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sTI TLE FLAME RESI STANT FABRI CS

BACKGROUND OF THE I NVENTION 5 Fabrics made of high tenperature and
flame resistant fibers have been very useful in protective apparel .
Al t hough mewp oanlBsesices have been made in desi gni ng coREBPERAPE! f abri cs
and garnents nade from these fibers, there are still certain aesthetic
and 10 subjective reasons to desirey I,_;me resi stant apparel whi ch al so
i ncorporate natural fibers. To neet need, fabrics have been nmade
fr om conbi nati on yarns, RL{ME FESJ,/%'IFW gﬁﬂ]ﬁﬁ%l ng both natural and high
tenperature and fl anme resi stant stapl e fibers. 15 Although fabrics nade
from such conbi nati on yar nBAGRGEROUND R aNVRY 0Nt ort abl e garnents, the

fabric's 5 reS| ﬁ%q'ﬁgft&aﬂ g:l}t ﬁpe{&*ﬂ&gtg@g Jrjdarfgaﬁgs been reduced

to such an extent he ad retardants are necessary
to enhance t heegiramng fobers VECPF% ozl Héef‘é?brﬁncpmﬁfﬁ’c‘éﬁ ly flane
retardants  apmarelapplthohdio rahg adtancls bteplleen beds tm t he fabrics

made fron]the@é%fﬁﬂﬁﬁg”@&hfﬁkdﬁyigsf@@rfégmaﬁélgarmedﬁ%eﬁhﬂgnfébm-rhe addi tion
of topical treatrre%tg E/&& ten%{:f.fnes to the fabric
as wel | as 25t0%%% Srﬁnl%etr&rﬁﬁa? 1’385 ?Vé §rnce®¥uch treated
fabrics ti@ndssukydasdwet hc@mﬁecdﬁwwﬁlhmmw%néraPParQ/%ear cycl es.

The obj ect ofyifien Ml%%eﬂﬁcdﬁ&ﬁtboﬂaﬁ\&atlofﬂb@ﬂé dero mee@ fl¥ic conbining

flame resi stgrgce%?%%ﬁgécs%tv lgagn rQadeW%oRei\&ﬁ{ﬁ?élt%g gé{}xsa way to bal ance

t her mal # of the present
i nvention is At is yaBUS d@'ﬁ'—aééhf‘@r?%{’& datprab@nde8ighant and cost
efficient fabtdapdrattirdossd rillameenesisrdntestuseleoffiBBrst opi cal fl anme

retardant g reﬁt&%ﬁ?ﬁ fabr:r.cs made fromRIRC Eobi Gl off yhPes R{RSent i nvention
S

isto rovi tron where flane re t ance and cost ma
be balanceg be made into é%mfortable garments, the5¥5%r§c9 y

resistance to high temperature and flame has been
reduced to such an extent that the addition of flame

retardants are necessary to enhance the thermal

20 protection of the fabric. Typically flame retardants
are applied to the natural staple fibers or the
fabrics made from these combination yarns as topical
treatments. The addition of topical treatments may add
weight and often stiffness to the fabric as well as

25 provide only temporary effectiveness since such treated
fabrics tends to lose this protection with wash and or
wear cycles. '

The cbject of the present invention is to provide

a fabric combining flame resistance and comfort that

30 may be formulated in a way to balance thermal
performance and cost.

Another object of the present invention is to
provide a comfortable, flame resistant and cost
efficient fabric that does not require the use of

35 topical flame retardant treatments.
Another object of the present invention is to
provide a strong fabric where flame resistance and cost

may be balanced.




Fabrics have been nade from conbi nation yarns to achieve certain

« fabric properties, US Pat. Nos. 4,941,884 and 4,900,613 to G een

di scl ose confortable fabrics of high durability made from warp yarns
5 containing a blend of at |east 15% by wei ght high nodul us and at

| east 30 9MBO0I8%Bht | ow nodul us fibers woven with fPETUSAP RS

contai ning | ow nodul us fibers sually cotton),. Blended high and | ow
nodul us fibers Fali?/ﬁcé h’é?ﬁﬁi?’%ﬂ‘ i"\%gfhgr?/%rcﬁ’mgé?i Yo YBFBYi %R proper 10
shri nkage forchheyemsntginhéabbiapronerebist aH8ePat. Nos. Canadi an Pat ent
Nod 10?:18:1ﬁ di,QEiP?@ﬁ a@;dg_ﬁ(;@@@,_tdil\aeto Gréé}?rdigcwéaﬁrdoﬁﬁegcmeterwven war p
and we r o) .di ssi m,l.ar. properties an_asynmetri c weave,
changi ng fro%gg%le?ss.uor% géghogu’f%bel égrlln%? ofrto e"\‘\%}rfp sa|IP§ 15 surface of the
fabric toSacKRPRYRIRG Englendrefy at leask dvS5t Pynvdidhisepigs t hr oughout the
depth of themoduldsibundcat least 30 EubppesighPalentmofppliscedibers 310, 199

discloses 2 yoveUbdc BLGOT MNLREADIALITAG SQMG kpgRALS OF varns 20
havi ng hi gh st ren}g}ﬁs an h*g%fén*%gu | . and consi st Idﬁ of _. pol ymers of

ul trahi gh mol'BERLYY \ROTERRS: Anbigle and lowmpdulpsEihersor yarns

consi st of owhee pmiuiredsithelre warpt harmvefto préowidenpsoperyarns. - _
thlh, UKt Pat eghrﬁgpi(g‘fcg%koﬂggzg%négEh@%rééllgége:?é‘si%%apgfﬁ ent dAIBIOI ltﬁat I on
ubl i cati on Sho - e fabrics reinforced by the

i nsertion or iﬂ}%{"f"%’u? POt gto's%)ﬁrgé)%e(ﬁlﬂlﬁﬁjé 9%n 2t RECYEHAYE, ~ of

hi gher st ren§abrigijcesenisyag nntegvweonen vwayp and/wattwshreads ofi recti ons.

gaga_neSﬁ Pat epés Al Hﬁf@ﬂiz@@rﬁl&' Gztﬂwo(hs%ameiﬁ;ichesvaarei nf o[)cepl ar agipl
abric havin engt . e substituted in

the fabric Cnedi e2om BIL eussALLoRE EhoBBEC BEPERE Cortlosie

rei nforck¥ fa8BFFece SfethesfIFFF £6r afntgvVeaFaryingenerayr esi st ance and have
not been desalgsethtionhp3opextoiks teratglons the dsprhopf ciie t her mal

protection. gzpric. _ SUMVARY OF THE | NVENTION ~The
P esent Vet O Bt 15 &S D L Ton 3205 2180LLEDY © comPrising

bulletprocf woven fabric made from filaments or yarns
20 having high strengths and high moduli and consisting of
polymers of ultrahigh molecular weights, wherein the
warp filaments or yarns consist of other polymers than
the weft filaments or yarns.
Both UK Patent Application 2,025,789 and Japanese
25 Patent Application Publication Sho 59(1984)-9053
disclose fabrics reinforced by the insertion or
subgstitution, at some.frequency in the fabric, of
higher strength adjacent yarns in the warp and/or weft
directions. Japanese Patent Application Sho 62-26900
30 teaches a reinforced aramid fabric having groups of low
strength yarns inserted or substituted in the fabric
weave in the warp and/or weft directions. Such
reinforced fabrics are designed for increased tear
resistance and have not been designed with
35 considerations for comfort or thermal protection.

