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performance characteristics in a protective materi al
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to providing protective functions such as cut, puncture, and thermal resistance,
the fabric material may also be flame resistant, flexible, durable, and abrasion
resistant, and facilitate, improve, or allow the gripping and holding of objects.
[0004] Many forms of protective garments have utilized fabrics made
from woven or non-woven forms of fibers and yarns. Some commonly used
fibers include cellulose (cotton), polyester, nylon, aramid (Kevlar), meta-
aromatic polyamide (Nomex), acrylic and Ultra-High Molecular Weight
Polyethylene (Spectra). Nevertheless, it is often difficult to achieve all the
desired performance characteristics in a protective material for a specific
application when only fibers are used to form the protective material. For
example, an aramid fabric has high tensile strength and is ballistic resistant, but

the fabric is nevertheless weak against abrasion, degrades upon exposure to
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As anot her exanple, fabrics made of nylon are strong
and have good abrasion resistance, but the nylon
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[0007] Three different approaches to creating flame resistant polymeric
materials from substantially flammable ones have predominate. The first such
approach is through the use of halogenated flame retardants. Most commonly,
brominated flame retardants are used, although chlorinated flame retardants have
also seen significant application. Such additives are capable of reacting with free
radicals produced during combustion, removing them from the burning

environment and preventing any flame propagation. While generally very



envi ronnment and preventing any flanme propagation.
Wil e generally veryefficient, halogenated flane
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gr aqlﬁ'hwﬂ@twthmpmneterytbrlt@i apdlif spmecases also the thermoplastic or
thermoset material, causing the formation of char with a closed cell structure.
Finally, the melamine decomposes around 300 °C, absorbing heat and forming an
ample amount of nitrogen gas which expands the char. Other intumescent
systems, such as sodium silicate or expandable graphite, utilize blowing agents
within individual particles to expand inherently ignition resistant materials.
Expandable graphite is produced by intercalating graphite with nitric or sulfuric
acid, resulting in acid molecules being held by dispersion forces between the

planes of carbon atoms in the crystal structure of graphite. Upon heating, the



acid, resulting in acid nol ecul es being held by
di spersion forces between the planes of carbon atons
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described in U.S. Patent 5,475,041, consisting of a polyolefin or olefin
copolymer with melamine or melamine salts, a polyphenylene oxide compound,
and a silica-based material incorporated as additives. An intumescent material
capable of being shaped into boards or sheets is presented in “/ntumescent

Silicate-based Materials: Mechanism of Swelling in Contact with Fire,” Fire and

Materials, Vol. 9, No. 4, pp. 171-175. The material is produced by applying an
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dimensional graphic on the fabric, and the polymeric material cures to a
hardened state, rendering the creation washable and dry-cleanable. Microspheres
have also been used to create chemical resistant fabrics, as in U.S. Patent
4,201,822, which can be incorporated into garments and provide protection to the
wearer against toxic agents. Resins are loaded with microspheres consisting of a
semi-permeable polymeric shell and a core composed of neutralization or

decontaminant compounds, at which point the fabric substrate is coated with the
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expansion up to 300%, while the additional compound provides ignition resistant
character to the material, as well as high temperature expansion up to 700%. An
intumescent coating, as disclosed in U.S. Patent 5,786,095, utilizes heat-
expandable microspheres in an alkali metal silicate solution combined with a

thickening frit material and other optional additives. Again, the coating is
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and conmer Ci a1 ava er the nane
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|nt nescent fi nd.i s a si st ant .
GRRRE P iroob X, PR miess e G b Pleme b fbssagg is o
rredtmm reéiktast itk bwev@s, i IcbstBstopesduct eed slRds from poor
br eat habl I ity. LOOlS] The ot her approach has been to
apphsehanietshreglh. asmedaraner fes! anddupataabiliyt | anmabl e

fi k{ﬁéls]"‘her e'THe Sﬁ%pa;{?rpﬁp 12§ bldAGo %gﬂtﬂz%%@m& tr%?ﬁ@ﬁ‘t toa

fabric'is coated | ane resi

r etrermalint ﬂamtneblleélber Fdrerax azrth feher oﬁﬂrﬁeubﬂealhdnyly woven fabric is
ava|I | e r oban* r cs ar e osed of
R el s Rl BORERE el M Sl FERRBER L
CO&bﬁﬂnéﬁbxhl‘ﬂy avdilﬁblmmcﬂlra@f b@krobﬁrﬁaﬂlﬁbﬁé‘s #hasthpérgdd of cotton or a
behavior. Wil e cost effective solution, the

