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REFERENCE TO RELATED APPLICATION
{G001] This application claims the benefit of U.S. provisional application
serial no. 60/938,747, filed May 18, 2007 and entitled FLAME RESISTANT
AND HEAT PROTECTIVE FLEXIBLE MATERIAL WITH INTUMESCING
GUARD PLATES AND METHOD OF MAKING THE SAME, which is

incorporated herein in its entirety by reference.

TECHNICAL FIELD

[00062] The present invention relates to materials made to protect the
wearer from heat and fire. More specifically, the present invention relates to
flame retardant flexible materials that provide thermal protection through an

intumescence mechanism.

BACKGROUND

[0003] Various forms of protective materials have been advanced and
used to form protective garments such as gloves, jackets and the like. In addition
to providing protective functions such as cut, puncture, and thermal resistance,
the fabric material may also be flame resistant, flexible, durable, 'c_md abrasion
resistant, and facilitate, improve, or allow the gripping and holding of objects.
[0064] 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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BACKGROUND [ 0003] Vari ous forns of protective materials have been advanced
and used to form protective garnents such as gl oves, jackets and the |iKke.

I n addi t kaR,d9ekeVi ding protective functions such as gufgseEisteshe, and
thermal resistance, the fabric material may al so be flanme resistant,

flexi ble, durable, and abrasion resistant, and facilitate, inprove, or
allow the gripping and hol di ng of objects. [0004] Many forns of protective
garnents have utilized fabrics made from woven or non-woven forns of fibers
and yarns. Sosmligbtmmhbfferubeld phindversesinalcudgaine sharp.osedl¢-tibt blgndts. pol yester,
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of ten diffi culdsistadcaohi @y ayleh Fatkib @adpsir TRthepeaidontmogetiadaad &ai edti stics in a

protective material for a specjfic application when gnly fibers are used to
form the prot BSiStapes #aginst $141P edggy as ﬁiﬂw?oraf erg}aéﬁﬁ*ddccf\e%?ai‘c has hi gh

tensile strenglhianglyiSidabbiist | G Jefsihb LaRpronhis (they hahs ioGbeigadaever t hel ess
weak agai nst abrasion, degrades upon exposure to sunlight, and offers
little puncturben ssing? avedabalgasspetialbhaheh-pregnenceiffsicoppications- As anot her

exanpl e, fabr igsede of HRylon. AifngtRI%-aRd: havaygaaduaks osi A
a ane

id
resi stance, but the nylo ric has poor r et ar dant propeglties and
| ow cut resi steandelaagdanbienstampedkgd ®Midnoel Bt. [Fagl, pbuesethendral and

chem cal (particul arly agjd tahi it l.ne gener.al , ..connr om: ual l'y
nave o be maiiHEn Mgt tehRll pliraphPe IR0l (RS R T
fabric appli caturdng of {OO0OHARs, priodhegt thie ambfoenedb! 4 hidttanmtcbgreaties a fl exi bl e

substrate with rigid guard.pl ates has been advance | nc.. of St.
o W enosotesishatn R o B Ra arto par St R B etk e BltingL o a1
this material firpebudefeval 43k wpalfbt Whioh tH@udiehif i@ usethi Bhonare thin and

formed of a substance chosen to resist a penetration force equivalent to,
or stronger tB@RodifgEE 2 @RPERIESHYS used 3¢ therppterd! damdne VREUITEPEICSand type for

whi ch the mat ¢pl flsid Sinbe pRRl S the ARIROELSTROH MBIon tRat POHKTBLclESI N 1S

used as the material formng the guard plates. The Tesin can be printed on
the flexible sprivsguand plajepy Bhadesin gHixehin the Hexblespbdiat-amdarengwsadd pl at es.

qhe resin allyiR olRohdiBorld GbOLE PHOAIALE. At WPAR &a&%ﬂﬁ%ﬁgy a strong

bond therewt osite nature o e materi asse kes it
possi bl e to reakéziepboibid yediae thealpumod ynectarchndwit regsthstgat fgaluatse
features. Howeyv he overal | txgr i.al 10%s]senbl y exhibits

gl obal confor %i%f'?r?%/t téﬁhganls%]n”?%i}ﬂeﬁg %iibrfwrt?rt’a BPPRe SIS BI8Fe “and t he
spaced apart eehfatnhishidpe ofthé hexibitiar e thd atbesate ARADOB6 pdcadrepartet ar dant
Super Fabri c(r )relz(a.:tﬁ)rr]lsl%g oft (?a(?gugr%iiplilagzes{Jl guard plate
0006} Flame retardant SuperFabric® can be made using a guard plate
material that is flame retardant. Alternatively or in addition, it is also possible to
add a degree of flame retardancy to a flammable fabric by the addition of flame
retardant guard plates.
[060607] 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



material that is flame retardant. Alternatively or in addition, it is also
possible to add a degree of flane retardancy to a flammable fabric by the
addition‘@gz&%@ﬂﬁg{etardant guard pl ates. 100071Threejﬂ%ﬁﬁgﬁﬁﬁkfﬁgproaches
to creating flane resistant polyneric materials fromsu stantiafly

fl ammabl e ones have predom nate. The first such approach is through the use
of hal ogenated flane retardants. Mdst commonly, brom nated flane retardants
are used, although chlorinated flane retardants have al so seen significant
application. &uclnabgdbidnies fame raagait magpobeagiiiiagt wividdnieael anddi cal s
produced during, conbustion, renoving themfromthe burning environnment and
preventing any* &MRE Bopagati on. Wiile general ly very efficient,

hal ogenat ed f{oa0% ret andaBdcSndBybrHRE & Hi@Rh ihC@Blr eaNiiveowWiRIM al and heal th
concerns. 100081The second approach is through the use of additives which
deconpose to $espmppseftp Arraibllanyaple v apaih vhic abrostieg kgt hdaexamygle ek anpl e of
such additiveg,.i - (1, Il " oses
around 200 c;?ﬁh?%?ﬁ?%?ﬂ%ﬁﬁ?“ﬁﬁﬁ“ﬁ%?géfﬁg%g?aﬁﬁﬁﬁgmﬁﬂgﬁ??@%egﬁggr s heat
from t he cont 2 Crig fHrinapemysund avatendapdne Tisataction wesodrs heatgorm eppr esses t he
flame by crowdi : fil, ) ' Addi tives
i ke ATH are 3@%%P§?ﬁ%%€%§§@%¥‘ﬁ@?%ﬁp%ﬁ%ﬁﬁgﬁﬁﬁﬁgL?$§§%ﬁﬁé?g?g?%ts and may
not be suit abirewlimp cappdni avay ifensthaistifacaof ehestatened.e Atldfliveslikee’STIS ient

requi renents. 100091The. 1 hi approach i hrough the use . int umescent
hddi 1 ves. wheRetuges aeT el SBPCAT R SRR v ot B SuBLIIfE “and e
material is sayhsiesloantdit neorpesiagerk Ararekib@anereqirdgatinsl cal or chemni cal
reaction or series of r%actions t akes pqug, resul ting in(@n,expanded

i nsul ating an9PYni t i ol Pf d¥daPaRRciRhroBsh 8 MshP P RSB IS any nat er i al
under neat h. | (/IR MsPRAFPROLRUSRAI S 1l HIRRERNndSHS halBial i¢| 0sed cel | char
is formed under intense heat and a bl owi ng agent or |eavening agent is

i ncl uded to esybsgadentheexphsnd to Fdlempemsphysical orghepieaoradtian gressicenf syst em used
in creating f i t I . sets IS | end of
annnniun1po|y%§os€ %%%?&%%EF§@?§$ﬁ??ﬁ%%%&§ﬁ3mﬂ%%€§?ﬁ£%§§é g%g?mgepending on
t he chai n | engtahooderdrhie tarsimelids anypohtyposdératah. it madegdwpr®esisbet ween about

150 C and about 300 C ultimtely form .phasphoric.aci d he, phosphori c

hord subaeauatisrd Maratt IR iR RRFHR AR 1 REkE bedl AR BIOSPIOL

t he t her nopl asibivingaigeiithe @D aghg amhekiadiyded avsipagd teehfrorfmatnsanceoh char with

a closed cell structure. Finally, th ] deco ses around,300 C,
Shied

e nel am ne
absor bi ng heat*3RE? FOFRTRGH & 1 ﬁ‘iﬁ’ﬁ?ﬁgn%?m%’fcf’rst@é% er@%ﬂ’?ﬁ\ﬂﬁ‘is@ﬁdexpands

the char. O hgkrhdibldTBSERA oBaEh&ITEm ppUGhRodBasOptintdhairitbicatE or expandabl e
graphite, utilize blowi ng agents within individual partjcles to expand

i nherent |y i gielaméne paveiess dencniing ep thg chaingsngdih abBe @MEOARM te i s produced by
i ntercal ati ng, guapbdage, W deBorpdstd Bet@benSbilso®Ccatl ook 86¢/4¢, ng in acid
nol ecul es belag ﬂgﬁd by di spersion forces between the planes of carbon
atoms in the ultigetcht fosminggthesphion agd.aphe pleosplypisraciderbsaqgentiyhe

dehydrates the pentaerythritol, and in some cases 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

systemns, 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, resu'iting in acid molecules being held by dispersion forces between the

