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FIELD OF THE I NVENTION This invention relates to fire resistant structural
materials and to fire resistant fabric materials nmade therefore, and nore
particularly to such materi al s gppuieivc ApyNe adhered to decorative fabrics
to provide fire resistant decorative fabrics 20 especially suitable for use
in matiresses, draperies, furniture uphol stery, and the like. The

i nvention further I ESEREPATAB P GEWTfHNG- 9. mattresses,
conprising the fi r(g resi stant ¢abr| C ]?rat erials. %ACKGRGJND OF THE

| NVENTI ON 25 Various attenpts have been made to produce fire resistant
fabrics having chatacte ics that nake th sui.t a se in
mattresses and in 3@#&? L%%‘BP 5t gﬂ‘éa,m’%—.lng"l.’?rﬁri?‘rpen@rlgg§a‘1%)c§’ﬁlup ol stery. U.S.
Pat ent  Nogerfal N800S63,355 flléd @C3eptbniber 85,2006 whithi cidims pribdtyninderdsef ul  f or
mattress ticking. The fabric is.formed f C un yar rising a
high Hb tE %r@g?ﬁey"rpé%‘f@f’%aﬁAPEB??FIPESGUQ& %E %ﬁ{egﬁo é@sfg’%gp re and a | ow
tenper at U ik 8FpIRhAd is 8is8 8 cButfnubein-shRALE r?éUSUAppltuad(sn shaicore. The

fi berglass core conprises about 20%to 40&) of the total weight of the
cor espun Nerds/ %ﬁﬂﬁé field@ns%é’@tlﬁelbkﬁ?rﬁg@ 15 and thigmpncagonsise CABERISHY, of t he

hCTi Uso3 00755 Uan oa oS D A R D PR 8 ot
char act er 683320693, Whieh werepdkided on nparfy[2873002t he sheath chars and the
fi ber% ass core serves as a fire barrier. In a
FIELD OF THE INVENTION
This invention relates to fire resistant structural materials and to fire
resistant fabric materials made therefore, and more particularly to such materials
which may be adhered to decorative fabrics to provide fire resistant decorative fabrics
20 especially suitable for use in mattresses, draperies, farniture upholstery, and the like.
The invention further relates to articles of manufacture, e.g. matiresses, comprising

the fire resistant fabric materials.

BACKGROUND OF THE INVENTION

25 Various attempts have been made to produce fire resistant fabrics
having characteristics that make them suitable for use in mattresses and in other
applications, e.g., draperies and upholstery.

U.S. Patent No. 5,540,980 is directed to a fire resistant fabric useful for

mattress ticking, The fabric is formed from a corespun yarn comprising a high

30  temperature resistant continuous filament fiberglass core and a low temperature
resistant staple fiber sheath which surrounds the core. The fiberglass core comprises
about 20% to 40% of the total weight of the corespun yarn while the sheath comprises
about 80% to about 60% of the total weight of the corespun yarn. The corespun yam



preferred enbodi nent, the sheath is nmade fromcotton. U S. Patent No.
5,091, 243 discloses a fire barrier fabric conprising a 5 substrate f'orned
of cor gspufediedens and a coating carried by one surface etrivesnggbstrate.
QO her fire resistant fabrics include FenixTM (MI1iken, LaG ange, GA) and
fabrics nmade by Freudenberg (Lowell, MA), Ventex Inc. (Geat Falls, VA,
BASF, Basofil Fiber D vision (Enka, NC), Carpenter Co. (Ri chnond, VA),
Legget and Platt (Nashville, TN), Chiquala Industries Products G oup
(Kingspoint, T angd . GAREL-EFdi Rantyiahs@pd¥anuf act urers
a fabric ?‘?E&’gv‘fwrvgrrlnokg@?%% Fﬁiﬁjgga : ig{;\eg%{d%f {}iM%)aﬁt,e%fkhe mattrg%s i ndustry has
at t enpt ediotaalimn teahtdih ehampandribs Sesgloys cowi segyes Rey firtEmiarhead, gl ass

thread, fla ret ardant,k pol yur.et hane f oa flame retardant ticking, flame
r et ar dant PEGFEORA™ ﬁ%ﬂ\e %ﬁ}?ﬁ}{%mﬁ%ﬁgogle{%%ant tape. However, use of
these material s addgst Pathele6901,043 dintlbsee s Siesband famic coawubingan a
cost-prohibitive 15 product. Addé'{d' onaI.IIe)é/, SO fi reﬁr %soifﬁ}eant t hr eads,
such as gfuhsizate frmsd 8T cpRUyYPT B & COAIRE (ST I SHRECan "br eak, adding to
the time %ﬁ%té.e@ﬂ{e?ﬁrer}@é]%%ﬂffck (2 1ddB PeniiBt (VI@ISen, MtelgeaGadatd ansl at es
into added costs. Fl ane retardant tapes are_al so dlfhl %ult égFV\ork wi th and
i ncrease fapricduate lprfreideberg flovadi: Veptpg - (aeadFalht VaBésFare only

avai lable_in_.a_limted 2 4 AE8), 1Bt AMdrma@r dant

pol yur et hgﬁpgg?@égr“bgps %%@nir%%m ?tjgglég%glls@g'mg%oﬁe’y @rml er and ignite.

Fur t her nopash¥ihe TN Chiggalh GrduftriasBrodettaGaipdKingspirig TN fapd Rarsishpr oni ses t he
desired characteristic f the tickin erd.. | QROGf.pe soft,

dr apaH! e, (4nsterdig, N%"b'eﬁflg‘i"g PﬂgmnPgﬁ‘H%T%%%g“%%e‘{é‘F‘%ﬁéﬂggﬂ at es egg'ch as

fi ber gl asf, J@auRnbee et Bduiiihs 3benvsed RusammGrnos ibitesss boupndduce
materials having utility in [

,. anong ot her application t i 1ding
i ndust ry. Keylg™ ?%tglaﬁﬁ)?hméfld@?ﬂ%r@@“#"gf%gggélﬁne%%%%glrg g%ﬂnat es made
W th faci i 8hS rethint RbMAk8RnIGSGA HBRE réidid atpep@oasterj uebfide
thernosetting” plastic foam and have pl anar facjng sheets, conprising 60%to

90% by weihght mgbnals addsitthesogtef sratisdsses apd mgy Fesalt i LFSTPIOBRIEY 10% to 40%
by wejght nagn-gl .fidle nat-er d %L %, Iy 200l FE kT
L PSR B i B 4 e B ey

non- a materrals are indicated as being
clay, m ca whilvdih drdras beak addiakes thentiorrrbormt &y mappfrstiwng theal ci um sul fat e) ,

al um num tri hydr at AT ntinony .trioxide, cellulose fibers, plastic
pol yner f FPEYCES: & ‘Cg‘aéi?ﬁg%nﬁlﬁéfgﬁog@égﬁﬁét%m or nore of those substances. The
WO 03/ 064759 PCT/ US@[@{HQH&Zaxﬂaé;&ﬂhrefalmtdﬁﬁbummwkt\ﬁmanﬂh@rff‘aﬁq' ler material s
are bonded to the glass fibers usin bi nder s ucr;lﬂasleynraeﬁhﬁedahenol - or

mel ami ne- Pedhgioadiydnrdditig fagie ant{anes gEe o aNay e ht a nodi fied

acryl b§ oL RRLYESLBEs AnBSizBs. Pl Rdriar? pblyiRthah&tigxESledsADxIOUs gases

when they smolder and ignite. Furthermore, the process for flame retarding ticking

often compromises the desired characteristics of the ticking (e.g. it may no longer be
soft, drapable, pliable, flexible, etc).
For many years substrates such as fiberglass have been coated with

25  various compositions to produce materials hawrﬁg utility in, among other applications,
the building industry. U.S. Patent No. 5,001,005 relates to structural laminates made
with facing sheets. The laminates described in that patent include thermosetting
plastic foam and have planar facing sheets comprising 60% to 90% by weight glass
fibers (exclusive of glass micro-fibers), 10% to 40% by weight non-giass filler

30 material and 1% to 30% by weight non-asphaltic binder material. The filler materials
are indicated as being clay, mica, talc, limestone (calciufn carbonate), gypsum
(calcium sulfate), aluminum tribydrate (ATH), antimony trioxide, cellulose fibers,

plastic polymer fibers or a combination of any two or more of those substances. The

b2



according to the disclosure are Styrene-Butadi ene-Rubber (SBR), 5

Et hyl ene-Vinyl -Chl oride (EVCl), PolyVinylidene Chloride (PvdC), nodified

Pol yvi ol de (PVC), PolyVinyl Alcohol (PVOH), and, Py yzi Acet at e
(PVA) . e glass fibers, non-glass filler material and non-asphaltic binder
are all mixed together to formthe facer sheets. U S. Patent No. 4,745,032
di scl oses an acrylic coating conprised of 10 one acrylic underlying resin
whi ch i ncl udes fly ash and an overlying acryl icresin which differs from

t he under eS| n fire retardant
coating rr&’ﬁesé%'ﬁf tﬁ%ﬁﬁlagef”ﬁl\g%ﬁﬁﬁogﬁ Vi nﬁ%%gibgﬁiﬁm oI yner emul si on.
The fly aﬁﬁudrsssua{tas {r0a-DPINOL of Imelaﬁma@mﬁnammde fBhias CARRYs itd MH rray al so

preferably contain one or nore 15 of gjers]é(g j def oae r,
pl ast i ci zesins)gortanedidsteicrylis OBPWFFéefé@%‘ht Wpgrdpleges us fungl ci de and

an i ngredjee (?ﬁhn%‘?o&Qﬁﬁsﬁﬁgu&aﬁ%eﬂéBﬁﬁ&leﬁ@ﬁﬂﬂ)‘éﬂsm and ther eby i nhi bi ¢

corrosion o surface to which the co rr{)oleon is applied. U S
Pat ent5 NoEthzdl,eﬂmerﬁ'Qﬁhbnd@ (Bé6@y PehdGudidenaGllondatedhmagified pasis of a

mat ting gf'fy}(, b“émom;] gtﬁ W_ﬁgla%lk%of} véﬁfdﬁap@lygmypﬁcaﬁtegypsum boar ds

and 20 p ane e cover material has a
coating c{iRV@{)eTht diass ﬁmrschomgimrﬁlbematm%md ngu-gspbeliddinddr aék gani ¢

mat eri al caI Ci u[gs car%ﬁntat e, and 6% to 30% binder. In addition,

t hi ckeni n‘leﬁé eratﬁtfoT} gLcPifiRetig agents are added and a high density
matting is used. UiSs. HBaheNb. 4\p15,082490]10288mdtsiib o@emgaorhpm@droém st ant
thermal insulating 25 corrp05|te struc ure c m xture of from
about 10500%meacliopperiiegeen Bhich HdgHHY 8s gggf’?"ﬁﬁ?% acp it P @ arly gl ass,

and about 5001 -G08 P e WRHG siheat resistant binding agent. U S. Pat.
No. 5, 965% iﬁrsssued teo th l(ympg?‘(eesent assignee, the entire disclosure of

whi ch i s incor por aitb% atantNe. H29% R0 lisslees 2 HF SHMISHLOANE r yctural article
30, vt NG or R0 DUy A6 e GRy R AR IR LRI AN ThE By el B aavhl | @

ellmnatlngHDEe nee I scosity’ no for stabilizers or for
bl owi ng. fBheYsiMustautpakitan.t Tied @mybsitioh Bay Pae prefpabl g coBEn 9870 BORde by

coatin strate having an ionic r ing
essen]t§ al ?fff‘ ‘f‘ﬂ’élsé"gr’r% deTRPRT o @ﬁ%’ﬁ&&f a g(egoa%{mdlh&%gn&?%fseg%g%@%i?al ly of 3
WO 03/ 064#4a cﬁ@ﬂ&ﬁﬁ%ﬁﬁaﬁﬁt&o@oﬁﬁdl kierpHafl the tcaﬁpoamdnan«bthndaby inhgltieri al . The

assi gnee, k Cor poration of Dal | roduces a product in accordance with
the i nventor®Rionp! ygnetppurfagefo “%"‘36@8 %‘E‘?’WPU‘F@PE rketed as

Ver sashi el d(r) . 1.S. Patent No. 4,784,897 discloses a cover layer material on a basis of
a matting or fabric which is especially for the production of gypsum boards and
20 polynurethane hard foam boards. The cover layer material has a coating on one side
which comprises 70% to 94% powdered inorganic material, such as calcium
carbonate, and 6% to 30% binder. In addition, thickening agents and cross-linking
agents are added and a high density matting is nsed.
U.S. Patent No. 4,495,238 discloses a fire resistant thermal insulating
25  composite structure comprise.d of a mixture of from about 50% to 94% by weight of
inorganic microfibers, particularly glass, and about 50% to 6% by weight of heat
resistant binding agent.
U.S. Pat. No. 5,965,257, issued to the present assignee, the entire
disclosure of which is incorporated herein by reference, discloses a structural article
30  having a coating which includes only two major constituents, while eliminating the
need for viscosity modifiers, for stabilizers or for blowing. The structural article of
1.8, Pat. No. 5,965,257 is made by coating a substrate having an ionic charge with a

coating having essentially the same iconic charge. The coating consists essentially of



As indicated in U S. Patent No. 5,965,257, VersaShield(r) has many 5
uses. However, it has been found that the products made in accordance with
U S Babeses?®. 5,965,257 are not satisfactory for cerparnsigegsbecause
they lack sufficient drapability. U S. Patent Application Serial No.
091955, 395, filed Septenber 18, 2001, also assigned to the present
assignee, the entire disclosure of which is 10 incorporated herein by

ref erence, addresses these inadequacies with a fire resistant fabric
material ¢ L I pa lgleoppﬁ);agd wth a
coating havi nga%éégig%@q?gpﬁ&nﬁ%{a%&%g%?%é gmagcé[%%er ein the coati ng

conpr i seSpradﬂceédlmroducmmnahncwmzﬂmﬂwmn@nm{é Sabatailet 29%iZAdethidonrponent .
The fire resi.s %ntvf 11 1 terial thus produced has satisfactory "
f1 exi bi | i ¥yarsfads efs[a§ I96® dr apabi 1ity 15 characteristics. However, while
this material is smstla&ihaeecam I&Sfi’dfﬁﬁﬂ\éﬁﬁ,@ﬁﬁﬁi?’ ﬁ@baaﬁhield@heemmy it is

desirable to provide a fire ][}TgfISttg teria t hat V\,Oclé|wcl| lgo have
cushi éni riggenrHewghadEs bren pergmafq ingeeordaeg WP the present

i nventi onp,a, hay 85605554t U6 sdfidhct HBITBY dedthin UG TRiciusE Mig:ydackusnffimidant
conmponent’, surfactant-generated m crocells, a filler 20 conponent and a
bi nder cahppﬂbéml is formed, preferably on a substrate formng a fabric
material, or alterpaki b 8611 Ny 60/085 59 Hied BRdmbENES, f abri ¢
material and the ?ﬁ%eﬂ%&{ gﬁlﬁ%hsﬁeet are h/?g |$e§?e5| stant and when
conbi ned 2004 halso a&agm@bnh@reéeabm@nmtI@rent@yb?CbSplfedlfl“d’éChdécor ative,

fire-resistant f s, act ein

mat t r]é)sse’é'cora?ratﬁgBFréE’ ”%‘Errg1 ‘I”L‘&e “%‘ﬁ‘lfgr?mﬂ %JQ%%%%UMVARY OF THE
| NVENTI O\faﬂ'ﬂ?@m&feﬁﬂ%hlph&h atsumafeaiaahg&nhmsﬁkmwaaﬂ withtagoitélg conpri sing a
surfactant conponent, surfacta Cﬁl &, rated mcrocells aﬁlﬂel | er conponent

and a bi e cewHBehche sampionic yeuLile §991pe SPUPFES E UL stant and s
useful, i&;ngdo &t hhich 195AR TBKNA Y biddeLcdifonsitaMhe | ﬁﬁb‘éhﬁarﬂrﬁbﬁm al s which

conprise a strate coated with a coating corrp éhe structural

mat eri al sm@&nalhblsnﬂ@b@ﬁd hasw@q{gqt@ﬁ ﬂeﬂl?élt}’ad’éllap’éﬁ PPl the present

I nventd on g B3 Qﬁl@bl@%s?%é"réﬂsﬁﬁﬁalﬁ{c the substrate
coat elgjil wi " %éﬁns% ruct ur%fng%mt eri a present invention. The fabric 4

WO 03/ 064iAa0riRGT i IB6iR4HI B RO VY eﬁreaiesstmw_wﬁmal Het wopld|aliadaye wat er repel | ent
Fri cti on’ aininesr HegReetP Fhdefibeer i al andlor an i gacel de. Further,
the fabric materi ali as@yhacesithtiechrydchtindyneon, a layer of structural material
comprising a surfactant component, surfactant-generated microcells, a filler
20  component and a binder component is formed, preferably on a substrate forming a
fabric material, or alternatively as a free standing sheet. Both the fabric material and
the free standing sheet are highly fire resistant and when combined with a decorative
fabric outer layer, provide decorative, fire-resistant fabrics having characteristics
suitable for use in mattresses, draperies, furniture upholstery and the like.
SUMMARY OF THE INVENTION
The present invention relates to structural material comprising a
surfactant component, surfactant-generated microcells, a filler component and a
binder component. The structural material is fire resistant and is useful, inter alia, for
30  making fire resistant fabric materials which comprise a substrate coated with a coating
comprising the structural materials of the present invention. The fabric materials of
the present invention may be planar and may have on one or both sides of the

substrate coated with the structural materials of the present invention. The fabric



