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THERMALLY INSULATIVE EXPANDED POLYTETRAFLUOROETHYLENE ARTICLES
FIELD

F0001] The presant disciosurs relates genarally to thermally insulative matenals and
articles thereof, and more specifically o thermally insulative materials containing
thermally insulative particles, such as aerogel particles, a polymer malrix and

gxpandable microspheres.
BACKGROUND

100021 Use of agrogels for thermal insulation and the low thermal conductivily of
asrogels is wall Known. Favorable thermally conductive properties result from the veary
high porosity of agrogel which is greater than about 85%, and the small pore size of
agrogel matenial which is less than the size of the meaan free path of air molecules at
atmospheric pressure, or less than about 100 nm. Because of the small pore size, the
rmohility of air molecules within the material is restricted, and the affectivenass of air in
conducting heat is reduced, resulling in low thermal conductivily. Under atrnosphearic
conditions, air has a thermal conductivity of about 25 mWim K {(milhwall per meler
Kedving, insulation having larger pore sizes, such as foam, batting, wool, and other
common thermaily insulating materials, has a thermal conductivily of about 40 mWim K|
which is higher than that of air dus o the contribution of radiation and solid conduction.
Aesrogel powders and beads are Known 10 have a thermal conductivity of about B to 20
mWm K. However, such highly porous and low density material is not uselul for many
applications in the form of g powdsr due 10 the sxtensive dusting which makes
nstaligtion, handling, forming and shaping particularly difficull, and further raises safely

ISSLIOS.

FO003] Traditional methods of making asrogels usually inciude spttraction with
supercriticat fluids. The methods ofien include the steps of pouring an asrogs! precursor
Houid into a mold, diving the asrogel ouid 1o form a highly porous gel structure with a
varisty of iiguid exchangss, and using supsroritical flusd extraction to form an aerogsl

monohth. Processes, such as those using supercritical fluid extraction, are very time
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consuming and expensive. Further, the structures produced are rigid and have low
mechanical strength and have imited ability 1o be further molded or formed inio desired
shapes afier the agrogel material is formed. These materiais often crack or shatter upon

flexing and are known for shedding or "dusting” of fing aerogel particles.

F0004] In an attempt o increase the flexibility and strength of asrogel matenial,
Stepanian et all U8, Patent Fublication 2002/0084426 teach asrogsl materials
combined with a reinforcing structure, specifically a lofty Tibrous batting. Preferably, the
aerngsl s reinforced by a fibrous batting structure in combination with randomily
oriented microfibers and/or conductive igvers. To form the agrogel sheet, an agrogsi-
forming precursor liquid s poured into the batling and supercritically dried o form an
agrogel It is taught that the resulting reinforced serogs! structure s drapable, less
prong (o shatiering upon flexing and iegs prone to shedding of fine agrogel particles.
However, appiications for such materials are limiisd due 10 a lack of moldability and
formability of these structures, as well as the costs gssocialed with supercritical

exiraction steps.

I00081 To overcome the brittleness often associated with reinforced asrogels, U S Pat
Mo, 5,786,058 to Frank et gl tgaches gluing asrogel powders together to form a
continuous product. Specifically, an aerogel composite material having a layer of fiber
wel and asrogel particles s preferably formed as a2 mat or panel. The fiber web
comprises a bicomponeant fiber material of two firmiy interconmected polymers having
iower and higher temperature msiling regions info which asroge! particles are sprinkisd
Upon haating o the lower meit temperature, the fibers of the web are bonded to each
other as wall ag o the asrogel particles. The resulting composites are raelatively stiff
structures, and upon the application of mechanical siress, granules bregk or become

datached from the fiber 50 that aerogsl fragments may fall cut from the wab.

G008 ISmith et al, in U8, Pal. No. 6,172,120, discioss a process for the manufacture
of asrogels wherein aercgels are formed as powders instsad of monuoiithic blocks or

sheats. The manufaciuring process has the advantags of seroge! formation without the
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step of supercritical fluid extraction. However, in the form of 3 powder, asrogel s not

useful for many applications due 1o high dusting and lack of formability.

FOO07TUL5. Pat. No 7 118,801, to Ristic-Lehmann et al, teaches a material that is
useful in multiple applications ncluding insulation applications for garmernts, containgrs,
pipes, electronic devices and the like, Among other things, the maierial of the 801
disclosurs comprising aerogel particles and polvtetrafluorcethyiens (PTFE), is formable,
having low particle shedding and low thermal conductivity. Composites made from the
material may be flexed, strefchead, and twistad, with litle or no shedding of aerogsl

particles or loss of conductive properties.

FO008] There i3 a need for an nsulating materal that overcomes problems inhsrent in
aerogel powders and composites, such as the lack of formability of asrogs! powder and
the lack of fisxibiiity of composites, as well as the shedding or dusting of aerogsl
particles upon apphcation of mechanical stress. There s a neead for insulative matenial
which may be formed info articlas {e.¢., expandead PTFE articles) that are hydrophobice,
highly breathable, possess high strength, and which may be used in non-static, highly
flexible applications. Thers is a further need for insulative articles which are flesuble,

stretchable, and bendabile with little to no shedding or dusting of fine parnticles.
SUMMARY

[0009] The present disclosure is directed, in one embodiment, to a thermally insulative
material comprising an polymer matrix, aerogel particles and expanded microspheres;
wherein the aerogel particles are present in an amount of 30% by weight or greater, the
polymer matrix is present in an amount of greater than or equal to 20% by weight and
the expanded microspheres are present in an amount of 0.5% to 15% by weight,
wherein the percentages by weight are based on the total weight of the polymer matrix,
the aerogel particles and the expanded microspheres, and wherein the thermal
conductivity of the thermally insulative material is less than 40 mW/m K at atmospheric

conditions.
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[0010] In an alternative embodiment, the polymer matrix may comprise a
fluoropolymer, a polytetrafiuoroethylene, an expanded polytetrafiuorcethylene, an
uttrahigh molecular weight polyethylene (UHMWPE), an expanded ulirahigh molecular
weight polyethylene, a polyolefin, an expanded polyolefin, a polyurethane or a
combination thereof. In a further alternative embodiment, the thermally insulative
material, when tested according to a 3-second exposure to a vertical flame, exhibits no

melting, no dripping and/or no burnthrough.

[0011]In a further alternative embodiment, the thermally insulative material has a
thermal conductivity of the matrix which is greater than 27 mW/m K and less than 38
mW/m K at atmospheric conditions. In a further alternative embodiment, the thermally
insulative material is in the form of g sheet or a film, wherein the maitrix further
comprises one or more lavers on the first side, the second side or both the first and the
second side. In a further alternative embodiment, the one or more layers may comprise
a polymer layer, a woven laver, a knit layer, a nonwoven layer or a combination thereof.
in a further alternative embodiment, the one or more layers may comprise &
Huoropolymer, a PTRE, 8 polvolefin, an expanded flucropolymer, an expanded PTRE,
an expanded polyolefing, a polyurethane or a combination thereof. In a further
alternative embodiment, the one or more layers of the thermally insulative material may
be adhered to the expanded polymer matrix using a continuous or discontinuous

adhesive, and the adhesive optionally comprises a flame resistant material.