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



aci d nol ecul es deconpose to form gases which force the planes of carbon
atons apart. This process transforns an expandabl e graphite flake into a
"wor n' t%zga%z,ﬁg&panded in thickness as nuch as 1000%@1‘/{;@6%&?&)63@5 graphite
is ignition resistant, the expanded fl akes create a ceramc barrier
protecting underlying material froma flane. (0010]Intunescent systens have
been enployed in a wide variety of applications, including sealants,
coatings and paints, resins, cable jacketing, varnishes, structural

materi al s, texid hekculendbcompyseab fiem gisésuaticiofiscanhe prnavficgibb k@msr esi st ant

insul ating, or self:-extinguishin ol ric terjal .is requiyed. Fire
ool stant CsedPait TEBABEI TR A & R Ge Tehp SHOTE B4 074
These conposiRaks eRgantiEF inuHRkeshychhadted 1dbbwldr nigeé.ahs giahhmt; e&inﬁmmpr ovi de
i ntumescent character, a polﬁrrerl c thernosetting or thernoplastic binder,

and an addi t i 6H&RNY thgfaprandeh Heken £Topts AFetite BaEiRbRPIcRENS WIWEHYIBS anmoni um
pol yphosphat g,,,; ;gt}m?,@gh%%' conpositions can be enployed in buildings to
prevent the spread of a fire fromone roomto the next. A description of
i ntumescent cdé8tdings i htghessentispstemShavpeamnemigosyiin 2gvde wistecimel ani ne
pol yphosphat e_ | I | | owt. i i LR Wth a
filmformng aﬁgﬁf/a(r?r@?%éﬁ‘ﬁ?ﬁ%é%aaggtﬁ)ar!}-?ﬁ%oagg‘l%ﬁgnslé%gﬁl? ,@gﬁgﬁéggﬂ?n ddi ti onal

fl ame r et ar dannistes ettiuatiural thariaBateetiles, 6n@ 289 dvhesprwiidrisesheanan nt unescent

resin suitable for coatin r. inmpregnation, of a,substrate,materigl, wherein
the resin con§l'&ps r%fS?Wgﬁu%f’Bﬁ’er?éégg”F%é’wgwgﬁ’PQ’.mef‘ﬁé“a??rf’aéfs rS‘E)Lpr{)eghent is an
aci d- cur abl e ped @@ segahttolipddasnsconidsaesbdwh LS dnateacs di Lophosekor ous
conpound; the hardened bjinder is ga a@l ewgf_ Cchar forréati on upon fl ane
contact. The SEHSRYOCHIpYARANYIBE ﬁ@a_ Y SHGatE P MBS i n, is
expandabl e graphictee apaélymeh@amm;ggl& iHRARoRRIE BRfdeAkRd LiPiddkakhe | acketing
are described in U'S “Patent 5,475,041, consisting of a polyolefin or

ol ef i n copol yihere wiardanai pranate charrne] wWeh peammprigm pelybPshaEnyleghe oxi de
conpound, and ilica-. i i r ; Jobd fireAN

i nt umescent na 351;45 ?%ggﬁﬁe%ng?te@@;o%ﬁs ap'gﬁ'%ug?ﬁ@gb‘g‘; ggg% g %el{e? IS
present ed i n fidmbuerescentthShdxt.c Atdesdsmptien oMatwrdsedng codipghiagivemiof Swel | i ng
in Contact wt ire,  FEi and. Mat er.i al Vol.. .9 w4 p £1-175. The
material is pvgdg%%@ %@561%%1 Vl ehrﬁ maeEnaml%ﬁcz %i?s%%alteu%idg% ng?‘d %Soag?la‘g'ﬁ%i licate to
non-woven gl aggnfinkemsinatich akth ailmdoinhieg paiginart sinkderc atkarsotmingon to dry.
10011] I n one enbodi pent,. heat - expandable m.crq res qr.mcrocapsul es are
t he integral %H%P?C{%b?ﬁd”w‘_at qpr,f;{aa%gg@gwfiafs3@?%%.@58%& ied to fabric.
These smal |, sREEE! SRRt M 1O Por BRI ehi pRENNRAGHR bigtfsfratk O
mllimeters in dianeter and have a core, containing either_a volatile
liquid or a gasterignwhpsinthe eanpyrasthefl Yivdrivmestsal fommoReHeal Mt t he core

wi Il expand, &jntRQEn18safadi@tibic GAIRRAHS r@HPANR: O6m B dWiN @RALiHEat i on of a
liquid core, providing pressure against the shell wall which sinultaneously
softens and expapbsousComperid: lid hardened biatrds prvable oX plan derpladomieamospher es,
such as Expan 1 C . ate capabl e of
expandi ng up j?%%é@nﬂamg%sﬁgﬁae%%?%gr&\% fﬁeﬁégfﬂ%géeeiérhégéﬁnﬁffrosphere

wi | | expand texpandabli grephipaniclesalbapositibrshappioeriax pandeld jakefdg areipt ures and

the m cr osphel S ey L AAC30r S65k BFOBRoUF Al hE Heat™ BuBaii g char acter
whil e al so cogdpolyek Wity h@lathie of hininesits taantgphefy itdraxsdesioapound,
100 - et - o e S Thorharmad a0 S R e s Sl

capable of being shaped into boards or sheets is presented in “Irtumescent

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 appiying an



enpl oyed in applications, in both unexpanded and expanded states. These
applications include printing inks and dyes, foam production, controlled
drug and b 54 delivery, filler material, thermal i terial
adhesivegﬁggggg%gﬁgnd textiles. In U S Patent 4,006,2%%§H%ﬁ%%§%gg§ for
addi ng three-dinensional graphics and effects to fabrics is disclosed.
Expandabl e m crospheres are incorporated into a heat-curable polyneric
material which is then printed onto the surface of fabric. Upon heati ng,

t he m cr osphemesuexgatieh oftsodmitr fljcage bmosevcdenmeiasd Giad argrdliohing tber t he

fabric, and th gPL nFri material cures to a hardened state, rendering the
creation washgb Syﬁﬁfﬁp tien afidbl e. M crospheres have al so been used to
create cheni qadijesi stiandnefeabbiia®nt, dsatieRpdddable Rat@fhefs201, 822, which can
be incorporated into garnments and pr.ovide, protection to tpe wear er agai nst
t oxi ¢ agentsJ“@E§ﬁﬁ§méﬁﬁﬁb%5ﬁ§6ﬂﬁPgﬁnﬁ?EWngWQW@§“ﬁﬁﬁ%ﬁ%? HB8 of a

sem - per meabl g, ol o TRYrlcC THOK! dmaANEhHari 6O He 116 RIS RdnOb B Al hdaki on or
decont am nant “conpounds, at which point the fabric substrate is coated with
the resin arélmilimetessindipgeteianddaveperrecontaidne siihena voriils ligydmrs, the

sem - per neabl ] 1 rg%gp r ], : i s to
diffuse to tﬁ§%ﬁ5§¥§§%ﬁgP2%§€ e, §ﬁ§§gh?%h?€% gﬁ??%??gigék@fggﬁggtents
4,898, 734, 4,8E50088 2a&089pATSon ainty GpeAR 116881 alijuigepteapmvidmeni cr ospher es
contai ning a core _substanc i.6h .can.diffu I { capsul ati ng
shel | over tifMe"f ABTT éetsﬁlﬁl\éj\mﬁﬁ(%hﬁ(f r%ﬂdféaél e?@ﬁl};e%sf%H%&dt%ga cdc;)l’r e substance to
a desired tar@etmertdaBy aRdlabRtigatscxpeiiiaBInicsfidBss084h aaReptcai®0, 361 al |

describe nethods of foam production in which heat-expapndabl e m crospheres
e used as. dVERRREYS TPURPAGY i 6e bPSws atit| COa B Bbs 6, 207, 730
and 6, 903, 898;hatheiApilidal FoinsRhesre SEAdR thibRspiicadual ¢:@andio adhesi ves. For

the former patent, mcrospheres are incaorporated into an epoxy adhesive,

al | owi ng the rawgﬁn\p@nttoaf‘@éwaffﬁﬂ%ﬁweﬁeéﬁEelkwf%eanéfthf‘a%%%ﬁga*gabst rate

wi t hout f1ow ng,Lhr pUOthetdifbodhiRsh bAME preEQ idvRR:dAteShicRRbIRALs sek CT OSpher es
are incorporated into a pressure sensitive adhesive for use as a hard drive
| abel ; after thppirpesstof providinghdagbepandiag charaiténwine alwraonethubyz todhe i ng and
expanding th 1 C r ‘ cing the bonding strength of the label to
the drive suﬁk&%@£8§%8%§%§%§%§g¥bandabIe m crospheres have been utilized as
active conporjétitd of i Htairspaoeablesydtemexphodingpptriogaeicohaverlegui ri ng fl ane
resistant materi.als. For. exanple, U S Patent, 4,719,249 di.scl oses a

conposi tion f%ﬁm%W3P%ﬁ@ﬁPﬁgfﬁt%E?ﬂh%Fé%ﬁg?F?gf%%”%%%ﬁ%%%uﬁﬁ?ea fire stop
sei’;ll al ong }N?dpbﬁca”ﬁiﬂﬁki intRaE printiy ihkdeideiyed, anﬁﬂhﬁfg&ud‘tﬁsj nﬁﬁq&gliebdl drug and ]

pol yor ganosi | oxane el astoner i s conbi ned. w eat-e ndabl e nmi crospheres,
Such that ¢ heheangids rHbFme 4 ere‘%ﬁtéﬁ%f?g‘ﬁwqﬂ%i{?@%ﬁ‘ﬁtﬂ&égg‘?‘ﬁs’ﬁf’w@% flame
propagati on thgeuanautn dj.sf.fp@feam,e@a,magfocsgsifbidadag%.mmmfssoagnposi tion
suitable for a fire stop seal materjial is described in U S Patents

5,132, 054 andﬁ@ﬁwgﬁpéﬁﬁgﬂ$wf?ﬁﬁ@1&6@@?%ﬁe§ﬁﬁﬁﬂ§@ﬁ6ﬂﬁpéﬂﬁﬁﬁ@6%pheres are
conbi ned wi t h,an, addi §,1:0BRkar it ricGRATROH NhicS Y Gl 3ingaRARIADI e
graphite or so iUmsilicate. The crospheres provide | ow tenperature
expansi on up thoswBteyef whiit.eUptreheaatids.tthomirospberpoenpdngeoseiioRs thremi t i on

resi stant char. 2 erial, S i rature expansi on
up to 700% A‘%%%%;r‘ﬁﬁ%“r‘% ‘"é‘éﬁtg 0%%@4 az‘i@’éﬁ?b’"‘&?@ﬁ‘%%&@? at ent 5, 786, 095,
utilizes heathaedepedsiale] endartigabpiresies washaole aldkby-cleaedbdd. Midréspbdres sol uti on
conbined with a thickening frit terial .an t.her opti.opal additives.
Again, the c VFHG".%%“ ‘fsﬁ‘%ﬁ’r%ﬁaﬁ‘f *W’%%es}sgag'?gagﬁﬁ% | 'tshgaat?ﬁ]tcr ospher es
facilitate expaosionwafchichebe RRbipbGiedUpOkafrh@Partignbaed protedti@i OUBEL the
substrate to which it is applied, 10014] Traditionally, there. have been two
di stinct apprVaEEHeas texie 285y [%qsaﬂﬁérerlégqeét‘ﬁmmlﬁ%?gf‘éeww% ofanat ural Iy,
the most succgss! Hm&@ﬁ%@%rﬁ%ﬁelpm dfte YRR Pof RBIhISaHSh BY an i nherently
flame resistant fiber. Pol'yaram d or pol ybenzi m dazole fibers, such as
comer ci al | y degenthrisiat quatRoRds) alorhipBRpoitghe fabyic pubstaieiscoalgd withibe i gnite or
melt at any tenperature. On the other hand, these fibers suffer froma
nunber of shortcom ngs. Pol yaram d fabr%cs are noderately costly to
produce, possess poor nechanical strength and thermal insul ation, and
degrade under exposure to UV light. Polybenzim dazole fabrics are

prohi bitively expensive to produce and al so suffer from poor mechani cal
strength. Another inherently flane resistant fiber, oxidized

pol yacrylonitrile, is described in U S. Patents 4,865, 906, 6, 358,608, and
6, 287,686 and conmercially avail abl e under the nane Carbon-X(r). Oxidized
pol yacrylonitrile is an intunescent fiber and is a flanme resistant fiber.
However, it is costly to produce and suffers from poor nechanical strength,