The present invention also relates to a mattress fabric conprising a 5
decorative fabric and a fabric material conprising a substrate coated with
t he sta'6l ﬁjg materials of the present invention. I\/prﬁg.il/%gw&z% pr esent
invention rel'ates to a mattress conprising a decorative tabri¢ and a
fabric material conprising a substrate coated with the structural
materials of the present invention. In a particularly preferred enbodi nent,
the coating does not bleed 10 through the substrate during the material
maki ng process. The substrate maybe @n suiﬁ#abl g rei Pf or cgrrgnnt mat eri al
capabl e ohaigrialnsesfihsginglude a @ik gpe erigh ey a{fopea WASHEAL ap) v woven

fibergl asgup NG RPIAAEL!, b Sufics iesiRRaYord Gl Mnidretapagimarogialah@/of 4 | er
preferably conprises cl aéb The surfactant may be any surfactant capable of
pe

formng stkarideeFigherthe eRisripls agbs salorrdntith e surfactant is a fast
soap, such as 15 anipaldily! iy Al kALE i MnRhresdiubdSlonihBiAgaener at es

m crocel I's quickly i'n“quantity and/or volunme. The structural fire

resi stsant doraitagvd fabrioind hizbyc meenal dompesing esubstiyte seated wilithss a st andal one

product, for, exanple a fire resist f k W rolafes ™y @l so be
Gsed i n' CORFURL ARG et o Hafeop 8 FR S bRleni@lroles T 220
may 20 it@eldatheskhngrisigss déanitive Thec pids tbtic matesinl domprisinge rel ates to an
article of manufacture conprisin hsreﬁjttgventi ve si;[.ruct ural material and/or

. {
t he i nventubsieatd ¢aagedvatl the é‘ﬁ%Ct‘F?aIHP"%Wal Gt R ORc| udes, inter alia,

mattress fabrics, AREPESSSIAPYRISed BRbbARSHE e costa@osd @it Blkedr ti Cl es,
buil ding materials, bedroomarticles, (including children’ §3§ bedr oom

ar ti cltes)trangh fersubsiratechipg the, material srakigirasgs; e pebsUpe Mg %€ M%) eepi ng
bags, 25 ironin : GHB<Ihdi 8hS tenfplefaBirésamiist ant

gl oves, a?u?tg?qgﬁegn@g%{ﬂg?&g%glﬁﬁnga&?{eﬁgr S, tglﬁldéllll éflfl?géér ecéitegtpgnat 1cI ot hing for
race car idprofensly Woverefibirglasserihe bjnder it prtfierahly piryli lgtex aphthetller | i ke. The use

of the fire_resistant terj,als and fire resj ' .orials of the
present iW\?@Fﬁ%?yo“rPnfp&SeﬁWuf t5 ﬁcﬁzbnt P%?’chf %%ﬁaaﬁéte& n 1El'a(?ftl C 112% such as

mat t r eSS egicrédeild) Sin adheBeEd @Shodaneht thdalrikenids a fast svapsueh asmay enabl e t he
article to 30 exceed current fl bility standar for.these types of

arti oles, ABTPERDIRGE.eHEYe kS Lsh FEhP7 @%ﬁ&‘%ﬁ“‘ﬁﬁ’é@% PREAPEEEF @ Res
The preseply/d:ARALd on may be better understood with reference to the
attached figures 1n which FIG 1 is a graph show ng the results of the
California TB 129 heistmetasl firergsigtant mafeigl ks RESPHEVHERE M2 P8ase rat e

(HRR) for Yario &ﬁ?cﬁiigﬁg !;J&E'tt for@hamfib & I8! FSRRRSO MM HRdiAl, dERAIHance W th
t he pr esefit i nventon i ndi cates extended 60 . .
also be used in conjunction with (e.g. as a liner for) a decorative fabric which may

—

20  itself be firc resistant. The present invention also relates to an article of manufacture
comprising the inventive structural material and/or the inventive fire resistant fabric
materials and includes, inter alia, mattress fabrics, mattress covers, matiresses,
upholstered articles, building materials, bedroom articles, (including children's
bedroom articles), draperies, carpets, tents, awnings, fire shelters, sleeping bags,

25 ironing board covers, barbecue grill covers, ﬁr; resistant gloves, airplane seats, engine
liners, and fire-resistant clothing for race car drivers, fire fighters, jet fighter pilots,
and the like. The use of the fire resistant materials and fire resistant fabric materials
of the present invention for manufacturing fabrics for use i articles such as
mattresses, cribs, draperies, and upholstered furniture, may enable the article to

30  exceed current flammability standards for these types of articles.



mnute test) and for a control mattress; FIG 2 is a graph show ng the
results of the California TB 129 flammbility test indicating the total
heat rglgase@dsi0r various enbodi ments of the 10 mattresgqsydBASshn -
accordance W th the present invention (* indicates extended 60 m nute test)
and for a control mattress; FIG 3 is a graph showng the results of the
California TB 129 flammbility test indicating the weight |oss for various
enbodi ments of the mattresses mnade in accordance with the present

invention (* indicates ] and for a control
mattress; FIGS. 4A and ﬁ?%%‘?g@]?ﬁﬁﬁ%%@&ﬁgphs of a control
mattress before anchegfrésesit iavedtion fiay be Gattor indenstaodrBit @Ferfricanatili | ity test
procedure; FIG 5A is a_ photograph of a nmattress nade in accordance with a,
pr ef er r edateapRsigHESHin 3fite present invention before and after a 3 minute

California 20 TB ]ﬁ%.ili@d’@gﬁﬂ Yolwing 106 Fesit:OsreBIC Slifastk BABY s a phot ogr aph
of a mattress nmade in accordance with a preferred. enbo ig.erét of. the present

i nvent3 onfliemabibtyed indieasing the heat reicasrale CERRY &ir yaRowssIdemenisini 1 i ty test
procedur e FI i i : R&e AVAESP(*riadib A& Rienddd 60 US

enbodi rrenEhgmat%esgﬁgaggtll?é%gggg&%t gbpr%sent inv(er:ti on and of a control
mat t r ess; m2mtdiksd) andl fos a aogfvdbfreaph showi ng t he surfact ant - gener at ed

m crocells of an l. ar odi. nent i | AS fabric materi al
of the present invgﬁﬁ?gﬂﬁaélaés e elﬁ%%]ttsgogfidé% aﬁsfgllgﬁvf?%mtghe

sur f act anpixARAGHAL e ifdighiag td tstaDiieat Rivasdddor exenpbabydimaioditent of the
present invention; and FIG 9 i%ﬁﬁm il stra{t' e&galééry enbodi nent

! : ign.of an e
of a Hat t metrsssss made mascordanss G Hhe PETeRf PER e %ﬂ eéﬁxq%ﬁe structural

mat eri al leinlxtté‘t%stB ﬁfg}gg&tﬁ@%&}eggs a surfactant conponent,
surfactant-generated mcrocells, a filler conponen bi nder 6 WO

Nt an
03/ 064759 PCT/ US03/HIS78%s e gnploshering the resaligriias &pl Prﬂéfhf? t ant - gener at ed
m crocel | 5 af %biﬁﬁ/stgﬁtiﬁcﬁ%elﬁé Yﬁ%'vge?%lﬁrlos B! JaRbhSRNRII8Rentd b Ghe ARretses med by the
presence FrReddrrEet an Gri ng e fire resistant materjal nmaking
process. mhlsin dobedsaie fxaittthapressahipoerdiong* ofdicates estendad 0 mipEedsdi on ar e
capabl e O{iﬂ;ifgrm n i crocells. The surfactant-generated mcrocells 5 inpart
vari ots ¢ BE EOTY PRETSY the fabric materials of the present invention,
including, inter algfm@s. BARLOYBGrd fekpctiasy slicaomraphsiof @ xoidiol imagirespl i abi lity,

drapability and .
P bg;fore and after a 3 minute California TB129 flammability test procedure;

FIG. 5A is a photograph of a mattress made in accordance with a
preferred embodiment of the present invention before and after 2 3 minute California
20  TB129 flammability test procedure and 5B is a photograph of a mattress made in
accordance with a preferred embodiment of the present invention before and after a
60 minute California TR129 flammability test procedure;
FIG. 6 is a graph showing the sofiness rating of various embodiments
of the mattresses of the present invention and of a control mattress;
25 FIG. 7 is a photograph showing‘:the surfactant-generated microcells of
an exemplary embodiment of a fire resistant fabric material of the present invention;
FIG. 8 is a photograph showing the surfactant-generated microcells of
another exemplary embodiment of the present invention; and
FIG. 9 is an illustration of an exemplary embodiment of a mattress of
30  the invention.
DETAILED DESCRIPTION
The structural material of the invention comprises a surfactant

component, surfactant-generated microcells, a filler component and a binder



""bounce back". In accordance with the invention, a fabric material is nmade
by coating a substrate with a coating conprising the aforenentioned

st ructyal grial. In a 10 preferred enbodi ment, thelj:@:;\,}l 03@2f9es not
bl eed ‘??rg{?g “the substrate during the fabric materi al rra%ng process. The

filler conponent of the present invention preferably includes clay. The
clay is preferably China clay which is very soft and light. Alternatively,
the clay nay be ParagonTM which is also a soft clay (i. e. it is soft to

the touch), SuprexT S whigh is_ rdq . (] b1 Soi to the
touch), § P‘@}?’g{\/l‘gwl\gr‘?gﬁgﬁe]lnaﬁ%& tralétzt‘t‘eeﬁg gﬁdgfy?‘l"@é\;‘}% a(%%&is?sﬂntﬁyegmgsg‘?ldcr ossl i nki ng
because inblaw kphefRertistadrt Yorbedbly Wetphesbideaé r serfattzalk dwingfibe fitsi ghl oadi ng,

Bal | cl ayTM which has elastic propertie i.e. it fee r ry), Texwhite
185 ( avairpsamemaicsal elges Propsss @P‘%ﬂﬂ’ﬁ,s“r ant COMPAEES ft%’ip %gé\}lgi | able - from
Huber) . AlJe,Qfn De¥AbIleI03 kit @itrddedd UtieSurfbii® $en@itbémidrselinot ed, are

avai |l abl e, I210 for exanple, from Kentucky-Tennessee (Cl ay.Conpany of Langl ey,

SC. | om@parbydsious shemcterishies te thefabric malpiials ol HRPHESEHO WA i s particul arly

i nexpensi.v 0 ed. R¥Sice, HBxiBiliy, fisriligdaephady aent , the clay
is Kaoli ﬁncclfcg%ﬁ%%]c‘ﬂmi’ éi%a{g{eg\ﬁé? Fésgr a?:lee C)ﬁi lnig}rl ?I]a; .I@Pn par g?’ cularly

pr ef er r edbanbobicknt s, the clay is Texwhite 185 and/or ECC 1201 (see Table

T Tooteuee of WlkcoRgkBitiife REGRER! o LBNERRIARYis Sl b} Sodinr o o o4

filler because of propetties as a |l ow nodulus), its
abr asi on alseBdtsicatites cdatifig t@nprisigsths bbrmentiosaddirictsrat watsiitle Isar engt h.

Moreover, clay is a,good heat barrier;: it.do not, di sint. te when an
open | ameeferadpmhodingmd the oogape %esingt lﬁﬁeﬁltp@ﬁg%fhfgg‘?sﬁf}%tdﬁg {ggati ng of the
present ighuRnt Qi WbRingipRcksdes clay. In addition, clay provides a slick,
el astic, glassy 30 sur?

ace which exhibits, flexibi |IJ tg .qu%?e{armr e, as
noted, clay is i neXpefillincemperentaifhe APt tyeREEP TG %’d’é‘fu. “the fabric
mat er i al Q. Miefedol PERTRLRY WhlonTRYer bl RRAkdY.CANerRt Tl teiconal | y
conprise a fitl sel’ected fromthe group consisti ng of
decabr onagtiyfiedPayizonTy svhichng alsmomsoft dlinofiediéls spitygthgdousBh PBRIEFCT/ US03/ 02782

cal ciymc r.%ona e har ged. cal.Gi LbanatSam i @héﬂé‘t@iafédicﬁ% fly ash
( sucH’as AP aﬁl%%ﬁﬁﬁ‘gllglggméq?%gtgﬁ&pr g{ uce%‘hgjg_ JTM | ndust fies, Inc. of
rein 168 Usadiefdetrbsslmiin awdel icHi micafiz bor at |ess
Mar t L aiBcraB dseliefseérbsslinfiny Baawd ictilhes boidwish binder asdelsot hat |
than 0.03 %.remajins on an agitated. 0.1 inch é( 0‘% [ Sgreen), 3-X
ni ner al i tfer ghloading, giaﬁ%{fﬂ & ‘?’L‘Gﬁiﬁsn‘a@lnﬁ 8?0(5’?%16?1 e 4 ch%l g_)\’/i e, KY) and
gl ass or oAl f39 ¢4 RERIRNE kG BESSBEh, CIPheidEC@I1Zatkilblees | i ght er
than ceram c m crospheres and al so provi de1 fire resi St(?”ce;)v 1 Q. @ny mxture
of from Huber). Afl) of above-listed clay products, unless otherwise noted, are aviilable,
20 for example, from Kentucky-Tennessee Clay Company of Langley, SC. Inone
embodiment, the clay is Ballelay™ 3380 which is particularly inexpensive compared
to other clays. In a preferred embodiment, the clay is Kaolin clay which is a lower
grade China clay. In particularly preferred embodiments, the clay is Texwhite 185
and/or ECC 1201 (see Table I and Table I1 below).
25 In the present invention, clay is a preferred filler because of its
elongaiion properties (it has a low modulus), its abrasion resistance, its tear reststance,
and its tensile strength . Moreover, clay is a good heat barrier; it does not disintegrate
when an open flame (temperature > 1500 °F) is applied directly to a coating of the
present invention that includes clay. In addition, clay provides a slick, elastic, glassy
30  surface which exhibits flexibility. Furthermore, as noted, clay is inexpensive and can
help to keep the cost of the fabric material low.