[0012] The present disclosure, in a further embaodiment, provides for articles
comprising the thermally insulative material described. Further, such articles may
include in certain embodiments, but not be imited {o, a glove insulation insert, a
footwear insulation insert, a garment, a garment insert, pipe insulation, cryogenic
nsulation, an electronic device, cookware, a home appliance, a storage container, a
food package, a pharmaceutical package, an immersion suit, an acoustic insulation, a

thermal insulation and an electrical insulation.
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I0013] The present discliosure, in a further embodiment, is directed (o a thermaliy
nsulative material comprising an expanded PTRE (ePTRE)} incorporating tharmally
nsulative particles, said material having & thermal conductivity of less than or squal io
25 mWim K at atmaospheric conditions. In an allermative embodimeant, the thermally
msulative material exhibits an endotherm at about 380°C. In an aliermnative embodiment,

the thermally insulative material is monolithic.

00141 In an altermnative embodiment, the thermaily insulalive material comprises an
sFTFE having a lensile strength i the length direction of al least .35 MPa and &

fensile strengih in the ransverse direction of at least 018 MPa

F0015]In a further embodiment, the thermally insulative material may comprise iess than
403% by weight thermally insulative particles and greater than 60% by weight
poivistrafiucrosthylene (ePTRE), wherain said composite matenal has a thermal

conductivity of less than or ggual 1o 25 mWim K at atmospheric conditions.

00161 In one or more embodiments where the thermally insuigtive matenal ncorporaies
thermaily insulative particles, the particles may be selected from silica aeroge! particles,

fumed siica, and combinations thersof.

[00171Hin another embodiment, the thermally insulative material comprises expanded
PTFE having a node and fibril structureg and having a thermal conductivity of less than
or egual to 25 mWim K at atmosphenc conditions. Further, the insulative material may

comnprise an expanded PTFE which exhibils about 8 380°0 endaotherm.

F00418] In another embodiment, the disclosure is directed to an article comprnising a first
laver, an expanded PTRE (ePTFE) having a thermal conductivity of less than or equai to
25 mWim K at atmospheric conditions; and a second layer, wherein said ePTFRE 15
sandwiched between said first and said second layers. In an altemative embodiment,
the ePTFE s hydrophobic, Alternatively, at least one of said first and said second iayer
may ba impermasbie o gases. Further, &t lsast one of said first and said second layer
may bg impermsabls o guids. In an sltermative embodimeant, the ePTFE comprises

thermally insulative particles selected from silica aeroge! and fumed siiica.
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BRIEF DESCRIPTION OF THE DRAWINGS

F0019] The accompanying drawings arg included to provide a further undsrstanding of
the disclosure and are incorporated in and constitute a part of this specification,
Hustrate smbodiments, and togsther with the description serve 1o sxplain the principles

of the discicsure.

BO200FIG. 1 i3 3 scanning electron micrograph of the surfgee of a thermally insulative
material compriaing an ePTHFE material including 20% aeroge! loading taken at 5000x

magnification,

[0021IFIG. 2 is a scanning eleciron micrograph of the surface of g thermally insulative
material comprising an ePTFE material including 40% aeroge! kading taken at 5000

magrification;

[R022IFIG. 3 is 3 scanning slectron micrograph of the swiface of a thermally insulative
material comprising an ePTFE matenal including fumed silica taken at 5000x

rragnification, and

IO0ZIIFIG. 4 is scanning slectron ricragraph of the surface of a thermally insulative
material comprising an ePTFE material including 80% gerogsel Ioading taken at 5000x

magrification
DETAILED DESCRIPTION

(00241 Persons skilled in the art will readily appreciate that various aspects of the
presant disciosure can be realized by any number of methods and apparatus configured
to perform the intended functions. it should also be notaed that the accompanying
drawing figures referred to heren arsg not necessarily drawn 1o scale, but may be
exaggerated o lustrate various aspects of the present disclosure, and in that regard,

the drawing figures should not be construed as limiting.

FO028] The insulative material of the prasent disclosure includeas thermally insulative
particles, such as serogels and the like, and a polymer mairix. The polvmer malrix can
be, for exampie, a flucropclymer, a polvtetrafiucrosthylene (PTEE), an ulirahigh

6
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malecular weight polvethyiene (UHMWPE), 3 polyolefin, a polvurethane or a
combination thereof. In some embodiments, the polymer matrixis a
coivtetraflucroethyienes, an expandsd polvietraflucrosthylene o & combination thereof.
The thermally insulative maierial may be formed into arlicles {e.q., ePTHFE membranes,
composites, etc.} that are hydrophobic, Highly breathabls, possess high strength, and
which may be used in non-static, or dynamic flexing, applications. Articies produced
from the thermally insulalive materials are flexibie, strefchable, and bandable. Also, the
tharmaily insulative material has iitile 1 no shedding or dusting of fine pariicles. Asrogs!
particles having a particle density of less than about 100 kg/m® and a thermal
conductivity of less than or squal to about 15 mWim K at almospheric conditions {about
2985 K and 101.3 kPa) may be used in the insulative matenal. it is 1o be understond

ihat the term "aerogsi{s) and "asroge! particles” are used intsrchangeably herain.

F0028] Asrogels are thermal nsulators which significantly reduce convection and
conductive heal transfer. Silica aerogel particles are particularly good conductive
mnsulstors. Agrogel particles are solid, rigid, and dry materials, and may be commaercially
obtained in & powdered form. For example, a silica asrogel formed by a relatively low
cost process i described by Smih et al n U8 Pat No 6172 120 The size of the
aercgsl particles can be reduced to a desired dimension or grads by jst-miliing or other
size reduction technigues. Aerogel particles for use in the insulative maternial may have
a size from about 1 pm to about 1 mm, from about 1 pm o about 500 um, from about 1
w10 about 250 um, from about 1 um (o about 200 um, from about 1 um to about 150
um, from about 1 um o about 100 pum, form about 1 um o about 75 um, from about 110
about 50 um, from about 1 um o about 25 um, from aboul T um to about 10 pm, or from
about 1 um o about 5 um. iIn 8l least one examplary embodiment, the asroges! particies

have a size from about 2 um to about 24 um.

F0027] Although not wishing to be bound by theory, it is believed that smaller aerogsd
particles form a more uniform mpowith other components of the insulating material,
Accordingly, aerogels having smaller particle sizes, for example, an averags particle
size of l@ss than or egual o about 200 nmy, or even 100 nm, may be used inths

isulative material
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00281 The density of the asroge! particle may be less than 100 kg/m®, less than 78
kafm®, less than 50 kg/m® less than 25 kg/m® or less than 10 kg/m®. In at lsast one
sxemplary embodimeant, the aeroge! particles have a bulk density from about 30 kgfm®

o about 50 kg/m®.

F0029] Asrogels suilable for use in the insulative matenal include both inorganic
asrogels, organic aerogels, and mixtures thereol Non-Hmiting examples of suilable
morganic asrogels include those formed from an inorganic oxide of silicon, aluminum,
titanium, zirconium, hafnium, yitrium, and vanadium, Sultable organic asrogels for uss
in the msuiative material include, butl are not imited to, aerogels be prepared from
carbon, polyacrylates, polystyrene, polvacrylonitriles, polyurethanes, polyimides,
poivifurfural alcohol, phenol furfury! alcohol, melamine formaldehydes, resorcinal
formaidehydes, cresal, formaldshyde, polycyanurates, polvacrylamides, epoxides, agar,
and agarosea. In at least ong exemplary embodiment, the insulative material contains an
norganic aerogel such as a silica. Anothey example of a thermally insulative particle

suitable for the present disclosure s fumed silica.