P



SUMMARY 100161To achieve fire resistance and thermal insulation in a fabric
mat eri al while nmaintai ning nechani cal strength, flexibility, and

br eat habiy, se fabric is chosen which possesses i cal
strength,\*?%ée(u%ogslsﬁty, and breathability. To inpart fi]r)gplggzsﬁgfﬁgﬁ%e and/ or
thermal insulation to the base fabric, a repeating pattern of

non-over |l appi ng, discontinuous guard plates are affixed to the surface of
the fabric. Once affixed, the guard plates are of uniform shape and size

wi t h uni f or m dsis hadhtesesdf issepdr Alpponontadiatithi teyic aginto thm saméaernehbleont | nuous,
exposed base fabric. 100171T %Hgd%argt}%ltgt.gs inrg)tr %VI‘I? t he hfi re resistance and
thermal insul®3 YB?{'CF)'P‘&BO(?P%F%% of PHE MEALEC PRI 0 ¢! e%gegﬁnﬁgf “Frm the
guard p: at es @E@ v&ﬁfﬂ]’ﬁ&&ﬂutﬁéﬁz@d.pﬁl&lﬁ%htﬁ4!%98,364,841,6h7f5a[\8i9ng51m3'17-, ezx:panﬁabl e
materials, su as_.m crospheres, incorporated within. Upgn .intense heat or
fl ane cont act ,’3‘%%%3%%&8”@5?6%HH%{”BT@eWﬁPg‘?t?IB‘I“g R ,“%E‘é}h‘éa&quent ly, the

af fixed guar dyifgliati8SueX BRRAap NS MOIY e drGinfR R tdingf OfoMirBled BRaguar d pl ate
preferably is inherently flane resistant and has a rel ativel éﬁl ow t her nmal

d
conduct i vi ty. oftheeorespanaede adsaretiieged  §ulbatenp-ae@aik 69er.SBhemdnt i re base
fabric area expasefl Al AlEndihdds ERRERbIRLLY nfRRkh ﬂeﬁ%ﬁpm&&@r,

protecting it fromflame contact and insulating it fromheat. The thernal
i nsul ati on i smssahgechrpusad Ay primary blavag wgoibloveng agant.ve. S Retentsal

conduct i vity %f{%&%ﬁ%‘é@é,sﬁﬁ"BERhtaB?lﬁg%ﬁg% 100 Q! gdLBBi)Xg\fﬁhgsi terial and

by the fact t e thickhess of meric teria reduce the
ri se in tenpefathy feroér faleet, bdsesflabmsiace infdpdi8led into enepavylrdtiesieent of t he

di scl h dabl ' h d t he int [ t.
Such m or ospHOPEE 40 e E5HLe TR BU T Srpot JhePs B S HBF S URREul at | ng a
core of wat erﬂ@.ﬂinﬁth&@iﬁd@rth@ﬁ&)@tﬂats.olfbﬂth@l’mw paen@mictoepat@ctrdoi | i ng poi nt.

e adv

This design has t antage that the evaporation of the Yv%t er wthin the
cores of the RFUPYSISASNEE PHEEUTEATYitve AdResiVE A UiF &% RPALF¥E l2bgheflidience t he

guard pl at es1ap%ﬁca@%H?tHg]ab@%niehsiﬁlb%%!ﬁ@v%@r %e@tir?giaglﬂiekh&ﬁmg gount of heat
away fromthe flame source. Even nore beneficially, the polynmeric naterial
form ng the guiFuphires eslugigg tseboaiias shensd) pidbe lahel te thaflibreissfacgbi ity so
great that t j;Cr osp € : &Yé?élh 10 thels maxi mum
limt. At thih@ﬂfgelvel opgget%g%gagﬁﬁmt Og m crtgg%ﬁ%ﬁggg%dgatsﬁr@%%nd their
contents are soeleaseslof iatdiencent sistehrsrfot applitatiops weicing dlanmefredidtntbase fabri c.

Aot e gy LSRRI 65, AR LR R R et

Anot her al t er@dme/@siki@antroatenid o6 poempleyal gasirs uoh sas aking vadieand flodrhie

m crosphere V\'eri ?nrllleygntliyl/ ﬂgna’ig ?e%is?aﬁpg&)sui)rggnodshlgxatng e]taptgmgp i%rcgr% ingg with
heat-expandable microspheres, such that the elastomer can expand upon flame
contact to prevent flame propagation throughout different areas of buildings.
Another composition suitable for a fire stop seal material is described in U.S.
Patents 5,132,054 and 5,137,658. In this case, heat-expandable microspheres are
combined with an additional intumescent compound, such as expandable
graphite or sodium silicate. The microspheres provide low temperature
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



pressure of the gas with increasing tenperature and also due to the-
softening of the polyneric shell with increasing tenperature. [0019] Under
normal ¢ i, L specifically prior to any intense h cont act
t he contﬁﬁﬁ%ﬁ%ﬁgéa%ons of exposed base fabric surround?ﬁ%ﬂ§(g§§%?ﬁxed guard
plates allow for the fabric to maintain the flexibility and breathability
of the base fabric. In addition, the nechanical properties of the base
fabric can be significantly enhanced by the affixation of the fire

resistant gi Sihfehtfl Bsme kelisth@ndasemicahphaefeiingd ywpehdién sBkeri al forning
the guard plates are chosen to be UV resistant, the total fabric structure

will al so be w¢tirgdpen Hame coniect.go ardesh thetsabstragsdp ydidoikisapatieof a thermal |y
i nsulatin iial, a : @ I i ¢ under
9 "Bfoﬂizt] 00ggﬁgxtﬁaﬁgléﬁ/ﬁghérélﬁéUe%Eﬁﬂw&J]?tfr@:@Sﬁfro&cﬂ&t@%récaﬁ@é

normal conditions. [ bodi nents of the present disclosure which

i ncor por at e hBame gxripanidabiematedlo S\ineribs thayagh sulcatsiin gppropehiad begii ch boi | s,
at at nospheri re ¢ _ 40 L i et ar dant
nechanisn1inc%dggggﬁﬁg%Fggﬁéafﬁg@&%ﬁ¥g?%ggﬁﬁﬁgtﬁ?ﬁ}E%Q%Fﬁgﬁofhe cores of

t he ni cr osphep@gbeaviapdazaledtbersabsbrabcogmarid]yfavailbicigomhbxdhe R Gdd®

Secondly, the fluid vapor. expands, the m crospheres, a as result,
expands t he i‘?fﬂgﬁ‘cé%f"i‘@g?tllﬁw ‘Fé’é%satté‘m @wﬁfﬁi‘ﬁﬁ'l Qf'zherr%géerrfla ?‘%‘?Peati ng an
essential |y cOmdri SUfRY Srofni d MUnBLebf §Hbecbabgs.f PayiremidTiabhl dre mbbeat@iycr ospher es
expand to their maxinmumlimt and rgﬁture, rel easing their contents to

drive oxygen $REEY G prafcerRostrsaperTprestenedl sreneth addheuehinvieher fidne. Even
when non-f'an&g@fo%iuﬁaa%&?&uﬁé%wﬁgh@rp%lysa%n éﬁﬂﬁé%b%§&%'ﬂr&ﬂﬁti%?ﬁbi ne to

i
afford flame resistance for a period of ‘tine that nmay even be greater than
t he 12 secondexpeadys toadoduye sndadieragudier Ermitoer mechanighi dtiengtht dawpder When

pol yester or nylon,is. chogsen . e, . mete failure of
the fabric mﬁﬁrgﬁﬂ}bfzmﬁgglg tgn?@bnelg{]o?((‘)ﬁ?e%ﬁﬁtﬁ% ?’3@4%’2‘?‘?%%/&3‘3‘ c?gégt%bga’t he nelting
of the base sPhisiis 4865,90e 6338 S0RwRAOIIR7]636 endbergiméremt]y mmailableamgérer t hr ough

t he expanded gquard te rm.ng the base fabric above its l.ti ng
ompernrur e hepagr Catuioin g BhRAS robeeafRfin F e Tedrrng Tele it kAl
strong, fl exipimBe rdotsat fiabl iowaRe/i0E cbMynesicit@indBuifpe fidnepoctan be creat ed

at considerably |ess cost than fabrics constr uct_?_d frominherently flane
resistant fi b@eghanitaldrepgthggevallpsgoor alstnd oRREBOFREt or s. One i nport ant

factor is thafgegenvent raDahePARFodcRREL 6Sn 6B IIRa ciRBhiBAtRE{ QI iouse at only a
fraction of the cost of commercially available flane resistant fabrics |ike

Nonex(r), PSI n@vlally flpmmahl¢ fidgr.éisred each fibar efctlie subseuerthewarandiebrig 8 enpl oyed
in the guard . L V. ' Y=Y re the fact

t hat the guar (Ej)flag%d:\?’gg?g?rggéfgﬁagégﬁrﬁeaﬂc |as%?gﬁt§{|e}r?§]buﬂ§y%n eigohel ps | ower the
cost. Alt hougkortiercgiiamndaijpblatiedural er Bibbanldabrin asscomponed eftcaiton édzxi bility

and breathability, E)h fire resistant material .1s in effect only being
2dded 1o a pobtiobimlm g € api B BPl AR BasE b hEn e LB STt " he
entire surfacgharfifOeehhvibn WHDOE 6@ BBtV 8slatidt) ehef dibmiical oéatinber ofr esent
di sclosure is . . . .

such fabrics is not permanent and the flame resistance is enervated 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



intended to be used in an application where both surfaces may encounter
flame contact, the fire resistant guard plates nay be affixed to both sides
of the base fabric. In other enbodinents, the affixation of guard plates to
a single side of the fabric will be sufficient, for exanple, in fire ‘
resi stant apparel. [0022] An additional benefit of the present disclosure
is the ability to provide cut, pierce, and puncture resistance to the

fabric. U S tents 5,853, 863,.,5,9 . nt
Ang gati on 258‘&%%9%3? ac?leggg’gsf%bﬁéc' Qn%r?gé%ﬁeg’q\%g‘é%gg’bag%%r%@népﬁpﬁp e affixed"

to a base fabgiganPEioyirethngifemt disphes of sepandopuhatiyneifves ustaofce. An
addi tional |ayer of discontinuqQus guard plates can be affixed to the flane
resistant guapeiinypus 63posed kase f30GiCa fabric with exceptional thermal

insulation a t, pi dRHREL WReveandl fifd REBak@%ng tiieal whiidtion
mai nt ai ni ng ?r@iﬁzni calﬁ%tcg%gngﬁt*h, lfllﬁ?(‘i! bi | ilty, and breathability.