ChefteRlny lop Dlanddm v tae, BheTs Afsraoad wathheheptsalfig promotes
andpb A fﬂeﬁmmr e\ﬁ/hﬁé 2068 eff‘éctﬁ«@%am%ﬁ%%ﬁé?n Lﬁ%gﬁ‘ﬁén'ﬂ th

In addi tion, the chem cal treatnent reduces
mechenfabaks §tnptsng*trhn@ft andh ehef fdord I@SlstanM\tARNérvated with

laundering. In addition, the chemical treatment reduces the mechanical strength
of the fabric.

SUMMARY
[0016] To achieve fire resistance and thermal insulation in a fabric
material while maintaining mechanical strength, flexibility, and breathability, a
base fabric is chosen which possesses good mechanical strength, flexibility, and
breathability. To impart fire resistance and/or thermal insulation to the base

fabric, a repeating pattern of non-overlapping, discontinuous guard plates are



[0016] To achieve fire resistance and ther nal
insulation in a fabric material while maintaining

worewbarasenl strength, flexibility, and breat habiT/D$2008/663922

base fabric is chosen which possesses good nechani cal
strength, flexibility, and breathability. To inpart
fire resistance and/or thermal insulation to the base
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I NGRoBrake dithid. NUbn iHRA hdat 8NSAndERHiac® thé héixpandable
contact, the heat expandable materials expand and,

c OWMNW?d it canstyeady gheetiixsd gv@rsil réa@pm@andﬁh@hfi
P < POIRISHE SR Bimib LE i e BHAL AR SRR 208, Y,

t he¢simdnt and Hascd relativyly 1@nckeraxpeanndedivityh @k fek peded)ithe d
pl ates .cover the entire hase fabric area exposed to
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it efdeninaify %ﬁnﬁtﬁ@ﬁﬁ&ﬁqe@@%tédﬂfﬂ%'it&ﬁérﬁ Flabde OhRAB HRAhsulak it
thermal i'nsulation is enhanced both by the reduction

i n feoinf beatj Vhe theematansudasied usenbaneed bath bhtheaedictian fir ¢fffctive
th i,00- i i .

t act T REEOT R bl AL L Ind Bl B ) o AE pEN e gl
r edud by thecfacti tba thathidunpwsrodither lypheridunatesslewillapdice. the rise in
[0018] In o epbodi nent of the invention heat
exﬁ%{ﬁéﬁ‘éﬁt%" %%E?E%B%@& are used as the intunescing
agggd18) SUCh T GileQeioa RSt 6RtheifvHADS hédiekShdble Ticrospheres
polynmeric shell encapsulating a core of water or a

wataEs ussd g& thedplumebang ogonh  Jurhanisyasplatesisin bersgnypicind of a
Thi ' Vi rat i:

{ nEO TRl Y BRab R AP PGP IF: £ AR EK R AMLET D an
onlelevead deringpeinti Lirio d@pi@r lexs thaatyahtege that the egammiradion of the
plates, to expand, .but it also absorbs a sjgnificant
DU TR Dt OBy T DI HESE B Do O figpEss. and
bemghdetth@bhatd pldde, RIXPARY, bt iTBkse abrbs Dgiphifigarit AfogHESftheat
pl at es can be chosen to have an el onllgl;atl on ability so

gr exey tiea theflemei sepiss p hepremorsbrnpcially. dhgerply Bers paisaial
to fwflrﬁhé tH@ﬂa%ﬂek B be éhtoséﬂosha{/@%%longation ability so great that

the microspheres can be allowed to expand to their maximum limit. At this level
of expansion, the microspheres rupture and their contents are released, adding
further to the protection of the base fabric. Alternatively, the microspheres can
encapsulate a core of a different non-flammable liquid with an appropriate
boiling point to the same effect. Another alterative is to incorporate a gas such as

nitrogen in the microsphere which will cause expansion due to the increasing



of expansion, the m crospheres rupture and their
contents are rel eased, adding further to the
wepewvezs)on of the base fabric. Alternatively, P@TES2008/063922