The filler material may alternatively or additionally comprisc a filler

selected from the group consisting of decabromodiphenyloxide, antimony trioxide,




these filler materials to neet desired cost and weight criteria. dass and
ceram c mcrospheres are manufactured by Zeelan Industries of 3M Center

Bl dg. , w2 @s&E84, St. Paul, IMN 55144-1000. Cal ci um car pefiaisesomgbe
obtained fromFranklin 10 Industrial Mnerals of 612 Tenth Avenue North,
Nashville, TN 37203. Cal cium carbonate, talc and fly ash filler increase
the weight of the product, but utilization of glass and/or ceramc

m cr ospheres enabl es the manuf acture of a product with reduced wei ght and

i ncreased rer Y afid adnQsdches pneduct t he
f ol | owi ng™® I?b‘ﬁ??%?l Ty ¢ %5%1% erl s %%a@ 1) o%ok{gﬁea%abgfl d 15 up, (2) heat

\r/\gf | ect a@gf}gwnﬂ&smlftg&sh@ajdute&lﬁrmmwﬁmm dﬂ%ﬁépﬁvféﬁm kakp aﬁ‘éﬁ%@ﬁg[}t I 03\;
en expose eat ap 0 nation when .
b %\gﬁuch A% Bzﬁ'gﬂe Fﬁgﬁ%c t%qu dg 0 é]l% A;rrtgg"ﬂﬁs?&hgl 18 a1

exposed tH*H phenyT oxi de and ant i nony
trioxide PRI TBe soréd), 0Mintigeralie niica @alvmgabtdﬁmra@geplh&‘ﬂ; Ios:of(1) flane

retardant properties, (2) capabilit capabilit
of st(f'pplIPFgllftVﬁ@ KB()@H@Q@FS qr|cEREYC nq%oqp&ers%&ﬁ%ggcrfiwg?miar a‘Zﬁubgtlgas prgduced d

fromthe sakibg QfankibfideGABOIRAIRNGOVIO Kidlesivann) arany abtivasfa fl ame
ret ar dant because t e gas uses up oxygen or depl etes oxygen.in the |ayer

next to théwe fllabmiaterialado megsicaisslossiond 3t ceifggaf fags Pt her
progression. G ass and ﬁte&%r@d% @egﬁﬂﬁ%gt%@§opm MhicdBI@N 32088 04Qr eat er than

2000 F. choﬁp G Cerant'c T Crospner es | ncr ease conpr essi ve
strength St&Pﬁ@ﬂﬂNﬁlZ&leanlanni/carbomealayé)ndbtam@é figay Fiaeklithe f aster drying

of the product ncrease product
flexiHl ik “S“Ffl]rl\glli fs @ngg gg@ﬁ&?&%ﬁhiﬁgt@wﬁlﬁ%@sﬁe?es hel p to increase
the pot life of tf@l@@ﬁtcmwnatheaummﬂpagﬁfﬂwrmmaae thlaeveﬁghl peths, al t hough

they may conprise but a small percentage of the Bq{ %%nﬁ 0. {ée filler,
have a t epradri\pu iikzation af glassand/AECIHBRIC SHF9EPIIFoS SPEY GG sel”. \hen

ves

glass andjqr r&ﬁfo@@&ﬁtﬁ 1SS LP BB 4 i Bl mqemmwsrﬁwmaym her filler,
a di spersi o uced I ch has an increased life_ or b?}g‘? life.
I ev

Wt hout wrmarmgtneqam@cbm fiellotyin gwrplimating @W@Fﬁflﬁﬁ@o 191°Wfif hegt ed t hat
as the fill | es Iy abi ishkevighass and

cer arﬂesc E‘{o@ﬁﬁ gg&%cgg%%%ﬁleﬁéﬁ%%h ek%?? %%JO%/ 2782 smal | er size
filler paéplljogédes haitensummatnmj atd/(5p m!lugddahsnf&ﬁl@h@i whet eyppecdip Bpspher es,

t hus enabling t r o rngyventing the
filler pafidi®eR amFof) %ﬁst’ %cﬁﬁ‘heggl%dgg{n ?tﬁ]?%n&;%&gesc nagtltﬁéé to the bottom
of the Ve&)’i‘lﬁﬁng"}hﬁllﬁiﬁﬂg%Waaﬂenﬁ&tsf(n) Aimofetdriwnt propseies, (Prespatliy®fi s prepar ed
by using a bi nder conponent such as for man active
acrylic | ﬁ)@l@;@gﬁdlh%@lﬂ (%ﬁél?f’(?%ht}éogfé eF%‘g%d[‘? Eyre e%%eh%G?&aglgtgne | at ex
to bongd thE bl hhahcaBR! e h@atfn%g)?Eﬂé@ecabromodmhenylomdc can also act as a

flame retardant because the gas uses up oxygen or depletes oxygen in the layer next to

the fabric and suppresses or stops the fire from further progression.
Glass and ceramic microspheres can withstand heat greater than 2000
°F. Also, glass and ceramic microspheres increase compressive strength, absorb no
25  latex and/or water and thus permit the faster dr;zing of the product. Glass and ceramic
microspheres also increase product flexibility.
Further, the glass and ceramic microspheres help to increase the pot
life of the coating. Heavier particles in the fillers, although they may comprise but a
small percentage of the particles in the filler, have a tendency to settle near the bottom
30  of a storage vessel. When glass and/or ceramic microspheres are mixed together with
another filler, a dispersion is produced which has an increased pot life or shelf life.
Without wishing to be bound by any particular theory, it is believed that as the filler

particles naturally fall in the vessel and the glass and ceramic microspheres rise, the



‘Where the structural material is used to coat a substrate, the binder
conponent also acts to bond the filler to the substrate. In one enbodi nent

of they (p%% the binder conmponent is Rhoplex 334 Haas
Phi | adel phi a gA) and/ or 10 Rovene 4402 (Mallard Creekgll):é'*38
Charlotte, NC) Addi tional or alternative binders include, i nt er aI i a,

Hycar TM 26469, HycarTM 26472, HycarTM 26484, HycarTM 26497, HycarTM
264552, Hycar TM 264512, Hycar TM 264582, Hycar TM 26083 (| ow formal dehyde),

Hycar TM 9201 (l.ow for rral dehyde), 552 (nitrit.e arTM 1571
(ni trite)smafgEsizer ! Sﬂzﬁmqlﬁﬁc%ﬁf’?ﬂﬁpfgy ‘ggﬁgﬂf’xﬁhsﬁm? ?r&raﬁg?%é%ﬁerﬁ Hycar TM and
15 Vycar Tﬁﬁ@éﬁg}i‘ﬁé the ﬁﬁ@ro%@fék tefay i sBrubion eveptindoREaleypaiiciéd, evel and,
Chi o). Binder conmponents may al so incl ude melTM 373 (avail abl e from

Aer i can atd;;eatmmcd:ytennrﬁm@xqwﬂmm@mbaﬁ‘anR& €EFs6h8 | atex both avail abl e
from Rohm & Haas, tr?(ﬁﬁ:q 14Fife p&{,Eseﬁﬁﬁézéﬁn&@i@rélﬁmd%yfdspl@aBor den). It
at any

is believed, homever i near polyner, |inear copolyner or
br anchted Findermemponet &mh Zi)a hlgbfpgdfommnpﬁr kesptarcpetiy otopeylie 1% PRYMEuch as t hose

?\r/]g: ngl gﬂ{d?ﬂ?rgﬂ%g@g?t rF ge 8 y%%e'%ea lrtaC%ltIE:Iyer]Eﬂh )? {0 lﬁ)?lﬁ%lll l?arma%%fs tg@cttﬁ:e?' al s

, nheopréne atex, polyvinyl alcohol
enmul si on, Wab& th@étﬂl&mrall@iaed’nabﬁsledi tp&bytwmbdmtaet}erbm@l cmspoanm alsel ast oners,

vi nyl chioride copolyners, nitrile rubber nd .pal.yvi nyl. a tate

copol ymeragts topoad gleé%@? F‘é@leé%gﬁ‘iewelﬂtonegﬁ té’?&% %h%% “ SBR | atex adds
good 25 SBB&&%@&p&Qﬁf ﬁ%@fx!cﬁ%@ﬁ(ﬁwﬁl dnd HRQY, P@hlﬁdeﬁilﬁ Pal &ﬁcﬂaﬂt To i nprove
fire resistance, ic latex may be added or .substituted. The nore

acryl1¢ | Reexne 4‘Er¢i’e(1\lffélﬂr reghRBolyinge Ing: ?quﬂénkg@ ofddifienaler Fiermgfive Lovever |
sof t ness 1513?&5%&@? Sfhefid, ?-@caﬁ%és@sbeﬁ Lo Subs gt ech6a g gy act ant

conponent sent ention ma e any 30 surfactant capable of
f or mi ng rﬁ@@@ﬁé&dﬁ%ﬂﬁiﬂgwmwEﬁ@lzéﬁ@ﬂ&rﬂ@m iyea™aR$ % process. In a

preferre t ant TR amoni um

| auryl J%?gqryﬁ%%f%%ﬁgti anor 1&%‘%@%@% oo a?@l’qﬁo%tsﬁfi eld, IL)
and sodi upa7akityk), Sybdrat esz(,ﬂysaﬂf\mwgncayl& lateppdyeeotl] fydufYandy t he surface
9 WO 03/ 064759M PCT/ US03/ 02@8@@ c{hég{xﬁo ve él ﬁuc(po%ls)water Such
sur f abt an¥ ¥CarayPBAIC S & RS dim PaBY by Yt heral1y, a "fast
soap” is Bir0aRmMh&s hly ﬁ@@ﬁbﬂuﬂe lem%fff‘BGS @ﬂtﬂlabldm&thmeig;ant he surface
tension of a solvent, such as water. However %tﬁr s%@g{ﬁg Iznmaty al so
be used mﬁY@ﬁm&})eRH@PLEWJ&‘@?@E%B%Gﬁa@IS 1@8’&{5 Bt PR capabl e of
formng &y ra‘aﬁ@olrcﬁen @@fsp&?ﬁ&%m @WERbR S0 BordEd M BhaliReg! | s that are
resilient™and ‘are genera stable to the heat of processi ngc Addi ti onal

conponent lsowrayr, Bt agdligat Imlymer linear copolymer or branched polymer may
20  useful in preparing the coating, such as those available from BASF and Goodyear.

Further possible binder materials include buty! rubber latex, SBR latex, neoprene
latex, polyvinyl alcohol emulsion, SBS latex, water based polyurethane emulsions and
clastomers, vinyl chloride copolymers, nitrile rubbers and polyvinyl acetate
copolymers. In a preferred embodiment, an SBR latex is used. SBR latex adds good
25  softness characteristics but is not a flame retardant. To improve fire resistance, an
acrylic latex may be added or substituted. The more acrylic latex, the better the fire
resistance of the material. However, sofiness is decreased as the SBR latex is
substituted.
The surfactant component of the present invention may be any
30  surfactant capable of forming microcells during the fire resistant material making
process. In a preferred embodiment, the surfactant comprises a soap, such as
ammoninm lauryl sulfate (ALS) (e.g. Stepanol AM; Stepan Chemicals, Northfield,
IL) and sodium lauryl sulfate (SLS) which are capable of modifying the surface



further stabilize the microcells, as further discussed bel ow. However, if’
so desired, a surfactant which forns "weak"” mcrocells my be used. The
"weak" wih 65063630l S may burst during processing to produgertaidegesist! exi bl e
fire resistant material. 10 In one enbodi nent of the present invention, the
structural material is nade by conbining the binder conponent, the
surfactant conponent and the filler conponent together and creating
surfactant-generated mcrocells. Surfactant- generated mcrocells may be
created by_an ans _kn i hiagr to,

bl owi ng a%{ Sfoﬁto gg Fﬂ@enlr%ﬁ S)%%?Se‘?atgag;%tug% %ugﬁa%%ggtl)@@ abe? g%ﬁgt?ﬁerghra]?} af:a?&gnt 15

gener at ed s@ape)r aG@letAlyayfadlssp" rea saap mdihhoe depablcrod cfivenily modifyidgi ng agent s,

such as azo conpounds ich rel ease nitrogen. |Ln ' of the .
i nvent i on,Me WHERGH REHIO iasgogvﬁﬁtj’ %‘i?gé‘ﬁlWf’%r‘aﬁo‘?%‘éerrfeorther%%gacgé%qngé@% s to inject
air into tpesdAiwtish fe a6t dhmbteliRa s st ababit Widecme cagablead €tngyi t hi n t he

m xture. The foaner may conprise a tube-like conlpon nt 20 having a

mul t i t 8de neieropillis Fafiiseapsayuel esapbbi farmy migrpgellp f aiﬁﬁes‘é&ﬂbﬁ‘} “directions

(e.g. song,pi £id REKYF 76ceR0HkE. SRIMSTRY SorfRhehie bzl 06 kitdegiay .  The
m xture o%gmg%ﬁrﬁédrmé/%t}rfact an‘? and iIIer1 is added to the foaner through a

port on ofetier debilineihe microtellsppsudhr diseusasestbalove HowWREH, if 4esBPhe ot at e
causing the surfactant ta. form i F}l deli, g + b oYoro@hE miX@y al so be
i nt roducetﬁu’if%?agtfv 1B forme ol rnéﬁ}oot%ﬁ%rq% o?fiuste{!)St ?Eért har ‘25moenhag{c52

sur f act antbhugeematppscesiicg weedduct otasnfléxible fisf tesistahtaviteialbeen subj ected to

the foamer, the m xture . the e a i ed ont .such as a
fiberdPass mat. Al ﬁbﬁ‘“ﬁ&ﬂr‘r’séﬂ?f‘t ‘?fﬁge ?ﬁﬁﬁtwe‘ﬁ%‘?’ @g%%cgﬁ‘sﬂtelég%ﬁ?lééa recei vi ng
pl atfor m ,8i46 By BSmBinfileQRS binddr @¥mbenenQ B sarfhétes-compoutnhgndshefitler Whet her

applied to a substrate or a receiving platform the rial is then

subj ect ed compénsat topetherrang gEeat nwa%@é%trg?eﬂia@ﬁﬁéwf?}geﬁ?@&ﬁ% preferably
from about, 280 (8RR HAY b8 2Rafed by AnPmPiRkAbHAh HFRAKUIRE, bul e

sur f act ant™ gener at ed m crocel s are stable to the heat of processing.

Gener al | y lintited to, blavfing tiairte themuraredgitation etky ¢ foamee Pfac@phpl e above 350 F.
FI G

and FlI 8.show _sur - [ j B Lod@f BRIiQN in two
exenplzgr y 88%@8‘? Wé?i?csewt%fn Y ﬁfesg%%dg%a %g%%gge%%%l?%%%?} 65783 pr evention. As
pref er r ed,azé bengnnhiewhiehiclgensiaged mcrocel s are relatively small and
mterial is produckmenborBrPseBa s B pURUER pietdd B 7 Ty be
prepared Ysin9. hdfoaicl até Rhjcaapabloahomifiaeab gt thecndameint Hrimgt whi ch does

not efficiently nodify the surface tension of er.. Durin tthe heat of
processi ngr,ncqoh@sg’aﬁma alﬁfit_u@f‘e@}e paIper may comprise a ¢-like compon

20  having a multitude of pins which are capable of rotating in opposing directions (e.g.

some pins move clockwise and some move counterclockwise). The mixture of
binder, surfactant and filler is added to the foamer through a port on one side and, as it
passes through the foamer, the pins rotate causing the surfactant to form microcells.
Additionally, air may also be introduced into the foamer at another poit to further

25  enhance surfactant-generated microcell formation. After having been subjected to the
foamer, the mixture may then be applied onto a substrate, such as a fiberglass mat.
Alternatively, the mixture may be applied onto a receiving platform, such as a steel
tray to form a free-standing sheet. Whether applied to a substrate or a receiving
platform, the material is then subjected to heat in an oven. Processing temperatures

30  are preferably from about 280 °F to about 350 °F. Tn a preferred embodiment, the
surfactant-generated microcells are stable to the heat of processing. Generally, the
surfactant-generated microcells are not stable above 350 °F. FIG. 7 and FIG. 8 show

surfactant-generated microcell formation in two exemplary embodiments of the

10



‘m crocel | s expand, due to the expansion of gases within them burst and
col l apse. In another enbodinent, the fire resistant material also includes

a sur (&apabl e of regul ating surfactant-generat ed-i&hHE5k
forrratif‘%?lbﬁ@g%such 10 surfactant is Stanfex 320, (Parag em @%ton, &A) .

The surfactant capable of regul ating surfactant-generated mcrocell
formation can ensure that the mcrocells remain wthin a preferred size
range (e.g. do not get too big) and formin a relatively nonodisperse

state (i.e., are of the same general size)..Iln referr i ment, the
sur f act anPreyeHsatearefined Jbe ffr CQF@%@@ %‘9@06]‘%‘6@% eféau]tvel%l.ngﬁggl n di aneter.
In 15 addi}i@hinGikri ¢ acid may be used to ensure that the

surfactant-generated mcrocells are_ spread out unifo[m%.. .t may al so be
desirable for the flinragothersrahosdapentaf e Eeatary hesEpeie! Bagidddr sant whi ch

acts 10 kel 8] ohiihEd FATRELS! Bleit DBaldlifdily bopibdardtdni sand filler  wel|
uring e t anpl

di spersed erial making process. "Ex | es of such di spersants
20 i nch udeyrficteeapablk béformBRRpicicellsat 9BEh dogsaet aficoaty meddy Kecuna 9000

I i 1able fromR Ha he fi ' ' terials of
{he pr oscATRRFaHE BhvarE Dot bt el Upppisiab IR SRARm Salua T 0T B

char act er iy§éro6dls ekphndddliettd e ckp@igion b pabus aithie thomg bupt efdgcdlapsg. do not crack
upon bending. Durability of the fi éﬁ? esi staqt matfri al Sape 25 enhanced

by addi ng conponent ¥ @afighrabosiment SFETRPT L  HE PSS Fener at ed

m crocel | §upSueheHARROnRREBHAGH is@nSwhtaciaitScdUbimatonadmesidm st ear at e
(avai l abl e trom Parachem Dalton, GA), octosol

A8 (Tiar oeghen‘i cal s,
Dal t o0 Gajyrfactant i Statifero 82 kP ey Palas Gde dPRSIECtaR (PRY° theni cal s), 449
(potassi um Ohaﬁﬁg g?-fag&&ag@gg %ﬁﬁmﬁg@g@maa& ShapheaPhe mifi6eells

sur f act antrff%lene ate e e 30 stabilized by making the wall of
the m cr oeehdin Withinkegreferied sivd mogairte. havdtragt o bimgnd fasnyin ardrtehay be
particul ar| seful for stabilizin ' I dDensdabH&k ur@l materi al
may furt h@?glnf’a:iél?eﬁ%?egtaée {f'rebglée-qfitlhel(%a'ﬁ]g g%%cr%rpa@l(r)gnzg it %ﬂsnfsjfg]ﬁ _asnrrel am ne (Borden
Cheni cal s gufi@apéRmtcdYaicraslld o abours 0i puim abbbt@0i0dein didnad. @B/ 064759

PCT/ US03/ 02782 The cr.gss-1|inking co nent is useful L. urability
and nilér o@dfibonciiie agd may b§Pfeé]ﬁgF‘?ﬁ“Qtﬁatﬁg%@F%f%mé%ﬁfz rr‘e%el(a I%]E%E%ir%%a%t and rate

of cross-lg,nki M unifbrifRybe desired to control the pH of the m xed

conponents. For exanple, in acidic conditions (pH 4. .t he, cross-1|inking
will occur very qui BRmay aéﬁ?d’etdﬁ%rameﬁf’h@éﬁﬁIIEFIS%%R}EMWBQ%]@HFH 5 1ife. At

L"Oﬁ[‘regl pH &ﬁsfggr}%et g%hichtaIEFs (kOS¢ B doRpRGREMS bifabe seb@whyadTllecan be
well dispersed during the material making process. Examples of such dispersants
20 include, inter alia, TSPP, Accuma 9300, Accuma 9400 and Accuma 9000 (all
available from Rohm & Haas).