RY O E I NTITON

The present invention provides a woven flame
resistant fabric comprising dissimilar warp and fill
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yarns, the warp yarns conprise staple or fil anent fi bers and have a
Lem ting Oxygen |Index of at |east 27, and the fill yarns conprise
natural fibers and wherein the ratio of warp to fill yarn ends in the
fabric is at 5 least 1.0. More preferred are warp yarns have a

Li mting Oxygeaowisa®x of 28 or nore. In the presdTTUSAYEAM on t he
fibers of the warp yarn may have a nodul us of from about 100 to 800

g/ dtex. Althoug®rhiEbetke mydw Vavhs fqagwris® stapdigogr A0lam@B0 g/ dt ex may be
preferred for FaBer¥S&sd have a Limidihgl Oxps&f antesd shalc hlkgswesp, yarn
conpri ses sehs SELeOLedTLOBAE LANRIRIRLEL 4 wke%g,g,;“ed

pol ybenzi m dazol e, pol Xazo

sul fi de), pol ybéﬁfofﬁ?%&cﬂfeg’a’:@o\:‘g/lﬁﬁléeya{% e”ﬁ’é‘l 9‘étﬁ’%? éc b%)l%kam di m des,
noval oi d and nidaetyli®. Morti beeferard ahe Warpl ygans Havikeas are sel ected
fromthe gﬁ.mtmm@eagx@ée,@%tft 2 o§'uU.‘ce WOO' Javen and FR

rayon. The warp yarn ha formed of fibers thg m aram d or
p-aramid fibers or fitx& €§eﬁ?”f Hé&’@“F%B’érQ’ezél &hd ‘?Fafhél ¥BTR ncor por at e
about 5% by weiyght way |heye a modulawt pfchitdny abontdut?d w Biober, particularly

sheat h- Cab?@ﬂefor Q‘.lft'hgﬁéﬁ flbers modu¥y RIFekesk ethd alr laSofoPV protective
apparel is s of vvar%glarn are sul fonated 25

er
par a- ar am %lgfl %gPsggéﬁf’i Re¥s |g?lp eﬁreg %o’i o] aram d fibers
having a nodul us of 1% rigmPreberer GﬁaﬁDFée warp: Hamn XoUPgigeex are
particul arly usebets iselleabedCirdmdithe griupicenkiveifpRdE aradid, gar ment uses.

The present inyg {'}[’ant ﬁﬁgzgié’v'ﬂﬁgbgﬁ%ﬁ% 1?ée Qlaﬁglgarel conprising a

vvovenflarrere mlar_warp and fill yarns, the
warp yarns brphenylepgpfiel ider i PabEhR ZorBéR%oLaRd ﬁa%uald@r mting
Oxygen | ndex obohyeﬁkmmlaé' poldamiidihidds,yaonsloid amdnpodserylatural fibers

and wherein the;patd caan tﬁ@rplﬁS ya&ﬁ %iﬂ,érsva&a @@péctlea EPemfyic is at

| east 1.0. t.he a use that_the woven
fabric contai nSW& pc°§‘5rlﬁt%‘%e‘?é cggFa ﬁgﬁ'e rayon 3¢ FRonsi sti ng of
aram d, pol ybenzyen daZbeewarp yaso yngr;rm)@zaaé Oﬁmﬂlémﬁlfﬁethmlésr(ephenyl ene
3 m-aramid or p-aramid fibers or mixtures of these fibers

20 and may also incorporate about 5% by weight or less
electrically conductive fiber, particularly sheath-
carbon-core fibers.

A preferred fabric for protective apparel is a
fabric wherein the fibers of warp yarn are sulfonated

25 para-aramid fibers and the £fill yarn is cotton. P-
aramid fibers having a modulus of from 100 to not more
than 200 g/dtex are particularly useful in fabrics for
protective apparel and garment uses.

The present invention also provides protective

30 apparel comprising a woven flame resistant fabric
having dissimilar warp and fill yarns, the warp yarns
comprise staple or filament fibers and have a Limiting
Oxygen Index of at least 27, and the £ill yarns
comprise natural fibers and wherein the ratio of warp

35 to £ill yarn ends in the fabric is at least 1.0.

It is preferred for the apparel use that the woven
fabric contains warp yarn fibers selected from the
group consisting of aramid, polybenzimidazole,
polybenzoxazole, melamine, poly(phenylene
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sul fide), pol ybenzot hi azol es, polyi m de, polyetherim de,

<pol yam di m des, noval oid and nodacrylic fibers and the fill yarn
fibers are selected fromthe group consisting of cotton, silk, wool,
rayon and FR rayon. Useful 5 protective apparel may be made where the warp
yarn fVBEV9%% e maranid and the fill yarn fibers af&TERYMS (4y0n.
More preferred is protective apparel where the warp yarns are p-aramd
fibers havi ng®5e8r BRLRenzppRazoles; opol himigsuyt POLE toeaLBXAe Mbst
preferred is prlyagdtinides) rapapkoisl ankemedddyyliwar fibeamsnandrehesul f onat ed
p-aranid £411065a3napthdReatt | de fdRASEASE hQI §ASup consisting !N
protective app relttof Csle@' m 1l the warp %@rbf}i magJ fgri er conprise
about 5% by Wi JITEEEP | ed oFORby TAYORpUAER FBYPY- cdKEERLi ve fiber. And
for proteéti\RrotBctippanparel nay heefade evhadsathe vangaypryarns are staple
fibers. fibers ?re m-aramid %@'thEDprﬁgarﬁ;rfbﬂ\#rs ar\ﬁhFR :]-hi S g
i nvention pr S resistant. wove . abrjcs ere the yarns use
for the war p%egr)&%t'heh‘?%eIprgger}e(fgrlsv.vgf?ge%trleven8?p%ﬁ“ﬁkg?leﬁ'ﬁi Fabric may be
used in pgPe¥BFRe aSpararanid fdperanayingan gredydgsophcframes-