m crospheres can encapsulate a core of a different
non-fl anmmable liquid with an appropriate boiling point
to the sane effect. Another alterative is to
i ncorporate a gas such as nitrogen in the m crosphere
whiPeasswig ef the gas glt@x%ﬁ@p@{e@g@ratu&e gkalso due to the softening of
in i ncreasi ng
te%:@¥rﬂ§€g§§ %P]slg&ghge}ﬁ% &ﬂﬁ)ﬁgﬁs‘gftem ng of the
poll§0df i c sh@hdiervmotmallcnodleass ngecﬁfmﬂerpabutoany[lﬁlem]heat or
Un r _nor condj.ti ons |f cal 0 an
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plates allow for the fabric to maintain the
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can be significa hanced by the affixation of
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i nvention which incorporate heat expandab
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at nosp her,i
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1

s odbrEbIngbea feamy therkanarsoures: @5%%&%%% VEBRS expands the.
M GiOIRRRI&S AN 2 r%§ulf5‘ eﬁﬁa%ﬁl; the 1%&{]%%&1@1@% ﬁﬁH Ylate

flanme resistant guard’ plate material,” creating a

es semeriah| dr«;atmg ra,tn |emolu@lyf dointmenne rﬁlmmebdns é)amﬂ@bme Thlrdly,
Th d n Oé? rersr’n%X anq] 1? (P rerla their
mIERPPPTSE u’?pé‘“ el "€ASIRY T Rel" ¥ ‘i“@n‘i 6 Sa’%% Ve
oxytletentawa&rvfer SNVgbewguabeh the gtlaed plutd acfacamst qmelle the
the flanme. Even when non-fl ame resistant bstrate

ar @a{}@e@vew & npsElAm ireitard SHISALSS fE5 UsFd dF?f@ﬂﬂe& isms

r eghbRRqS affefd MnReletioEn@ fof h g@n&d"@tttlrﬂ@%a?l\ﬁﬁ? epeeh be greater
greater than the 12 seconds required by standard

t exhanithe {2 sevnnds tefuiyeck @s&t@dawtenﬂlp dlagrerabality d;frstSnW beni s

fﬂg)%sa%t?rls %rtn nbl‘r%lsé 0 Ség %gthgel}age subst%%teI | tBe u ﬂqate l%tllﬁlue St tl?g

be fahir thay ﬁd’tébemﬁb to ngitioh, blheather may be due to the melting of the
base substrate, because eventually enough heat may transfer through the
expanded guard plates, warming the base fabric above its melting temperature. A
fabric having flame resistant, insulating, mechanically strong, flexible,
breathable, and/or UV resistant properties can be created at considerably less cost

than fabrics constructed from inherently flame resistant fibers. This is due to at

least three factors. One important factor is that conventional base fabrics can be



base substrate, because eventually enough heat may
transfer through the expanded guard plates, warm ng
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fabric having flane resistant, insulating,
mechani cally strong, flexible, breathable, and/or U/
resistant properties can be created at considerably
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It ona resent 1 nvention
abi5|906)878 candréQ A9t Ocant] PamneApﬁl,lcaalﬁi 20040d O3 disclose a
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5, GEEne 78 Whiglueysrd Bigtes o5 agh%eqﬁgtagw BFi REQYidpg cut, pierce,
20@6@ Qeld3 réki41cOS AnadARBASay R oVRisEdhtBUSI R PHIBRS can
are affixed to a base fabric, providing cut, pierce,
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puncture, and flame resistance while i ntai ni ny

o CHia RIeEds S UK GERICS BBk PETY PIYFS catld bt ot Ry p the
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guard plates could be affixed initially to the base

f alprapertiss gan beincpmperatedigtoss eaverfipnakibase fbsis Wthaull be
af Fh%ah ?eo&”f mlﬁ% fil de% rggrl E‘:dp%ﬁ CBinB%hib %@{olaorat ed

[ nt a co 1 onal “hase Wt hout °si gniticantly
cop@23in si ngOh¢ sbjdasif tiepresept mpentionds taugbwige tilfalgic material

tvv@l?c% is made fire resistant through an intumescent mechanism. The flexible
substrate used in the present invention can be any of the fabric materials

discussed above and in the background section, or it can be based on standard
non-flame retardant materials such as nylon or polyester. This fabric material

can be made mechanically strong, thermally insulating, UV resistant, flexible,
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[0023] One object of the present inventionis to
provide a fabric material which is made fire resistant

wWaQ ooo2s92an i nt unescent mechani sm The fl exi bl BCT/US2008/063922
substrate used in the present invention can be any of
the fabric materials discussed above and in the
background section, or it can be based on standard