The fire resistant fabric materials of the present invention are flexible,
pliable and have good drapability characteristics. In addition they are durable and
preferably do not crack upon bending. Durability of the fire resistant material may be

25  enhanced by adding components capable of st;bilizing the surfactant-generated
microcells. Such components include surfactants such as ammonium stearate
(available from Parachem, Dalton, GA), octosol A18 (Tiarco Chemicals, Dalton, GA),
A-1 (disodium n-alkylsulfosuccinate; Tiarco Chemicals), 449 (potassium oleate,
Tiarco Chemicals), and Stanfex 320. The surfactant-generated microcell may be

30 stabilized by making the wall of the microcell thicker. A surfactant having a long
waxy chain may be particularly useful for stabilizing the microcells.

The structural material may further include a cross-linking component,

such as melamine (Borden Chemicals, Morganton, NC) and/or ammonium chloride.

11



The structural material of the present invention may al so conprise resin
whi ch may provide a polyner shell to encapsulate air. In one enbodi nent,
the regdpsnE749PG 38, avail able from Parachem of Dalt opcr@iedf7kn a
preferred enbodi nent, the fire resistant material further possesses
"bouncebaek" characteristics. As used herein, "bounceback” refers to the
ability of the material to return to its original shape after having been
di storted, such as stretched or conpressed. In such an enbodi nent,

addi ti onal o?op@ﬂgggg% }gon%gtdgg 8 to ﬁ%}wy&rﬁgﬁ@ e RGshacuctural

char act ernglfl onen inside of 15 the mcrocell
such that shrbgthi Brodeltd cdrﬁz‘bbﬂ]bﬁmbmtlahd; rabe pHrnsHinkhngpd naibftbélde%@@“f‘hg been

di storted. Preferr ent s use for

char act ericg@trqééhel?}ﬁeff@ag}){?%f@?pegﬂ% vL:Hc?ﬁe)éanI]peah é"!flfa%fn?[gustr es, Duncan,
SC), Fr eeQﬁj  1he2fsé ﬁ'ﬁﬂn@;}ﬂﬁtﬁdcﬁh/er@lﬁmif aﬂdthe(ﬂrﬂ)ituriﬁeqllaapeb smawt-

(Omovasol ut| ons, Inc. of Chester her nbfgjrmll sion 41740 (avail abl e-

fr om MSchdinad highes PHAF 1@%Pﬁﬁaf%llm‘@3)pm%"§?ﬁ%’?’f’r {#2"FaVai | abl e from

Dow Comi ng @B@%&&Mon of Mdland, M), Syloff-62 (Dow Oor ni ng),
Syl of f-79 7 m ng) and Aur apel 391 (available from br on/ Tanat ex

of Norwi ch, Connect ﬂ‘bmtsymctﬂihbmetendméﬂmwsfimdpwh@ﬁWéISPﬁ%‘Pp m crocel |'s
do not ag e.and for t he
%W%WFDSH T Prevaded ér sﬂ%lﬂ{g eg]g i Sair. H9ns HRBLAALR, ﬂ%fe

pr esent | ta el'nforcement materi al capabl e of
wi t hst andlragn ﬁmsslmllamfﬂaﬁ%mmuoﬁndmna§wl ass fibers, polyester

fibers, cellul fib t , i
Do el 0oL e A2B8sh S, BT PP pbses . ceramc

fibers, J%ﬁuncéﬁéaﬁ*famdae&%ﬁﬂsemufmm(ﬁn "potncabackeredor idiide shiliparfyl i ¢ fi bers,
phenol forma dehyde resin fibers, aromatic,and aljgrﬁ?‘i‘ sfie ol yam de fi bers,
1

pol yacry| dhd meteﬂalaer@ump@;twéw@hsmp&é figphav gn g ag t her eof whi ch
may incl udg hy COImg sedl REGRA aﬁéﬁﬁmzﬁx%npﬁd(ﬁh@ﬁl écﬁﬁlﬁ)ﬁemtﬁl a@@ddddtance with

t he i nvention 1 ncl uglgfgsl nter- alia, glass, fiberglass, ceranics, graphite
(car bon), aEBbve(s,mhWmmzbwkdhmﬂte‘)sﬁcs?ﬁrése CW%@P@F—&%’&%’[ hegptife ofs  KEVLARTM

e T s
REENMAYTM  dqestbrsalrirdessred@mypionedessefitl tﬁcﬁranimphag bprosebagk lkhascteOsiERTM and _
phenol 1o Gt CldREe Rts R IR PR P b B 137 W o acs
fibers, Owefsirien, CQEwiAME, M{91|%§§ape@wr'(6)ﬂﬁ©mmgm&mg[[mssf@hds@r,eSC)QNens Cor ni ng
MU A Pris i leamm MI(c::lgecfml b%rqc 'of Vn%?n'n%t? &%9 89 ofeS
mi cr of i berMicheraemylsésgs A 769 fapdd
20 1171A (available from Dow Corning, Corporation of Midland, MI), Syloff-62 (Dow
Coming), Syloff-7910 (Dow Coming) and Aurapel 391 (available from
Sybron/Tanatex of Norwich, Connecticut). These cofnponents also ensure that the
microcells do not aggregate and form clumps of microcells.
The substrate of the present invention may be any suitable
25  reinforcement material capable of withstandiné processing iemperatures, such as glass
fibers, polyester fibers, ceilulosic fibers, asbestos, steel fibers, alutnina fibers, ceramic
fibers, nylon fibers, graphite fibers, wool fibers, boron fibers, carbon fibers, jute
fibers, polyolefin fibers, polystyrene fibers, acrylic fibers, phenolformaldehyde resin
fibers, aromatic and aliphatic polyamide fibers, polyacrylamide fibers, polyacrylimide
30 fibers or mixtures thereof which may include bicomponent fibers.
Examples of substrates in accordance with the invention mclude, inter
alin, glass, fiberglass, ceramics, graphite (carbon), PBI (polybenzimidazole), PTFE,
polyaramides, such as KEVLAR™ and NOMEXT™, metals including metal wire or
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cotton, asbestos and other natural as well as synthetic fibers. The
substrate nmay conprise a yam filanent, nonofil arrent or other fibrous

mat er i gl, as such or assenbled as a textile,
non-\/\o\?!é%?bi ted, matted, felted, etc. material. 10 Tﬁg%ﬁjgﬁ/@q%l n may be

pol yvi nyl alcohol, pol ypr opyl ene, pol yet hyl ene, pol yvinyl chloride,
pol yur et hane, etc. alone or in conbination with one another. The acrylics
may be DYNEL, ACRILAN and/ or CRLC]\I RHOPLEX AC-22 and RHOPLEX AC- 507 are

acrylic resins sold by Rohm whi ch I y be used. The

cel | ul osi &csh-pavs! eﬁ‘ﬁ?S‘E’é aﬁg’% Y%Te&%cgﬁ%ﬂ@w& “oul p, newsprint,
Kraft pul prlands ?y@iﬁﬂﬁe@ﬁﬂ)&hd&?@ﬁ@rﬁ@blﬁéﬁlcﬁEm@‘éM&E’W aldose such as
rayon and/orZE{oce Nonl'i mi ti ng exanpl es of non-woven n&terlﬁl s that may

be usef ul TBHZELRS pplvetensulionsrepelysheriimide rply s kovenno bt Pig
fibergl ai/?fézl‘g%%ﬂ e ﬁﬂzédétslé*@o-[iéstjepﬁ})efgl%ﬂ Liyeid JMs ke, BRasl vei | TM 210,

Curvei | T exl vel 130, Fl'exiveil TM 230 and
Pul t r u@ablCemies M lass) meai»(lltahﬂngHglmf&hn@mm—cmbdﬂﬁlﬁsrﬁ@% I nc.

Soner set i-al s. Ai.rl ™ and

Need| epungﬁ%eﬂlﬁg IHQCIP % é%@m us‘tarsiq’ rellécroﬁ qu%]flé@e@%s? oro, NO.

Nonl i m ti géttex adbpdiesandfotifck hamnas welt a&rslyﬁthsnd ﬁﬂﬁﬂrﬂd&e@ubﬁ;ate&na)c DE, G H K
filaments of vari ous rades, | udj n tr| cah}gg ﬂef m caI grade and
hi gh str é?@k’lllﬁeg"ryéﬁ’e anant, é‘\‘fﬁ’P cat q‘r “FH’G‘ ‘T‘ gl ass

G eensbor QgseMNbied a@@te‘xﬂl%ﬁn@%@@%oﬁmﬁi 'lfﬁﬂfed thiteedsehed, éﬁt ﬁha‘deﬁala woven
fiberglass mat. As used hefein, a fi bergl ass mat includes nonwoven and

woven 18i b@hgpelyelchmmey be nolavmwmquhehpglwr@pﬂp%ﬁa eplvedyisnhogivvedt | the

substrate pf ch a tyle
T35, ot yFROGRGEORLERSAS dlNYEHE bR R o] BETEL 22%53@*??18§“NC) °30 The

use of thmasﬂabmmﬂEIaIA(L’mILérN aidséorcﬁ’RIL(hE @H@E’éﬁi’( Agennd BROPSEX HManuf act uri ng

fabrics f use in articl u Iy a and
Ubhol ot er ol #rw e Ftas S bR A5 HIRL MO ERRE paf b Be wth RS ¢

f 1 ammabi | céyulssiomdas dsy Ibaﬁatﬁrhlaﬁﬁulbymsh af waad pudp, emwsptmtlft@raﬁlpa]mmbl lity
standards for mattres es_h ve not e n, 13 03/ 0647 9 PCT{ uso03/ 02782
speci fif cafpdcatien apdfog %P%ﬂcesﬁF 1308‘3@]‘5’ &F R AL Orslg?ﬁ? gover nment

agenci es have pr OVN&ﬂﬂmﬁﬁgébfﬁEﬁJM%@nQﬁlW%ﬂ MeSrialk eHat ﬁmﬁmhﬁﬁﬂﬁxhe Uni t ed
States Department of Commerce National  Instjtute of Stapdards and

Technol ogyre(RRpsSnYRtiGRInCHER BERMGYeVERRIOHAS fipgeelass geily $9ch@d a paper
rel at' ng “&Q-fn%tT“Elw%Qfl%g]FMfl‘Pé %\%ﬁf“ aeh, Idhevdilma mpmiivkyeiiym @fp, mattresses.
See

l'er et ity Assessnent Met hodol’ ogy for
Flexiveil™ 130, Flexiveil™ 230 and Pultrudable veil (all available from Schmelzer

20  Industries, Inc., Somerset, OH). The woven materials may be Airlaid™, Spunbond™
and Needlepunch™ (available from BFG Industries, Inc. of Greensboro, NC).
Nonlimiting examples of filament materials inciude D, E, B, C,DE, G, 1L, K
filaments of various grades, including electrical grade, chemical grade and high
strength grade (all available from BFG Industries, Inc. of Greensboro, NC).

25 In a preferred embodiment, the substrate is a woven fiberglass mat. As
used herein, a fiberglass mat includes nonwoven and woven fiberglass mats. Ina
particolarty preferred embodiment, the substrate of the present invention is a woven
fiberglass mat such as style 1625, style 1610 and style 1614 of BGF Industries
{Greensboro, NC).

30 : The use of the structural materials of the present invention for
manufacturing fabrics for use in articles such as mattresses, cribs, drapes and
upholstered furniture, may enable the article to exceed current flammability standards

for these types of articles. While flammability standards for mattresses have not been
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Mattresses, N STIR 6497, June 2000. Wiile no clear standard is given, it is
reconmended that a mattress be able to withstand the described test :
procedyigssnckr® NTIS has noted that beds pose a uni que pigohazas d
problem It provides a series of 10 tests for determining the flammbility
of mattresses. In addition, the State of California Departnent of Consuner
Affairs Bureau of Home Furnishings and Thernmal Insulation ("the Bureau")
issued a Technical Bulletin in Cctober 1992 which provides a flammbility

test procedur t ee St a A PaddbRa Hgent of
Consumer ‘?éf?ﬁa@y@ﬂrbg’% ﬁ ﬁg‘?’fgtaf arr egﬁ'i énon?% %ﬁi}lmr nsul ati on
Techni cal Iﬁbﬂ}d@trbébni;ﬂ&lde@ﬁldﬁﬁfes 1992 Fl armnrrabl | i ty Test Procedure for

Mattresses for use in PubI s (Cali fornl The technical .
bul | etin provides stFﬁlhfa‘éP]B E%\ﬁég%f epErtpeitof Omgfeme %O%lsses The

met hods prRdMae of dbAIARSHE ITRERBIIHENDSIN BA G@]tﬁ@ktﬁlyg,Marjflbmmasgnl tion of a

mattress until all burning has ceased, or after a per| ﬂ&of one hour has
el apsed. zoblithed rpeper sflatingde amethodelosy frpascaiinge 69 ¥Yen consunption

techni que. -[tfge sesD eg %lifngﬂlgmﬁ?etr &all r}%mﬁ@ﬁzhﬁﬁﬁﬁm&ﬁ NRNddBhepkdrh the. test

met hod wi P2 e sa hopes that manufacturers will attenpt to
manuf act uridatradses, éﬁsféﬂl Wﬁ?chmpa@@ tWhile neclomatandead it H¥¥s it iThe Bur eau

i ndi cates that res el the test if
any of thée@m%?éfﬂﬂlﬁ e&?’?‘%%@ea%d&% df%?i%dégﬁ%&d%sﬁ rate of heat
rel ease ofNTRQkYY&Ed ﬂfaﬂaetdepose(a&)m@etfm Rizakigabbleml dgmevidés Bripglofor gr eat er
in the first 10 m nutes 3) | oss of 3 pounds or greater within
the filOst ti&?ﬁfoﬁﬂﬁmglnad@ffa&“@%%ﬁmﬁ"gﬁr SR Smattress manufactured with the
fire resistant fabripg,dm@idrl ISt of ORiforRlA5@RAkmeME TUoning Aflises Wi th or
exceeds the test standards recomended by both 30 ttajFNTI S and the

Cal i f or ni Buren2g Hogewd mishipgsand Thpmathsrjtien 0 hsdpBepu Hewed 213 and Tabl e
¢ Lol ow A BRILERH Ocinf 160aGRhib fodiads THaddifib ATkl dolibe firest. f of

mattresses conp Ite resistant fabric materials of the present
i nventi on. mﬁmsesahsmsamfmaefmmpwmmxwﬁmnwgm AfiaireBugey poHeE TB 129, a

peak heat se r 6 / (8&?&% reater than 100
KWis g éﬁgl\ég ma f?ﬁegé}g%s 0 zﬁ%zgresent

inventi on,Fmﬁemﬂzbﬂe@xﬁ@p&duwfoeMakbéssasg“s;sus@ if §eldzc1zabAdeng(¢alif@waa peak heat
rel ease rate of betwe owthe ¢failing range.

In additi o128 tE%eaFFChﬁ‘é‘&lb&PBPB’%’g’ eﬁfta@qaé%&%%ﬁ SRMES st i tutes a

failure. Frhéﬁresgess Mg\ AL pRodGe dat DdesSritiBg ﬁié%ﬁﬁm(ﬂ&hhmﬂﬁmhagmmrt otal heat
rel ease of 129.7 , whereas the mattresses o sent c[wentl on had

t ot al heatofraenaéta@égmdfaﬂmhﬁszw@siﬁaﬁF@P%*Odé?% %ﬂuF Ei‘)“eﬂ‘@ﬁ?