where a bal ano® eb fbdit @58t §fduwess, Mbabrirerduradild pyeotectiv gh

tenper at ype, fLlane,resd,st t es| 25 In

t he subject f I‘IQ:E, Wér% gggﬁ‘vﬁﬁﬂg’r&gg %%%isgﬁ%gnategr v%ge“gldc% he fabric with
hi gh t enper attdPE*EndRY |EfeEill ér‘é‘?i‘?t AREESOAPte fill, yarn sel ection
provi des the Eonpxattecanve caarptarel f p€i lrdiyn. 11 nthehesepvwparm f abri cs,

the warp yargayPaabtdd Yo¥eie RILBLECE: LRE Welibht Y N8ss30s ANd it is
bel i eved that .th

war arns there rotect the fiill yarns fromflanme
and hi gh tenﬁ%?gfgﬁ%%?ﬁgcoﬁ‘é?t&v& 2¥b§§ sAé'?%eg?frPgmttﬁSL%‘?p yarns to be only
those  15yappparhbtithdeeprnefediedothaly the WK, Yaure wae pstanles provi de
t hermal prot&ibegs.to both the fill yarns and 35 to the fabric as a whol e,

thus fill yarns may then be %ﬁg%%ﬁ#gg—#%@e the properties that make
the fabric confortable a . In the present
i nvention, the wafpigdnventien padeides fliagle resjramatuvevemd flanme resistant
fibers. H ghfabrics, where the yarns used for the4warp and the fill

20 (or weft) are not alike. This fabric may be used in

protective apparel or for tents, tarps and other uses-
where a balance of fabric stiffness, fabric durability,
high temperature, flame resistance, and low cost are
desired.

25 In the subject fabric, warp yarn fiber selection
provides the fabric with high temperature and flame
resistance, while fill yarn selection provides the
comfort and cost efficiency. In these woven fabrics,
the warp yarns partially cover protect the fill yarns.

30 And it is believed that the warp yarns thereby protect
the fill yarns from flame and high temperature.
Therefore, by selecting the warp yarns to be only those
yarns that have an LOI of 27 or nore, the warp yarns
provide thermal protection to both the fill yarns and

35 to the fabric as a whole, thus £ill yarns may then be
selected to have the properties that make the fabric
comfortable and cost effective.

In the present invention, the warp yarms are made
high temperature and flame resistant fibers. High

4
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tenperature and flane resistant fibers those fibers having a Limting
‘Oxygen I ndex (LO) of at |east about 27, and preferably 28 or nore.
Preferred fill yarns are yarns nade fromnatural fibers, but fill
yarns 5 could be selected fromnatural or synthetic fibers. Speci al
consi der at iwa omages be given the sel ection of fill arRFWEPHINHErns to
provide a fabric that is suitable for a protective apparel. Even wth
t hese S FEFIPEIraEBRS | Ay ALABRSLeigbant ot idfershehpseskiers0 i nventi on
enconpass a WaldngeheLimivingf Oypdeis Inded (LOI)pb@vateledstorgoueont ort abl e

and durabl e fi:lpl’l ) p cfrfaP %E”?ﬂoxmm bibar yplae@grgggug_]{}i S)afrﬁgandards for
a

hi gh terrperat ure an resi st ance rics suitable
for protecti AFegpERg|nady froponaturadstipess,; buknfiht iY3¥ 4re sel ected from
natural 5 fddwdrisbeNeglacxledf £her nazueal hasesyhichet sc filreasor derived

from nature, saé@lu@ a&lé;ﬂde%élévu%s@sbgogim che séPé’cQﬂ’onaBg ot her
cel l ul ose ba which are deened to have

s as
some nat ur al é‘gl ?f‘%rr‘%a?petyﬁfﬂfn"go r?ﬁ?ﬁé%?laésﬁa §&8htlé%t wWool and silk.
Rayon spun cowidahiegfer fa aretectivedappaxednowsvas WiRh theseyon) is

particul arly ggeefibh ¢<5h§1fa@raeg&es1t faB¥e8d idH the prdbd¥n, pol yester .and

ot her syrltohetlc fk__ber M ass altwl.de 9L SXRQsuULe, § to h| hdterrperature are
not suit abl e’\mgﬁ 25" r% (Tp naj or conpor?en? yarn for a
protective apFavénef aprang. S?'ﬁ%‘éfttall?éSealﬁ tf’élrl-‘@bﬂ@lfa‘?}'r%cs thakposure to high
t enper at ur es melefteni 1 PtR3ca08 MBJustrialosddridantie for Miggggr avat e burns.

In fabrics dggl hgggg,]._‘;pg 2l geﬂg{‘g@resggggh&r otective 30 apparel, fibers from

pol ymers such on .an tp ester may be accept abI e for use when
‘bl ended with ﬁaﬁfr%nf'?b%ﬁ‘% ab1t” for Profectiye rdrPagelt nEi bt esent
i nvent i odsSmayaaxhsoof thiconnuemtigincerei seldotedofidortiatarhilbers such as 35

synt hetic sh%%ergarm:%@ ?1§ézaeo|a@e0€h€é¥ptf'1559b'sfound il anent fibers. Such
fibers reduc the <R° si bi éé g referred over
fi bers havi nS‘ - Tl f i‘“é?lt |"§’t°&f"ijt 9 ke nf‘udf tasl §°P€ B‘E'hmanded t hat
5 rayon, and other cellulose based fibers as well as
those fibers which are deemed to have some natural
20 flame retarding properties, such as wool and silk.
Rayon spun containing a flame retardant (known as FR
rayon) is particularly useful in the present invention.
Nylon, polyester and other synthetic fibers which melt
on exposure to high temperature are not suitable when
25 used as a major component in a £ill yarn for a
protective apparel fabric. Since these fibers melt on
exposure to high temperatures, their presence may
contribute to or aggra&ate burns.
In fabrics designed for uses other than protective
30 apparel} fibers from polymers such as nylon and
polyester may be acceptable for use when blended with
natural fibers.
Fill yarns of the present invention may also
contain electrically conductive fibers such as
35 synthetic sheath-carbon-core staple or continuous
filament fibers. Such fibers reduce the possibility of
sparking and are much preferred over fibers having a
topical antistatic treatment. It is recommended that

s



such sheath-core fibers be used at a concentration of 5% by wei ght.

