductivity. Preferred insulating 
structures at reduced pressure may have thermal conduc 
tivities of about 2 mW/m K to about 8 mW/m K. In another 
embodiment, the envelope may be at least partially evacu 
ated of air and a gas having a higher molecular Weight is 
introduced, prior to sealing the envelope. In one embodi 
ment, a method of forming incompressible insulating struc 
tures comprises compressing the structure material as a 
processing step. Incompressible structures maintain ?exibil 
ity, and loWer the thermal conductivity of the insulating 
structure. 

[0017] Insulating structures may be formed into any shape 
depending on the ?nal end use of the structure. Further, 
insulating structures may be combined With conventional 
materials or insulating structures of the present invention to 
form insulating components. Articles of the present inven 
tion preferably comprise articles of apparel having insulat 
ing components comprising insulating structures With loW 
thermal conductivities, such as boots, shoes, gloves, hand 
Wear, headWear, jackets, and the like. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a side vieW cross section of a boot of the 
present invention. 

[0019] FIG. 2 is top planar vieW of a toe cap top and 
bottom insulating structure of the present invention. 

[0020] FIG. 3 is a side vieW of a shaped toe cap insulation 
structure of the present invention. 

[0021] FIG. 4 is a graph of the average toe temperature in 
ski boots. 

DETAILED DESCRIPTION 

[0022] The present invention is directed to articles of 
apparel comprising insulating components having an insu 
lating structure Which have a loW thermal conductivity. 
Preferred embodiments of the present invention can best be 
described With reference to the exemplary embodiment 
depicted in FIG. 1. 

[0023] FIG. 1 illustrates a preferred embodiment of a 
boot, shoWn as a cross-sectional vieW of a boot having a boot 
upper 1 and a boot sole 2, positioned Within Which is a toe 
cap insulating structure 6 having an envelope 3 sealed along 
its perimeter 4 enclosed Within Which is a ?ne porous 
material 5. 

[0024] The insulating structure comprises structure mate 
rial having a ?ne pore siZe. Pore siZe of preferred structure 
material is about 100 nm or less, and most preferably about 
20 nm or less. Structure materials With ?ne pore siZes 
suitable for use in the present invention include fumed silica 
and alumina, and other fumed metal oxides, and aerogels of 
silica and other metal oxides. 

[0025] In addition to the very ?ne porous material, struc 
ture material may further comprise a blend of other optional 
components including but not limited to binders, opaci?ers, 
and the like. Fibers such as inorganic and organic ?bers may 
be added, for example, as a binder to bind ?ne porous 
material. Preferred ?bers are comprised of polyester, nylon, 
and glass. Particulate components including carbon, such as 
carbon black, and titanium dioxide may be added as opaci 
?ers, Which are opaque in the far infrared region of the 
electromagnetic spectrum, and serve to reduce heat transport 
by thermal radiation. Preferred are structure materials com 
prising a mixture of very ?ne porous material, binders and 
opaci?ers. It is preferred that the very ?ne porous material 
comprises at least about 50% of the mixture. A preferred 
structure material comprises a mixture of 50% to 100% very 
?ne porous material, such as fumed silica, 0 to 50% binder, 
such as polyester, nylon or glass ?ber, and 0 to 20% of a 
particulate material, such as carbon black. 

[0026] The structure material is contained in an envelope 
suitable to prevent the release of the ?ne porous material and 
the optional other components. Most preferably the enve 
lope is a gas impermeable envelope, and the envelope 
preferably comprises at least one layer of material such as 
polyester, nylon, aluminum, polyethylene, and laminates 
and combinations thereof. The envelope preferably has a gas 
permeability of less than or equal to about 10-3 g/m2 
atmosphere/day and more preferably about 10'4 g/m2 atmo 
sphere/day. Gas impermeable envelopes comprising a 
re?ective material, such as metalliZed polyester, aluminum 
or noble metals may be used to reduce radiative heat loss in 
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preferred embodiments Which do not contain opaci?ers. A 
seal is formed encapsulating the ?ne porous material and 
optional additional components Within the gas impermeable 
membrane. Sealing may be formed by any knoWn method 
such as With adhesives, heat sealing, radiative frequency 
Welding, ultrasonic Welding, and the like. 

[0027] The resulting insulating structure has a thermal 
conductivity less than or equal to air, or less than or equal to 
about 25 mW/m K at 25° C., more preferably, less than or 
equal to about 15-20 mW/m K at 25° C., and most preferably 
betWeen about 15-18 mW/m K at 25° C. 