20  The rate of heat release is measured by an oxygen consumption technique. The

Burean indicates that mattresses complying with the test method will be safer and
hopes that manufacturers will attempt to manufacture mattresses which pass the
recommended tests. The Bureau iﬁdicates that "a mattress fails to meet the
requirements of the test if any of the following criteria are exceeded:" (1) amaximum
25  rate of heat release of 100kW or greater, (2) a;ota] heat release of 25 MJ or greater in
the first 10 minutes, and (3) weight loss of 3 pounds or greater within the first 10
minutes due to combustion.
A mattress manufactured with the fire resistant fabric material of the
present invention complies with or exceeds the test standards recommended by both
30  the NTIS and the California TB129. See Example 1 and Example 2 below. FIGs. 1-3
and Table ITI below show the results of a California TB129 flammability test for
matiresses comprising the fire resistant fabric materials of the present invention. See

also Example 2 below. According to the California TB129, a peak heairelease rate of
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failing range. According to the California TB 129, weight |oss cannot
exceed 3 pounds FIG 3 shows that the control nmattress had a wei ght | oss

of 6.1 whereas the mattresses made with the fi nt fabric
mat er i Xﬁ?accoré)l ng to the 10 present invention had wei g‘ﬁ‘%’i’g@é"ézﬁl n the
range of 0.1 to 2.4 pounds, also belowthe failing range. As indicated
above, the fire resistant fabric material of the present invention is

useful in the manufacture of mattresses. In this enbodi nent of the
invention, the fire resistant fabric material may be ed to line a

decor at i veroner thad §0 KBV issfiilaet §1Grlotaws that @PP@“F“@%?S Pr55ER r ess fabric.
Nonl i m ti %eﬁﬁmnﬁsthé)éxc?fo? Eﬁ/ﬁaﬂrés?@"(ée@?abl@ﬁm% dpcakhfgrddetome: i n the art

as a strong, ric conprising ‘cotton or |inen and used
especi al | y)ftlxatwvakéS ﬂ&m FeEBISKY, syl bplol thofadlnseirngry Iy addition, pi¥alihest conpri si ng

fibers Sell‘&gasggf n%n n%{[f) y&lSﬁ@ﬁg?Z&lM% Iqb Q%Jv@ﬂhat&cbloﬂt‘?ﬁt er, rayon,

pol ypropyl éne, 1 ons he Tining may be achleved by 20
met hods K meteess (#3ttiwm) &t a tokd heaxeieqab of 129 ¥I¥ rveheress tletraatirestestnlitte mat eri al

Che 111 e PERPREHATLO A (LA LB KT DY, bBRaoe: oF "BIRePEaie o the.

mattress ffﬁﬂﬁ%ﬁu od. Q&co@ﬁﬂ@b@h&@é]ﬂ&qnaamizexwalgﬁt lagctapnef &ealdidy nonfl ammabl e
glue or stitched with fire resistant threadi.e., lar to a lining. The

fire resi gpunts. FHi-t3rsbeys thabihp gogrol paress %@&WBIEW%WEH Sthen 25 be used
by the s k'\!\!ﬂef‘eg AL blafARsds O A0R Rt A fitle G tAREILYS %?atéﬁll shoRas; tb MR oved

flammability c%ar acteristics. The mattresses of resent invention which
conpril§e tphmerftimventiondsidsteight Idssdsrin therartzemolf 811 torgyt P@én&ohlﬁ? bde thsf sever al

| ayers, |r}c ud| ngé but not limted to at |east one first |ayer which
conpri ses e aae | ayer (such as the mattress fabrics 30 di scussed above),
at | east one | ayer Mmdh;atmrmﬂiesms firdnesibiantcfabrésigteagitof fhelprésentmat eri al  of

the present inventi l.e be a sg yer or a third
| ayer), &tvepiy %F“Be%@‘éﬁg Faé’si/ee?fomfg? %g/)&?g?ﬁ%bo enr% F{a%%}er a non-woven
sheeting LaMafiord e firdrdsBMES faBAORAleHAINGaSHY UsBg 6. Illﬁ&&iec@a@ve mataesl e 2 bel ow,

and particul arly Mattresses 1, 15 WD 03/064759 PCT/ USE? ?2752 2A-2F, 4, 5

and 6 land fricto prodygea firg gesistang matticss faprig- plontiopifing MalSEY ¢ materi al
of the pregpeal 1n'cﬂ\‘.’l@ﬂ&lhf?é‘n%kn@§n iDL GALEH sRRRY BehtBANNch $%icRompRShg ate and a

coating. In one enb fire resistant fabric material is coated
on one si dettcornt lmhlealgi wed 65}9%1#113{'1@@%‘6@!%1%3‘13@1‘# BEIOWFoVefEEE): PSt | ayer .

rovever, et pRRE iRl seshpeaistartriabpemier ol my be
mattress compspobgsomiene, and combinations thereof. The lining may be achieved by
20 methods known in the art. For example, the fire resistant fabric material of the
present invention may simply be placed under a mattress fabric. Or, the fire resistant
mattress material may be bonded or adhered to the mattress fabric, for example using
a flexible and preferably nonflammable glue or stitched with fire resistant thread i.e.,
gimilar to a lining. The fire resistant mattress fabric of the present invention may then
25  be used by the skilled artisan to manufacture ammattress which has improved
flammability characteristics.
The mattresses of the present invention which comprise the fire
resistant fabric material may be comprised of several layers, inclading, but not Limited
1o at least one first layer which comprises a fabric layer (such as the mattress fabrics
30  discussed above), at least one layer which comprises the fire resistant fabric material
of the present invention (which may, for example be a second layer or a third layer),
at least one cushion layer, a polyurcthane foam layer, a non-woven sheeting layer and

a layer comprising springs. See, e.g. Example 2 below, and particularly Mattresses 1,
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| east one first layer conprising a mattress fabric and at | east one second
| ayer adjacent to the first layer and conprising the fire resistant fabric

mat er i gyo@dndH® present invention. See, e.g., Exanple 2chalse%Woz7s2
particularly Mattresses 1, 2A-2F and 4. The 10 fabric of the first |ayer

may be the mattress fabric discussed above, such as ticking, or a fabric
conprising fibers selected fromthe group consisting essentially of cotton,
pol yester, rayon, polypropylene, and conbi nati ons thereof. See Exanple 2

Che art. Pobdhmres e o Y e SRR p AR R R SO
nonconbustdftshepredcheinsention, & iptiek«lrdbod, estapdicrantbsttrenderecatmgedn sheet | ayer
is made fromfiberglass fibers, _ The mat_t{ess of the esent. Sil.cﬂeventi on nmay

further cORsPIPedment thefip resistant f3bpgmaigialis SoRtetFheGE 4 hE "WedGnd | ayer and

at |east Qpg, fBUsdtie id AYRE Rdi:da8RE. HowbR®, dsfihdichttdgtrre wiefiei n each of the
third and fourth layers is a cushion |ayer and at |east one fifth | ayer

adj acerdt tresist fbgigrmaierialynsy baseptedtrpt 898 npri ses pol yurethane foam See
Exanmpl e 2 bel ow, m&ﬁﬁg%ﬁ;;@é’%dﬂ%t SEBE iRBntidANR mATRYs BenpRds 2Of
i bers

pol yester fibers or an nown in the art 'to be suitable for naking
a | ayer whesshompriowt ldgs comphsionia mgiireFthisbpoind at deabizove seeoadiayasAdpeesf varyi ng

t hi ckness.. Furthernore, the. matiress of th r ' Lan may conprise
at |east BH¥ fté‘?ﬁf‘lf?rla’é‘g/‘é?m%}ﬁ“ga%ee 1 IF%Stﬁg%ﬁfﬁ%&%%{rﬁ\égﬁ%é@onpri sing the
fire resi shidioh.abdel &225xampleribalow, bedcixdynRlaaredsdod] D02F b #r 8w #1.
Mattresses #6-11 in Exanple 2 bel ow feature varyi anount s of ol yester
fiber ¥s tieicedmiirs; yemayrbethemadessy %é‘i“\ﬁgéﬁggwesqc#@ﬁﬁﬂﬁn@iogst | ayer
and the inMeit LgdstdeSidefSkRb @i rohAhE boup hbﬁsﬁktihﬁ)ﬁﬁéﬂtiaﬁl@ odpgidngr enbodi ment
of the invention, the pol yurethane foam nﬁ?&%ﬁ%ﬂ% e second er of the

C | a
mattress (folwsteumion, pdieprepdicngpd c@oibapHoR et PXPIG 2OV -1 ber). See

Table 111 and Mattr s 02,06 Sinkieyp oly e ahPanaLfamablpughnpiovi des a

superior cushioning e weve otal™ weight of the pol yurethane
f oam | ayerth¢é ageFdrexamplehtht hen-tvogdi shgetdeyst mag beewde fthwang | bs, because the

ticking and th et hane foamw |1 ..bur t M [ not 16 WO
03/ 0641%59 @éﬁ?@%@g%g{?ﬁ‘f ggmfcﬁre?dﬁ tb%d‘Plee‘sT g%l nﬁoﬁ,gg%égaﬁg&ﬂ%ﬂs is lost. In
such an enhad fFenfiberglapy ey, e mdtiése kNths prdsemt ittvatibomny fisthér 25 i nches. See

Table 11l and Mattress 12, below, The pattress of th resent jnvention nmay
further cowpiriseaticast ene thF‘éE’iygrt HECH bp g;grs?copaﬁaé'ﬁéan&%éé)lstr%ﬁ c,mrthhe bor der of
the presentyd-RYgonL RITHE gﬂ&rl%?&€§rhé‘reh§aleﬁ bSthe tayiehd FOI Tngdraig aa- mat t r ess

J

fabric and a second | ayer adjacent to the first |ayer and conprising the
fire resi swakion faxprand apdeescpafifthfayeradiaseride the f#)ﬁ% ?fcﬁ‘?.g “ihr‘f’%addi tion,

20 comprises polyurethane foam. See Example 2 below, Mattress 2A-2F. The cushion
layer may be made of polyester fibexs or any fibers known in the art to be suitable for
making a layer which provides cushioning. The polyurethane foam may be of varying
thickness. Furthermore, the mattress of the present invention may comprise at least
one sixth layer adjacent to the fifth layer and comprising the fire resistant fabric

25 material. See Example 2 below, Matiress #1. ]

Mattresses #6-11 in Example 2 below feature varying amounts of
polyester fiber as the second layer of the mattress between the ticking first layer and
the inventive fire resistant fabric third layer. In another embodiment of the invention,
the polyurethane foam may be the second layer of the mattress (i.e. under the ticking

30  and inplace of polyester fiber). See Table III and Mattress 12, below. The
polyurethane foam layer provides a superior cushioning effect. However, the total
weight of the polyurcthane foam layer together with the ticking must be less than 3

Ibs, because the ticking and the polyurethané foam will burn and the mattress will not
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the border may conprise a third layer adjacent to the second | ayer and
whi ch conprises a pol yurethane foam The border may al so conprise a fourth

| ayer, wagh/ggent to the third layer, and which conprisescpys@inygven sheet.
Alternatively, 10 the border may conprise a fourth |ayer, adjacent to the

third layer, and which conprises the fire resistant fabric material of the
present invention and a fifth layer, adjacent to the fourth |ayer, and
whi ch conpri ses a non-woven sheet. In another enbodi ment of the present

invention, the mattres C rises at lLeasi one,fl.r | [._gonprising a
mattress fPABYIPCOUEEESES ?Pregﬂ% @’5&?&8“1%“ 1'% gPFmg%‘}I%%}éth? @égmie e first Iayer,
and whi ch gierREd Sethetiben fd 05 ihesds SEaTabi-allr ind Mairesila) belof. t he present
invention, at |least_one third |ayer adjacent tghthe secondéJ]rrayer, and

whi ch conprises pol ¥ Befssseoithrprpseatmyrtien ngy duthst FRPTISE#dVe adj acent to

the third .JaveberadNtdn Wit GHLGONBE 56 Borde VIhIRYRA Sh@Rion cahprigast one fifth
| ayer adjacent to the fourth |ayer and which conprises a_fibrous pad and

at | east ding lakexcimprisinga malfressdplirictand Z2oseeond lnyer edjagent orthafigt Wirch conpri ses
anot her fibrous pad. . This ' .S § rexeipld. fih 884idish. Exanpl e 2
bel ow, Nataflggosn%p%.%lgﬁ F ?%%reﬁﬂgﬂﬁﬂgﬁgﬁ%%lgﬁﬁggg%bmnt s of 'The mattress
of the pr elsetirddrmegrbinprisqrathivd dhyat 4djdcentgo thesesond Ser Excevdble 2 below. I n a

preferred enbodi nent, the ttr of, the present. i nyentihQn conprises at
| east one "f’?lPEﬁeSPé??@?r%&ﬁnﬁﬁ‘%gbngﬁ‘?@égeré“% NI Y }rlolu%,ill@f’r’l east one 25
second | aygfacdelicaee ird1yd,had hidtcohdiess amdareiven siivet. skiondivbigyer is a
cushion |l ayer, and at |east one third Ia,ée{‘l @gjﬂié:ent 0 Iﬁe second | ayer,
and V\/r'lpcht%%‘??ﬁiqf@@é’cpﬁ?@“ﬁ%fé’mhé%@sﬁ‘aﬁ‘ien* Bhe YEF P3F V0¥t he present

i nvention. eg’ﬁ?etﬁf@§ iSTRY fbHE hRRHACHTRY pré@nlinvédioh @A6E figRGyEouUr th | ayer
adj acent tcg;ﬁpﬁse third ﬁayer aand whe?ei n the fourth layer is a cushion

| ayer, at alijpesst toghe ffurthtlayer, apé whichgpapeses atT@ﬂtWeﬂﬂli’P-h | ayer, and which 30
compr i ses_pol yur et hang, [ apmh AfleR b 183leeB itk Iad fiftes ad] acent Lo the
fifth layer, and 1 ch conprises a non-woven sheet. The cushion |ayer may
be nmade f kompasey at fehddene firdlagericomphignga mattess fbtie af sastwaksargnda cushion. In

a preferred enhodi nent, .th cushi | ayer ¢ | Se i bers. The
best égbog?yl% J"*’F%Fﬂtﬁie gﬁsﬁfaé'?rf mﬁw% 5@%%35%5%?%@5@# %@%ggré%landpoi nt

i ncl uded &% tHeheessRGRVENIB YETeadt ohoVhird laeeadjaleyiels tiarseborddayck.apér . Thi s

enbodi nrent of the invention is exeni‘oel ified i 'ﬂ Exaﬁl e %ﬁ@iltﬁj\év Mattress 6.
This enbodnfeemprigsrobaethane fogmer leat ongfqurh dayet Hiesnidg NE P o control
mattr esse%a}[ef, 68d whATBInSrides RGA WovOsHeBtOht 1441 briceifh 18yer abjéent @10t ed above,
it had poor fire resistant 5 characteristics. However, Lay&; ##2 of

mattress @owtidagerend whichspyntisesp figraapet anddipag onp pisth Iy edieeinbico pecause
more bhan g, ﬂifﬁlslayéqeaﬁﬁ WhRRlcohipHibOnshE AULERR a8 Chis bRBodBichy i Afither

exemplified in Example 2 below, Mattress 5. All of the aforementioned embodiments
of the mattress of the present invention passed all fire tests. See Example 2 below.
In a preferred embodiment, the mattress of the present invention

comprises at least one first layer which comprises a mattress fabric, at least one

25  second layer adjacent to the first layer wherein the second layer is a cushion layer, and
at least one third layer adjacent to the second layer, and which comprises the fire
resistant fabric material of the present invention. The mattress may firther comprise a
at least one fourth layer adjacent to the third layer and wherein the fourth layer is a

~ cushion layer, at least one fifth layer, adjacent to the fourth layer, and which

30  comprises polyurcthane foam, and at least one sixth layer, adjacent to the fifth layer,
and which comprises a non-woven sheet. The cushion layer may be made from any
fiber known in the art suitable for making a cushion. In a preferred embodiment, the

cushion layer comprises polyester fibers. The best embodiment from a comfort
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di d not pass. Nonet hel ess, superior softness naybe achi eved when the second
| ayer 1is a polyester fiber or a polyurethane foamand the total weight of
t he | awasod/iqegeoher with the ticking is | ess than 3 | bspcThisssquef erred
enbodi ment is Exenplified in 10 Exanple 2 bel ow, Mattresses 7-12. As

i ndi cated above for certain enbodinments of the mattresses of the present
invention, the coating of the fire resistant fabric naterial faces the
first layer. As used herein, "faces the first layer” neans that the fire

resistant Jagdif MBhEL Alnd B0 1afPalld6uRE pOREs G RA s s, |t he

coating is on one Si aces the first 15 layer, with the
uncoat ed sibedirent offhaivayntangsetenplificd axExaapl 2 balowMatticssh, Thihe  number s
of the layers.indicates.the arder.of %ARle (sek T the
mattress © B@F‘tenfk"ées?lﬁ%]?flmsaﬁr Ssavletﬁfo ?Sséuﬁérg(%r%f(gﬁ{ohe top E:ofset he mattress,
with the smenptdaiew, GeitoiMaatksdenit, smotddabbve Sthad pyenfire rdsistanhi rd | ayer
is adjacent to the second | ayer d.so ddi. t,i QR

Ll
descri Bed chiaseristiche HRRpYr J<yE? Qoqafn”i‘ar‘itéesﬁgglg‘é ﬁlrt]Otglé’be ight 0% ﬁ{elgtgﬁtﬁrgr%é az:/ g :ns) ri se

ot her | ayers Mijdthre Bobake BREé HEn 9T, RercNBit Quiitdhobsmpad, thé mykwess and/ or a
spring layer. See, e.g., Exanple 2 below The mattresses alsq may conprise

a border, didmdt pass- Nmethelesre punsaeicsofthess may b @chiegsd whendhe sepondiayel” > po| ow,
Further materia | | WA bt Sgiit Be H¥BL et Rpsthed t he
present i rﬁ’/%ﬁ?l' %Sier\ﬁ%ﬁﬁgu@%%ﬁg%dgggﬁon mat er i_algs,_ such }r;sﬁ}%on fire

ret ar dant vith the tieking {sdesiaimn % ls.cBids proferizg embpdinteniig FraepiiiadiRess material s

toget her (e.g. s thread o evl ar thread) and non- fire retardant or
fire rl8t arﬁi‘éﬁ]ﬂ’letg)aﬁé‘?wé}r)[ﬁ%éﬁﬁs ey be used with Kevlar thread to diminish
breakage and enhancesphrdichiet dbove foi b@tail emboddaeits ofthamajtresyos béiheed

enbodi mrent of the present inventiagn, conventional . e.an I nvent i onal
thread mayesse igeadonihe ‘E"ﬁ@n%ﬁ]? g‘éesre%‘ftf‘?t&%r}ﬂ%%%%\%ﬁ ﬁ)et r% 1&% fornia TB