(0030 Further, the asrogels used in the insulative material may be hydrophilic or
hydrophobic. In exemplary embodiments, the aercgels are hydrophobic (o partially
hydraphobic and have a thermal conductivity of less than about 15 mWim K His o be
appreciated that particle size reduction technigues, such as milling, may affect some of
the aextemnal surface groups of hydrophobic asrogel particles, which results in partial
surface hydrophilicity (hydrophobic properties are retained within the aeroge! particie).
Partially hydrophohic asrogels may exhibil enhanced bonding to other compounds and

may ba ulilized in applications where bonding s desired.

FO031] The thermally insulative material of the prasent disclosure further comprises a
polymer matrix or an expandead polymer matrix, wherein the polymer mainix iz a
fluoropolymer, a polytetrafluoroethylene, an expanded polytetrafluoroethylene, an
ultrahigh molecular weight polyethylene (UHMWPE), an expanded ultrahigh molecular
weight polyethylene, a polyolefin, an expanded polyolefin, a polyurethane or a

combination thereof. As used herein, an ultrahigh molecular weight means a polymer
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having a number averags molecular weight in the range of from 3,000,000 to
10,000,000 g/mol In some embodiments, the polymer mairix can be produced from
coivtetrafiuorcethylens (PTRE) particies. In exemplary embodiments, the PTFE particles
have a size smaller than the aeroge! particles. However, it is {0 be understood that
PTFE particles having a size similar (o the agroge! particles may be used. Generally,
the PTFE is present as primary particies that have a size of about 50 nm or grealsy or
PTFE aggregates having a size of about 600 pm or less in a dispersion. The PTFE
dispersion 18 an aqueocus colloidal dispersion of high molecular weight PTRE particies
formed by amulsion polymerization. The PTFE dispersion may have a 386 of about 2.2

or less.

F0032] The thermally insulative material s formed by prepaning a midure of gerogs! and
PTRE particles, such as, for example, by forming a8 midure of an agueaous dispersion of
aercgsl particles and a PTFE disparsion. The aerogel/PTFRE particle mikiure may
nciude, by weight, less than about 80% aerogel particles, less than about 85% asroged
particlas, less than about 80% agrogel particles, less than about 75% asrogel particles,
iess than aboul 70% aerogel particles, less than about 65% agrogel particles, less than
about 80% asrogel particles, less than about 55% asroge! particles, or less than about
50% aerogel particies. In some embodiments, the aerogsl particles ars presert in the
rixture inan amount less than 40%, less than or gsqual 10 35%, less than or egual to
30%, less than or egual 10 25%, less than or equal to 20%, less than or equal o 15%, or
less than or eqgual 1o 10%. The aeroge! particles may be present in the midure an
amount from about 10% 0 40%. In exemplary smbodiments, the asrogel particles may

be present in an amount less than 40%.

F0033) Additionally, the aerogelPTRE particie mixture may contain, by weight, grester
than about 10% PTFE parlicles, graater than about 15% PTFE particies, greater than
about 20% PTFE particles, greaier than about 25% PTERE particies, greater than about
0% PTFE paricles, greater than about 35% PTRE particles, greater than about 40%
PTFE particies, greater than about 45% PTFE particles, or greater than about 50%
PTFE particies. In exemplary embodiments, the PTRE particles are present in the

mixture i an amount greatsr than or equal 1o 60%, greater than or squal o 85%,



WO 2018/183225 PCT/US2018/024417

greaier than or equal to 70%, greater than or sgual to 75%, or greater than or sgual to
80%. The PTFE particles may be prasent in an amount from abaout 60% to 80%. In
sxemplary embodiments, the PTFE particles may be present in the asrogeVPTrE

particle mikturg in an amount graster than 60%.

[0034] Properties such as thermal conduchivity, dusting, formability and strength may be
tatlorad in part by varving the ratio of the weight parcentage of asrogel to PTFE inthe

mixiure.

00351 The thermally insulative material of the present disclosure may oplionaily
conprise additional components. Cptional components may be added o the
aercgel/PTRE binder mikiure such as finely dispersed opacifiers to reduce radiative
heat transfer and improve thermal performance, and include, for example, carbon black,
titardum dioxide, ron oxides, silicon carbide, molybdenum silicids, manganese oxide,
polvdialkyisiioxanas whersin the alkyl groups contain 1 {o 4 carbon atoms, flams
retardant materials or a2 combination thereof, Additionally, polymers, dies, plasticizers,
thickensars, various synthetic and natural fibers, are optionally gdded, for exampig, {0
ncrease machanical strangth and {o achisve propertias such as color and thermal
stability, elasticity and the Iike. Optlional componenis are preferably added at less than

about 10% of the aerogel/PTHE mixiure.

FBG38] In another embodiment, the tharmally insulative material additionaily include
sxpandable microspherss such as Expancel, expandabie microspheres. | s envisioned
that other malenals, expandable spheres, or foaming agents may be used 10 expand
the thermally insulative materal inte & foamed material. The thermally insulative
material containing expandable microspheres is co-coagulated and formed into a tape
as described below. The tape may than be heated (o 8 temperature sufficient 1o expand
the microspheres, causing the iaps o expand inlo 8 feamed insulaiing matenal. The
amount of sxpandable microspheras and the processing temperaturs can affect the
thicknsss of the final product. In some smbodimernts, g fape containing about 10
percaent by weight of expandable microspheres and having a thickness of about 1

mitimestar can be expanded o give a thermally insulative material having a thicknsss of

10
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up o about 8 millimelers or more. In other exemplary, non-imiting embodiments, for
axample, if the tape 18 Z mm thick, healing and expansion may result in a foamed
thermally insulative material that s 4 mm thick. The feamed thermally insulative material
is pliable and comprassibie with substantiaily full recovery. In addition, the foamed
thermaily nsulative material has 3 low density, for exampls, a densidy of less than 0.5
gfom” or less than 0.4 glom®, or less than 0.3 glom® or less than §.2 g/om®, or less than

01 glom®

F037]In some embodiments, the thermally insulative material comprises a polymer
matrix, agrogel particles and expanded microspheres. in other embodiments, the
thermally insulative matenal may consist essentially of, or may consist of a polymer
malriy, aerogs! particles and expanded microspheres. The expandabis microspheres
can be prasent in an amount in the range of from about 0.5% 1o 15% by weight, based
on the otalh weight of the aerocgel particles, the PTFE particies and the sxpandable
ricrospheres. In other embodiments, the expandable micrespheres can be present at
greater than about 0.5% by waight andup to 14, 13,12, 11,10, 8 8,7, 8 5, 4, 3, 2 or
1% by weight. In still further embodiments, the expandable microspheres are present in
the range of from about 510 14% or 6% 1o 13%, wherein all percentages by weight are
based on the tolal amaourt of the polymesr malrix, the aerogel particies and the
expandable micrespheres. As used herein, the phrase "consists assentially of’ means
that the thermally insulative material contains expanded polymer matrik, asrogel
particles, expanded microspheres, optionally less than 10% by weight of the
components listed as additional components and less than 2% by weight of any othsy
component that would materially affect the properties described herein, for example,