. The warp yarns in the present invention nust have an LA of 27 or
nore. H gh tenperature and flame 5 resistant fibers useful in the present
i nvention for maki ng protective apparel fabrics incl ude f or _exanpl e,
aram d, pol WQFW dazol e, pol ybenzoxazol e, nel ani ne, PCHBY1%8heny | ene

sul fide) , pol nz zol es, _pol yi m de, pol yet heri m de,
pol yami di m de&% el?ﬁo%éﬁa& d°aRe r BRi wserh ats fRAEeRtTRLGn Bfher s deconpose

wi t hout the pﬁ%)denctweelght of noxi ous funmes when exposed to flanme. Useful
fibers | ncl udend hasg skt Yndenet stehedﬁm%&onlﬂ%@rha@@ -

DuPont BASG: L ASE AK
KYNOC]T(Car borun‘éEr‘r'Sf andggﬁ%]\ﬁ“ IQEE@] ﬁi’f%té %Wé% (Akzo)

The warp yar nrﬁ%l‘%i:akmo[fébﬁ{:%t“ﬁ@é\&‘é an Lithe present Apvenptien efofror the fabrics
of the pl‘esenilaki‘hg';‘lﬁrbﬁéctlve apparart fedrizel eediude, ofof idiaimplused to make

the warp I r L P ve 20
Per f ormance Test %L%Pﬁe uﬁdg\‘?g %a'?lyooh&g?ag%[%g ’ &ﬁ%ﬁ*ﬁ ‘the fabric is
required to r@%{yqu@ %’é?rp?‘bl ide), priybanzakhiraflese oPRAIAE - or

t enper at ur es polleatherimidé ergytllyaniditisiesy posvaloid and)madddryilnél uence the

sel ecti om@f filers U@'ﬁgsé r‘ffﬂé@s"‘@é@orﬁi@e’ Qitﬁcr{ﬁ fthlalprc%ffmtge SOME Ccases

the warp nmay %‘gnt ai,n_up by wei ers having an

LO of |ess tHarfe¥ious fu’@\?‘ﬁ Iwé‘ef’hﬁx‘a\%ﬁerﬁi §8r?§1 %{‘ée ‘a WAD rffa} e%f LO of 27 or
nor e. inQ/IA-\dp‘- pheas fld pader edhenttrademanisonKewdeml| €130 contain
el ectrical | y mupditGt NoRES | berrs nepéeht BS Basor sy NiErer) ¢ BemioRacar bon- core

Stapl e or contdg o (G ATRA.L) BSLS neibis bl het o radice | he

possi bi | 1%% ng and are nuc referréd over S having a
t opi cal |s‘¥°oi'lﬂa€Yl?reat ment. Non- permanent topical 35 treatnents
conprom se the perfornemeevadp yhenfabrd ehole mustt havereg@it cEnvention which

i's inherently,neal o888 for tHeARBLELS %tfaehe wa%@nehmém%e electrically

conductive TIREr S QL&' JSURYGR" SF £8ers" USed VP mfL ene warp

yarn will be determined by the Thermal Protective

20 Performance Test (TPP)or other evaluation standards
that the fabric is required to meet. For example, .
actual exposure conditions or temperatures and the
length of the exposure (time) will influence the
selection of fibers used in the warp and /or the fill.

25 1In some cases the warp may contain up to as much as
30% by weight fibers having an LOI of less than 27,
while the warp yarn as a whole has an LOI of 27 or
more.

Warp yarns of the present invention may also

30 contain electrically conductive fibers such as
synthetic sheath-carbon-core staple or continuous
filament fibers. Such fibers reduce the possibility of
sparking and are much preferred over fibers having a
topical antistatic treatment. Non-permanent topical

35 treatments compromise the. performance of the fabric of
the present invention which is inherently heat and
flame resistant. When sheath-core electrically

conductive fibers are incorporated into the warp yarn,

Ak




it ié recommended that the concentration of these fi bers be about 5%

by weight or less in the warp yarn. For maxi mum confort, staple
yarns are preferred for the warp yarn and for the fill yarns. 5
High or | ow nodulus fibers may be used in the warp yarns of the
present inveMAWA®Ence fiber nodulus is not an essenfPFHSI 19951
consideration iin these fabri.c The arn fi bers havi ng a nodul us
of from 100 toi8obHS recomgepdes that §B‘Ft%ﬁﬂ°€n£6¥ tI% 9fh EPREC present

i nvention. 10 Eékers rasdabostfidhdiysweidlatt orslehgsin fileewsrpayarry a

nmodul us of | ess thagb?H3Ax8mbh EonFort D éd'h%l%ai)gﬁné)farjaogreferré@ 200 g/ dtex
are preferred for EDarel fabric \élh are in direct contact wth the

wearer so that ff’ﬁ the warp ¥t aH‘as Bt

3ﬁe]33uat or H gher nodul us fibers
may 15 be a%cept ablBEgpprydevispdudpsi &l etlﬁat“alarlée Fefeinste warp for

speci fic purpoggsn®rofi *heppeéddrt Lncaitions sihédifitker modulad Nt where
wearer confortnbe & dR3fctdPULRIGEracion in cheddldbeylal I seful in he

fabrics of the p B aramd fibers. Such
fibers 20 incl Hﬂép fﬂa@’ﬁ‘ %Eﬁ’r‘%é‘af"liﬁér% W(‘:‘H“§S°%|%’i°l“b§ 8 4% Pat. No.
3,767,756 t 0 ByAdesx akiebeustdishe figr| wseerin the nixhdenti Davemicidoshose nmade by

the procesgges gdhedl Radrlo flbezlés E’ﬁéc ﬂothésé%ﬁibé%é LQVP&)A?“ et al.,
Pat. No. 5. 330, 698 _t 42 to 25

kwol ek. Since PREIRS OF 9?‘?1% “% %égr%(\ﬁtﬁé Srlltﬂl\é:r”e rahge A d€%r ovi des a
fabric of inprevePcaonffibex axe prefexredrifds appdre] Febuic¢s iwhitdhe range of

from abouL 1002#® in dikes6 ddiracRORited Qh@xvéé!&ﬁazprs%f ehﬁngthg OprNgf erred
ar e the su Pz am cco LN to at

5. 336, 734, %;191[1% %gs %uac% ggrgf“? £i %ae.gr modh@ 1; }%erﬁshg% or

co- pol ymer’s Th asideptreififixmyfe % ﬁcaﬁaf-cah@%raﬁe to baryeedave an LA of
27 or nore. for spechifit puigmiseabde ifmoepstifigtibcabiosisiraitdint ¥ t hat 35

the warp yarnsg émthngmJa'rQ?ré YN 5 81 &e aéssormpo tarta@ﬁe of high

tenperature and flame resystant or ex warp yarn may
be 100% by wei ght particulgciy Eg\l‘%r’é‘ ﬁﬁ?l?ﬁﬁﬁﬁ?@cﬁgng%%lprﬁsﬁéﬁgth i S not
i nportant, vvar#nmtnsnm tfheom- nind (r-eravnid Hiiglers. Such fibers

7 20 include high modulus fibers such as disclosed in US
Pat. No. 3,767,756 to Blades. Fibers having lower
moduli include those made by the processes disclosed in
Us pPat, No., 5,336,734 to Bowen et al., US Pat. No.
5,330,698 to Allen et al. & US Pat. No. 3,671,542 to

25 Kwolek. Since the use of the fibers having a lower
modulus provides a fabric of improved comfort, p-
aramids having moduli in the range of from about 100 to
less than 200 g/dtex are preferred. Most preferred are
the sulfonated p-aramid made according to in US Pat.