Al 't er nat i vel yrop=hties ofithe bpiecfplréc. 1arsde punres fora. the SHEE PRtesIa P issd es coul d
be affixed iniitially to the 0L : [ reguard

pl ates coul d %h& paify e?&’j”a%%‘a{ ﬁ%ﬁ% ﬁeﬁ%’?&“%&pﬂeﬁ?ﬁlgé’%%Q%Zﬁci?él%orrg%r ated into
a convent i onahcop@s@ed alihine Uioh hatese Sbgfrir flananthyctcbmbesrikpindgblet s desirabl e

properties using this nmethod. [0023] One._.object,af the present disclosure
is to provi déméeﬁaé%?}ipénqﬁfde??“é?q%&;bﬁh‘? ﬁﬁﬁjd%u ‘iﬁé‘eﬁ&ﬁ"’g‘?a ®through an

i ntunescent MRERARNSHAterf forfrilgrhB bBars Wsd efepabisR dnlicheritlyeflgfee s ent

di scl osure can ‘be acny eorf the_u%br?c mat erllsal s.tﬁ;sscussed abﬁét?\ and in the
background seesistantandhas a relasinelly dovs dsanal sanducaniar @nsfcRPrIhef et ar dant

mat eri al s such.as, nyl . Lerid A0S LG 0m §dafe i8R be nade
mechani cal | y {%Weéirﬁj’?‘g“fﬂ%t%r%ﬁ%%?%éﬁ{égtalyr}ds?nguv reh igst ant ,a felie_xi_ ble, and

br eat habl e. |dssedggily eshintiha rizei, proxstiogi|fyore Aembeordet eyhduledngit so possess

ot ovi deb 5 pritBeFtiyd PRAEERRAT AR STAGED Poh & R R 7Pe
substrate i ncludidoRiusivifyasifich gl fadih ki cxplsionatfehcCripnérki mgedalwoven,
knitted, or na?nrc]i-l;,)\ﬂge? g‘].em]cc t%gtrtlhg éhic?kggss of the polymeric material will reduce the rise in

temperature of the base fabric.

[0018] In one embodiment of the disclosure heat expandable microspheres

are used as the intfumescing agent. Such microspheres can be constructed of a

polymeric shell encapsulating a core of water or a water-based solution with an

elevated boiling point. This design has the advantage that the evaporation of the

water within the cores of the microspheres not only causes the microspheres, and

hence the guard plates, to expand, but it also absorbs a significant amount of heat

away from the flame source. Even more beneficially, the polymeric material

forming the guard plates can be chosen to have an elongation ability so great that

the microspheres can be allowed to expand to their maximum limit. At this ievel

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 1o incorporate a gas such as

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



a plurality of discrete guard plates having nmajor and m nor dianeters
affixed to the surface in a spaced relationship to each other, wherein
directly adjacent guard plates are separated by gaps on the surface of the
flexible fabric substrate, - wherein the maj or dinension to. m nor

di mensi on aspect ratio is between about 1 and about 3, wherein the
guard plates partially penetrate the surface of the fabric substrate to
provi de nechani cal bond between the fabric substrate and the guard pl ates,
and wheresiure ofithe gemwvidh preewsg amsratye 2ad alsp d8e Pohy %ﬂ%@?n and a

mat eri al sucmeﬁgg;metrlgeshglgakg Imr%@zaspg&g&;ecantly expands upon the addition

of sufficient secon t provides a protective materi al

conprising: [0019] a fllﬁmier hayreui cond&tiqmd; srpgmﬁczﬂi)rmorfttb@mIbteesesh?btsftfr ate
including a first surf

C a first ur al | f_.discre ard pl ates
affixed to tﬁ]émgﬁ?’?té??eﬁleﬁo%"‘élﬁ'és &8 P Pg%}ipSP'IShI% ?Sr%ﬁurﬁoungﬁé% wher ei n
directly adj gegnl f;irﬁ%ﬂdm{}d/ Bt a;&eaarﬁr1emn@mah@ﬂm@mmmt gaps on the

first surface of the irst flexible substrate, wherein the gu&}ard pl at es
conprise a cureathapdity rethe pessifePrigndn & e theamedigairak Mape i £ st guar d

pl ates signify Ia_gchgﬁ Ve cﬁ%ﬁ’% LRGeS the Qﬁ’xx%oéc':«ﬁtflé fiaadisthgat , and

a second |l ayer inc econd flexibl'e substrate including a second
surface and gusepdriek, dlfthﬂdﬂaset&bm ardfi podyraeree watgrial fprraing Sheaupidpddes o t he

second surface i,n a s wher rectly
adj acent sec&%c@ﬁ%ta%ﬁw&?lsgf‘ét eerk%!al?gbgg %%[s}rgg%lﬂgrsagps o%’ls{gﬁg{ second
surface of thgesas@mattd, exm@lc@npmd;bfatrermﬂmemeﬂmrtgrmatsmmm gifomd al ity of

guard pl ates corrprl se a low} hg onduc |V|%%% material, wherein the
first layer i igsudating KBEragiar tOHRe ’E‘E)H °F §g&e cop t1A third aspect provides

a protective (o 't &b SOABEd it Gresent disclosure which incorporate heat

expandable microspheres encapsulating a fluid which boils, af atmospheric
pressuré, between 100 C and 400 C, the flame retardant mechanism includes the
following. Firstly, the fluid within the cores of the micrésphercs evaporates,
absorbing heat from the flame source, Secondly, the fluid vapor expands the
microspheres and, as a resuit, expands the inherently flame resistant guard piate
material, creating an essentially continuous film over the base fabric. Thirdly,
the microspheres expand to their maximum limit and rupture, releasing their
contents to drive oxygen away from the guard plate surface and quench the
flame. Even when non-flame resistant substrates are used, these mechanisms
combine to afford flame resistance for a period of time that may even be greater
than the 12 seconds required By standard textile flammability tests. When
polyester or nylon is chosen as the base substrate, the ultimate failure of the
fabric may not be due to ignition, but rather 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

jeast three faciors. One important factor is that conventional base fabrics can be



a flexible fabric substrate including a surface, the fabric substrate
conprising a woven, knitted, or non-woven fabric; and a plurality of
di screte guard plates having major and m nor dianeters affixed to the
surface in a spaced relationship to each other, wherein directly adjacent
guard plates are separated by gaps on the surface of the flexible fabric

substrat e, wherein the guard plates partially penetrate the surface
of the fabric substrate to provide fr{Echani

al bond, bet he fabric
substrate anteledl iguRTeR priypdecton o e\?\ﬂ’FéPgF?imf’ﬁ’é"a&ﬁé?’%ﬁg{éafﬁaé’? conprise a

cured pol ymer. (&3l AnARdANGX O PRY GoAB ind Thekbr RBL 1k Biigag sk pl at es
significantly expands upon the addition of sufficient heat, and

wher ei n the ewefanisicomiensdin themuind déstest s Pragipyvebk pareaBle ni cr ospher es
comr, S0, R LA Fos Aol upt By A pBR el o
exanpl e of ahgpotoeet theeonmtssthoagh hoppaid plag hex@genal asph ataggaiat t ached to a
];lorerg'r ° LEHSUb%te;i%%} 8 a2y, fe BHNSAR SX8MR' &irllied Qi PEESE | Ve material

added to a portion of the surface of the base fabric, rather than the entire surface.

.[002 1] In embodiments where the fabric of the present disclosure 18

intended to be uséd in an application where both surfaces may encounter flame

contact, the fire resistant guard plates may be affixed to bot_ﬁ sides of the basge

fabric. In other embodiments, the affixation of guard plates to a single side of

the fabric will be sufficient, for example, in fire resistant apparel.

[0022] An additional benefit of the present disclosure is the ability to

provide cut, pierce, and puncture resistance to the fabric. U.S. Patents 5,853 ,_863,

5,906,873, and 6,159,590 and Patent Application 20040192133 disclose a

manner in which guard plates are affixed to a base fabric, providing cut, pierce,

and puncture resistance. An addiﬁonal layer of discﬁn’cinuous guard plates can

be affixed to the flame resistant guard plates,- creating a fabric with exceptional

tﬁermal insulation and cut, pierce, puncture, and flame resistance while

maintzining mechanical strength, flexibility, and breathability. Alternatively, the

cut, pierce, and pﬁn'c_:mre resistant guard plates could be affixed initially to the

base fabric and the flame resistant guard plates could be affixed to these. Other.

properties can be incorporated into a conventional base fabric without

significantly compromising its desirable properties using this method.

[6023] One object of the present disclosure is to provide a fabric material

which is made fire resistant through an intumescent mechanism. The flexibie

substrate used in the present disclosure 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, thcrmally_insu[aﬁng, UV resistant, flexible,

10



square and pentagonal plates with relatively tight gaps attached to a
flexible substrate. [0026] FIG 3 shows an exanple of a protective materi al
conpri sing square and pentagonal plates with relatively w de gaps attached
'to a flexible substrate. 10027]FIG 4 shows an exanple of a protective
material conprising circular plates attached to a flexible substrate.