thermal conductivity,

FO03E] The mbdure of aeroge! and PTFE particles in a carrier lquid, for example, waler,
a water insoluble alcohol or 8 combination thereo!, may be co-coaguiated, such as by
coaguiating the mdure by agitation or by the addition of coagulating agents. The co-
coaguiated mikiure contains a substantially uniform blend of asrogel pariicles and PTFE
particles. The co-coagulated mixiure may be ai least partially dried (2.4, in an oven}

and comprassed into a8 preform. The preform may then be extruded o 3 tapeg,

11
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calendered o g desired thickness, and expanded (uniaxially or biaxiallyy inio a thermally
msulative expanded PTRE (ePTERFE)Y matenial. in other smbodiments, a2 mixture of
aercgsl particles, the polymer matrix, for example, PTFE pariicles and expandable
riicrospheres in the camer hquid can be co-coaguilated, by agitation or by the addition
of coagulating agents. The co-coagulated mibdure contains g substantially uniform
blernd of agrogel particles, polymer matrix particles and expandable microspheres. This
mixiurs can be at least partially dried, for example, in an oven and compressad info a
preform. The preform may then be extruded into a tape, calendered 10 3 desired
thickness and expandsd {unisually or biaxially) into the thermally insulative matenial,
The process of unisxially or baxially expanding the taps is typically preformsd at
aievated temperatures, for example, above the temperature at which the expandable
microspherss expand. The exparnsion of the sxpandable microspherss can result in the
formation of the expandad microspheare wherein less than complets expansion of the
expandable microspheres, full expansion of the expandable microspheras, rupiure of

the expandable microspheres or a combinagtion thereof.

I0039] The resulting material s thermally insulative with 3 thermal conduchivity (k) of
less than or equal o 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 28, 28, 27, 26, 25, 24,
23, 22 or 21 mWim-K, less than or sgual o 20 mWim-K or lgss than or equaito 15
mim-K all at atmospheric conditions, that s, 288 Kand 101 3 kPa. The ePTFE has a
node and fibrl structure as can be sesn in FIGS. 1-4. Also, the ePTFE demonstrates
high tensile strength in the length and iransverse directions. Additionally, the ePTRE
has high breathability, with an MYTR of at isast £ 000 ¢/m*™/24 hours, at least 10,000
/24 hours, at least 20,000 ¢/m¥24 hours, or at igast 30,000 g/m?/24 hours or
greater. As used herain, breathabis s meant 10 describe an arlicle with a breathabiity of

at fgast 5 000 ¢/m%24 hours.

1004407 1t has been surprisingly found that a thermally nsulative material comprising an
axpanded polymer malrix, agrogel particies and expanded microspheres wherain the
aercgsl particles are present in an amount of 30% by weight or greater, the expanded
poiymear matrix in an amaount of greater than or equal 10 20% by weight and the

expandabie microsphseres i an amount of 0.5% o 15% by weight can produce a
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thermally insulative maierial thal when tested according to a 3-second exposure {0 a
veriical flame test (described below), exhibits no melling, no dripping and/or no
burnthrough. The flammability test method s described below and s based on Federal
Standard 1914 Method 5802, In some embodiments, the thermally insulative material
that 1s flame resisiant comprisas an expanded polvtetrafiuorosthylens malry, serogs!
particles and expanded microspheres, wherein the thermally insulative material is free
from any an added flarme ratardant material. As used herein, flames resistant means that
ihe thermally insulative malerial when tested according 10 the Hammability test method

baiow, resists melting, dripping, burmnthrough or a combination thareof,

[0041] The thermally insulative material can optionally be laminated or adhered or
otharwise bondsed to one or more additional layvers (o form an article.  For exampie, the
thermaily insulative material is typically in the form of a sheet or a film having a first side
and a second side, wharein the thickness s less than the width andior length dirsctions.
One or more layers can be adhered o the first side, to the second side or 1o both the
first and the sacond side of the thermally inaulative material. The one ormore
additional lavers can be g polymer laver, 8 woven layer, 3 knit layer, a nonwoven layer
or a compination thereof, The polymer [ayar can be a nonporous layer, 8 microporous
laver, g breathable laver or g combination thereof. For exampie, the ong or more layers
may be a fiucropolymer, a PTRE, a polyolsfing, an expanded flucsropolymer, an
expandsed PTFE, an expanded polyolefin, g pobvurathane or 2 combination thereof. The
one or mors layers can be adheraed o the thermally insulative material using an
adhesive, weiding, calendering, coating or 2 combination thereof. In some
gmbodiments, the thermally insulative material can have an expanded
poivtetratiuorosthylens layer adhered o the first side, (o the sacond side orto both the
first side and the second side. In some embodiments, the article can comprise muitiple
tavers, for example, the thermally insulative matanal can have a laver of sxpanded
PTFE bonded to one or both sides, resulting in a compuosis material having a 2-laysr or
a 3-laver structure. One or maore additional texdile layers, for example, a woven, a knii,
a non-wovern of & combination thereof, may be adhered to the composite malernial.
Typically, textile layers can be adheared using an adhesive matenal. The adhesive may

be appliad o the thermally insulative material, 1o the textile or to both in a continuous or
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a discontinuous manner, as is known in the art. In some emboediments, the adhesive

may optionaily comprise a flame resistant material

(00427 The ong or more texiile layers can be g woven, 8 knil, a nonwoven or 8
combination theraof. in further embodiments, the woven, knit or nonwoven textiles can
be flame resistant woven, flame resistant knit or flame resistant nonwoven fexdiles.
Suitable textile layers are well known in the art and can include slastic and non-alastic
taxties, for exampie, LYCRAR polyurethane, polyesier, polyamide, sorviic, cotton,
woot, sitk, linen, rayon, flax, jule; flams resistant textiles, for example, NOMEX® aramid
(available from Du Pont, Wilmington, DE), aramids, flame resistant cotfon,
poivhenzimidazole, poly p-phanyviene-2 8-bezobisoxazole, flams resistant rayon,

modacryhcs, madacryvlic biernd, polyvamine, carbon, fiberglass or a combingtion thersof,

F00431 In one embodiment, the thermally insulative ePTRE material s used as insuwlation
in a footwear article. The ePTHE matenial may be used in any portion of the foctwear
article, including the upper portion, heal portion, toe portion, or sole (bottom) portion. In
addition to, or alternative {0 the thermally insulative ePTRE, the foamed thermally
nsulative material may be used as insulation in a footwear article. For instance, tha
foamed thermally insulstive material may be utilized in the upper portion, hesl portion,
toe portion, and/or sole (bottom) portion. In al leas! one axemplary embodiment, an
nsulated fostwear arlticle includeas at lsast one thermally nsulative ePTFE matenal in
the upper portion of the footwear article and a foamed thermally insulative material in
the sole (bottom) portion of the footwear article. As used herein, the term "footwear

article” is meant to include shoes and hoots.

00441 In addition to the shove, formable, moldable, low dusting materials with low
thermal conductivity are considered 10 be within the purview of the disclosurs. These
materials are sufficiently moldable to be formed nto flexible three-dimensional
siructures or shapes having curvas in one or mors diractions. Furthar, the materials
optionally form siretchable structures with minimal dusting upon sirstching. They may

be wrapped around a tube or pipe for insulation.
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100451 The thermally insulative materials described herein may be used in numerous
applications, including insulating materials and composites made therefrom for use in
apparsl, such as glove and footwesr insulation inserts, garments, and inssrts for
garmenis, pipg insulation, cryogenic insulation, electronic devices, cookwarg, homse
appliances, siorage contamers and packaging of food and pharmacsuticals, immersion
suits, as well as dual function insuiation, such as acoustic insulation, sleclrical

insulation, thermal insulation, and the like.