non-f| a ret ar dant terials such as nyl on or
poﬁ@f&fﬁgﬁ?b&h Slebigh i fﬁ%fﬂfe%ﬁsgn?laéﬁn Be drsdgned to also possess
Megha) 'pﬁﬁdtbﬁé B0 MSkasibh fls bRk Ero%@n%ﬂég.at Ing, W
resistant, flexible,and breathable. |If desired, the
fabric assenbg¥ can_be desiéned to al so possess sl ash,
punct ure and/ StRIEHLASGRIFTd NngﬂFﬁbPBﬁé§FFQ§. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0024] FIGS. I A- 1C show
vall93dk vi evldGSF 1Anl eshionprasioys vigwsobee exanyrle phe erqtegtive

co S| kbl e
ol SRRl 9185 IREIEIILOPR )i
pr (1086} i ve rdCeRishdweanprangilngf sprotctvamdtepentaagoisalg

| at ith | i | tight. tt h t .
P\ Sy Dl ottt B g e tarheda hiesivl

a piirgeti ve material conprising square and pentagona
plates with relatively wi de gaps attached to a

f1 8026] e suddr dskowg mwwhg. a prokvs matsriahaomprisings
ac FABKEEARLIR 1) oo RIBLLSLBR B B FpR S

shewbsaameexanpl e of a protective material in various

st of i scing. [002 il .he invention.is
B3 o ¢ o AP Sfe Pt olnerofiaiv S B R GRisr
f otifdularSiaed {tiach@Mbadisxet sulaye. been shown by way of
exanple in the drawi ngs and are described in detai

bel®Z8] The iHEEMA-SR, shavaeesrmplefggrrotegivejmaterigl i various

in&gg&k@@nhﬁe&ﬁﬁ;particular enbodi ments descri bed. On
the Tontrary, tHe invention is intended to cover al

nmofli0RPEat i onWhiletheiinrainginh $s, anamdblalté eana@tsimabfi¢aiohs agl

Wi thin the scope the invention as defined by.the )
oty e FoR St Bhersatodin S ba b PR R G0 BE e e ifpte in
sheasdrawing@pam @8 dvdcebedin detr Bll@s!t THe im@&itehl wdver, is not to
having a flexible substrate 3 and spaced-apart guard

pl g{nétsthgirgérétg}{upﬁlge patigHa corhodimerineescribed. On the contrary, the

invention is intended to cover all modifications, equivalents, and alternatives

falling within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0030] FIG. 1A shows a top plan view of a protective material 1 having a
flexible substrate 3 and spaced-apart guard plates 2 according to one embodiment
of the present invention. The guard plates 2 are affixed to a first or top surface 4
of the flexible substrate 3 in a spaced relationship to each other. In the
embodiment illustrated in FIG. 1, the guard plates 2 are hexagonal in shape. In
other embodiments, the guard plates 2 can have other shapes, e.g., oval, square,
or any other polygon, and can be arranged in a random or irregular space-filling
arrangement. The guard plates 2 have a gap width 5 between adjacent plates. In
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of the present invention. The guard plates 2 are
affixed to a first or top surface 4 of the flexible

W2 3 in a spaced rel ationship to each BPETHES2008/663922

the enbodinment illustrated in FIG 1, the guard plates
2 are hexagonal in shape. In other enbodinents, the
guard pl ates 2 can have ot her shapes, e.g., oval,
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FI . FIS. §hbmvlﬁllsrg¢rg?arwaithsangerrent of plates as FI G
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various stages of I ntunescin 5A shows an
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a protectjve material 1 shortly after it has, started
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shows the protective materi al
addiilGop@lshéreathe pastedive maappil il exﬂ leﬁidS Iadﬂq:rtaddm@hal heat has

i ntumsscence h urred. FlI
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f th t ect i al
?nawa%%c'? L?. e(&rﬁgerggdf é%?ﬁs\?gr}mr%r%‘re rartéﬂdé*@é maatlagsiof

F?r%l bhteztivedhHal N dBerPRd il ggmnﬁ)%(ﬁ%ed U.S.
SUPPLE PENETRATI ON RESI STANT FABRI C AND MET OF

MARItNG N . 161963, 73 0 tytled, SUITUG; PEINETRPH ©ht REBISTANIL BABRIC
AND METHOD OF MAKING, filed July 6, 2000, U.S. Patent No. 7,018,692,
entitted PENETRATION RESISTANT FABRIC WITH MULTIPLE LAYER
GUARD PLATE ASSEMBLIES AND METHOD OF MAKING THE SAME,
filed December 21, 2001, U.S. Patent Application Publication No. 20040192133,
entitted ABRASION AND HEAT RESISTANT FABRICS, S/N 10/734,686,
filed on December 12, 2003, U.S. Patent Application Publication No.
20050170221, entitled SUPPLE PENETRATION RESISTANT FABRIC AND
METHOD OF MAKING, S/N 10/980,881, filed November 3, 2004, and U.S.