[0028] FI %d?mﬁeaﬁﬁblehéweamdeﬁarfphr@ wwhereblpcon bedésignedita grd pdssdsh vari ous st ages

“intume e the ention is amenable to various:
m)dl ficatS ?%hslg’ﬁﬁ%rea?"gjé? ﬁg{ﬁi%refgg aﬁ}épme ‘ggs fic enbodi ments have been shown
by way of exarrpl e in_the drawings and are described in detail below The
i nt ent i od%02%3alever A fugt aﬁi%etc'(ﬁré"lld’fsrﬁﬂr‘“?%’é@ PFERCBRNE t he particul ar

crbodiren s ettt oG SAIMALY b e AR BBl RS e cover
of the i nnewddi SMmaaswaled fameid, doyd t he appended cl ai ns.
a plurality of discrete guard plates having major and minor diameters affixed to the
surface in a spaced relationship to each other, wherein directly adjacent guard plates are separated
by gaps on the surface of the flexible fabric substrate,
wherein the major dimension to minor dimension aspect ratio is between about 1 and
about 3,
wherein the guard plates partially penetrate the surface of the fabric substrate to provide
mechanical bond between the fabric substrate and the guard plates, and

wherein the guard pl'ates comprise a cured polymer resin and a material such that the

guard plates significantly expands upon the addition of sufficient heat.

[6023b] A second aspect provides a protective material comprising:

a first layer including a first fiexible substrate inciudiﬁg a first surface and a first plurality
of discrete guard plates affixed to the surface in a spaced relationship to each other, wherein
directly adjacent first guard plates are separated by first gaps on the first surface of the first
flexible substrate, wherein the guard plates comprise a cured polymer resin and a material such
that the first guard plates significantly expands upon the addition of sufficient heat; and

a second layer including a second flexible substrate including a second surface and 2
second phurality of discrete guard plates affixed to the second surface in a-spaced relationship to
each other, wherein directly adjacent second guard plates are separated by second gaps on the
second surface of the second flexible substrate, wherein the second plurality of guard plates
comprise & low-thermal conductivity material, wherein the first fayer is stacked on the second

layer.
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DETAI LED DESCRI PTI ON [0030]FIG 1A shows a top plan view of a protective
material | having a flexible substrate 3 and spaced-apart guard plates 2
according to one enbodi nent 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 rgb%]tsic]onshi [oNg NaER=F-Todo] %hﬁgaﬁgogﬁg@%gmpggnﬁ%{shgi | lustrated in FIG 1,

t he guar ates 2 are héxagonal | ape. In ot nbodi nents, the guard
pl ates 2 can haN&ind fabfic SihaPas incRidéhg a Dvfats, xR Esubofat@fyn@ishigra vagkygon,
and can he _arranged in a_randaomor irregular space-filling arrangenent. The
guard pl dediedoongpavoyeyiabriGia@h 5 bet ween adj acent plates. In the

embodi ment i |1yt At ed el Gard fated NQinGSHALEA PH8H dikBeafs sbhed@imEd pl ates
2 is generall yé?%gl?t& Ins_t ﬁg‘ggan%o%;i‘ ?rent m;él I dst_rat ed | n1 F?GS ELI B, the
vertical spriatdihe spAced teéatigushipitodach ether2 wharin dieectlp ndjeesht guattbpletes 20 6PLERIAG. . 2
shows an .alternative.e [ X : e uard plates 2 have the shapes of
squar es ot%y %8?1?% Sﬁ%rfacgﬁﬁg’ﬁg%g%\é%ig%sr#gf%% size of the squares are between
about 50 and abigwdin HeQuaidipSataaraetisly pahdtiae: thh eurgap olhd tibrb silsthe tweetidabout
5 and about 50 mls, FIG 3 shaows a sim|ar arrangenment of plates as FIG
2, but w‘P?FIW‘&P%]@P“‘b%W%nd]P%éB” ?)6’3‘2&“??@4 313 gé”l‘fé\ﬁéa%‘_’asn enbodi ment where the
guard plates Z,@k&n Qiergﬁb&ld?latésrbo%{ﬁ@@a ctrBd BRSmerRedi AR Bt oiiagsic ARRLLLL @bt the
circles is between about 50 and about 150 nmils and the gap width 5 is

bet ween ahogearSaltes 1i5@iipntly expands upon the addition of sufficient heat, and

wherein the expansion agent includes thermally expandable microspheres comprising a

non-fiammable liquid surrounded by a polymeric shell.

1la



100331FI GS 5A-5D shows exanples of a protective material 1 in various
stages of intunescing. FIG 5A shows an exanple of a protective material |
that has not intunesced. The gaps 5 between guard plates 2 in this case are:
open and allow for bulk air flow 6 through the protective material |I. FIG
5B shows an exanple of a protective material | shortly after it has started

to intunmesce. The gaps %’J“E}’@Esﬁ:@?ﬁmﬁmﬁ% ﬁkﬂ%@ﬁa:gr}gffxpami on

of and expansi on agent he protective of FIG

5B after addi&gdzggal heglchas_eegn.ARRLLEG @ggfgg%i%}pqg?}é&g%gmscence has

occurred. FI shows "the protective materia after even
further intumeserheanprésngoextgoneliplattO8B4hMhrd ofiscidaboldiment s of the

protective material a t hods of mapufacturing the .protective material
are descri bed®q23] conmr}ﬂFyr'TSéa‘ﬁwr{fxér.“pP@a‘lf@rﬁro‘ﬁ&t.“%é}’%‘?;ﬁf@@}’“f‘f‘%I ed SUPPLE

PENETRATI CN @%ﬁk%ﬁé EARRN Gl ANRLYELHERRIGR Gitadnlel s dlive 6, 2000, U.S.
Patent No. 7,018, 692, entitled PENETRATI g%p%sjmm FABRIC W TH MULTI PLE

LAYER GUARD PusTEIeASSEMBLI ES AND METHOD OF MAKI NG THE SAME, filed Decenber

ABRas o Ao TERT sy PR A Pl (0l AT d e o corper 10,
2003, U. S. Patedht afpentagatdl phutfRubith ehtiveln Wide g26058dha02¢ 4 flegiblei t | ed SUPPLE

PENETRATI ON RESI STANT FABRI C AND METHOD OF MAKI NG, S/ N 10/980, 881, filed
Novermber 3, 2B8¥2%and U, S. Patent Application Publication No. 20050009429,

entitled FLAYGRETARDANG ANR G BESISTANTGABR) GnaShil cbR(pB8Rg 005, fil ed

Novenber 3, 2004, all herein incorporated by reference in their entirety.
1003511 n one cénblethlaienettacheibiory foxitle aubstitist rate is a polymer film In

anot her errboﬂgﬁ%rft , thedd exishl ﬁom%&gﬁhlgt({f%ﬁtg%}@%gf&% bLyarilss @not her

enbodi nent t exi bl'e substrate is a ric. I'n yet another
enbodi ment, tsheped bEixiudescisgibstrate i s a non-woven fabric. O her enbodi ments

patents and OB pubPICRLRORE T RR R TR DT S PR TaaM ATy “the resin
material of theraudd Sk apeifiSembsdbits §8letbr Shown by way of example in

the ‘drawings and are described in detail below. The intention, however, is not fo

limit the invention to the particular embodiments described. 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.

DETAJLED DESCRIPTION

[0030] FIG. 1A shows a top plan view of a protective material 1 having a
flexible substrate 3 and spaced-apart guard piates 2 according to one embodiment
of the preseni invention. The guard plates 2 are affixed to  first or top surface 4
of the flexible substrate 3 in a spaced relationship to each other. Inthe
embodiment illusirated 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-filiing

arrangement. The guard plates 2 have a gap width 5 between adjacent plates. In
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for its cut, pierce, or puncture resistance, durability and/or bonding
characteristics to the flexible substrate as well as its bondi ng

char act et,, st | the substrate. One suitable nmateri L ard plate
is a therwr%ééeﬁ?/taf%% epoxy resin. The gap width is sel egikce%/f?%zg %‘rﬁé%? to

maintain flexibility of the flexible substrate, which permts the overall
protective material to exhibit and preserve its properties of flexibility
and suppl eness. Another suitable material for the guard plate is a

t her noset t i nghehibogiarat ilIGkthasd IO (e Sertifal bhgild oMBOLLRM plaske 208 her guard
pl ates and gaps described in the conmonl I

g ‘ -assl gned patents and _patent
publ i cat i onsg5TGENy il ele t%%%’é‘?d”[l%?ﬂ'}"f*l*ﬁ@gf’l‘ Eﬁaﬁeﬂwsgtcmr@%ﬂoft ypical ly
al so chosen g fidfdidibs desikedrRerkabmance characteristics. For instance,
the flexible substrate can conprise a single |ayer of fabric (woven or

non-woven), B03thcl ud&T@md shopisan pigreptevegmtedipaamy phere b giapgplates 2

characteri st 1 i N : i.nated or bonded
to one anot h}elg\%g#rl%h\égétscdgtsg‘gz}ﬁ%?r?’%ﬁgﬁi’%e}%gﬁgeégg\%ﬁ&giﬁﬁéﬁgk?ﬁgﬂgorders in the
final appli cafuams arclyepiealaboSi0red alphw 4 5¢ mlils gomss vbitattiegas width Stihe f | exi bl e

substrate inglude tensile u n ear rength, flexihbilj uppl eness,
wat er pr oof ne est‘,we%r} arbobrzér ?r%da%)l%f’{ ﬁ/‘?ﬁ?' %é'{}i ??T’;‘% a%grgﬁ]aorraf {ange)éﬁ'ae lilllk (r)]ﬁ]éei?t/g%t

f1 ammabi | i t yas FIG. ekt avith lagpd dapatidbes, el asticity of the flexible substrate
is al so desi [ 0038] Th uard plates may be affixed to the hase fabric
by means of 032k can BRI o SRERL T eP IR P SEUeLEATBEA | n | he
conmonl y- assjraesk. PRbRMnShoaREerd Ble@IMm eI iteadilcRR s beeadr dboedsoadpave. By
printing through an appropriately shaped screen, the guard plates can take

many forms, RO LA mYs gt b epey bR & beprirnages, addad s and many ot her

shapes. The Eié@ﬁ]d Pl atiggs GANSTS ANAR dxBmBled ¢ 4 pRMLi6NSaRfia hSafifushundr eds of
mls in wdth or length and a fewmls to tens of mls in thickness.