30 No. 5,336,734.

The aramid fibers may be made from homo or
co-polymers. The only requirement is that the warp
yvarn have an LOI of 27 or more.

It is desirable for strength and durability that

35 the warp yarns be made from fibers which are all cne
type of high temperature and flame resistant polywmer.
For example, the warp yarn may be 100% by weight p-
aramid, Where maximum mechanical strength is not
important, warp yarns made from mixtures of high

7




terfperature and flame resistant fibers may be used. The use of m xed

.Staple fibers may al so provide additional confort or aid in providing
additional . thermal performnce. For exanple, a conmercial blend 5 of
5% by wei ght p-aram d and 95% by wei ght maramd fiber é;}a 45? used

for its i npMR&HRer nal per f or mance over 100k maranrﬁ%s &5 Anot her

usef ul blend of p-and m _aramd fibers gr the nis 60% by
wei ght p- ar aﬁ?ape%b}brﬁyam&aﬁm%faﬁww fdPegg d‘ﬁy B%‘? ‘ made from
stretch brokeffheowsé mfomgxed sdfaplentnbers lmayysalso \mﬂomés cut staple fibers
nay be usgegah £ okl RemEbE: V&r amamspﬂa‘naiﬂeg; mmembnapvent i on.

The warp yar nSP%’gﬁ? elv srm):%/c e ?P’é?%%%'%?feg:)? comﬂ%gcxg?rbfe r3305| tions or

coul d be made® yarns or COnti nuous
filament f$bepf §% bY wellehg pramanddvwang SAH By Y’@e‘ih"—t Rear@id equi renent .
Sel ection of waper Vs 95 héderfol XEsr BfpriRedveigrmal yarns enpl oyed in

the design of of fé@%&é%&f I m-arBhEP YAlnb 'V BHI:R0: BYe i USed O

achi eve an ov me resi stance t hat neets various industry
requi renents BreBR fdaraded mhiaramdds Shbsxrs dpri HRe WaTIPG¥_TR &ff confort,
durability, ces% Bdedilghnep+ exdasitidnce0% by eenght wesrghéd accordi ng to t he

present i{yenktond ¥ipers tﬁ?@é:'ffr'oﬁ §££é@éﬂ %Ske@%ontlnuowl ess the fabric
is intended for non tant or tardant topical

re
treatments i ?J‘b?’?te(f%gﬁr?aﬁﬁlwééla?% "n‘bti srtéeg)ﬁr?le’ﬁ’(?ea PRY¥ Rfse in the
present invehtsed & makinbeshke fwalpi rarreatfimshe sprasentehnventione f abric,

decrease wearer COfﬁé)%rﬁnﬁair%W@htaas@Evé’é) matyeﬁ’fé)cwfardstfﬁeré}ai ure
Agai n to achi evg erve i S orcg&ni&age {nade sgﬁrﬂe\ng%gd yarns

according to P sen °| nven rom one type of
nat ur al fl%erdlﬁﬁrent Seiﬁ%‘bll{e“*i’ﬁo%c%‘?’t'b‘ﬁmPPFlf%"ﬁ§t PHRE%E #8%i num 35
mechani cal st Lengtds ithenearessamisi aéet Nthet WOESrefuiremestapl e fi bers may be

used in the fgla.ir @faasoff%rp yaz%éagplﬁbéﬂ thxmass fBQn\IJﬂ- ing cotton and

wool . Pe ratio [ S per inch in
the fabrics o¥2fhe ?ﬂpe%ﬁg h §8ﬁ1$£ t?‘ Fﬁ‘bn s og ol
8 present invention may be used to achieve an overall

20 fabric flame resistance that meets various industry
requirements or standards. Thus, a fabric of the
desired comfort, durability, cost and flame resistance
can be designed according to the present invention for
specific situations.

25 Unless the fabric is intended for a non-garment
use, flame resistant or retardant topical treatments
applied to fabrics are not recommended for use in the
present invention since these fabric treatments stiffen
the fabric, decrease wearer comfort and tend to be

30 temporary in nature.

- Again to achieve maximum fabric mechanical
strength, fill yarns according to the present invention
are typically made from one type of natural fiber, for
example 100% cotton fill yarns. Where maximum

35 mechanical strength is not essential, mixtures of
staple fibers may be used in the fill yarns, for
example, f£ill yarns containing cotton and wool.

The ratio of warp ends per inch to fill ends per
inch in the fabrics of the present invention range from

8




1 to about 3, and a range of 1 to 2.5 is preferred. For gar nent use,
‘this ratio range is essential since fibers in the warp yarns and the
fibers in the fill yarns work t oget her not only to provide flane

resi stance and 5 durability but also confort. In the present invention
it is prefVP8¥i®¥Rat all warp yarn fibers are i nher VYS9 193%e
resistant, that is the warp yarns containing only fibers having an LO
of 27 or roré tPtabout 3.gandepcrange ofial the.bi Lf Hraferred.fFom natural 10
fibers. A thgaghetheuss, shie katid atangs D9 dsfsent 1 ofince flbéesfl Il yarn

fibers, fill jyaths ¥BY%p ,Aafmgem%ehﬂsers in ?HeLHnO azheOfo P €

The present invenfion provides a cost ective Plane resrstant fabric
that may be f89PHREH Sfo¥ B%twod’dﬁfoﬂa"%fnéfeﬁ%ﬁﬁé}ﬁecépdperfornance
The fabri és dilramblnm\rem rdso acamfiezef uln ithe preseratr iimwvenpion ecti ve

gar nents, lnqltu@gngréﬂerxe@ancﬁat all RVHE?%rnCQQfaérs ddd tary apparel and
various types ng ective over these fabrics can be