F0048] The disclosure of this application has been described above both generically and
with regard (o specific embodiments. it will be apparent 1o those skilled in the art that
various modifications and vanations of the disclosure can be made without departing

from the spirit or scope of the disclosurs, as defined in the appended claims.
Test Meathods

F00471H shouid be understood that although certain methods and equipment arg
described below, any method or equipment determined suitable by one of ordinary shill

i the art may ba allematively uliized.
Maoisture Vapor Transmission Fate Test — (MYTR)

F0048] The MVTR for each sample fabric was determingd in acoordancs with the
general teachings of 180 15486 except that the sample walsy vapor ransmission
(AR was converted into MYVTR moisture vapor transmission rate (MVTR) based on

the appargtus water vapor fransmission (WP ape) and using the following conversion.
MYTR = (Della P value™ 24041 WAV WA Papp value))

(00491 To ensure comparable resuils, the specimens were conditioned at 734 1 047 F
and 50 + 2% relative humidity M) for 2 s prior o testing and the bath waler was g

ponstant 7340 F £ 0 4% F

FOOB0] The MVTR for each sample was measured once, and the results are reported as

Gim24 hours.
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10051] Tensile strength

1005821 Tensile Strength of the membrane was measured using an INSTRON® 5565
tensile test machine equipped with flat-faced grips and a 0.445 kN load cell. The gauge
tergth was 6.35 om and the cross-head spesd was 50.8 omfrmin {(strain
rate=13.3%/sec). To ensure comparable resuits, the laboratory temperatura was
maintained betwaen B8%F (20°C) and 72°F (22 2°C) to ensurs comparable resulls. Data

was discarded if the sample broke at the grip interface.

053] For longituding! (length direction) tensiie strength measurements, the larger
dimension of the sample was orientad in the machine, or "down web,"” diraction. Forthe
iransverse tensile strength measurements, the larger dimension of the sample was
oriented parpandicular to the machine direction, also known as the "cross web”
direction. The thickness of the samples was then measursd using a Miutoyo 547400
Absolute snap gaugs. The samples weare then tested individually on the tensile tester.
Three differant seclions of each sample were measured. The average of the three

maximum load (e, the peak force) measuramenis was used.

10054 The longituding! and transverse tensile strengths were calculated using the

foliowing eguation:
Tensile strength=masamum ivad/oross-section area

F0055] The average of three oross-web measurements was recorded as the longitudina

and transverse tensile strengths.
Thickness

[0056] Sampls thickness was measured with the integrated thickness measursment of
the thermal conductivity instrument. {(Laser Comp Model Fox 314 Laser Comp Saugus,

MA)Y The resuits of a single measurement was recorded.

Thermat Conductivity Measurement {Under Comprassion)
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00571 Thermal conduchivity of sampies of the present disclosure was measured using 8
custom-made heat flow meter thermal conductivity tester following the general
isachings of ABTM C518 plus the addition of compression al almospheric conditions
{about 292 K and 101.3 kPa}. The taster consisied of a heated aluminum plate with a
heat flow sensor {(Model FR-025-TH44033, Concept Enginesring, Old Saybrook, OT)
and a temperature sensor {thermistor) imbedded in its surface, and a ssecond aluminum
plate maintained at room temperature, aiso with a lemperaturs sensor imbadded in s

surface.

F0058] The temperalure of the heated plate was mamtained at 30315 K whilg the
temperature of the "cold” plate was kept at 28815 K. The diameter of the plates was
about 10 om. The sampie was comprassed by gupiving weights 1o a pivoling arm
connected o the lower piste. The thickness of the samples under CoOMpression was
measursd by & digital encoder which was calibrated with metal shims which were
measured using a digital micrometer (mode! IB-F125E Mituloyo Corp., Japan). The
haat flow measurament was normally oblained within about two o five minuies afier the
sample was placed in the tester upon reaching 3 steady state. Thermal conductivily was
calculated from the measured heat flow and the thickness of the sample according to
the formula: K=L"0), where k is thermal conductivity in mWim K, L s sample thickness in

iy, (3 is heat flow in mWim? K. The results of a single measurement was recorded.
Thermal Conductivity {Without Compression)

(0059 Thermal conductivity was also measurad without compressing the sample. The
samples were measured with a Laser Comp Model Fox 314 thermal conductivity
analyzer. {Laser Comp Saugus, MA). The resulls of a single measurement was

racorded.
Air fiow measuraments (ATEQ)

[00601 The airflow measuraments wers made with an ATEQ modei DE20 (ATED
Livonia, M the instrument was fitted with 2 round seal having a flow area of 2. 89 cm?.

The average of two measurements was recorded.
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Gurley Number

100811 The resistance of samples {0 air flow was measurad by a Gurley densometsr
{(Mode! 4340 manufactured by Gurley Pracision Instrumeanis Troy, NY. The resulis are
reported in terms of Gurley number which s the time in seconds for 100 cubic
centimaters of air to pass through 1 square inch of a tast sample af a pressure drop of

4.88 inches of water. The resulis of a single measurement was recordsed.
Water Entry Pressure (WEP)

FO062] Waler entry pressurs provides a test method for watsr intrusion through
membranes and/or fabrics. A test sampile is clamped between g pair of testing plates
taking care not (o cause damage. The lower plate has the ability (o pressurize a section
of the sample with watsr, A piece of paper towsl is placaed on top of the sampls belwesn
the plate on the non-pressurized side as an indicator of evidence for water entry. The
sample is then pressurized in small increments until the first visible sign of water
through the paper towel indicates breakdhrough pressure or eniry pressure. The
pressure was recorded as the water entry pressure. The resuits of a single

measurement was recorded,
Flammability Test Method

[0063] Samples of the thermally insulative material having a size of aboud 75 millimeter
{rim) by 200mm were conditionead at 21°C and 50% + 2% relative humidity for 2 hours
prior 10 testing. The conditioned samples were placed in sealed sampie bags afler

conditioning until they were removed for testing.