12



entitl ed PENETRATI ON RESI STANT FABRIC W TH MJULTI PLE

LAYER GUARD PLATE ASSEMBLI ES AND METHOD OF MAKI NG THE
WOEGAWE02$93 ed Decenber 2 1, 2001, U. S. Patent PCT/US2008/063922

Application Publication No. 20040192133, entitled

ABRAS|I ON AND HEAT RESI STANT FABRICS, S/ N 10/ 734, 686,

filed on Decenber 12, 2003, U S. Patent Application

Publ i cati on No. 20050170221, entitled SUPPLE

PENETRAPPORR RES UBireNPnIBROES ABA A PRI AR MM NG, S/ N

10¢ 9BARPRINT RQS@WKEWA@ g%gaqgggggg 18/887 B?if ‘?géd

Appl 1 cation Publication No ent’l
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0|rrent | exi bl e substrate i s a non-woven
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3% At publiCarTohs " dent i fi ed above. [0036] Conmonly,
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selected for its cut, pierce, puncture resistance,
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f | @XiBleBisSURS AT &I RS sWRlrhtedS WeliSis ROBhAE characterlstlcs to the
characteristics to the substrate. One SUI%
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resi.n. ~fhe sel ed | 0 0
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t hsabaikd, alHiclppedingts thieus cralt odeativel ateXAli tbiekhidi dnd preserve its
preserve its properties of f|eXIbI|I5¥ and su%pleness

ArfBPPREtiesfiftexhildty ad epnpAgnesso AnoHiT giikibls pitgtie fpsthg guard

r}ﬁ&tg‘?sse?fh@rﬂ&eﬁinﬁ sARBRe. GHREEMBIRAGhABIR iRTerdildR use other
i nvention use other guard plates and gaps described in

t r@atsbmﬁgﬁ hyd gapsidgseeided it bntcemaedlypassigned paibits erd pavery

'kaQ(%QPF alJ()Q/QB?] The flexible substrate is
SO c osen to fulfill desired performance
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ayer s are | am nat ed
varying physical characteristics in which the aforementioned layers are laminated
or bonded to one another or just stacked in place and sewn around the borders in
the final application. Typical desired physical considerations for the flexible
substrate include tensile, burst and tear strength, flexibility/suppleness, water-
proofness, air permeability, tactility, comfort, and inherent flammability. In
certain applications, elasticity of the flexible substrate is also desired.
[0038] The guard plates may be affixed to the base fabric by means of a

screen printing process, including those described in the commonly-assigned

patents and patent publications identified above. By printing through an
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or bonded to one another or just stacked in place and
sewn around the borders in the final application.
wayppozasIresi red physi cal considerations for tPEI/US2008/063922
flexible substrate include tensile, burst and tear
strength, flexibility/suppleness, waterproofness, air
perneability, tactility confort and i nherent
flammabjlity. In cert Ilcatlons el asticity of
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umﬁtb&‘cﬁredgs&rdmhﬁsanéu&é&atedtl on. To achieve this
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anot her enbodi nent, the %uard pl ates may be
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c ¥ tquplepateriah

[0042] The material used to construct the guard plates should be
inherently flame resistant in order to provide adequate protection for the base
fabric. In some embodiments, a material that is flammable in an unmodified
state may be used when it is modified to be sufficiently flame resistant. Such
modification can entail the incorporation of additional flame resistant additives,
including, but not limited to, sodium silicate, expandable graphite, unexpanded
vermiculite, alumina trihydrate, magnesium hydroxide, ammonium

polyphosphate, monoammonium phosphate, melamine phosphate, melamine
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UV-curable material. [0042] The material used to
construct the guard plates should be inherently flane

WO 2®persm in order to provide adequate prot ecRCDHSH008/063922
the base fabric. In sone enbodi nents, a material that
is flammable in an unnodified state may be used when
it is nodified to be sufficiently flane resistant.