made 20 i nt GRSRFFRELY Fp%ﬁfng r%%’cft&nﬁert%pérsel:g%o‘?w Y&T/Brn in
industrial oFORE2ERERTSNAHYE EoemeMeyingan L86r 62 bfor moret hits i nvention

may al so be usepribfdrreBORhGAr tREIEIl]l yarHbeCoibPRmrylgie one desires to
bal ance i@erﬁher 11%81188“19%};'1‘3 SQShm%EPon ter:‘: 2 Bhﬁﬂ%g‘er fabrics 25

used to cover pF opert fromthe
fabrics of th bﬁ’eﬁ‘[arpﬁéli’ﬂ*bn £111 yarns myke ﬁ@@@ﬂﬂ-’eﬂnky@rﬁ ionis
il lustrated an wne of 27f okl wateng exanple which is not intended to limt the

i nvention. 30 The resent 1nvent1c§ﬁ§¥$ ﬁ% Pl ai n weave,
yérns and were woven

ri pstop fabri gEec %5. lﬁarrGes:Lst trgrg
according to® A%1%6 ant fabricyfpak ’Wé’ré’ea efiFmeshs: the yarns
i dentifi®% a§°853°‘m geufitrt ansd segpamiddlbperfarmance . 100%
pol y(ph]genyl Fnei s opfat ffabﬁﬂwg)ﬁf t%ﬁgsﬁn&éiﬁﬁhhfé@éj L@%fé%gﬁ?%m O?rsv ﬁn aﬁl ?on
>[l)gr 22 ;208? {E%'Iaé H%%g‘m‘a’— cgg"t ?T’r emtcéflg’r’b%%lrleg‘%ﬁ Sstaple yar nsg
bl ends of turnout coats, mllltary apparel and various types of
protective overalls. Further, these fabrics can be made
20 into shirts, pants, and other apparel normally worn in
industrial or hazardous environments. The fabrics of
this invention may also be useful in non-garment
applications where one desires to balance thermal
protection and cost. Tarps, tents or other fabrics
25 used to cover and protect people or property may be
made from the fabrics of the present invention.
The present invention is illustrated in the
following example which is nct intended tc limit the
invention.
30 EXAMBLES
Plain weave, ripstop fabrics were prepared
from the following yarns and were woven according to
MIL-C-4436.
Yarns were as follows: the yarns identified as
35 m-aramid are staple fiber yarn of 100%
poly(phenyleneisophthalamide); those identified as 32200
are staple yarns of sulfonated p-aramid fiber sold by
E.I. DuPont of Wilmington, DE as Z200; FR rayon

indicates fire retardant rayon staple yarns; blends of

S




fiber in staple yarns are identified by the fibers in t he bl end. These

. are nylon/cotton; blends of m aram d/ cotton and bl ends of

m aram d/ cott on/ Z200 and bl ends of Z200/cotton. (NOVEX is a registered
trademark 5 of E. 1. DuPont.) ~ The resultin ;#’S%rl"?ﬁ wer e
tested for WRUH®  strengt h(ASTM D-5034 ; results are ré’EES 4573

pounds(l bs}) z.trapezai dal tear strength (ASTM.D-5733; . results are
reported in 56%%%5 t?é:)a?%"e e oFFet’gtgernt%lest?%ﬁté}eh (" ST Dl424 ; results
are reportedth@ blendyouEhess RIe) nylemsotabnasPANdSASEMPD- 1044; results are

reported in ayshiad/dottbai and lendd dher-arbmbPd tdedonye200 amker f or mance, TPP
(met hod repo | ' | o ; ] b Jesults are
Bigﬂjdédg:ff 525607865‘1!%%. ( glyc))(b}ézls 1tsoaa}é;§1’\ét£(§]é§etr;gg ark

reported in secon | mes b econ gree burn).
The contrdl PaLFi & wREPSedmmercial fabric of 50% nyl on and 50% cot t on
yarn in both the warfheamdstlting fabdiceoterentedted foabgrabwas sel ected as
the control gtrelfiGAuseMih-d0242;dUEADI e 3R FQIHMakhe fabric used to 20
make garnents fo Ll Ltar i ndustrial and gener al r garnments. It is
a strong, du?%‘f)’l‘%s %&ﬁo%’éﬁﬁe&ﬁ? al teafraSFFg‘?grL%htatAégﬁégﬁH”dr ovi de t her nal
protection. results pire Tepdrtedefinvrainsadlbshk: Bengbrargawyarns accor di ng
to the piesestrédgtdnt(hon miagiadesrasdiak beehdaidi@edSinsurprising ther nal
br ot ot 00 PEARRI] 052 FOTRLDS L on ( pSHREOSILAT BT B LAY

reported in cycles to failure) and Thermal Protective

Performance, TPP (method reported in Fire Technology V.

13 N.1 Feb. 1977; results are reported in seconds times
15 2 (s x 2) to a second degree burn).
The control fabric was a commercial fabric of
50% nylon and 50% cotton yarn in both the warp and f£ill
direction. This fabric was selected as the control
because it is a durable and comfortable fabric used to
20 make garments for military, industrial and general work
garments. It is a strong, durable and comfortable
fabric, but does not provide thermal protection. As
the Table below shows, the use of warp yarns according
to the present invention provides a fabric having
25 surprising thermal protection properties combined with
strength and durability.
The data is summarized in the Table, below.
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10 TALBLE: FABRI C EVALUATI ON Fabric A

‘B C D E Contr ol Sanpl e fill
100% FR 973[err] 100% 70/ 30 50/ 50 50/ 50
yarns: rayon FR rayon/ cotton Z200/ maram d/ nyl on/
nyl on WO 0018993 cotton cotton cotton REAVYS99/19951 100%
100% Z- 200 70/ 30 50/ 50 50/ 50 yarns: m ar am d
m ar am d Z200/ maram d/ nyl on/
cotton cotton Fabric Wi ght 7.0 7.1 6.0
4.5 6. PaBLE: FABRIC EVALUAM N ends 2.5/1 2.5/1
1.9/1 1.5/ 2.3/1 2/ 1 G ab, w f 284/ 73
268/ 77 Yaixdg/ Y B30/ 63| ¢ 98090 E 264 G¢éinorol Trap
Tear, Obbdrbie 91/ 27 55/ 6 Y7/ 12 15A47.5 60/ 24
] /]
?4/”?].2 F%ﬁl’ TS s 100% 7030 1%04;5101 2 50/501 3,30 7.6/6.3
yarns; | rven FR rayon/ | coiton 2200/ mearamid/ | nylon/
nylon cotton cotton cotion
Warp 100% 100% Z200 70/30 50/50 50/30
varng; | m-aramid | m-aramid 2200/ oraramid! | pyloy)
cotten cotten coton
Pabric
Weight | 7.0 7.1 6.0 48 6.1 6.8
w/E,
ends 2.5/1 2.5 1911 151 231 2n
Grab,
w/f 284/73 268/77 285/42 130/63 98/90 264/165
Trap
Tear, | 95/14 91/27 55/6 17712 1511.5 60/24
w/f
Elm.
Tear, |83/11 8.9/19 14+/12.2 | 13710 7.6/63 | 1412
w/f
Tabor 588 - 760 465 - 1300
IRP 12.8 14.1 11.5 10.0 - -
sec
Zgnite I'N N N Y Y Y
in air

* The fill yarn was FR rayon with a nylon ripstop filament yarn.