129 test 30 [LEHHEEEMALR theSB8: FEM RS 2hdd Glcoive dshimbfbrie smesialliisand 11. The
fire resistant materials of the present inventian rg%%élfoﬁe ﬁlse?.d to produce

mat eri al s opiting e orielcabotbisideacfdhe coptingsis OB opg SIe- A coMeSfer s used in

matt resses_and. . - Of i ihvePNId fadgiégthb ayers. In such
an i se@\D 3@%’@2%%@#@&%;6‘%%2 e %E}eﬁfgﬁt ,}lrt he foam and cushi oni ng

| ayer s nadembetstoftinelafdrs mdicetss teander phthe liyafss Fof cxappde. iirtbe BAtresfvent i on
inpart fire resistance to,the mattr : i ] bel ow
provi des, P Cdf)b[?eo%sﬁﬁ%’eé’ t%?@gﬁ{sg%ee@? %{Wg%%gy rr%g’ggﬁpgé g‘l(j)c;amtl %Z@Cl%xad[gl ng the
appl i cant s dhaue terdirktNayer, thehad taer s athackinitrthe sfcofd fagen axisotoant 5 fabric

material of the i nv%rllgcild?t?dn t-g%%—lgyelrs described above, the mattresses of the present

20  invention may comprise other layers which may comprise one or more fibrous pad
layers and/or a spring layer. See, e.g., Example 2 below. The matiresses also may
comprise a border, such as the border described above. See, e.g., Exaniple 2 below.
Further materials which may be incorporated into the matiress of the present invention |
include constriction materials, such as non fire retardant or fire retardant thread for

25  stitching the mattress materials together (e.g. glass thread or Kevlar thread) and non-
fire retardant or fire retardant tape. Silicon may be used with Kevlar thread to
diminish breakage and enhance production time. In a particularly preferred
embodiment of the present invention, conventional tape and/or conventional thread
may be used and the mattress still complies with the California TB129 test

30  requirements. See Example 2 below and mattresses 10 and 11.

The fire resistant materials of the present invention may be used to

produce materials with similar characteristics to foam and cushion layers used in

mattresses and may replace or be added in addition to such layers. In such an
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Coati ng Conponent s% Wet BI NDER Rhopl ex 334934. 76 TR4073.96 FILLER C ay ECC
12018( wgl%(%ﬂ. P? SURFACTANT Cct osol A183.0 Ammoni um St ear at e4. 27

CRCSS- Ml am nel. 18 M SCELLANEQUS Ammoni um Nitrat mi X
5197.0 Acrysol ASE-95NP0. 2 Water3.46 Total Percent agelogg/y %‘I’B@?%TE BGF

I ndustries Style 1625 fiberglass mat Al though the table shows bossi bl e
combi nations of binder, filler and surfactant, it is believed that other
conbi nati ons may be enployed. 10 Table Il bel ow provides a list of
conmponents ac ordlng 0 an

nvent 1 on oS JH? S5 YARCER PR LR D0 TR CRat ok ent s % Ve

BI NDER Rhap! si¥scaBih9ationSmfRay ieedd e BARR nafifsFvhtEReCiimyeneCC1201 (Huber ) 25
Decabr oi nodi phenyl oxi del3 SURFACTANT St e}()anol AM { ALS),0. 16 Cct osol A-181.68
Table I below provides, in approXimate percentages, the components
of the coating the applicants have used in a preferred embodiment of fire resistant

5  fabric material of the invention.

TABLEI
Coating Components % Wet
BINDER
Rhoplex 3349 34.76
TR407 3.96
FILLER
Clay ECC 1201 (Huber) 42.07
SURFACTANT
Octosol A18 3.0
Ammonium Stearate 4.27
CROSS-LINKER
Melamine 1.18
MISCELLANEOUS
Ammonium Nitrate 0.12
Aguamix 519 7.0
Acrysol ASE-95NP 0.2
Water 3.46
Total Percentage 100% '
SUBSTRATE = BGF Industries Style 1625 fiberglass mat

Although the table shows possible combinations of binder, filler and

surfactant, it is believed that other combinations may be employed.
10 Table I below provides a list of components according to another

preferred embodiment of the present invention.
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St anf ex 3204. 27 CROSS- LI NKER Ammoni um Chl ori de0. 11 Mel am ne3. 49 '
NQSCELLANEQUS Acrysol ASE-95NP0. 14 Silicon Ol CT1010.5 G een Dye0. 03 Y250
def oanmywdefksFoPP0. 07 Citric Acid0.05 Tinunin 2920. 05 AFaaRisesnz7s?2 '
Hydr oxi de0. 26 Water 8. 02 Total Percentagel00.0% SUBSTRATE =13FG. I ndustri es
Styl e Nunmber 1625 fiberglass mat The fire resistant fabric materials, as
mentioned, include a substrate 5 and a coating which conprises the
structural material of the present invention. The coating (structural
material) conprises approxi mtely 34% by weight of the fire resistant
fabric material. In the coating, about 44%to about 55% by weight is

bi nder, 20 WD 03/064759 PCT/ U503/ 0;%%%1 @out 0.1%to about 5.0%is
surfactant, and from about 20%to 5%is filler. In a preferred

enbodi nent, the N‘M. coprtses—apputs 0% binder,—about—10% surfact ant
and about 40%6|{G9AREE ‘#ﬂ% F#SI er is ﬁug%r ably about 25%clay] The
substrate is prlm\qj}gmy vvoven gI ass. The substrate may al so b¢, for
exanpl e, a woepn-5—+fagbrie-of-bBE—ETH pr—Gftament—avaitabte from BFG
I ndustries. Trg{@ﬂ%ﬁége IS appro<?¥?§$el y 68% by weight of the fire
resi stant fabr{igpvend 84028BR The bi ndepi.shi ch bonds toget her the gl ass
fi bers is appriexipmately—50%Rhoptex-3349—-and—508%Rovene—4462) or any ot her
sui t abl e bi ndEI‘FILN(!WI n| iting exanples of suitable binders is$ provided
her ei n above. J(Qagngcqg@ﬁg{@taq may bgs coat ed by air spraying, {dip coating,
kni fe coating,|—roll coatingor—fitm-appH-—catien—sueh—as—taninati on/ heat
pressing. The Qf&?‘?fﬁamﬁﬁ’i‘mﬁ’zom%ndejl?o the substrate by chemTcaI bondi ng,
nmechani cal bon@ygFAnd/aNT t hermal — bondi ng. Mechani cal bonding is achieved
by force feediljngthe coati-ng-onto the

Stepanol AM (ALS) 0.16

Octosol A-18 1.68

Stanfex 320 427

CROSS-LINKER

Ammonium Chlonde 0.11

Melamine 3.49

MISCELLANEOUS

Acrysol ASE-95NP 0.14

Silicon 011 CT101 0.5

Green Dye 0.03

Y250 defoamer 0.01

TSPP 0.07

Citric Acid 0.05

Tinunin 292 0.05

Ammomum Hydroxide 0.26

Water 5.02

Total Percentage 100.0%

SUBSTRATE = BFG Industries Style Number 1625 fiberglass mat

The fire resistant fabric materials, as mentioned, include a substrate
5  and a coating which comprises the structural material of the present invention. The
coating (structural material) comprises approximately 34% by weight of the fire
resistant fabric material. In the coating, about 44% to about 55% by weight is binder,
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substrate with a knife. 15 Structural materials and fire resistant fabric
materials made in accordance with this invention may be of any shape.

Pref er g Y3 ogeh articles are planar in shape. The strpg&,% LoopBt erial s
may be used in any of a variety of products, including, but not limted to

mattress/crib fabrics, mattress/crib covers, upholstered articles, bedroom
articles, (including children's bedroon1artic|es) draperies, carpets, 20
wal I coverings (including mallpaper) tents, awnings, fire shelters,

sl eepi ng bags,. . jronin ar ove irer n urniture,
ai rpl ane s”g’g‘t‘fso Rade g%ﬂ”g%?%’ 18 F‘Ffa@tani &y %?%ﬁ?o‘@?g(ﬂ aﬁo 85%;?%%%&0%} drivers,
fire fightaisferrk@bmbodRER] thDtdMing coramibet bieut 568 bmdbulabcﬂlt moPsmat eri al s, such

as roofng shingles, structural |amnate fac i 1ding a| r duct
liners, rodfiprientandahquagVre ey dkhefplsy ispeetera W%b 233 ﬁl%bﬁﬂsnt f or

or gani c, %bé&ataap pfe%fﬁmpgfova{ Ahdsaltfe subBirdte FAPLITE be, ToEkxhinpl, & GbYenpr oduct s,

filter media (including autonotive filters), aut onoti ve hood |iners, head
liners fifeiaeflD B, vapot et pesigble figm Inghupigies. bk subdials i al may be

used al one gfom %13%8'9 S/q,veggat R rﬁ"{ rekiQfant ﬁ%x%ﬁ%ﬁ&l' e bRARE! Whicksuch as the

type used ¥ esse apes, eepl ng bags, tents 30 etc. which may
al so be fitoadyestthtraing glaﬂsrﬁbbnveanpramatsb/éOMeEh@ﬂfar&MPabd5Q% Ravesei al s, the

substrate be co e..oL both on the |ntended
appl i cati o‘ﬂgg’lfﬁfml’ ﬂ&‘f’ra%’b% ﬁlfls?fni\g MEYRE G 85 su qelﬁe ?gd%}glscoat ed with the
filler/ surﬁr@ﬁa@q{&é}ha&% coating, the other 21 WO 03/ 064759 PCT/ US03/ 02782
surface can be coated with anot her nmteri.al ghe r oof lﬂ?%ﬁ’mﬂ erials

i ndustliy, for exar‘rﬁh@s‘lbﬁ'ﬁ‘ée B8Ry &f C‘Pﬁé?del?yaé’isl’ﬁwgb IDEERANEN 2% 0f i ng

asphal t, mRgi§ nﬁgo a¢ﬁ1§anochmnmaﬁﬁmi/ﬁea@ SQAld. g% coRid nidydear ticle can
t hen be toppe r oo ranul es %el i eved that such roofing

mat eri al doofd tbéhd ﬂugmaéﬂrbyi qhemabbnndmr mefhapisplthopding ped/er thgwakt ance and
bet t f | bility,
eLier perh] %ﬁlggbﬁ/ﬁnﬁepﬁcra?“& ﬁ{ ¢ ﬁﬁ?g&ﬁ%ﬁbfﬁfﬁe%%%é%‘ﬁ?,m‘% ihXi bility

di mensi ona roofing materials. The
m xture ccmbmmmw@ilmfdal nder, surfactant and filler may have a

consi stency of a l'%gxct gmﬁﬁc%'lldﬁu?% ﬁ%s‘?‘ 10 cre%[g’n aismdd%npel i eved that due

to thé” ow densi ty sur generated mcrocells

for rred t hekeirdand® witdtthip asentih rhdy teudlany fieps ubsfaaty swentidgple ed t her et o.
| f desired, however, the viscosity of the oat i nﬂgcan be. i tfué?%ased t hrough

M xi ng t o RAHSLINESheneafhy firg ta5 TRy P PO EGHY £ha Varkhh iR Nonl i mi ti ng
exanpl es %clﬁ&llé%‘ﬁﬁf‘ﬁ&%nﬁﬁ@m:%at't@é%l’dﬁ@%tﬁ*féé){ﬁﬁhesﬁﬁﬁb Q5N uplAgdtats®!  ASE- 60,

Acrysol ASE- ASE- 75, Rhopl ex ASE- 108NP, and
articles, bedroom articles, (including children's bedroom articles), draperies, carpets,
20 wall coverings (including wallpaper) tents, awnings, fire shelters, sleeping bags,
ironing board covers, fire resistant gloves, furniture, airplane seats and carpets, fire-
resistant clothing for race car drivers, fire fighters, jet fighter pilots, and the like,
building materials, such as roofing shingles, structural laminate facing sheets,
building air duct liners, roofing underlayment (or roofing felt), imderlayment for
25  organic, built up roofing materials, roll roofmé, modified roll products, filter media
(including antomotive filters), automotive hood kiners, head liners, fire walls, vapor
barriers etc.
The structural material may be used alone or may be used as a liner for
a decorative fabric, such as the type used for mattresses, drapes, sleeping bags, tents
30  etc. which may also be fire resistant.
In inventive fire resistant fabric materials, the substrate may be coated
on one side ot both sides depending on the intended application. For instance, if one

side of the substrate is coated with the filler/surfactant/binder coating, the other
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Rhopl ex E-1961, all available from Rohm & Haas. 15 Additionally, the fire
resistant material nay be coated with a water repellent material or the
wat er wap@ldeerst mat eri al nmaybe added in the coating (i.ecy/usesivEsnal wat er
proofing). Two such water repellent materials are Aurapel TM 330R and

Aur apel TM 391 avail abl e from Sybron/ Tanat ex of Norw ch, Connecticut. In
addition, QOmova Sequapel TM and Sequapel 417 (available from

Omovasol utions, Inc. of 20 Chester, SC); BS-1306, BS- 15 and BS-29A

(avai |l abl AL 618 indO¥tky, @64 TM 1 171A,
Syl -of fr I\/?ulgégc%o ang%%%*\%pmg%gwm?éoﬁgﬁé%%f I ablzm({a from Dow Cor ni ng,

Cor por at i eramleNhepthatinatiigl mayrhespeyenipng 2o fing aspiialtemrdilied sWhEEG | ndust ri es
of Charlotte, A\Igﬁclﬁerd;oMngp%%%Meoﬁﬁgéaﬁ%é};geﬁgppeﬁ%tﬂ\@&ﬁ%@%ﬁ@|I i on- 03230

(avai | abl &" rom nci nnat may al so be used. It
i s bel i evegbdlieadd ﬂmbsueimmbﬁng)materiaﬁ doukirhel lghtﬁmmwsllghi, offecbettemfiesi ons,

pol yol efin enul si o and f ony rfor n1 ng
products REFtaNce gu et@hﬁ’?ﬁ%@@n% ype Frésﬁléf ksélﬁ asn%?(gvrvf:%b de%r?ﬂﬁg materi al s
are al so Jus&fsidnal AbiliteBhd QRASHRADAN griof £ rdofipgiateniglsbounceback
characteristics to the fire resistant material of P]i i nvention. \Water
repel | ents maybe paﬂ'“?@mt‘&PP?mBF%F%YhF@HldeFmﬁwé’ié‘H;p T Y 18K83 nanuf act ur e

of crib . A&vedBRALLRGS WeSoh
fur ni t ur rer%%%"’???’u%g%fail% DU RLATE SEARE R THls by IRl AR MoR 0/ 02782

A def oane dewsity OQtTE:ombemadmrfa@tanti@n@r@f&ﬂ inigroedlls fprencgrtbareindomatease i on  to
reduc%a”gtﬂ)% Ahg teth% Qﬁ;ﬁ% Eét&‘gifgeﬁf’e‘dcﬁén %Qrfer,gi)kgw%&% 6&%9&”‘” i's

Y- 250 ""av rom rial Vi st ton
ret ar dant caatrgrctaﬁbsmmseﬂltmwmmadn@m cneurt et ftidoes rroebies@ﬂmugﬁt}mt erl aI s of

the present, inve n.to further rove th I

char acterls‘él?sfré@ T\}‘NEWI‘ HI g e%%th%?%‘gn%f‘gefl Sﬁléd'f}%i SO% %&ﬁé\ﬁ "al s whi ch

nmay be US@ersBl ASBA0IARGE] A/SH—i‘O(ﬁ)th@l@SﬁSE-%Dmmd:mﬂSEnOﬂmELemERD 004

(decabronodip ! Fgl oxi de; Tiarco Chemcals, Dalton, GA), FRD 01, FR-10,
cx

FR- 11, FR—RiIQP wsi, Elﬂ'\‘l"fklat(l%ﬁPmMFq &J1385. £ r om Ti arco Chemicals) zinc

oxi de,sand al um nu 51't1 agfyafh% ﬁQ%Hﬁtmﬂ%@a&ﬁal@%‘ﬁe‘&Bﬁed%@rwﬁélgnem S,
inclu |n but not I'nc.), W4123 Bl ue Pignent,