Such nodi fication can entail the incorporation of
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protecting the underlying base fabric; this will be
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thermal conductivity property is for effective flane
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S Gl repsilated Wa%ﬁl?ﬁem&%% FEETGN N (Gl geduce the
empﬁéﬁs%rqgt%“ﬂag‘é pbtibe m crospheres, however,
intrinsically reduce the )
[0045] In one embodiment the guard plate material comprises an epoxy.
In other embodiments the guard plate material comprises an elastomer. Possible
materials include silicones, polyurethanes, nitrile rubber, polybutadiene rubber,
butyl rubber, polychloroprene rubber, ethylene propylene rubber,
chlorosuifonated rubber, polyethylene, ethylene alkyl acetates, ethylene alkyl
acrylates, and polypropylene. The latter thermoplastic materials are generally
less desirable due to their flammability. Thus, additional flame resistant

additives would likely need to be incorporated into the guard plates if a

thermoplastic material is used.
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heat transfer to the base fabric. [0045] In one

enbodi nent the guard plate material conprises an
We@pw29258dNn ot her enbodi nents the guard pl at e neCEUS208/063922

conprises an el astonmer. Possible materials include

silicones, polyurethanes, nitrile rubber,

polybutadiene rubber, butyl rubber, polychl oroprene
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Wat er - Sol ubl e Herbicide by Interfacial Reaction .
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vari ati ons o of “exa
t hﬁ:cbltﬁﬁllﬂfed by |11tquail-lhqwd) extraedbuibt evammanm pthe @olysiter aal&ent

are suitable f, cro capsyl ati an ter Ot her
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6, 638, 984. [0047] The begi nni ng expansi on tenperature

of reawieeeiteof the, pEefrsradanatpgal constituting the shells of the microspheres

are water-insolubility and a glass transition temperature below 100 °C or below
the raised boiling point of water, if applicable. For the purpose of screen printing
the guard plate material onto the base fabric, it is desirable that the microspheres
have a diameter no greater than 250 microns. More preferably, the microspheres
should have a diameter no greater than 100 microns. The microspheres, guard
plate material, and any other additives, such as additional flame retardants,

pigments, rheological modifiers, or wetting or dispersion agents, are to be mixed,
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m crospheres will be about 100 OC. However, this

tenperature can easily be raised through the addition
W@2009/038b2 such as cal ci um chl oride. O her regRGCT/ESINI/E63922

of the preferred material constituting the shells of

the m crospheres are water-insolubility and a gl ass

transition tenperature bel ow 100 OC or below the
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initiati ng early to C{Jrow de thermal protection agai nst
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fabric is unconprom sed. Furthernore, the guard plate
neRretecang anshingflatiedhe hesedalyicd 1g @H@Bf*mfms whete Hsraxpnrsipn

r ez%eﬁ{ é%'?&;ﬁlse?éﬁ%ﬂdib?@h?&%%gres,arﬂgl/uﬂflg gF iR rxlilgroga?eres can

further protect the base fabric due to the release of the core fluid. These
combined properties make the fabric of the present invention especially suitable
for fire resistant apparel, although any application requiring a fire resistant or
thermal insulating textile material may be suitable.

[0051] If additional slash or puncture resistance is desirable for a certain
application, guard plates intended to enhance such properties can be affixed

either to the base fabric or to the fire resistant guard plates. Also, multiple layers
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base fabric. If the fabric contacts a flanme, the guard
plates will be expanded by the incorporated expansion
wWays2sm f orm an essentially conti nuous | ayerPCT/US2008/063922

protecting and insulating the base fabric. In
enbodi nents where the expansi on agent conprises
expandabl e m crospheres, rupturing of the m crospheres
can further protect the base fabric due to the rel ease
of canthe used-dn ppiticHlar, pre §E MOBY ¢ie @f pritned peintwagssinghe
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SUREY, Ex?g&ét\%ern) gda?&’ﬁﬁtes Ie;H S SRSANG rlme@(\fx%‘fze%e thermal mslulatlon