5 The total composition of the fill yarn in weight % was 97 FR rayon

3 nylon filament.
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W Tabor 588 ] 760 465

» 1300 TPP 12.8 14. 1 11.5 10.0 -
lgnite N - N N Y y Y in
air * The fill yarn was FR rayon with a nylon ripsto || nt yarn.
5 The t $tOAY18BHposition of the fill yarn in weight %Mgggg"ﬁ%qfayon
3 nylon filanent. , In the Table, fabric, weight is
shown in oz/yd[err], ™ theglabley fahgif vesshth 1STPEPED AUA2/¥Y8ar (trap tear)
and El em$orb Feeengthe (EralpouTdspeTabinl Alerasi orRy Teson pnds in
cygl tef] tot L a'E:cl!é}’nléerﬂ- hl%a%r?éf‘éﬂrf g 8s; tmcﬁe%ﬁg&?iﬁ; RS edsi N t he war p
an en the fi i rection war n | arn npositions are
reported in Wi H‘fges et°%f%?1‘ﬁee° rg?ﬁeté?ﬂ‘/e&fgpﬁ.anﬁ'h%’%lﬁeisb’ggare shown as

wei ght % 8s eEPEeeddn FBe wamngnd shemhey fdAL cdixgntion. neBhe a 50% by
wei ght m X olwadpl @ma fiiher gam tdompob b diys Hre WopGhiedridn Gkigntton fibers

were used in i t . yar. lgnite jn.akr qpﬁ Lgniition in air. The
resul t [ s%n?g gl%’; e%gggc%?‘%%é)rgr?és i(. é@?lﬁggf v{nhgsf abric does
not ignite, MEiFBEN% asharditatscdapr Fer efawlepaPhsl nylod/sestento a flame
for 3 to 5 seeandsa Fhivdbpoveignti neéx16f myricbnc dbbersiavith RAUSDY by ’

The fabrig SQERLRS ix BraBGdorPE8LEAL WS Aked in ldlkiRIEERAL | Nvention.
Sanmpl es D and ar resent_to provi a.conpari son ggtﬁ‘\é\fgn fabrics of

I de

the present Y2 Rt ABH{Foh™ abd MEBPF LM adBo? i ng art 20

met hods of maki pepattednab|sitieet geei (8 fabmiodl) . If tdenmfhbsi® and E are
\goveln fr(ém | abksBhs )ﬁ.ghk@@{jﬁ% mganﬁt@m&ft\l'%r B8bric, aftﬁr bgi nparing i
anpl es C an one see at. bo abri.cs have the about same weig
ratio of 720 x?%s“zcge?%gt K ety %b"%is&""ﬁﬁf"t%lea/d‘."tstt FBBttTon of the high
LO fibetSisapdseenidopg & ffuFent. In C the high LO fiber is
distributed over therHeababfisampteswa) B tand C areaidbaicsnothe interior

L} yarns: Whel SrddinP ifliddi®n.  shipfes PPLha": P pE8A:20Y CVenly

di stributed on c? . .
provide a comparison between fabrics of the present

invention and fabrics made according to prior art
20 methods of making thermally protective fabrics.
Samples D and E are woven from intimately blended
staple yarns.
Comparing Samples C and D, one sees that both
fabrics have the about same weight ratio of 2200 to
25 cotton in the fabric, but the distribution of the high
LOI fiber is distinctly different. 1In C the high LOI
fiber is distributed over the fabric surface with the
cotton in the interior £ill yarns; while in D, unlike
in C, cotton is present and evenly distributed on the
30 fabric surface. In addition, in C the warp yarns are
all Z200 while the £ill yarns are all cotton. These
warp and fill yarns are stronger than the intimately
blended staple yarns of D. For example, comparing the
average of the warp and fill data shows the following
35 for C/D respectively, Grab,164/96; Trap Tear, 31/14;
and Elm., 14/12. Looking to the test results, the
- difference in surface flammability as measured by the
igniticn in air test is very different for C compared
to D.

12




30 fabric surface. |In addition, in Cthe warp yarns are all Z200
-wWhile the fill yarns are all cotton. These warp and fill yarns are
stronger than the intimately bl ended staple yarns of D. For exanple,
conparing the average of the warp and fill data shows the follow ng 35
for C/' D reswecvi®w®d y, G ab, 164/ 96; Trap Tear, 31/14; BERAUSOMPIST 14/ 12,
Looking to the test results, the difference in surface flanmability as
measured by the Comparidy shremgth detai fow & pndi Pfleyent for C conpared

to D. o aﬁgrag%?g the warp and filllgalueﬁ]reported %F?Yﬁﬁ c Q?nparing g
strengt ata for C an ver g-the warp a | val ues reporte
above, Cis % ° rgf‘?%ﬂdfear%r? éb??%gtrﬁ’a%gbg %%lilﬁc\fﬁ’gﬁglecagb%“}te egblggt equal to
one another %P ohe Fygchexsdn the TPP testpaprics A and B conpared to E show

the same s differenearias thase ®fcdmparéd agyl EDshowpelié Sume that is in
each case a sy Q0Qef d AR ¢nbBatoA988 BOLnd PicbfiphPison Althat is

in each case a stronger fabric that does not ignite in

air.
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13 VHAT |S CLAINMED | S: 1. A woven flanme resistant

fabric conprising dissimlar warp and fill yarns, the warp yarns
c](c)rrprllse staple or filanment fibers and have a Limting Oxygen 5 |Index
of at least 27, and the fill yarns conprise natural fi erein
the rati o ofWQBK¥I8Mo il | yarn ends in the fabric is aﬁ%&%@i. 0.

2. The fabric of claiml erein the warp yarns 10 have a Limting Oxygen
| ndex of 28 o%%@ﬂ———n‘“ 9 209
1. A woven flame resistant fabric comprising

dissimilar warp and £ill yarns, the warp yarns comprise
staple or filament fibers and have a Limiting Oxygen

5 Index of at least 27, and the fill yarns comprise
natural fibers and wherein the ratio of warp to fill
yarn ends in the fabric is at least 1.0.