[0028] To form an insulating structure of the present 
invention, a mold is provided, having a desired shape. In one 
preferred method, a mixture comprising very ?ne porous 
material and optional additional components is pressed in a 
?at press into an incompressible form having a density of 
about 150 kg/m3. The form is cut to shape and the shape is 
placed Within the mold betWeen sections of a gas imperme 
able material. In a preferred embodiment a heat sealer is 
provided as a heated bar in the approximate shape of the 
perimeter of the mold, and pressed onto the envelope outside 
the perimeter of the shape to form a seal (FIG. 1, at 4). The 
preferred sealed insulating structure is incompressible, and 
is suitable for use in footWear and other articles of apparel 
that may be subject to pressure. Incompressible insulating 
structures maintain insulating properties Where many con 
ventional materials compress and lose much of their insu 
lation value. Preferred insulating structures of the present 
invention are substantially incompressible under the Weight 
of a human body. Insulating structures having a loss of 
thickness of 20% or less at a pressure of one atmosphere are 
considered substantially incompressible and are preferred. 
Structures With a loss of thickness of about 10% or less are 
particularly preferred, and about 5% or less are most pre 
ferred. 

[0029] Where it is desirable to avoid altering the ?t and 
design of the article of apparel, and to maintain pliability and 
?exibility, preferred insulating structures are used Which 
have a thickness of about 10 mm or less, most preferably 
about 3 mm or less and more preferably about 2 mm or less. 
For example, Where the article of apparel is a Work boot or 
ski boot, it is desirable that insulation has a thickness of 
about 3 mm or less. Thicker insulating structures may be 
used in applications, for example, Where ?exibility is less 
critical such as liners of protective helmets. Insulating 
structures having a thickness of up to or greater than about 
10 mm can be used Where there is a substantial gap betWeen 
the apparel item and the body. An insulating structure having 
a thickness of about 2 mm to about 10 mm, preferable has 
a thermal insulation value of about 0.3 to 1.7 m2 K/W. 
Thermal insulation can be calculated as the thickness of the 
insulating structure divided by the thermal conductivity of 
the structure, or i.e., m2K=m/(W/m 

[0030] The pliable nature of the insulating structure pro 
vides that the structure may be further shaped to achieve a 
?nal form. The structure material may be provided as a 
continuous compressed body contained Within the envelope. 
Alternately, to provide additional ?exibility insulating struc 
tures may comprise one or more sections of the structure 
material Within an envelope. The envelope may optionally 
be sealed, such as through heat sealing, betWeen sections of 
the structure material thereby providing a quilted or pat 
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terned construction, additionally contributing to the ?exibil 
ity and pliability of the article. 

[0031] The ?nal shape of the insulating structure depends 
upon the end use of the article. The insulating structure may 
be formed as a ?at component, for utility as a sole of a shoe 
or boot, or may be shaped or curved for use as a toe cap or 
in head Wear or gloves, or otherWise shaped to meet the 
requirements of the user. Insulating structures may be com 
bined With traditional insulating materials or With additional 
insulating structures of the present invention to form insu 
lating components useful in articles of apparel. 

[0032] A further embodiment of the present invention 
comprises articles of apparel having an insulating compo 
nent With insulating structures Wherein the structure has loW 
thermal conductivity and in Which air is encapsulated at 
reduced pressure. An insulating structure is formed, as 
described above, having a structure comprising a gas imper 
meable envelope, Within Which is ?ne porous material and 
optional other components, Wherein the envelope is at least 
partially evacuated of air, and the envelope is sealed at 
reduced pressure by any suitable method. In a preferred 
embodiment, a method comprises providing a mold having 
an envelope and ?ne porous material With other optional 
components contained therein, placing the mold and a heat 
sealer in a vacuum chamber, evacuating the air to a reduced 
pressure, and heat sealing the envelope. 

[0033] The pressure to Which the insulating structure is 
evacuated may depend upon the pore siZe of the porous 
material. For example, a pressure of up to about 10,000 Pa 
may be used for structure material With pore siZes of about 
100 nanometers or less. Preferably, the envelope is under a 
vacuum pressure of about 1000 Pa or less; most preferably 
the envelope is under a vacuum pressure of about 100 Pa or 
less. The gas impermeable envelope is sealed to maintain 
evacuation and reduced pressure. 

[0034] Preferred insulating components have insulating 
structures With reduced pressure have even loWer thermal 
conductivities than the preferred structures described above. 
Thermal conductivities of preferred insulating structures at 
reduced pressure are less than or equal to about 15 mW/m 
K, With reduced pressure insulating structures having ther 
mal conductivities of about 2 to about 10 mW/m K being 
particularly preferred, and reduced pressure insulating struc 
tures having thermal conductivities of about 2 mW/m K to 
about 8 mW/m K being most preferred. 