00641 All tasting was carried out in a8 laboratory hood and a flame cabinet as described
i Fed St 1914 Method 5303, A movable Fisher burnar supplied with butane through &
supply valve, regulator, nesdle valve and Hexible hose arrangement as specified in
NEPA 1971-34, 2000 Ediion {capable of supplving a consistent gas flow of 17.3kpa +-
1. 7kpa) was used as the flame sowrce. A sieel sample holder centerad the botiom of
the sample approximataly 38mm above the top of the Fisher bumer. The

gforemertioned burner and sample holder were located inside of the flame cabinet.
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I0065] The sample was placed horizonially on the sample holder and heid in place using
medium size binder clips. The laboratory hood airflow was set 1o low. The burner was
cositioned away from the sampils holder in the flame cabingt. The nesdie valve was
cinsed and the supply valve opened. The needie valve was opened and the burmer it
The flame height was adiusted to 7omm. The burner was allowsd 1o burn for 1 minute
and flame height regdjusted, ¥ necessary. The bumer was then moved under the
specimen, placing the flame as close {0 the center of the sample as possible, and &
timer started for 3 seconds. At the end of 3 seconds, the burner was moved cut from
under the specimen. I the sample doss not burn or goes oul immeadiately upon removal
of the flame, the timer was stoppad. if the sample bums, the timer was allowed to
continue until the flame axtinguished. In order 1o determine the sfterflame time, 3
saconds was subtracted from the timer measursd time and the result recorded. Ay
melling, dripping, or hole formation was also recorded.  Hole formation either through
ablation or burmning is known as burm through and was aiso recorded. Mealling, Dripping

or burn-through constituted the test sample to faill the test
EXAMPLES
Exampie 1

FO0661A dispersion form of PTRFE 601 {commercially available from B | DuPort de
Nemours, Inc., Wilmingion, DE) and Aerogel (Enova Asroge!l MT 1200, Caboi, Boston,
RMA) was obtainad. The PTFE and Asroge! were co-coggulated in the following manner,
21 grams of Hexanol (PN H13303-4L, Sigma-Aldrich, 8t Louis, MO} was added o 14.4
Kg of water and mixed for 1 minuie in g Silverson Model EXS0 mixer (Silverson
Machines Inc, East Longmeadow, MA)Y at an impeller speed of 1500 rpm. Mixing
continued until the asrogel was fully wet-out {(approdimately 610 minutes), 3.48 Kg of
PTFE dispersion was then added and the mixer speed was increased to 1500 rpm for
1.5 minute. The resulling coaguium was dewaterad through a Reemay shest
{item#Z(14-586, Reemay, Old Hickory TN} and then dried for 24 hours al 185°C in g

forced air oven.
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[0067] The resulting dry coaguium was then blended with 1ISOPAR K {1 kg/kg) (Exxon
Mabile Chemical, Houston TX) and subsequently compressed into a cylindrical preform,
The preform was then exiruded through a barrel 1o provide a wet taps 15.2 om wide and

3.7 mm thick

FO06E] The wet lape was calenderad 10 a thickness of 2.2 mm and driad in 8 forced air

oven sat 1o 1580°C for 4 minutes and then at 250°%C for an additional 4 minutes.

F006Y] The dried, calenderad tape was then biaxially expanded simultanacusly in both
directions in the following manner expansion ratio of 81, in the length dirgction and

18:1 in the fransverse direction at a rate of 500%/sec at 250°C.

F0G70] The resulting thermally insulgting ePTRFE meambraneg had the following properties:
tensile strengih in the length and {ransverse dirgctions: 1.54 MPa and 1.53 MPa,
respectively ; thickness: .38 mm; thermal conductivity without comprassion: 21 mWim-
K, thermal conductivity at 5 psi compression: 8.9 mWm-K; MY TR (MDM): 32508
g/m?%24 hours: Gurley Number: 0.7 sec, ATEQ airflow: 8.2 1/hr-om? at 4.5 mBar
pressure drog, and Water Entry Pressure (WEP) 29 pst A 5,000 magnification
scanning electron micrograph (SEM) of the swfaee is shown in FIG. 1. The nodes (18)

and fibrils (20) are indicated.
Exampie 2

(00711 A thermally insulating ePTEE membrane was made as follows. A dispersion form
of PTFE 801 {commercially available from £ | DuPont de Nemours, Ine., Wilmingion,
DE)Y and Aerogel (Enova Aerogel MT 1200, Cabot, Boston, MA) were obtained. The
PTFE and Agrogel were co-coaguiated in the following mannear. 136 grams of Hexanol
was added o 151 Kg of wailser and mixed for 1 minute with an impeller speed of 1500
rpm. The speed was siowed 10 500 rpm and 363 grams of silics agrogel was siowly
added. Moding continued until the aeroge! was fully wet-out (approximately 6-10
minutes). 2.58 Kg of PTFE dispersion was then added and the mixer spead was
ncreasad o 1500 rpm for 1.5 minutes. The resulting coaguium was dewsatsred through

a Reemay sheeat and then dried for 24 hours at 185%C in a hot air oven.
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10072] The resulting dry coaguium was then blended with ISOPAR K ataratic of 1.5
kafkg and subsequently compressed into a oyvlindrical perform. The preform was than

sxtruded through & barrel {o provids a wet {ape 152 om wide and 3.7 mm thick

FO07 31 The wet {ape was calendsred {o a thickness of 2.2 mm and dried in g forced air

oven set 1o 150°C for 4 minuies and then 250°C for an additional 4 minutes.

1007 4] The dried, calendered tape was then biaxially expandsad in both direchions
simultanscusly in the following manner exgansion ratic of 3.1, in the longitudinat

direction and ©:1 in the transverse direction al a rate of 500%//sec at 250°C.

I0075] The resulting thermally insulgting ePTFE meambrang had the following properties:
tensile strength in the length and transverse directions, respectively: 0.59 MPa and 0.7
hMFa, respeciively; thicknass: 0.85 mum; thermal conductivity withoud comprassion: 21
mIm-K thermal conductivity at 5 psi compression: 10 mWim-K; MV TR (MDM)y, 9788
o/m¥24 hours, Gurley Number: 1.4 sec, ATEQ airflow: 2.7 Vhe-om? at 4.5 mBar
pressure drop; and Waler Entry Pressure (WEP) 34 psi. A 5000 magnification scamning
slactron micrograph (SEM) of the surface is shown in FIG. 2. The nodes (18) and fibrils

{20} are indicated.
Exampie 3

FO07 8] Another thermally msulating ePTRE membraneg was made as foliows. A
dispersion form of PTRE 601 {commercially available from £, L DuPont de Nemours,
inc., Wilmington, DE) and fumed silica {(Aegrosii RB1Z, Evorik Indusirias AG, Hanau
Germany) were obtained. The PTFE and fumed silica werg co-coagulated in the
foliowing manner. 280 grams of Hexanol weare added {0 23 Kg of water and mixsd for 1
rinute at an impelier rate of 1500 rpm. The impelier rate was decreased to 500 rom and
750 grams of fumead silica was slowly added. Mbing continued for 15 minutes. 4.4 Kg of
PTRE dispersion was then added and the mixer spesd was increased to 1500 rpm for
233 minutes. The resulting coaguium was dewaterad using 2 Reemay sheetl and then

dried for 24 hours at 185°C in 2 hot air oven.
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[0077] The resulting dry coaguium was then blended with 85 wi % ISOPAR K and 5%
tauric acid (PN LS5G, Sigma Aldrich, St Louis, MO) at 1.1 kgikg and subseaguently
compressead nto a oviindrical perform. The preform was then exiruded through a barrsl

o provide a wet tape 15.2 om wide and 2.4 mm thick

FO07E] The wet tape was calenderad 10 a thickness of 2 mm and dried in & foreed air

ovan sat {o 250°C.

F00749] The dried, calenderad tape was then biaxially expanded simultanacusly in both
directions in the following manner expansion ratio in both directions=8.1, expansion

rate i both dirsctions=500%/sec rale, 280°%C.