2. The fabric of claim 1 wherein the warp yarns
10 have a Limiting Oxygen Index of 28 or more.

3. The fabric of claim 1 wherein the fibers of
the warp yarns have a modulus of from about 100 to 800

g/dtex.
15
4. The fabric of claim 1 wherein the fibers of
the warp yarn have a modulus of from 100 to about 250
g/dtex.
20 5. The fabric of Claim 1 wherein the warp yarn

comprise fibers selected from the group consisting of .
aramid, polybenzimidazole, polybenzcxazole, melamine,
poly (phenylene sulfide),polybenzothiazoles, polyimide,
polyetherimide, polyamidimides, novaloid and modacrylic
25 fibers and the fill yarn fibers are selected from the
grcup consisting of cotton, silk, wool, rayon and FR

rayon.

6. The fabric of claim 1 wherein the fibers of
30 the warp yarn are m-aramid or p-aramid fibers or

mixtures of these fibers.

7. The fabric of claim 1 wherein the warp yarn
incorporates about 5% by weight or less electrically

35 conductive fiber.

8. The fabric of claim 6 wherein 60 % by weight
of the warp yarn fibers is p-aramid and 40% by weight

are m-aramid fibers.
14 \\\\\\\\\\\\\\\\\\\\\\!\\\\\
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3. The fabric of claim1l wherein the fibers of the warp yarns have a

nodul us of from about 100 to 800 g/ dtex. 15 4. The fabric of
claiml1l wherein the fibers of the warp yarn have a nodulus of from 100
to about 250 g/ dt ex. 20 5. The fabric of daiml wherein the
warp yarn wooensssise fibers selected fromthe group conEFEUSHY3H

aram d, pol ybenzi m dazol e, pol ybenzoxazol e, nel am ne, pol y( phenyl ene
sul fide), pol ybenzot hi azol es, polyi n de, pol yet heri m de, pol yam di m des,

noval oi d and nodaoyylthe £&brid beralans 1 hmekielih yioe fibielbsrsfare sel ect ed
fromthe t t g\ﬁgg o] nd FR
9&%’@5‘%911_%5:3 élE)!]'%loqlfatgg é al ma? wEd 5 a@%ﬁ Ee?s of 30 the

rayon. erein the

warp yarn ar efhardRrd 18r SR %ani d fibers or m xtures of these fibers.
7. The falgic of claiml1 wherein the warp yarn I ncor por at es about 5% by
wei ght or less el efc”*rﬁ@' kéﬁoz?i% o‘é%‘% llv%ta.ké% the fibers of 8. The fabric
of claim6 wherein 60 %b cl;‘pf3i>rnf|ber5|sparamd
and 40% by weFihtwarP YAFR ?ﬁ%r’“aﬁ*f’ﬁ“‘?b%‘??'amml roers

14 mixtures of Gheskhdibabsiandivheireim thevrergamidhe fi bers of

war p yarn ar e sl £ OnRLEAa PRERAEABE dEfdrb @D 880ndthenore thahlz9@mrn is
cotton. 10. The fabric of claim1l wherein the fibers of t he

war p yarr} e‘%ﬁ 5 d or p-aram d fibers or

11. The fabric of claim 1 wherein the warp yarn
fibers are m-aramid and the £fill yarn fibers are FR
rayon.

15

12. Protective apparel comprising a woven flame
resistant fabric having dissimilar warp and fill yarns,
the warp yarns comprise staple or filament fibers and

20 have a Limiting Oxygen Index of at least 27, and the
fill yarns comprise natural fibers and wherein the
ratio of warp to £ill yarn ends in the fabric is at
least 1.0.

25 13. The protective apparel of claim 12 wherein
the woven fabric contains warp yarn fibers selected
from the group consisting of aramigd, polybenzimidazole,
polybenzoxazole, melamine, poly(phenylene
sulfide), polybenzcthiazoles, polyimide, polyetherimide,

30 polyamidimides, novaloid and modacrylic fibers and the
£ill yarn fibers are selected from the group consisting

of cotton, silk, wool, rayon and FR rayon.

35 14. The protective apparel of claim 12 wherein
the warp yarn fibers are m-aramid and the fill yarn

fibers are FR rayon.

s Y g g /]
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m'x-tures of these fibers and wherein the p-aramd fi bers have a nodul us

-of from 100 to not nore than 200 10 g/ dtex. 11. The fabric of
claiml1l wherein the warp yarn fibers are maramd and the fill yarn
fibers are FR rayon. 15 12. Protective app rising a
woven flame¥O 8B st ant fabric having dissinilar warp aﬁ‘é‘%ﬁgﬁ%br ns,

the warp yarns conprise staple or filanent fibers and 20 have a Limting
5] cdBe p5b

Oxygen | ndex of a teftd venarrarek ;9f cyalnsl2 olsEedB natural fibers
and wherei n the warp rarinof tbexmrret p-arahid aherendsthe g-fagamaliric i s at
least 1.0. f2Bers haveld modilEusPlo@t @6bh VLo ARRAEBbuOf 241 @(@hé&.\mﬂ ein
the woven fabric contains warp yarn fibers sel ected romthe group
consi sting of aram d, polybenzi m dazol e, pol ybenzoxazol e, nel am ne,
pol y(phen§l ene 16 sihej pEgtestiiyseaPBRIe b €3aipol3ivhegeinpshget heri mi de,
?Qb pol yani diwakrgegarm@uathés conprivdacaydite ski bﬁrﬁe?gwt d¥eless }‘Ikl | yalr n

i bers are selkecte . i s of cotton, silk, wool,
rayon and FR%rka§/%n&JJ&gg£fﬁ’ wog%gf:eg‘?%eﬁ&%?ecti ve apparel of claim 12
wher ei n the warp yarn fibers are maramd and the fill yarn fibers
are FR rayon. 17. The protectiveTapparel et cleimpyamdlereincl ai m 12
wherein 1o the WarP yahe didehapdberPs&fanm d wherein the p-aramd
fi bers have a nodulus of from 108 to about 250 g/dtex. = 5 16. The
protective apparel of claim 12 wherein the warp yarn further conprises
about 5% by wei ght8.or Al taxp or tefitanompmictimigcahe yfariductive fi ber.
17. The prot getb¥BirPRar€laf 1¢l ai m 12 wherein

15
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10 the warp yarns are staple fibers. 18. Atarp or tent

conprising-the fabric according to claiml. 151
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