W2090 O am@@llﬁltgmﬂémal omna' mtesrmlkemn@mt msmbe adfisd TBthgcedmeli-gnent , iron
e added PRTRGVRBATHR gt hach MERAEOR R Tl OMRpLTY SsOfllg T 0 =
char act er iAskapeE™ 390 (ahaxableéraﬂlesybrem’Temﬂtm of N withe Canfuicti¢wsnbil adddiomi ngs of ,
€.g. wate Onmo%g lS'ec?unaE)eI@t d éequapel 4?'ﬁavalllla%9e %rom Omnovasolutions, Inc. of
20  Chester, SC); BS-1306, BS-15 and BS-29A (available from Wacker of Adrian, MI);
Syl-offtM-7922, Syl-off™-1{71A, Syl-off™--7910 and Dow Corning 346 Emulsion
(available from Dow Corning, Corporation of Midland, MI); Freepel™-1225
(available from BFG Industries of Charlotte, NC); and Michem™ Emulsion-41740
and Michem™ Emulsion-03230 (available from Michelman, Inc. of Cincinnati, OH)
25  may also be used. It is believed that wax emuf;:ions, oil emulsions, silicone
emulsions, polyolefin emulsions and sulfonyls as well as other similar performing
products may also be suitable water repellent materials. These materials are also
useful, as mentioned above, for imparting bounceback characteristics to the fire
resistant material of the invention. Water repellents may be particularly preferred for

30  example, in the manufacture of crib mattresses, for airplane seats and in the

manufacture of furniture, particularly for industrial use.
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material or antibacterial material, etc., nay be applied to one or both
sides of fire resistant materials and fire resistant fabric materials. For
exanpl %%6 desistant fabric materials conprising supé%ﬁgﬁ 7 oated on
one or Dbo es with filler/surfactant/binder coatingsS cou e coated
on one side mnth a water repellent 20 conposition and on the other side
with an antibacterial agent. Alternatively, the water repellent material,
antifungal material, antibacteri al naterial etc., may be added to the

coating before it is used to coat th rate PE?EANPLE% Examle 1
Fire resistant fabr SRSt gy alpg E)P ﬁgatgltg S ABRYRPAl s of the
present i nyRhESHhd/dr @ﬁmlﬁ%hﬁﬁﬁhﬁlﬁg ?&‘élﬂ@éti%ﬂ Dhe sepalefoametisingsg ust four
maj or components, water, fil surfactant and bi nder (see Table I

above) . Tmeaxéabm&mDquhéum@wléeﬁ@mee@ﬁ%T were as foll ows:

approximately 34.76 Igagéit B dadeieht a, 30 PA),
42.07% ECC 1201 cl aSP/(? 5&(?% H%%%gls ooctogbseo 8 surfacst ant). In addition,

4.27% ammutmmfnwmeet lnﬁ)clmz»%td\fmﬂml 1u1pr¢wetthfaﬁle reslstam@e ohamsitaniwtisie. 7%
Aquani i x, 6% TR407 204 ASE- 95NP The
: Nvggé.? Itmgxeé{amp 1ée Jﬁ%ég‘ﬁt z%enals Whi E’E‘xa%r%?lh %1?1 ?ﬂﬂ@ed

material s m xi ng m nutes. 23 WO
03/ 054759 vk h&JﬁQ&n@&?f&&m'ﬁhﬁclﬂﬂex_ﬁmb@Owec&catﬁﬁdodmhmgbmda, Txaﬂoer gl ass mat on

il 1R o YR T i e SR S SR
wei ght 'nﬁdﬁ'?'rfa?da%eﬁﬁcals%%do%x{d%Oandtaﬁm%n&x grdfaw AT‘HD@ mat had a porosity

in the range of 600 to 6 R2. The coate was _dur abl e and

f1 exi BPe and di d noln addiiion, evorrdgraeyiy 1%@%?@@5%“¢%@uﬁdé%%‘?@°
ehar act er gt | Gy TY RS Mk S Mo RN InRANT FTBALE T Bipigaoal ed ver sus

coated wer ectively. ical El nmendorff tear
strengt h WedESGreerePigmengiren ox13e1fﬁdpwmr@(wmhb]@tfrwm5n@ & tearing. The

f t ant heck 10 Wh
exposed t 3 OLREHISIHL BT R B Rasl B HET L b g S eh Tt nchoe,

woven falaeélfedeﬁda&@exﬁsdcmsué}ama@si&aidoeﬂ the fi re test (i.e. the glass fiber
nmelted or a hol e was cat ed where the fl ane hi [ aﬁ\}ﬁﬁﬁ Hovvever
I

when tlfe fire resi srtrﬁ"i’l? drtigna| qoatingsiolyq.8 WAy T§Rg e‘ﬁ%ee'ﬁ on was

exposed t Q,khe1 b ABaQbnAnBUHSE BicBWAE abfidtaondbrHofinidesof fitavo i nches for
a period of five mnutes or nore, no hole was created. and, 15 lgagﬁ? gl ass

fibers di desisnt ratarialsprg fisomsistay (e Beeaals: t s egtmrls s frsistant nel ting or
di si nt egr %ﬁdt%&l%ﬁlph@ﬁg ISRk byt onf 38 0Bb&RSidbARIhC Structure was

nmai nt ai ne
filler/surfactant/binder coatings could be coated on one side with a water repellent
20  composition and on the other side with an antibacterial agent. Alternatively, the water
repellent material, antifungal material, antibacterial material, etc., may be added to the

coating before it is used to coat the substrate.

EXAMPLES

25  BExample 1: Fire resistant fabric material

To produce the structural materials of the present invention, the
applicant formulated the coating using just four major components, water, filler,
surfactant and binder (see Table I above). The amounts of the major constituents
were as follows: approximately 34.76% Rhoplex 3349 (Rohm & Haas, Philadelphia,

30 PA), 42.07% ECC 1201 clay (Huber), and 3% octosol A18 (surfactant). In addition,
4.27% ammonium strearate, 0.12% Ammonium nitrate, 1.18 % melamine, 7%
Aquamix, 3.96% TR407 and 0.2% Acrysol ASE-95NP were also added. The

materials were mixed in a reaction or mixing kettle for 45 minutes.
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addi ti on, when cotton was laid on top of the fire resistant fabric materi al
such that the fire resistant fabric material was between the cotton and

the BUuRg@RsMsusRer, it also was protected fromthe flang@fyslBpfRgnsen:
burner. 20 The Technical Bulletin 129 of the State of Californi.a Depart nment

of Consumer Affairs Bureau of Horne Furnishings and Thermal |nsulation
(Cctober 1992) indicates that a fabric should maintain integrity when
exposed to an open flame for 20 mnutes and that test was passed in the

lab with the fire. ¢ SI stant_ fabri t L eS8 avention and
the mattresses of thHE®PrEEEY? Wf?/ tﬁ%%na %@%SS%atHr}Sgg 25%%% fire

resi stant fiahihitGvadainiaatured ByeBFG Uelnbtion) Ipx of/aneasbarat NoghCasilistant fabric

mat eri al WhIChISf|eXIb|e pI| has hapacteristics.
and whi ch SRS SeP RyTes | A5 &?E’?@S‘S weight n g@fggﬁcélkﬁqerglg has a
porosity qf /d€9ke ﬁﬂﬁﬁhdla%oﬁs[tgl if e ARt edolias @oaﬁﬁﬁﬁ%ume afated4Alef i n) and
may adhere very wel her materials, includjng decqéatl ve L,fibl’l cs,

pol yur ét hawes durbig andsf’c%gbé‘?\mdai‘én?t(f% og beping s RS Quneehagk'ar anul es
(non-_asphghliGrigfls n?h@cﬁ%@ﬁ@ﬁ%ﬁ?m%ﬁe&bﬁt@fér%béaftéﬁmer&u@%dté‘d material may

have few p| have rous pinholes and still nmaintain a
porosity oferkd®Hst¥and ﬂ?bhm/ébm‘speﬂtlmdwelfyplm Hlgerpder ffigyap Sramei7 59

PCT/ US03/ 02782 app r oxi th sol vent based adhesive
such as Fi'P#§YSHE ts@'c? %&‘Ed%ﬁ%%%e"%ﬁﬁ i)?e\l\g "does not bl eed through
the fire resistant fI&hBIflreCres@ﬁhﬂbbl@dmaﬁhﬂvaqspha:oﬂmd fomnombustlhélty:oatl ng to the
substrate was acconplished by 5 knna]%e (of0) di t.i t he coating

tl
may al¥b b‘é(hﬂ‘é%?@i? g thy flame fadunge W‘lﬁnt?%ggﬁmﬁ Pid e?id” ARG knife

coati ng, Qﬁ%%ﬂbﬁﬁaﬂ%&bﬁ% RGNS hsagabeﬂm@ltedaﬁamoregwasr ol | coating
(squeezi ng etween two rolls having a gap that detern nes t hi ckness of

t he coat i mygatedoyhcae Harftimediitdhe Bhriekr TR when e fapesisiabf ‘F‘bm the Gardner
Conpany, sp rtgﬁf 1'39 Sir%@hﬂﬁve%ﬂgn %Q&p%&gittb'ﬂ& A B RABISLMSB@herSRI gnt 10

di spersi on, amnatin the I'tke, followed by dry| ng and
baki ng, asdm;talcewéhtvo inntmrfon znpdrimé o&ﬁverrmw@ror@m@ |nﬁ@016tvn'@ cseategland” wer e

G vi gt andie B pers iR POL DAk T i Bastea R D M Eon Sy 2 L e s
filmof ongsiflegheaddie fedrioy oﬁubglasnj%m simmurmas mmntai:Edwht h a substrate.
xamle 2 adlé!/ﬁ:.itogl,r v?rlsleilecsottgr? g;pag 13 (?ng to}o rf])?tl;eiﬂ’rg rermesamP }ag né mfa suc}?ﬁltaF tﬁl% al

fire resistant fabric material was between the cotton and the Bunsen burner, it also

was protected from the flame of the Bunsen burner.

20 The Technical Bulletin 129 of the State of California Department of

Consumer Affairs Bureau of Home Furnishings and Thermal Insulation (October

1992} indicates that a fabric should maintain integrity when exposed to an open flame

for 20 minutes and that test was passed in the lab with the fire resistant fabric material

of the present invention and the matiresses of the present invention which comprise

25  the fire resistant fabric material.

The invention provides a fire resistant fabric material which 1s flexible,
pliable, has good drapability characteristics and which shows no signs of cracking,
etc. The fabric material has a porosity of less than 18 cfin (uncoated has a porosity of
440 cfin) and may adhere very well to other materials, including decorative fabrics,

30  polyurethane foam, isocyanurate foam, asphaltic compounds, and granules (non-

asphaltic shingle components).

The fire resistant fabric material may have few pinholes or may have

numerous pinholes and still maintain a porosity of less than from approximately 10 to
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Exenpl ary enbodi nents of the mattresses of the present invention were
produced conprising various | ayer conponents using the fire resistant
fabric ni.erial of Exanple 1 above, as further deta'% ﬂ‘P
(nattrgggggﬁ?%§2). The mattresses were tested for flann%'ﬁ ? 3&2%5 for
confort (softness). Al mattresses |isted bel ow passed flamuability tests
(except Mattress 6) and were conparable in confort to the control Mattress
3 which does not include the fire resistant fabric material of the present

i nvention. FI 6.sho t he softness rating f t he ex lary 25 mattresses
of the i n@@ﬁ?’&&?teéﬁhao ﬁb‘o@eﬁ cf?é‘{etd Wﬁﬁ’tsf’%@%@?gﬂ a%%ﬁwefﬁ&a%gﬁ ]f%o}a{ﬁ e virtually
the sane igangink NARSSvASANS4 GARLIGOEs (MR blct@tiBoukh thdlie resisems BB  2E, 2F, 4
and 5 rated sfightly lTower in softness than the control mattress, and
Mattress ®@ghi ficantly exceeded the softness rating of the control
mattress. The matt r@ﬁé@gﬁ%{oﬁo Eﬁjcgﬁiﬁ o {1 subdh@icCdsi dbeiniiiRhelithyl 29

4
Fl ammabi ity test procedures. The test” procedure is designed 30 to eval uate
nmat t r esse&nifatcative dinfadditios ahe poating may: alsa be geheymed Phelrethisg apt gikedur e was
perforned as. fol | ows. |.cl nst.r o8 [ 28%us8d £l i brated prior
Do testingouEge npifan i QRS TEHAL sl loftoar g tom7s3ng 204 0% R H
was pl acedodingaol icotingf(sqeezingbetaecdnawd roiéd Haviplgatdep thet détomgnasties f ar si de 25

WO 0310647-59 PCT/ US03/02782 of .the test room r.opa bur ner was pl aced
central | y Tide é%fél_PEI OrliRS 7?%%€3§8%F@rﬁ°a%’6??vﬁ?8ﬁ%‘% ‘gqj?’lg%c{g%o%kh “the mattress 1
i nch fromgah@er€bip&d) Sp?ﬁ}dﬁg,ﬂgﬂ»ﬁig Al floeoaiid @ aquechhier sobemut er dat a

acqui sition systemwas started, then the burner vgar%plg%&é d and allowed to

bum f dP 196rgsienralsndaing lapinatng and i dikenfelPWrshy 18 Edfbusti on 5
ceased or e madpassed. The mattress is regarded as failing the test
i f any of “%pﬁmegk?oh ovmgrntg criteria are exceeded: (1) weight |oss of 3 pounds
or greater in the fAfistcoating, thersamplss wem)plasast imame B ERARPIOHBYEYr el ease of
100 KW and. ( t ot heat. rel ease of. 1N the f] 10.dH.nut es. FI GS.
1-3 show gg%tl'sé?lr Ia}(’)(f'ﬁéo F?g?‘fthetgsag@?vevﬁquﬁg%ﬁ%Me}% 'e&dpglr?tl%&baett?egs 10 6 were
vel | wi t higiythBgepaestap fabiea ab b Wirh 8f brorheat layek dasabsegtent (dtfinatioat al heat

rel eased (KJ) and weight loss (lIbs). Mattress 6 did not pass the heat

rel eadé r 3t auB¥rafor the total emissions test). However, it is believed
that Mattress 6 would pass the test by changing the polyester fiber used
in the second | ayer of Mattress 6. For exanple, Mattress 7 -11 use |less
pol yest er Ekample 2 dipsses qonmwriging thediys resistagh babrie RWIGRASt re| ease 15 rate test
(_or total enission ebolifnhd ot rEatRQbes AR frbehiiBvdnhen added conf ort
achieved with the t%ggmoﬂ%ggg%g%%stgrmfeirﬁaer. Tn addi tion, Mattress 12 uses
a pol yur etehgprediced mriprisigeeioos laytreoppbyatt usingfthhBre randans £3be achi eves

' Tpr 0\5.8d %%{éngfgtsExample 1 above, as further detailed below (mattresses 1-12). The

mattresses were tested for flammability and for comfort (softness). All mattresses

cl

listed below passed flammability tests (except Matiress 6) and were comparable in
comfort to the control Mattress 3 which does not include the fire resistant fabric
material of the present invention. FIG. 6 shows the softness rating for the exemplary
25  mattresses of the invention and shows that Ma;tresses 1, 2A, 2B and 2C are virtuaily
the same in sofiness as the control Mattress 3. Matiresses 2D, 2E, 2F, 4 and S rated
slightly lower in softness than the control mattress, and Mattress 6 significantly
exceeded the softness rating of the control mattress. The matiresses were subjected to
the California TB129 Flammability test procedures. The test procedure is designed
30  to evaluate mattresses intended for use in public buildngs.
The test procedure was performed as follows. All instrumentation was
zeroed, and calibrated prior to testing. Each test mattress, after conditioning to 73°F

and 50% R.H., was placed on a steel frame, on a load cell platform along the far side

25



whil e passing the heat release test. This is because the total weight |oss
is less than three pounds. Table Il bel ow shows a summary of the results
of thewghsh@rs @ 20 TB 129 test. Notably and remarkabl oory@B0M3gn exposed
to a flane for 60 ninutes, rather than the suggested 3 minutes of the
California TB 129 test, particular enbodinents of the present invention
still pass the requirenents of the California TB 129 test. See Table II1,
ll;/!a]ttr)esses 1 anfj 2d|. FLG 4 shows that a control mattress 25 (Mattress 3

el ow) was ( etely,burne urin ' | | 9 .
stark cont?QE%StJH%rAtpﬁ?agg%gn%ro% ipt%?cgcrllg%n@%f%%drg o%‘ﬁ? E‘g?&g mtstte f £ essI "
made in  agsRboanGeaws §hthé haipsesioh fionmbatdroeal (Napamed oEthg Maiedsew) had

little fire damage, . Morequer, FIG 5B s that a mattre de i .
accor dancelkfi ©FRUHE dprasattoy W@@m\tha{%ﬁm%@g%mr had g;%esr?ar agl ;/nl ittle
fire damaggiwer, BxRISER0secddds. OPR e Gvak batButdmtfRithérniltcembidbnt | mes as

long). It 1s particularly remarkable that mattresses _nade.in accordance
\ivlztgh t e peeessdrmr opebetiag nasseth Hheduatires 15Uy ‘?Fefs lggg?et’?ﬁétja ifornia TB

test eyep ik G SXRRSERY (1 PwORRNods| RBBoliils B Qrdltenid @S figcause 26
WO 03/ 0647 g %@%&8@%%%%2 currérgtpxgvgliﬁl %SI eg%roodtfct?dc? not pass even
a}‘ : er S 3 Iﬁmuﬁuease&bmumnumt@s@eamleamfé@? Ké&@ﬂ(&w@hbﬁaﬁﬁlﬁaﬁ"e‘é’% i s
altered, s i fici nf.ort. 27 WO 03/ 064759 PCT/ US03/ 02782
b b7 6. of Mt dninges. 0Daa) Q ) NNQ VQa) NO

FIGS. 1-3 show that all the mattresses, with the exception of Mattress

10 6 were well within the acceptable limits for heat release rate (KW), total heat released
(KJ) and weight loss (Ibs). Matiress 6 did not pass the heat release rate test (or the
total emissions test). However, it is believed that Matiress 6 would pass the test by
changing the polyester fiber used in the second layer of Mattress 6. For example,
Mattress 7 —11 use less polyester fiber allowing the mattress to pass the heat release

15 rate test { or total emission of energy test) while not sacrificing the added comfort
achieved with the two ounce polyester fiber. In addition, Mattress 12 uses a
polyurethane foam in place of the polyester fiber and still achieves improved softness
while passing the heat release test. This is because the total weight loss is less than
three pounds. Table ITI below shows a summary of the results of the California

20 TBI29 test.

Notably and remarkably, even when exposed to a flame for 60
minutes, rather than the suggested 3 minutes of the California TB129 test, particular
embodiments of the present invention still pass the requirements of the California
TB129 test. See Table I, Mattresses 1 and 2d. FIG. 4 shows that a control mattress
(Mattress 3 below) was corﬁp]etely burned du;ing a 3 minute Califorma TB129 test.