[0035] A further embodiment of the present invention 
comprises apparel having an insulating component Which 
has an insulating structure comprising a ?ne pore siZe 
material and optional other components, as described above, 
and in Which the insulating structure encapsulates gases 
having a molecular Weight higher than that of air. Preferred 
gases have a molecular Weight of about 100 or greater, and 
a boiling point of about 25° C. or less. High molecular 
Weight gases suitable for use in the present invention include 
but are not limited to carbon dioxide, ?uorocarbons, chlo 
rocarbons, chloro?uorocarbons and hydrochloro?uorocar 
bons. Examples include, hepta?uoro-1-nitrosopropane and 
1,1,1,2,2,3-hexa?uoropropane. 

[0036] Preferred insulating components that have insulat 
ing structures encapsulating high molecular Weight gas, 
have thermal conductivities of about 10 mW/m K to about 
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25 mW/m K. Particularly preferred high molecular Weight, 
gas-encapsulated insulating structures have thermal conduc 
tivities of about 10 mW/m K to about 20 mW/m K, and most 
preferred high molecular Weight, gas-encapsulated insulat 
ing structures have thermal conductivities of about 10 
mW/m K to about 15 mW/m K. 

[0037] Apreferred method of forming an insulating struc 
ture comprises providing a structure material, providing a 
gas impermeable envelope to the structure material, evacu 
ating air from the gas impermeable envelope as described 
above, and ?lling the vacuum chamber With a high molecu 
lar Weight gas, and sealing the envelope. 

[0038] Articles of the present invention preferably com 
prise articles of apparel having insulating components With 
loW thermal conductivities, such as boots, shoes, gloves, 
handWear, headWear, jackets, and the like. 

EXAMPLES 

Example 1 

[0039] The insulation value of the toe area of a ski boot 
Was substantially increased Without substantially altering the 
?t of the boot. 

[0040] The insulation value Was increased by the addition 
of 2 mm thick insulating structures of vacuum packed, ?ne 
pore siZe insulation. The insulation structure consisted of a 
structure material of NP40 (from Nanopore Inc., Albuquer 
que, N. Mex.) Which comprises fumed silica blended With 
about 2% by Weight of polyester ?ber and about 7% by 
Weight of carbon black. The mixture Was dried in an oven at 
about 100° C. for several hours before use. The dried 
mixture Was laid in a ?at tray and pressed at a pressure of 
about 10 psi to form a 2 mm thick board With a density of 
about 150 kg/m3. The board Was cut into tWo shaped pieces, 
a shape corresponding to the top side of a toe cap (FIG. 2b) 
and a shape corresponding to the underside (FIG. 2a). 

[0041] The shaped pieces Were vacuum packed at a 
residual air pressure of about 1,000 Pa in a gas impermeable 
envelope. The envelope Was aluminiZed polyester Which 
comprised 12 pm polyester With a vacuum-deposited alu 
minum layer of less than 1 pm thickness, a second polyester 
layer of about 12 pm thickness, and a heat sealable poly 
ethylene layer of about 30 pm thickness (type 0655/002 
from Remax PLC, London, UK). The envelope Was sealed 
in a tWo step process in Which the shaped piece to be 
enclosed Was placed on one layer of polyester ?lm and 
another layer of ?lm placed on top. The tWo layers of ?lm 
Were then heat sealed around the majority of the perimeter 
leaving an unsealed length of about 20 mm (FIGS. 2a and 
2b, at 10). The shapes Were then placed in a vacuum 
chamber and the pressure Was reduced to less than 1000 Pa 
to form insulating structures (FIGS. 2a and 2b, at 20). The 
remaining length of the perimeter Was then heat-sealed. 

[0042] Insulating structures Were shaped to cover approxi 
mately the front 110 mm of the foot. One structure covering 
the bottom of the front part of the foot, had approximately 
a semicircular shape With a base of about 90 mm and a 
height of about 110 mm (FIG. 3 at 40). The other structure 
covered a portion of the top part of the foot in approximately 
a rhombic shape With a base of about 180 mm and a height 
of about 100 mm (FIG. 3 at 30). These Were installed 
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betWeen the inner and outer boots of a pair of alpine ski boot. 
The inner boot Was constructed of foam, textile and molded 
plastic of about 2 to 3 mm thickness in the toe area. The 
outer boot Was constructed of molded plastic and Was about 
5 mm thick. 