Di st ances bettagsef infamescinizakés Séashowak soexaamieot 4 prateatifeanataiiald thd t ens of
mls. 10039] |0 QR SHROM TR baps! s IUAT ol ALES: B isGRSHL HiEhEHaOT 2
allow for bulk air flow 6 through the protective material 1. FIG. 5B shows an
example of a protective material 1 shortly after it has started to intumesce. The
gaps 5 in this example have closed due to the expansion of and expansion agent
7. F1G. 5C shows the protective material 1 of FIG. 5B after additional heat has
been applied and additional intumescence has occurred. FIG. 5D shows the
protective material 1 of FIG. 5C after even further intumescence has occurred.
[0034] Various embodiments of the protective material and methods of
manufacturing the protective material are described in commonly owned U.S.
Patent No. 6,962,739, titled SUPPLE PENETRATION RESISTANT FABRIC
AND METHOD OF MAKING, filed July 6, 2000, U.S. Patent No. 7,018,692,
entitled 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,
entitled 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.
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thernosetting material which can be cured through heat to a hardened state.
The thernosetting material nust be curable at tenperatures bel ow which the

heat - expghdahbg.sgxpansi on agents begin to expand. At rQemd.eaRsasuUre, the
t hernosetting naterial nust be capabl e of being screen printed, that is, in

aliquid state with appropriate viscosity, such that subsequent curing of
the material yields guard plates of desired (e.g., uniform shape and size
with desired (e.g., uniforn) distances of separation. To achieve this

obj ective, appdPAppAtLion rablicaghcEb. EYote4acidadiddortAeEuncured materi al ,

7004011 n andthEhREANOHRREHeL T STAR TR o B bR Eei e of o

t her mopl ast i QowsitRF 8,004, TNEheRE: Bicb@orapddefyereflidre Roeid cblyl Ng tenperature
| ess than the tenper ature at which the heat- expandabl e e fpan3| on agents

begin to exp&AF! |t pF‘qu@re&lﬂoﬁi‘“éﬂnééh%%%“ﬁ%é@ﬁf‘%‘ﬁl‘%ﬂm%‘66% Iy 18t such

tenperat ur es, nto&ef%bédl&@ﬁteihbrfne%ra%@émmsgfwd%ﬁ?a%@hﬁraﬁahar other additives
and screen printing of the nmaterial. [0041)In anot her enbodi nent, the guard

pl at es may b@ﬂbﬁ@ns‘trﬁd@tf@tlw sulstENe surkaiiited Trbric D pit anatha4pbPHiEnenat eri al  used
to construct, 85 RexighaLsiRtat Eﬁoﬁp%%gﬁgﬁ%' @ﬂn%g rﬁﬂé&fmfar}té‘gﬁhé GRSt 1n order

to provide a uate protectrion ase ric n some enbodi nents, a
mat eri al thahemﬁnef F@m&ﬂsmheﬂ mathewamodinhyi-edigstdpaemegndqatanted when it is
nodi fied to b% cd t&t flame resistant. Such nodification can entail
the i ncor por &g 108? E{o[s|mm ‘%’ﬁ%ﬁ flame resistant additives, including, but

not |imted fo036]sodi udbiinonbatie, res&%ﬁﬁfbdﬁbdaf&h@gﬁ@dﬂpla& is wmkmn:ded

e Pl s e Toatesl VLo e aonium
characteristics to the flexible substrate as well as its bonding characteristics to the
substrate. One suitable material for the guard plate is a thermosetting epoxy
resin. ‘The gap width is selected in order to maintain flexibility of the flexible
substrate, which permits the overall protective material to exhibit and preserve its
properties of flexibility and suppleness. Another suitable material for the guard
plate is a thermosetting silicone. Other embodiments of the invention use other
guard plates and gaps described in the commonly-assigned patents and patent
publications identified above,
[6037] The flexible substrate is typically also chosen to fulfill desired
performance characteristics. For instance, the flexible substrate can comprise a
single layer of fabric (woven or non-woven), or include muitiple layers with
varying physical characteristics in which the aforementioned iayers 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 fiexible
substrate include tensile, burst and tear strength, flexibility/suppleness, water-
proofhess, air permeability, tactility, comfort, and inherent flammability. In
certain applications, elasticity of the flexible substrate is also desired.
[06038] 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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cyanurate, other nelam ne-based flanme retardants, or other
phosphor ous-based flanme retardants. In addition, the material should have

sufficie ion ability, so as to allow for exp i | ame
P ARz,

cont act . erably, the material is also able to expan rently to
conpl etely cover the portions of exposed base fabric. [0043]1n enbodi nents
i ncor porati ng expandabl e m crospheres, the guard plate naterial wll
preferably allow the incorporated m crospheres to expand to their maxi mum
limt and rupptopeiatehynsHapddssclaastthe ased phick camake anhaédrinegntibdingat erial wil |

cause the mcrospheres to expand the guard plates tq formanp essentially
cont i nuous b‘fﬁt% ;s?f-agﬁ?%f)%féﬁwg SﬁHaéeiaﬁB‘gP’Ia’% ﬂ%erb%‘%%esf 38? gﬁa}rd?p?iteéi will be
foll owed by ¢$R@addenk tité REmMAEnstITENi¥it6 hOSPARIEMIBNE WidiR of Rhedsad of the
encapsul ated flujd. 10044]. The guard plate material can be chgsen to have a

| ow t her mal EOHECiASt) nHls ipHdckapts: hidinces Bsiwedr 24eft Blahcidsyuar d pl at es

and nel ting gQf.dfH&enRase fiRkE 16s of Riignbodi nents where nylon or pol yester or
other fabrics that can melt when exposed to a flame is used, the |ow

thermal cond@839lvity propenbpdinenf.dhe gifafdplniey arcfdonsieicted9f 8t ance because

melting is t | L1 . G fal f ' fore
reduction oftﬂﬁ%ﬁéts%lB%h‘g%egirg}k?fﬁgﬁ%nh% (lfu?j%dﬁtg%tugﬂ '? ﬁ%fﬁﬁgégﬁ?gggtlay |h(r%ect |y
corresponds thernimetisgsetriil mne be esiabeantepetamrentzday mbvhghaldal-i zi ng

m crospheres, th xpansi on of the guard plates and the eyaporation of the
[l i 0 oncapetPataa PR regin by Bk AL Sadamrd-eertE

Wever et iisi cal | y reduce
t he heat tr amsheiseting tlaerihsestfbabapabdie JfBOHE]stmeopentaiThiedisyiid liqiheé guar d

plate material conprises an. epoxy. ot her enbodi nepts the, guard plate
material conf &8 2RRrORTIAE VRS ﬁyﬁé&aE)?L@s‘?PéJF%‘r‘i”Qf‘% OF&?&I”?;?&%‘agi li cones,

pol yur et hanegeidhidril bRids WP B&sired ROL yRHAG) GRGe EMDARY with Wésyed (ddber
pol ychl oropr'ene rubber, ethylene propyl ene rubber, chlorosul fonated rubber,

pol yet hyl eneyniformyflisaaces ok yapameien.giccashicxe Hyg SieCUNFIAPPIORERY| at es, and
pol ypropyl e | FadbOPOTRPh ARG dTBE R e iSe P 1BEABF AL | €sS
desirabl e dtr}gle?%gtgﬂé?&%agmoi 6|pty. é‘ldﬁﬁs, a’ddéi tli %cﬁgl a? a?}e@r esisstant
addi ti ves woefltbe ¢urkdfyardpletts ae Useffeqisbr porated into the guard plates if a

thermopl asti Gt eri al, | uht? 8vodi®h BRI S0 3722
thermoplastic material. The material preferably has a melting temperature less
than the temperature at which the heat-expandable expansion agents begin to
expand. It preferably also has acceptable viscosity at such temperatures to
facilitate incorporation of microspheres or other additives and screen printing of
the material.

[0041) In another embodiment, the guard plates may be constructed of a
UV-curable material.

[0042) The material used to construct the guard plates should be
inherently flame resistant in order te 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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[ 0046] There are a nunber of techniques that could be used to create
wat er - encapsul ati ng m crospheres that could be used as the expansi on agent

in the pr entl on. For exanple, the interfacial h ion

t echni quéﬁig@%/ﬂ&%e used, where a water-in-oil enulsi onp‘gg %’( %466%&5
wat er - sol ubl e nononer is mxed with another water-in-oil enulsion

cont ai ni ng wat er-sol ubl e pol yneri zati on agents, causing polynerization to a
wat er-i nsol ubl e material that encapsul ates the enulsified water droplets.

Further det aiyfasiu@fe, biRkSmt @M EHINE] fdnfe @lay@ihts, Br ol%@ﬂx@%ﬁﬂﬁ%@ﬁl on of
Wat er - Sol ubl e Herbi cide by Interfacial Reaction. Characterization of

M cr oencapsuf'#tg Wﬁﬁrdanjsodpﬁaqim%%@Pﬁe@@ spoitig aye @éﬁ%ﬁ‘&éfon%lon 78, pp.
1645-1655. 'Vﬁﬁﬂtysédaghé af‘f@&'ﬁﬁ'tek%ézogf Brhﬂ%n&@&ngﬁtQPFeferfa@% X ARk the use of
initially oil-soluble nononers, exi SP and are suitable

m cr oencapsuisaispehlede evpend sufficienidy topros il it & coes i I@}U“@@Sloﬁvmoﬁ@ithe use of a
wat er -in-oil, grﬂﬁ ,on containing an oil-soluble or water-soluble polyner
which is caused O precipitate out to the water-oil interface. This could
be acconpli sp@ddlby | i duembddinents irertpoecing expandaléy apopspheren thé guand pol ymer
solvent, in the case,of., an 0| alterin the pol ymer
sol vent. T orPagae By REFGLY oY e TR R it WS A SrBTe £y OF L ne
polymer, in &Bz@nﬁﬁﬁﬂnﬂﬂmﬁtﬁdﬂ rOpthre. dMchisnaitehses alfidbkcopatingehs. An exanpl e of
such a technique is given in US, Patent 6, g38 9 4 00471The begi nni ng
expansi on t epEF & YiEagE hhRisRpBreRREXpU B B é“i@ra@s wil'l be about
100 C. Howevgkentihll SodtRIPEN ki @réedting s drMexbﬁné@hs%Q‘ﬂ)rlchﬂW@hl gehe addition
of a salt such as calciumchloride. Oher requirenents of the preferred