FBG80] The resulting thermally insulgting ePTRFE meambraneg had the following properties:
tensile strengih in the length and transverse dirsctions: 0.35 MPa; and 0.182 MPa,
respectively: thickness: 0.86 mm; thermal conductivity without comprassion: 23 mWim-
K, and thermal conductivity at & psi compression: 16 mWim-K A 5,000 magnification
scanring electron micrograph (SEM) of the surface is shown in FIG. 3. The nodes (10)

and fibrils (20) are indicatad.
Example 4

FOOBTIA disparsion form of PTFE 81 (commercially avallable from EL DuPont de
Memours, Inc. Wilmington, DE) and Aerogel (Enova Asrogsl MT 1200, Cabot, Boston,
A weare oblained. The PTHE and Aerogel were co-coaguiated in the following
mannar. 181 grams of Hexanol was added 10 157 Kg of walsr and mixead for 1 minute
with an impelier speed of 1500 rpm. The impslier speed was decreased 1o 500 rpm and
544 grams of silica aerogel was slowly added. Mixing continued urtil the aerogel was
fuliy wet-out (approximately 6-10 minutes). 1.73 Kg of PTRE dispersion was then added
and the mixer spead was incraased 16 1500 rpm for 1.5 minute. The resulling coagulum
was dewatered through a Reemay sheel (ilem#2014-886, Reamay, Old Hickory TN}

and then dried for 24 hours at 185%C in a forced air oven.
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10082] The resulting dry coaguium was then blended with ISOPAR K {1.5 kg/kg) and
subsaqguently comprassed into a cyiindrical praform. The preform was then exdruded

through & barrel to provide g wet tape 15.2 om wids and 3.7 mm thick.

FO083] The wet {ape was calendsred {o a thickness of 2.2 mm and dried in g forced air

oven set 1o 150°C for 4 minuies and then 250°C for an additional 4 minutes.

[0084] The dried, calendered tgpe was then biaxially expanded simultanecusly in both
directions in the following manner, expansion ratio of 4.1, in the length direction and 61

irt ihe transverse direction at g rate of 500%/sec at 250°(.

I0085] The resulting thermally insulgting ePTFE meambrang had the following properties:
tensile strength in the length and transverse directions: 4.7 MPa and 0.27 MPs,
respactively: thickness: 1.1 mm; thermal conduchivity without comprassion: 22 mWim K,
thermal conductivity at 5 psi compression: 12.2 mWm K, Gurley Number: 0.7 sec;
ATEQ airflow: 5.21/r-om? at 4.5 mBar pressure drop, and Water Enfry Pressure
(WERY 28 pai. A 5 000x magnification scanning electron micrograph (SEM) of the

surface is shown in FIG. 4. Tha nodes (10) and fibrils (20) are indicated.
Comparative Exampls &

[OOEE]A comparative thermally insulative material was produced using PYOH as the
colymer matrik. 50 grams () of unexpanded Expancel 951 DU 120 manufactured by
Akzo Nobel, NV, Amsterdam, Netherlands was combinad with 50¢ of ENOVA® MT1200
agrogel particles manufactured by Cabot Corporation, Boston, Massachusetis ing 4
Hter plastic b, In a separate container, 250 milliliters {mi) (41.5% solids) of Elmer's
Glue All a PYOH based adhesive was mixed by stiming with 400mi of walsrin g
separaie coniaginer.  The PVOH and water admixture was then powred inlo the plastic
wih containing the agrogel and Expancel particles. The tub was saaled and mixaed by

wumbling untl it reached the consistency of stiff whipped cream.

IBOBTIA PTEE release material was then placed on a table and dusted lightly with
ENOVAR MT1200 asroge! particles 1o prevent sticking and a golf ball sized aliquot of

ihe asrogelExpancel/PVOH mixture was placed on the release malenial and rolied into
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a disc approximately 3mm thick and 150mm in diameter using a 90mm diameter
cardboard tube wrapped with PTFE release material This disk forming process was
repsated on g second sample and the resulling discs along with the release matsrial
weare placed in a 150°%C oven for approximately 30 minutes (min), initiating Expancel
expansion, then moved (o a 100°C oven and allowed (o compistely dry overmight. The

resuiting material had 3 thickness of 8.58 mm.
EXAMPLE S

00881 A thermally insulative material was made as follows. A dispersion of PTRFE 601
(commercially avaliable from £ L DuPont de Nemaoursg, Inc., Wilmingion, Delaware) and
Agroge! (ENOVAR MT 1200 aerogel, Cabot, Boston, Massachusstis) wers co-
coaguiated in the following manner. 308g of hexanol was added 10 23.9 kilograms (kg)
of water and mixed for 1 minute with an impeller spesd of 1500 rpm. The spesd was
siowed to B00 rpm and 817¢ of the ENDOVAR aeroge! particles were slowly added. The
mixing was continued untll the aeroge! particles weare fully wet-out (approdimatsly 6-10
minutes) 2.17kg of PTRE dizpersion and 138g of BExpancel 851 DU 120 was then
added and the mixer speed was increasead (o 1500 rpm for 1.5 minutes. The resulting
coaguilm was dewalered through 8 Reemay sheet and then dried for 24 hows at

125°%C in 8 hot air oven.

[0089] The resulting dry coaguium was then blended with ISOPAR K at g ratio of
1.04kg/kg and subsequently compressed into 3 oviindrical perform. The preform was
then extruded through a barrel (o provide g weliape 15.2 om wide and 2.7 mm thick,
The wet tape was calendered {0 g thickness of §.78mm and dried in a forced air oven
sei o a temperature of 150°C for 4 minutes and then 180°C for an additional 4 minutes.
The final drying step caused the Dxpancel (o expand. This enlargemant caused the
dried, calendered lape {o biaxially expanded in both direclions simultaneously. The
thermally insulative maternal had a thicknass of 2.25mm, a thermal conductivity without
comprassion of X0 mWimK an MVTR of 3088 g/m?/24 hours.
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Example ©

F00901A dispersion of PTFE 201 {commercially available from £, | BuPont de
Memaours, Inc., Wilmington, Delaware) and aeroge! (ENOVAR MT 1200 aerogel, Cabat,
Boston, MA) was co-coaguiated in the foliowing manner. 308 grams of haxanol was
added 10 22.9 kg of water and med for 1 minute with an impelier spead of 1500 rpm.
The spesd was slowad to 500 rpm and 817 grams of the ENOVA® asrogel was slowly
added. The mixing was continusd until the aerogel was fully wel-cut (approximately ©-
10 minutas) 2.17kg of PTFE dispersion and 13.6 grams of Expancel 951 DU 120 was
then added and the mixer speed was increased to 1500 rom for 1.5 minuies. The
resuiting coagulum was dewatered through g Reemay sheet and then dried for 24 hours

at 1258°C i a hot air oven.

100911 The resulting dry coaguium was then blended with ISOPAR K at a ratio of
1.04kg/kg and subssguently comprassed into a cylindrical perform. The preform was
then extruded through a barrel 1o provide a wetiape 152 om wide and 3.7 mm thick,
The wet lape was calendered to a thickness of 8.78 mm and dried in a forced air oven
set 1o 150°C for 4 minutas and then 190°C for an additional 4 minutes. The final drving
step caused the Expancel (o expand. This enlargement caused the dried, calendered
tape o blaxaily expandead in both directions simuliansously. The thermally insulative
material had 3 thickness of 1.25mm, 3 thermal conduchivity without comprassion of XX
G an MYTR of 4478 g/m?/24 hours.