[0043] The thermal conductivity of the insulating struc 
tures Was about 6 mW/m K as measured on a heat ?oW meter 
thermal conductivity apparatus. The resulting insulation 
value Was about 0.33 m2 K/W. The 2 mm thickness of the 
insulating structures Was not noticeable to the Wearer in 
blinded trials With tWo test subjects Wearing the boots With 
and Without structures on alternate days. The test subjects 
Wore the boots in a climatic chamber at a temperature of 
about —10° C. While performing a test protocol of about 2 
hours duration Which consisted of alternately resting and 
Working on a bicycle ergometer. The results of the test 
subjects’ toe temperatures are shoWn in FIG. 4. As illus 
trated by the graph, the addition of the insulating structures 
to the boot resulting in an increase in toe temperature of 
about 8° C. after about 2 hours of cold exposure. 

1. A method for making an insulated article of apparel 
comprising 

providing an article of apparel, 

forming a pliable insulating structure comprising 

a) a gas impermeable envelope, and 

b) a porous material contained Within the envelope, 

evacuating and sealing the insulting structure at reduced 
pressure; 

shaping the pliable sealed insulating structure into a form; 

incorporating the insulating structure into the article of 
apparel; 

Wherein the insulating structure is at least partially evacu 
ated and has thermal conductivity less than 25 mW/m 
K at 25° C. 

2. The method of claim 1, Wherein apparel comprises 
headWear, footWear or handWear. 

3. The method of claim 1, Wherein apparel comprises a 
boot 

4. The method of claim 1, Wherein the insulating structure 
has a thickness of 10 mm or less. 

5. The method of claim 1, Wherein the insulating structure 
has a thickness of 3 mm or less. 

6. The method of claim 1, Wherein the insulating structure 
has a thermal conductivity less than 20 mW/m K. 

7. The method of claim 1, Wherein the insulating structure 
has a thermal conductivity less than 10 mW/m K. 

8. (canceled) 
9. The method of claim 1, Wherein the envelope is under 

a vacuum pressure of less than about 10,000 Pa. 
10. The method of claim 1, Wherein the insulating struc 

ture has a thermal conductivity of about 15 mW/m K or less. 
11. The method of claim 1, Wherein the insulating struc 

ture has a thermal conductivity of about 2-10 mW/m K or 
less. 

12. The method of claim 1 Wherein the envelope com 
prises at least one layer of a material selected from metal 
liZed polyester, nylon or polyethylene. 

13. The method of claim 1, Wherein the envelope is a 
multilayer laminate. 
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14. The method of claim 1, wherein the porous material 
has a pore siZe of <100 nm. 

15. The method of claim 1, Wherein the porous material 
has a pore siZe of <10 nm. 

16. The method of claim 1, Wherein the porous material 
is selected from metal oXides. 

17. The method of claim 1, Wherein the porous material 
is fumed silica. 

18. The method of claim 1, Wherein the porous material 
is an aerogel. 

19. The method of claim 18, Wherein the aerogel com 
prises silica. 

20. The method of claim 1, Wherein the insulating struc 
ture further comprises a binder. 

21. The method of claim 20, Wherein the binder is selected 
from an organic or inorganic ?ber. 

22. The method of claim 1, Wherein the insulating struc 
ture further comprises carbon or titanium dioxide. 

23. The method of claim 1, Wherein the envelope com 
prises a gas having a molecular Weight greater than that of 
air. 

24. The method of claim 1, Wherein the gas has a 
molecular Weight of 100 or greater, and a boiling point of 
25° C. or less. 

25. The method of claim 23, Wherein the gas is selected 
from carbon dioXide, ?uorocarbons, chlorocarbons, and 
chloro?uorocarbons. 
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26. The method of claim 23, Wherein the gas is selected 
from hepta?uoro-l-nitrosopropane and 1,1,1,2,2,3 
heXa?uoropropane. 

27. The method of claim 23, Wherein the insulating 
structure has a thermal conductivity of about 10 mW/m K to 
about 25 mW/m K. 

28. The method of claim 23, Wherein the insulating 
structure has a thermal conductivity of about 10 mW/m K to 
about 20 mW/m K. 

29. The method of claim 1, Wherein the insulating struc 
ture is substantially incompressible under pressure equal to 
the Weight of a human body. 

30. The method of claim 1, Wherein the insulating struc 
ture has a loss of thickness of 20% or less at a pressure of 
1 atmosphere. 

31. The method of claim 1, Wherein the insulating com 
ponent does not alter the ?t of the apparel. 

32. The method of claim 3, Wherein the sealed insulating 
structure is shaped into a toe cap. 

33. The method of claim 1, Wherein the method further 
comprises sealing the envelope betWeen sections of the 
structure material. 

34. The method of claim 1, Wherein the pliable insulating 
structure is formed as a ?at component prior to the steps of 
sealing and shaping. 