mat eri al conipwed Prifetrnugpepthe prcrpspbenss anbibp ppass ohthe chgpaatthsol ubility
and a gl ass jpgnsition tenperature bel ow 100 C or below the raised boiling
point of water, if applicable. For the purpose of screen printing the guard
plate materi tiil()-’-iﬁnt 0 t Aée lgaad plasdomaterialican bs clfwen todisive atidvathetthd ni cr ospher es

have a di amscgoengj| 1\/01 F‘%oea}e\efént%h%r%r s%gr tﬂ} Qr}is %Wc{;ﬁdtgsg glgcgofﬁe The

m cr ospheres PATSL reat

m cr ospher esbasg tebrid. [ ethBodimbes wahr;s namﬂ oalpylyeithmr odatdifdbricethat @uch as

addi ti onal nme ret ar dant i gments, rhe |ca dlflers or wetting or
di spersi on a‘&% prben ﬁ’f@s‘f‘gmﬁ’eﬂ“ﬁ?e%é&sed g’fr’%‘%% B%f‘ FORH H‘[t%p‘ioﬁgltbbﬁse fabric in

a desired shapeffadifle @}@ﬁiegéblstzﬂﬁg b@daﬁ@dnéiang,a:shaé denrt Glal o faildre pECESSary.
100481l n an alternative enbod nore i ntunesci n% mechani sns are

i ncor por at ed!hE fbgicteRe eedpigr “‘FH?“ %@(%ﬁ@rb‘l“@mé frogy YQF yape QR DA% apmoni um

pol yphosphat g ene@ly%%@p@%@@eﬁ&ea%wha@@pe@ﬁiaam NG cfdBdiRfatsed in
conjunction with expandabl'e m crospheres. This will allow two separate

activation t etm?e"r@mwmﬁhqr@s, Bre exeanisioned thel quard pietes ywkihe eeappeiae af e nechani sm
initiating eﬁ]r |f% %c@ﬁs‘&%‘te‘é@mﬁﬂﬁﬁ%mﬁ MGt h&%v@ggl:ntﬂﬁéméu Gedifdl el thernal

threat and t erature nechani sm provi ding protection agai nst
conti nued hehtantrgnsféfheﬁetmdftabMe i ntunmesci ng nmechani sns can be

ncorpor et SR o 19 Sl B0 ALy HNSuPURL RSy MISERSETalS L
different i ntmmam&am gimrd plate maierlal comprises an elastomer. Posmbie

materials include silicones, polyurethanes, nitrile rubber, polybutadiene rubber,

buty! rubber, polychloroprene rubber, ethylene propylene rubber,

chlorosulfonated rubber, pofyethylene, ethylene alky! 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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[ 004911 n one enbodi nent, the intunescent mechanismis activated between
about 50 C and about 300 C. In another enmbodi nent there are two or nore

i ntunmesc isnms With one activating between abo about 150
C and angpéégségggéating bet ween about 100 C and aboutﬂéggg%ﬁgﬁﬁg%O]V%en
the guard plates have been affixed to the base fabric, the resulting fabric

is breathable and flexible and the nmechanical strength of the base fabric
i s unconprom sed. Furthernore, the guard plate material can afford

i ncreased dugﬁb&sll ity amerealtd 8RiMBerloe RLhiligS ehat Sh@e e LGS 6karRe, and/or grip
to the base tabric. If the fabric contacts a flame, the guard plates wll
be expanded WHCE-REApHEBINGSRistoseheEss 1ol §p YA bageadias iy sormictresaiddntial |y

continuous | ayekesPkiGhRatibM IF@Ndarh e Uhdlhid¥hcld polh@shzdiRR dcBnighdr enbodi ment s
wher e the expansion agent conprises expandabl e i crospheres, rupturing of

the mi cr osphequbeessdfwharnevapror-ed emukionsasieiningn patetiedulle t he rel ease of
the core flupd,, {}%ﬁﬁfe‘amm@%pgg &?EF-H-&?e:HEﬁ%nthﬁafnﬂ%’e \%«zﬁerg{()i e present

i nvention especially suita Ire resistant appa t hough any
appl i cati on p@gmerzatign agdnits; eausegipstantrizarontthervedr-insidullamaiegalktbat i | e
material may_be suitable. [0051]]f .additional sl ash_ar. nct ure resistance
e Gestr abl s Rap R Erubig i RER g3t Gl s BB fo ennance
such propert giesn aMibeeaddpisiadoeitiger-Saiubiheibaside babiifacenl to the fire
resistant guard plates. Also, nultiple |ayers  can be used. In particular,
one or nore ﬁ?@?%%béﬁgFgﬁHﬁVW”H5%%$ﬂ?ﬁﬁ% ‘ﬁﬁ’éﬂﬁg?hﬁﬂﬁﬁﬁf?) can be used
as backing | pyemer $QercBPV OV e, toRer aasersas | Mahashaht Phikaiods 6f @fs ot her
mechani cal properties. The outer intunescing |ayer wll J%%%ely protect the

i nner  Super FEBRIgYEs forieagraple tersart IndHEY Qirolidla MonweBs P #Efeve enhanced
thermal prot gethR%er RicPRRORuhANESs WHier. Other possible techniques involve the

 use of a water-in-oil emulsion containing an oil-soluble or water-soluble polymer
which is caused to precipitate out to the water-oil interface. This could be
accomplished by liquid-liquid extraction or evaporation of the polymer solvent,
in the case of an oil-soluble poiymer, or by altering the polymer solvent, for
example by adjusting the pH, to reduce the solubility of the polymer, in the case
of both oil- and water-soluble polymers. An example of such a technique is
given in U.S. Patent 6,638,984,
{0047} The beginning expansion temperature of the water-encapsulating
microspheres will be about 100 °C. However, this temperature can easily be
raised through the addition of a salt such as calcium chloride. Other
requirements of the preferred material 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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Super Fabric(r) can be used behind the intunescing SuperFabric(r) |ayer.
This second | ayer of SuperFabric(r) can utilize guard plates nmade of a | ow

t her nmal ivity material. Using well spaced plate | nore air
bet ween t @g‘i‘%% ers, mnimzing physical contact be?ﬁyg#%)%eﬁéﬁéyers and
| owering the overall thermal conductivity. In one enbodinent, the guard

pl ates of the second | ayer conprise epoxy filled with hollow gl ass beads.
The guard pl ate shape and the gaps between guard pl ates can be chosen to

mexi m ze thesdr&@rpiated oasthabhR T2l icORaIdeyredRdageinbeisiiph, 28d tlvexidd i ty. In
one enbodi nent, guard plates approximately 700 m crons in height and 2500
m crons in wh#geied setey fagcsiah gaps of approxi mately 500 microns. In

anot her enbogjaBnt t he, GYAIGRHALESo@HRnL A oriBBreTh@hRRSnd N hei ght and
1000- 2500 mcrons in wdth and the gaps are 100-500 mcrons. In one

enbodi ment t Meckpuismd ap inewBoretsd éto P qpeien. B cxpaplos ¢l e pch@d the surface
of the subst : r q{;daﬁ LiveR Lok I | at to 80
per cent of t%‘g&gﬁ}ru L." gzzozﬂﬁ)tb?ﬁg Su ésj'%ﬁr atlegatgPﬁt Sggﬁ%%ng[ﬁ@%%iscﬁgﬁfgg%edﬁrgre t hat

two | ayers cemjlyetitsedhegpandstilbencrosppeey.a isherhalowvetsepdratoen properties or

to add additignal. propertie uch,.as, cut .resistance., 100531The present

i nvention i sa‘%"&{’ﬂ‘?'gtﬁlé‘g%{ %‘F%SZ% © egéizeﬁgr%@i’t Fn%weé.ﬁerf‘%%rﬂt resrg%cﬁ?mssf?st emon a

fabric to prpghigieg Ehrdnme panddohemen prar@sios bgdibst fieldnital thbsma dirédt erd ar, guard

pl ates that haye the ability to intunmesce when. sufficient heat is applied
e e i v

are affixed hef ERPRTABIS SR SIEPIOVIA G PRISTop28aiBiI PR Y Ae guard pl ates

swell in si zgeattiag.an@gkfﬁb@ihﬁﬂhwﬁf@&&ﬁg mefiRhishR @aBPMcHSLMBRANN hRMgRuUar d pl ates
are effectively closed. The resulting intunmesced structure provides an

excel | ent t hEwra’ ehardrilaies or there psoR MY MiERSs affhwo pr BRTDRETSUbst rate i s
{ammeble, 1 Beyh BLNIRAHRLoIUAL talin LS A in A6k d &:h@RE T om reachi ng

the fabric s e thus inparting flame resistance to the overall
structure. [04fhs: In o pripdéntityibe itreeseet meghgisng isrglivated a flexible
fabri ¢ substpale.d AU AdnRafilf BREE. 1ntGnlARRIGIRURSIEELE §OBPT | ST Ng 2
woven, knitted, Or non-woven tabfic; an a plurality of discrete
guard pl at esmbavinngresanomedmndisms voth ohie anidtagng bathveenxashut 50 Ched sbinftace in a

spaced rel | o P et Bt Ge| I hapi T Buar places
[6050] When the guard plates have been affixed to the base fabric, the
resulting fabric is breathable and flexible and the mechanical strength of the base
fabric is uncompromised. Furthermore, the guard plate material can afford
increased durability and abrasion resistance, slash resistance, and/or grip to the
base fabric. 1f the fabric contacts a flame, the guard plates will be expanded by
the incorporated expansion agent to form an essentially continuous layer
protecting and insulating the base fabric. In embodiments where the expansion
agent comprises expandable microspheres, rupturing of the microspheres 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.
{6051} 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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wherein the major dinmension to m nor dinension aspect ratio is between

about 1 and about 3, wherein the guard plates partially penetrate the
surface ic substrate to provide mechani cal t he
fabric s%%%@g/t@%ﬁg%d the guard plates, and wher e%)n ﬁ#eé&\%é@g@' pl at es

conprise a cured polynmer resin and a material such that the guard plates
significantly expands upon the addition of sufficient heat. 2. The
protective material of claiml, wherein the material conprises an expansion

agent. 3. Tha RNBEEGH bMECHTEE Bhid & mOk 18kni NsBndb abeimuhbRingxpansi on agent
includes at |east ong of liquid droplets in the resin or thernmally
expandabl e nieRepkgbREr gan be uped abacking daersitg dnprve e Avest skt m 2, wherein

the guard pl gteBbeshe! mdcHElibe Hr&RARL BRSUl: MBmERIRNSARLiRUGLdY ves, the
flame retar dglrﬁlt addi tti vené Ccorirpripg(igﬁg one oru rrmre of r%l s%?ndm t%i%ydr ate,