Supe ric(r) can utilize guard plates made of
t hm)pm’ty mamlmlwﬂemlew lalone @mbngmweal,lgusqdaﬁ@ds

aerﬁglamm elly f\ld i 1Cc‘,£l s 6% nlf:lrgl&t? aentsivﬁﬁﬁ mlcrtoH d@/ dre’l %d with
| oy o gp;trbﬁmav@y a00 midrensrid aroind ¢aibbdinient tHerguﬁmq:]ates are
enbodi nent, the guard &}ates of the second | aye

coffri79@ néﬁaszﬁ/mthlghéan 040-300) %W@Sa%gv%aa@heﬂ%es are
9updds ) RlcforsNBPShcARFhoRerl ﬂ%s%ﬁﬁ m@@@ cOHALEREADE Snd 95

can be chosen to maxin ze t hermal i nsul ati on
priggueant pf i duitfacermdXhaniubeirdté.driabothert qmbddnmcméhe guard plates
enbodl uar J.ate PRI OXI 7 I
R R R S

apmbm«hﬂ&tvellyyew&nmearsws) fuhheramptrdxerthaﬁtaoﬂﬂomnbn bhfpertles
guard pl at are 200- 700 mcrons in height and

10%02%9 I%W%HEPPFWWB‘{ SEHHrES BN faps are 100- 500

- In \ d b RS Spre PMRY
begﬂgen 20 gﬁg%gggggﬁégﬁ?h6f£§qu§J?¥age %ﬁx s an

sulngtmestent systeraoabricioirseduse Mlamerad/gohead rcrsllsaqrﬁabrw In

28 a 1cru§ égﬁjalr %})atp% rtﬁaqu]l%%eg %ﬁetr?gﬁitti t’br iLﬁJ%?eSQJ whghesufﬁcient heat is
applied are affixed to a flexible substrate. When heat is applied the guard plates
swell in size to a sufficient extent that the gaps between the guard plates are
effectively closed. The resulting intumesced structure provides an excellent
thermal barrier. In embodiments where the flexible substrate is flammable, the
intumesced guard plates will block the flame from reaching the fabric surface

thus imparting flame resistance to the overall structure.
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nore that two | ayers can be used to further inprove
thermal protection properties or to add additi onal
Wpeopersdes such as cut resistance. [0053] TheP@r/ESMNE/063922
invention is a unique approach for providing an
i ntumescent systemon a fabric to produce flanme and/or
heat resistant fabric. In particular, guard plates
tqiﬁ ﬂ@ge the ability to intunesce when sufficient
heat4 applied are affixed to a flexible substrate.
When heat is applied the guard plates swell in size to
a wulfaigi ent extent that the gaps between the guard
plates are effectively closed. The resulting

i ntumegced st ruchlr@efveviia@deml &m@xae! | ent therna
barrier. In enbodiments where the flexible substrate

I s fl amTtrRIb& subkigatd intiudmg 6 eekfguaind pl ates wi ||l bl ock
the flame fromreaching the fabric surface thus

ot Puct arRreyAPFASGR 2haR R halihE gAFaRL ninos diomstess91ed
conpri si ng: toahé hiefecdine spadzdtrélatiarshipcd exdh pthes whercirathe ;
and a plurality of discrete guard at es. hayin j or
ond i bor - cpubp@ies SR ol e diea b e p 4y
rel ationshi metaadiga?:ds]f \Asﬁtftbﬁerm hadp gnlficpdvnbréilia ehcQHbdipleAi@Sto
conprise a materjal which signjficantly expands upon
the additi offoF JERANFIPR AIGEL TR bmremplaub] Ang ﬂv@ung or
di mensi on to m nor dinension aspect ratio is between

about 2. and TabptstecBve Ratefidlof plabi € Gthichetn thatletibRlsultrate is a
claiml wherein the fl LM@@%BHMeisavm

ven,
kn¥OY 8 KnIBFd. 96 ARV XTT i ¢ EF IR iR Plates pﬁﬁﬁﬂéﬂ

pl géREraeald uabtdoMN@bliat e the surface of the fabric.
3. The protective material of claim1l wherein the

flexibl.e substrate.is a I r film .4 he :
o orbattve it bR SpReRdiof i, f irdteir o A0 big sppstrate i a
pl polemecOMeEr 40% - 80% of the substrate. 5. The
protective material of claim1 wherein the major

di t f th d pl at ' t b 00 d
a0 o AL bR BTl BRI SR g% 2
betogersoaboiihe 1dStraand 500 m crons.

5. The protective material of claim 1 wherein the major diameter of the
guard plates is between about 1000 and 2500 microns and the gaps between guard

plates is between about 100 and 500 microns.

6. The protective material of claim 1 wherein the expansion of the guard

plate is activated at temperatures between about 50 C and about 300 C.

7. The protective material of claim 1 wherein the expansion of the guard
plate occurs in two or more stages and wherein one stage is activated at
temperatures between about 50 C and about 150 C and another stage is activated at

temperatures between about 100 C and about 300 C.