Comparative Example B

(00921 A dispersion of PTRFE 8017 {commaercially available from £ | BuPont de
Mamours, Inc, Wilmingion, DE) and Asroge! {(Enova Asrogel MT 1200, Cabot, Boston,
MA) was co-coagulated in the following manner. 308 grams of hexanol was gdded {o
£3.9 kg of water and rmixked for 1 minute with an impsHer speed of 1500 rpm. The speed
was stowed (o 500 rpm and 817 grams of ENOYVA® asrogel was slowly added. The
mHxing was continued until the aerogel was fully wet-out {approimataly &-10 minulss).
2.17kg of PTFE dispersion and 272 grams of Expancel 951 DU 120 was then added

and the mixer speed was increased to 1500 rpm for 1.5 minutes. The resuiting
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coaguilm was dewalered through 8 Reemay sheet and then dried for 24 hows at

125°%C in 8 hot air oven.

[0093] The resulting dry coaguium was then blended with ISOPAR K at g ratio of
1.04kg/kg and subsequently compressed into 3 oviindrical perform. The preform was
then extruded through a barrel (o provide g weliape 15.2 om wide and 2.7 mm thick,
The wet taps was calenderad {0 g thickness of 8.78 mm and dried in a forced air oven
sei to 15070 for 4 minutes and then 180°C for an sdditional 4 minutes. The final dryving
siap causad the Expancel o expand. This enlargement caused thea dried, calendsred
fape 1o blaxdaily expanded in both directions simultanecusly. The thermally insulgtive
material had the foliowing properties; thickness: 3.37 mm,; thermal conductivity withowt
comprassion: oo mWm-K MVTR (MDM): 3271 o/m*/24 hours.

10094 Comparative Example C

FO0951A dispersion of PTFE 201 {commercially available from £, | BuPont de

Nemaours, inc., Wilmingion, DE) and Expance! 851 DU 120 expanding hollow particles,
Akzo NMobst, Amsterdam, NE)) was co-coaguiated in the following mannear, 308 grams of
hexanct was added to 23.9 kg of water and mixed for 1 minule with an impelier speed of
1500 rom. The spead was siowead 10 500 rpm and 54 grams of Expancel was slowly
addsed. The mixing was continued until the expanding hollow particles were fully wet-out
(approximately 6-10 minutes). 2.17 of PTHE dispersion was then added and the mixer
speed was ncreased o 1500 rom for 1.5 minutes. The resulting coagulum was
dewatared through a Reemay sheet and then dried for 24 hours at 125°C ina hot air

ovean.

FO0961 The resulling dry coaguium was then blended with ISOPAR K at a ratio of
1.04kgikg and subseguently compressed into a cylindrical perform. The preform was
then extruded through a barrel 1o provide a wetiape 152 om wide and 3.7 mm thick,
The wet lape was calendered to a thickness of 8.78 mm and dried in a forced air oven
set to 1504C for 4 minutes and then 180°C for an additional 4 minutes. The final drving
step caused the expancel o expand. This enlargement caussd the drisd, calendsred

tape to blaxdally expanded in both directions simuliansously. The raesulling thermally
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msulative material had the following properiies; thickness: 1.1 mm; thermal conductivity

without comprassion: X mWim-i MYTR (MDM) 1990 g/m®/24 hours.

08T Examples 5, 6, 7 and Comparative Examples A, B and C were tested using the

Flammability Test describsd above. The resulls of this test are found in TABLE 1.

Comparstiv | Comparativ | Comparativ
Exampt | BExampl
e Example | e Example | & bxample
eb5 &8
A B e
Weight ratio polymer _ _
_ 30/E0 0 386/ | B1/2457 | 3337507
matrixigerogelexpandsa 3 QO/G/710
‘ 110 59471 245 167
ble microspheres
Thermal Conductivity Too brittle
4 2635 23.33 26.56 3137
{uncompressed) o measure
Total Burn tims
‘ . 6.97 500 253.88 73.68 4.00
{seconds)
Afterflame (seconds) 397 ERES: 250,88 768 1.00
Melt (Yes = 1, No = O} g O O ¥ o
Drip (Yes =1, No =10 0 0 1 1 1
Burnthrough {Yes = 1,
0 0 1 1 i
MNo =0
Pass/Fai Fass Fass Fail Fail Fail

00981 The exampies of Table 1 show that the disclosed thermally insulative malernials

provide axcellent thermal condugctivity and excellent flame resistance.
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100991 The disclosure of this apphcation has been described gbove both generically and
with regard 1o spacific embodiments. Although the disciosure has been set forth in what
is belgved o be the preferred embodiments, 8 wide variely of alternatives known {o
those of skill in the art can be sslacted within the genernic disclosure. The disclosurg s

not otherwise limited, sxcept for the recitation of the claims set forth below.
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CLAIMS

1. A thermally insulative material comprising an polymer matrix, agrogel particles and
expanded microspheres; wherein the aerogel particles are present in an amount of 30%
by weight or greater, the polymer matrix is present in an amount of greater than or equal
to 20% by weight and the expanded microspheres are present in an amount of 0.5% to
15% by weight, wherein the percentages by weaight are based on the total weight of the
polymer matrix, the aerogel particles and the expanded microspheres; and whergin the
thermal conductivity of the thermally insulative material 1s less than 40 mWim K at

atmospheric conditions.

2. The thermally insulative material of claim 1 wherein the polymer matrix is a
fluoropolymer, a polytetrafiuoroethylene, an expanded polytetraflucroethylene, an
ultrahigh molecular weight polyethylene (UHMWREPE), an expanded ultrahigh molecular
weight polyethyiene, a polyolefin, an expanded polyolefin, a polyurethane or a

combination thereof.

3. The thermalily insulative material of claim 1 or 2 wherein the polymer matrix is
expanded polytetraflucroethyiene and the expanded polytetrafiucroethylene exhibits an
endotherm at about 380°C.

4. The thermally insulative material of any one of claims 1 to 3, when tested according
to a 3-second exposure to a vertical flame, exhibits no melting, no dripping and/or no

burnthrough.
5 The thermally insulative material of any one of claims 1 to 4 wherein the thermal

conductivity of the matrix is greater than 27 mWim K and less than 28 mWim K at

atmospheric conditions.
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6. The thermally insulative material of any one of claims 1 10 5 in the form of a shest or
a film, wherein the matrix further comprises one or more layers on the first side, the

second side or both the first and the second side.

7. The thermally insulative material of claim 6 wherein the one or more layers is a

polymer layer, a woven layer, a knit layer, a nonwoven layver or a combination thereof.

8. The thermally insulative material of claim © or 7 wherein the one or more layers is a
Huoropolymer, a PTRE, & polysiafin, an expanded fluoropolymer, an expandsd PTFE,

an sxpanded polyolefin, 2 polyurethane or a combingtion thersof,

9. The thermally insulative material of any one of claims 6 to 8 wherein the one or more
layers is adhered to the expanded polymer matrix using a continuous or discontinuous

adhesive, and the adhesive optionally comprises a flame resistant material.

10. An article comprising the thermally insulative material of any one of claims 110 8.

11. The article of claim 10 wherein the article is a glove insulation insert, a footwear
insulation insert, a garment, a garment insert, pipe insulation, crycgenic insulation, an
alectronic device, cookware, a home appliance, a storage container, a food package, a
pharmaceutical package, an immersion suit, an accoustic insulation, a thermal insulation

or an electrical insulation.
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