rrﬁlgnesi um gypllméﬁ)@t e jnngnBupedrRprict jaygisdom fimeasbieat e, bromi nated conpounds,
chlorinate unds, ' ) an , | ami ne-
ﬁﬁgﬁo To@@ﬁﬁ@%{%ﬁﬁééﬂ"ﬂ@?&%%@@e&m:{@ Lﬁcr'forlhc?gy?xaéft s, nmelam ne

based conpou anmoni um p osphat e, ‘pent aer yt sodi um silicate,
vermi cul i t e, SepedFabxip® netelisl wsedjbelpid the intuSescifgeS uppibaie” leerriBltier i al of clai m
2, wherein the expansi.Qn_agent i ncl udes thermally, e ndabl 1 cr ospheres
conpri si ng aseﬁ%a-( Vg%&HPeergﬁiﬂcfuiCa" g%ﬁﬁecﬁﬁjﬁ%égéa %%/m%dep(g%a%?llpe{% Shel I . 6. The

protective medmdni@dityahateriadi weidy walh gFaeedplblae wildrag narembbeewedngbd d conpri ses

wat er and the | ynerj ¢ shel Lyco ri eriial w tlgwgir%ltggs transition

(0] |
t enper at ur e s lay§rp JRinHiges p sical ontascet et?vegl? %he layers and
overall thermal conductivity. In one embodiment, the guard plates of the second

layer comprise epoxy filled with hollow glass beads. The guard plate shape and
the gaps between guard plates can be chosen to maximize the thermal insulation
property and to maximize flexibility. In one embodiment, guard plates
approximately 700 microns in height and 2500 microns in width are used with
gaps of approximately 500 microns. in another embodiment the guard plates are
200- 700 microns in height and 1000-2500 microns in width and the gaps are
100-300 microns. In one embodiment the guard plates cover between 20 and 95
percent of the surface of the substrate. In another embodiment the guard plates
cover 40 to 80 percent of the surface of the substrate. In other embodiments, |
more that two layers can be used to further improve thermal protection properties
or to add additional properties such as cut resistance.

[0053] The present invention is a unique approach for providing an
intumescent systern on a fabric to produce flame and/or heat resistant fabric. In
particular, guard plates that have the ability to intumesce when sufficient 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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7. The protective material of claim5, wherein the non-flammable |iquid
conprises water and a conpound that raises a vaporization tenperature of
the water, and the polyneric shell conprises a material with a gl ass
transition tenperature | ess than the vaporization tenperature. 8. The

prot egti,Mgs.material of claiml1l , wherein the guard plates are configured to
expand upon addition of sufficient heat to fill the gaps between adjacent
guar d Ipl at &b pragective mrigriglaetiPAsisss protective layer. 9. The protective

mat eri al of ' . el e & [ .S actuated
.t erper art oD Slibre SIREHE KRR SEBIRE T e e B BB I o

cl ai mkhjttedherenrwdvee fdpuar xhdpl at e mat eri al expansion occurs in at | east

first and second stages, wherein the fir.st stage i.s actiyat t a

t enper at ur € @P@g{yeqf%?sﬁ’gﬁe %‘afﬁ{]?ei%t?s bayfhedp4p ﬁ?’r}éi,imgﬂlbai?‘ﬁ%erg ea}clf%(r? g%@%ge i's

act i vaugeesdh adpiRipestihiHif tCRbBEr, Wharindigedo bdadeanperdpiue eare atidrarkier ei n
the second tenperature is greater than the first tenperature 11. A

pr ot edwi&res prathespagee b s iedibifgtebric substrate.t i r st | ayer including a first

flexible subgtLiatie hi)6! UHeRSorProfmhihSt didbhd ALApaAR i§ bdrwberPivdtil dddy of
di screte guard plates affixed to the surface in a spaced relationship to

each other3, wherein directly adjacent first guard plates are separated by

first gaps p\?getréeig ?lée];é#%ﬁitpiégsr a?&aﬁlé(g)te%%%ge dhk Gback LeAL gzlb?ic %ﬁ'ﬁ%ﬁra{e% frovidder ein

t he guard r's cur mer resin and a material "such that

t he fimsthagiuadnpbatves: the fabiit sdambe yndtpandd plponatdhe addi tion of
sufficient heat., and a second | r including a.segon | exi bl e

Subst rate i WorHa e e TTR AcweanavaeLecBant fTrErT P b or ot e
guard @ﬂaﬁiﬁﬁt&ﬁﬁiéﬁiﬁ@ﬁlﬂ?f@xﬁdﬁﬁs gReandaiiitidnageufiedt iigaaced rel ationship to each
ot her, wherein directly adjacent second guard plates are separated by
second gaps on the second surface of the second flexible substrate, wherein

the S%Ondv\ﬁl Hebih) Hier Y BF flaim ALERrGPIR heErif chAWkdebesMBlpagoitbehd Vi ty

mat erial , éﬁ%ln the first layer iIs stacked on thgfsecondrﬁayer. 12. The
protective material of claim1, wherein the material conprises at |east one
of SOdﬂ.um The protective material of claim 2, wherein the expansion agent includes at least one of

liquid droplets in the resin or thermally expandable microspheres.

4. The protective material of claim 2, wherein the guard plate material further comprises
flame retardant additives, the flame retardant additives comprising one or more of aluminum
trihydrate, magnesium hydroxide, antimony trioxide, zinc borate, brominated compounds,
chlorinated compounds, monoammonium phosphate, melamine salts, melamine- based
compounds, ammonium polyphosphate, pentaerythritol, sodium silicate, vermiculite, and

expandable graphite.

5. The protective material of claim 2, wherein the expansion agent includes thermally

expandable microspheres comprising a non-flammable liquid surrounded by a polymeric shell.
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silicate, vermculite, and expandable graphite. 13. A protective materi al
conpri si ng: a flexible fabric substrate including a surface, the
fabric substrate conprising a woven, knitted, or non-woven fabric; and

a plurality of discrete guard plates having major and m nor dianeters
affixed to the surface in a spaced relationship to each other, wherein
directly adjacent guard plates are separated by gaps on the surface of the
flexible fabric substrat e, wherein the guard plates partiaIIy
penetrate t e rface sub Lrate to e _Nnec bond
bet weeh t he e g ag?rt'ail?ﬁi%lﬁg t"'ﬁ’greb 30% manechqm Cowgrlse%%aq%he guar d

pl at esang@Ed! ;ﬁﬁera; bl eshfretky ARGt glSiith agﬁsmnempamm;mmagmﬁ thanebo that t he
guard plates significantly expands upon the addition of sufficient heat,

and wherei n the expansion agent includes thermally expandabl e
m crospher e&eﬁﬁé@&ﬂv@'n@erﬁﬂ BOMaifnl ARRREEthe hEA b RRDPYisd Radyneri ¢
shell. 14. The protective material of claim 13, wherein the non-flanmmable

li qui dané@mpmg@rsi thattraisesri@perratipbleyperanee shise watsspeitserplangristsbell al with a
gl ass éoq %gé V\lﬁﬁertlfg'm raaélﬁ'srs?rat% ot tExﬁ?&a‘?uQ@le harithe vagb?izﬁ)tﬁo%ttgrﬁbéréﬁﬁrermt erial

of clai'm erer n the non- qU| conprises water  and
conpound that ralses a vaporlzatlon tenperature of the water, and the

nglsg t an t R;%tﬁ%)tf erixléﬁst:%%ﬂ] g‘ft' cgﬂagtglel: ,;\?tleﬁr%\fnttlgle %uzg!i a‘p?a%estaur'e:a‘cr(])%t'ttgx.ltrogI to exp nc{ ature
upon addition of sufficient heat to fill the gaps between adjacent guard plates to form a

continuous protective layer.

9. The protective material of claim 1, wherein the expansion of the guard plates is actuated

at temperatures greater than about 50 C.

10. The protective material of claim 1, wherein the guard plate material expansion occurs in
at least first and second stages, wherein the first stage is activated at a temperature greater than a
first temperature, and the second stage is activated at a temperature greater than a second

temperature, and wherein the second temperature is greater than the first temperature.

il A protective material comprising:

a first layer including a first flexible substrate including a first surface and a first plurality
of discrete guard plates affixed to the surface in a spaced relationship to each other, wherein
directly adjacent first guard plates are separated by first gaps on the first surface of the first
flexible substrate, wherein the guard plates comprise a cured polymer resin and a material such
that the first guard plates significantly expands upen the addition of sufficient heat; and

a second layer including a second flexible substrate including a second surface and a
second plurality of discrete guard plates affixed to the second surface in a spaced relationship to
each other, wherein directly adjacent second guard plates are separated by second gaps on the
second surface of the second flexible substrate, wherein the second plurality of guard plates
comprise a low-thermal conductivity material, wherein the first layer is stacked on the second

layer.
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16. The protective material of claim13, wherein the guard plates are
configured to expand upon addition of sufficient heat to fill the gaps
bet ween adj acent guard plates to forma continuous protective | ayer.

12. The protective material of claim 1, wherein the material comprises at least one of sodium

silicate, vermiculite, and expandable graphite.

I3. A protective material comprising:

a flexible fabric substrate including a surface, the fabric substrate comprising a woven,
knitted, or non-woven fabric; and

a plurality of discrete guard plates having major and minor diameters affixed to the
surface in a spaced relationship to each other, wherein directly adjacent guard plates are separated
by gaps on the surface of the flexible fabric substrate,

wherein the guard plates partially penetrate the surface of the fabric substrate to provide
mechanical bond between the fabric substrate and the guard plates,

wherein the guard plates comprise a cured polymer resin and an expansion agent such that
the guard plates significantly expands upon the addition of sufficient heat, and

wherein the expansion agent includes thermally expandable microspheres comptising a

non-flammable liquid surrounded by a polymeric shell.

14. The protective material of ¢laim 13, wherein the non-flammable liquid comprises water
and the polymeric shell comprises a material with a glass transition temperature less than 100 °C.

15. The protective material of claim 13, wherein the non-flammable liquid comprises water
and a compound that raises a vaporization temperature of the water, and the polymeric shell

comprises a material with a glass transition temperature Jess than the vaporization temperature.
16. The protective material of claim 13, wherein the guard plates are configured to expand

upon addition of sufficient heat to fill the gaps between adjacent guard plates to form a

continuous protective layer.
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