8. The protective material of claim 1, wherein the guard plate material

comprises a resin and an expansion agent.
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6. The protective material of claim1l wherein the
expansi on of the guard plate is activated at
wa 20opersdur es bet ween about 50 C and about 300P@/US2008/063922
The protective material of claim1 wherein the
expansi on of the guard plate occurs in two or nore
stages and wherein one stage is activated at
t enper at ures_bet ween about 50 C and about 150 C and
anot herd- st ad@¢ Peotective pateaal oclaina fpwhesein thesexpansigaeagent
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protective material of claim@8, wherein the guard

plate material further canprises _flanme retardant .
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o HLRRP YR oe. ST R P T e g6 Po s BRA M RELoringynds,

eXx PRIBH AR EcoaipRpdst @ondafhmdiign Ph&pRAE, inv@armmt edlisahel@hine-
cl gi m 8, wherein the expansion agent includes -

t hERITACPHPAIRLES AEAMNE Py Ospsfce Bentaasy thriigh sogipm slicptge

mat, el i@l it n & é:PaMabik grifi@eei n the thermal Iy expandabl e
m crospheres conprise a non-flanmable |iquid

surrounged a polyneric she]l. 16. The protective
at er A1 of T9F AITHOHE TG A& WA PAAB BT
CORIUds el Slexpitdabibmi@odpyieres.i ¢ shel | conprises a
material with a glass transition tenperature |ess than
100 OC'IS. The protective material of claim 14, wherein the thermally
expandable microspheres comprise a non-flammable liquid surrounded by a

polymeric shell.

16. The protective material of claim 15, wherein the non-flammable
liquid comprises water and the polymeric shell comprises a material with a glass

transition temperature less than 100 °C.

17. The protective material of claim 15, wherein the non-flammable
liquid comprises water and a compound that raises the vaporization temperature of
the water, and the polymeric shell comprises a material with a glass transition

temperature less than the vaporization temperature.
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17. The protective material of claim15, wherein the
non-flammabl e |iquid conprises water and a conpound

W bap/0e8pses the vaporization tenperature of tPE/VS1088/063922
and the polyneric shell conprises a material with a
glass transition tenperature |ess than the
vapori zation tenperature.18. The protective nmateri al
of claim 1, erein the ex i.on of the guard.plates
T s e odbe Phtt et At e n Judpae e Gt o
CORLAMPQILS MIsAhELE ¥awkayRljacedtQuarlilp@at@riot@at 4 sdtinuous
material of claiml1l, wherein the expansion of the
guBfYcPIVat¥e i s actuated at tenperatures greater than
about 50 C. 20. The protective material of claiml,
wher ei N9t he T drdedpivatratchial @ iclaih 1expaBmitionexpatsivnSofithie

at le siafi.rst and second stages,  wherej he first

ot ZYEAPlates it Aqyuieskat lmnE R EPAE P BOELE than a
first tenperature, and the second stage is activated
at a t efper dthdpeoteptieamateribheeladm d ewberdinttengeardyplute eaterial

and wherein the C tenperat ure i r.eat t han. t he
1 Pabmeigh st a0 ea3 e i B sy e R e SRS
Conmptivasddraga tenpetatiat gleayeethan B Cikst einip@radurk | aad ithal second stage is
substrate including a surface angl a plurali é¥v of .

di SEVE{SE YRLTPFIIYUF 852F A% BFELBY HR R 488 Whrelp the
SpaeRAld i@hREdt @8 5 ireatdrahSABNTIBL R@Iperaier ei n t he guard
pl ates conprise a material which significantly expands
upon t additign.of suiﬁicient heat; and a second

| ayer incl udt BGeSUYS BB EO0BBY S at e i ncl uding a
surface and a plurality of discrete guard pl ates

af f i xea first layre irsludircefldxiblasubptaate thehudingtai sorfadei apd b @lurality

leg\c/:\P hgtr Prglr ' 8@@%{5%% %\L}ﬁgrpge?la%é?igf%eg:tg {hgssur%%g?g A g’p%cead relationship

to each other, wherein the guard plates comprise a material which

significantly expands upon the addition of sufficient heat; and

a second layer including a flexible substrate including a surface and a
plurality of discrete guard plates affixed to the surface in a spaced
relationship to each other, wherein the guard plates comprise a low-

thermal conductivity material.
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