[T
Lh

In stark contrast, under the same conditions, FIG. 5A shows that a mattress made in
accordance with the present invention (Mattress 2F below) had little fire damage.
Moreover, FIG. 5B shows that a mattyess made in accordance with the present
invention (Mattress 2D) had remarkably little fire damage when exposed to an open
30  flame for 60 minutes (20 times as long). It is particularly remarkable that mattresses
made in accordance with the present invention can pass the requirements of the

California TB129 test even after being exposed to open flame for 60 minutes because

20
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corrent available products do not pass even after a 3 minute exposure unless the

construction of the mattress is altered, sacrificing comfort.
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MATTRESS #1 (Twin)

uilt:

Layer #1 W.0. #23652 — Lineage
Colibri * “C” White
Warp 150d Flat Polyester
Fill 6/1 Cotton
Coated
64% Cotton, 36% Polyester

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
- Coated side facing layer #1

Layer #3 2.0 oz Polyester Fiber

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Polyurethane Foam

Layer #6 Elk’s Fire Barrier (Coated Glass Fabric) — coated side
facing layer #1

Layer #7 0.0125 oz Non-Woven Sheet (Backing)

Other:

Layer #8 5/8 inch Fibrous Pad

Layer #9 1.0 inch Fibrous Pad

Layer #10 Spring

Border:

Layer#1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier {Coated Glass Fabric) — coated side
facing layer #1

Layer #3 7/16 inch Polyurethane [oam

Layer #4 Elk’s Fire Barrier (coated Glass Fabric) — coated side
facing layer #1

Layer #5 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Kevlar — Thread
2. Tape: Y - 1.0” (Flame Retarded)
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~~HF HE 2 [[-~ ECEEtECDcq E LNNWpr, 00c-, a)NNNNN D WV 28 WO 03/ 064759
MATTRESS-#X (Twin) oilt: Layer #1 WO #23652 - Lineage Layer #2 Layer #3
Col i br wg o3/6647@hite Warp 150d Fl at Polyester Fill 6/ 1pCoidsonoGeated ~ 64%
Cotton, 36% Polyester Elk's Fire Barrier (Coated dass Fabric) - Coated
side facing layer #1 2.0 oz Polyester Fiber PCT/USO3 /02782 Layer #4 2.0 oz
Pol yester Fiber Layer #5 0.25 inch Polyurethane Foam Layer #6 Elk's Fire
Barrier (Coated dass Fabric) - coated side facing |ayer #1 Layer #7
0.0125 oz Non-Wwven Sheet NMRACKREBSE #2@ (Tafin) Layer #8 5/8 inch Fibrous Pad
Layer #9 1.0 inch Fibrous Pad Layer #10 Spring : Border:

Quilt:
Layer #1 W.0. #23652 — Lineage
Colibri * ‘C’ White
‘Warp 150d Flat Polyester
Fill 6/1 Cotion
Coated
64% Cotton, 36% Polyester
Layer #2 ‘ Elk’s Fire Barrier (Coated Glass Fabric)
- coated side facing layer #1
Layer #3 2.0 oz Polyester Fiber
Layer #4 2.0 oz Polyester Fiber
Layer #5 0.25 mch Polyurethane Foam
Layer #6 0.0125 oz Non-Woven Sheet (Backing)
Other:
Layer #7 5/8 inch Fibrous Pad
Layer #8 1.0 inch Fibrous Pad
Layer #9 Spring
Border:
Layer # 1 Same as above layer #1 (outer layer)
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
coated side facing layer #1
Layer #3 7/16 inch Polyurethane Foam
Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Glass Thread — Flame Retarded

2. Tape: Y% - 17 (Flame Retarded)
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Layer #1 Sane as above |ayer #1 (outer |ayer) Layer #2 Elk's Fire Barrier
(Coated d ass Fabric) - coated side facing layer # 1 Layer #3 7/ 16 i nch
Pol yur g W F zgam Layer #4 Elk's Fire Barrier (coated ‘fﬂ};g

coat ed si acing layer #l Layer #5 0.50 oz Non- W)ven S ee acki ng)
Construction Material: 1. Kevlar - Thread 2. Tape: %- 1.0" (Flanme

Ret arded) 29 WD 03/ 064759 MATTRESS #2A Twin uilt: Layer #1 WO #23652 -
Lineage Colibri * "C Wite Wrp 150d Flat Polyester Fill 611 Cotton
Coated 64% Cotton, 36% P I | k's Fire Barrier (Coated @ ass
Fabric) coated side facing %:@%Fs%%!ﬁéﬁ%n); 2.0 oz Polyester Fiber Layer
#4 2.0 oz | yester Fiber Layer #5 0. 25 i nch Pol yur et hane Foam Layer #6 0.0
125 oz No%‘ n Sheet ( Layer #7 5/8 inch Fibrous Pad
Layer #8 170" ﬁch Fi br ou%ﬁ;g%}m%

above layer #1 (outer

Fabric) coated side faC| EE?
Layer #4 0.50 oz Non-Wyv

&e? 19%0 Spring Border: Layer #1 Sane as
#2 Elk's Fire Barrier (Coat ed d ass
ager #3 7/ 16 i nch Pol yur et hane Foam

oa 1n Ol%cg)gt

74% Rayon, 26% Polypropylenc

Layer #2 Flk’s Fire Barrier (Coated Glass Fabric)
- coated side facing layer #1

Layer #3 2.0 oz Polyester Fiber

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Polyurethane Foam

Layer #6 0.0125 oz Non-Woven Sheet (Backing)

Other:

Layer #7 5/8 inch Fibrous Pad

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border;

Layer# 1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.50 oz Non-Woven sheeting

Construction Material:
1. Glass Thread — Flame Retarded
2. Tape: Y- 1” (Flame-Retarded)
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Construction Material: 1. dass Thread - Flame Retarded 2. Tape: '/z - 1"
(Fl anme Retarded) PCT/US03/02782 30 WD 03/064759 Quilt: Layer #1 Layer #2-
Layer #20 oh@Medo #4 Layer #5 Layer #6 QO her: Layer #pcTrhayso788 Layer
#9 Border: Layer # 1 Layer #2 Layer #3 Layer #4 NMATTRESS #2B (Tw n)
W O #23105 - Nuance Braunfels* "C Talc Warp 30/2 Rayon Fill 300 d

Pol ypropyl ene No Coating 74% Rayon, 26% Pol ypropyl ene ElIk's Fire Barrier
(Coated dass Fabric) - coated side facing layer #1 2.0 oz Pol yester Fiber
2.0 oz Pol yester Fiber 0.Z@ATECREBSHRO @wiape Foam 0.0 125 oz Non-Wven
Sheet (Backing) 5/8 inch Fibrous Pad

Quilt:
Layer #1 W.0. #21710 - Palatial Jewel B
Regency * White HHoney
‘Warp 150d Textured Polyester
Fill 600d Polypropylene
No Coating
58% Polypropylene, 42% Polyester
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
- coated side facing layer #1
Layer #3 2.0 oz Polyester Fiber
Layer #4 2.0 oz Polyester Fiber
Layer #5 Vi inch Polyurethane Foam
Layer #6 0.0125 oz Non-Woven Sheet (Backing)
Other:
Layer #7 5/8 mch Fibrous Pad
Layer #8 1.0 inch Fibrous Pad
Layer #9 Spring
Border:
Layer # 1 Same as above layer #1 (outer layer)
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1
Layer #3 7/16 inch Polyurethane Foam
Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Glass Thread — Flame Retarded
2. Tape: Y% - 17 (Flame-Retarded)
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1.0 inch Fibrous Pad Spring Sane as above | ayer #1 (outer layer) Elk's

Ei Ire Barrier (Coated dass Fabric) - coated side facing |layer #1 7/16 inch
ol yur 4=gam 0. 50 oz Non-Wven sheeting Constructi Lal @ 1.

G ass %@gﬂaﬁJ{@Fl ane Retarded 2. Tape: %-gl " (Fl ame- Rg a{%ﬁejﬁ?bé

PCT/ US03/ 02782 31 WD 03/064779 Quilt Layer #l Layer #2 Layer #3 Layer #4
Layer #5 Layer #6 Oher: Layer #7 Layer #8 Layer #9 Border: Layer #
1 Layer #2 Layer #3 Layer #4 MATTRESS #2C Twin WO. #21710 - Pal ati al

Jewel B Regency * Wite @gqyr%g#éggq-w'@xtur ed Polyester Fill 600d
Pol ypr opyl ene No Coati ng 0 ene, 42% Pol yester

Quilt:
Layer #1 W.0. #21909 — Select
Oakmont + * Vanilla White 2/150
Warp 150d Textured Polyester
Fill 300d Textured Polyester
Coated
100% Polyester
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
-~ coated side facing layer #1
Layer #3 2.0 oz Polyester Fiber
Layer #4 2.0 oz Polyester Fiber
Layer #5 0.25 inch Polyurethané Foam
Layer #6 0.0125 oz Non-Woven Sheet (Backing)
Other:
Layer #7 5/8 inch Fibrous Pad
Layer #8 1.0 inch Fibrous Pad
Layer #9 Spring
Border:
Layer# 1 Same as above layer #1 (outer layer)
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1
Layer #3 7/16 inch Polyurethane Foam
Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Glass Thread — Flame Retarded

2. Tape: % - 17 (Flame Retarded)
3. Silicone Spray

33



Elk's Fire Barrier (Coated G ass Fabric) - coated side facing layer #1 2.0
0z Pol yester Fiber 2.0 oz Polyester Fiber '/4 inch Polyurethane Foam 0.0
125 oz yWNogzMayen Sheet (Backing) 5/8 inch Fibrous Pad $cQidash2#hbr ous Pad
Spring Sane as above |ayer #1 (outer layer) Elk's Fire Barrier (Coated
G ass Fabric) - Coated side facing layer #1 7/16 inch Pol yurethane Foam
0.50 oz Non-Wyven sheet (backing) Construction Material: 1. dass Thread
--- Flame Retarded 2. Tape: % - 1" (Flanp-Retarded) PCT/US03/02782 32 WO
03/ 064759 MATTRESS #2D (TVM)QTT\REBS#zminfl WO #21909 - Sel ect Caknont
Tp exture

+ * Vanilla Wiite 2/150 Pol yester Fill 300d Textured

Pol yester o Gpated 100% Pol yester Layer #2 Elk's Fire Barrier (Coated d ass
Fabri c) %gggfi ed side fagicdhghayercikiclayer #3 2.0 oz Pol yester Fiber
Layer #4 } 0z Pol yest ergeEibepleayer #5 0.25 inch Pol yuret hane Foam Layer

#6 0. 0125 oz Non-Woven Shegh.éBagki ng) Oher: Layer #7 5/8 inch Fibrous
Pad Coated

100% Polyesier

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
- coated side facing layer #1

Layer #3 2.0 oz Polyester Fiber

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Polyurethane Foam

Layer #6 0.0125 oz Non-Woven Sheet (Backing)

Other:

Layer #7 5/8 inch Fibrous Pad

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border:

Layer#1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.050 oz Non-Woven sheet (backing)

Construction Material:
1. Glass Thread — Flame Retarded
2. Tape: % - 17 (Flame Retarded)

3. Silicone Spray -
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Layer #8 1.0 inch Fibrous Pad Layer #9 Spring Border: Layer # | Sane as
above layer #1 (outer |layer) Layer #2 Elk's Fire Barrier (Coated d ass
Fabri c)y side facing | ayer #1 Layer #3 7/16 inc ane Foam
Layer #406} %ﬁ??zj Non- Woven sheet (backl ng) Constructi ongﬁgﬂé?%ﬁ%p

Thread - Flanme Retarded 2. Tape: '/2 - 1" (Flane Retarded) 3. Sili cone
Spray PCT/U503/02782 33 WD 03/064759 uilt Layer #1 Layer #2 Layer #3
Layer #4 Layer #5 Layer #6 Qher: Layer #7 Layer #8 Layer #9 Border:

Layer # 1 Layer #2 Layer Tﬁ%#ﬁ%%;z RESS #2E Twin WO, #14557 -
d

Classic Sea Life Blue Pu

Quilt:
Layer #1 W.0. #18655 — Lt. Wgt. Premier
Juliet Plumdust
Purchased Knit
No Coating
100% Polyester
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
- coated side facing layer #1
Layer #3 2.0 oz Polyester Fiber
Layer #4 2.0 oz Polyester oem
Layer #5 0.25 inch Polyurethane Foam
Layer #6 0.0125 oz Non-Woven Sheet (Backing)
Other:
Layer #7 5/8 inch Fibrous Pad
Layer #8 1.0 inch Fibrous Pad
Layer #9 Spring
Border:
Layer#1 Same as above layer #1 (outer layer)
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1
Layer #3 7/16 inch Polyurethane Foam
Layer #4 0.050 oz Non-Woven sheet (backing)

Construction Material:
1. Glass Thread — Flame Retarded

2. Tape: Y- 17 (Flame Retarded)
3. Silicone Spray -
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100% Pol yester Elk's Fire Barrier (Coated dass Fabric) - coated side
facing |layer #1 2.0 oz Polyester Fiber 2.0 oz Polyester Fiber 0.25 inch

Pol yur ¢ hapesf@am 0. 0 125 oz Non-Woven Sheet (Backing) Pgugesh27s:brous Pad
1.0 inch Fibrous Pad Spring Sane as above | ayer #1 (outer |ayer) Elk's
Fire Barrier (Coated  ass Fabric) - Coated side facing |layer #1 7/16 inch
Pol yur et hane Foam 0. 050 oz Non-Wven sheet (backing) Construction Material:
1. dass Thread - Flanme Retarded 2. Tape: V2 - 1" (Flane Retarded) 3.
Silicone Spray PCT/US03/ 03183 TRFSYR PBWRH- 4759 MATTRESS OF (Twin) wilt:
Layer #1 WO #18655 - Lt. Wjgt. Premer Juliet Pluindust Purchased Knit
No Coati ng,;;00% Pol yester Layer #2 Elk's Fire Barrier (Coated G ass
Fabric) j.,GPated side fagimngz]averpfidialievaB #3 2.0 oz Pol yester Fiber
Layer #4 2.0 oz Pol yest erREa/ =Lied Hatey 0. 25 i nch Pol yur et hane Foam Layer

#6 0.0125 oz Non-Woven Shegl 15REEkinRed PRI :

Fill 600d Polypropylene
No Coating
58% Polypropylene, 42% Polyesier
Layer #2 2.0 oz Polyester Fiber
Layer #3 2.0 oz Polyester Fiber
Layer #4 0.25 inch Polyurethane Foam
Layer #5 0.125 Non-Woven Sheet
Other:
Layer #6 5/8 inch Fibrous Pad
Layer #7 1.0 inch Fibrous Pad
Layer #8 Spring
Border:
Layer # 1 Same as above layer #1 (outer layer)
Layer #2 7/16 inch Polyurethane Foam
Layer #3 0.050 oz Non-Woven sheet {backing)

Construction Material:
1. Conventicnal — Thread
2. Tape: % - 17 (Conventional tape)
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Layer #7 5/8 inch Fibrous Pad Layer #8 1.0 inch Fibrous Pad Layer #9
Spring Border: Layer # 1 Sane as above | ayer #1 (outer |ayer) Layer #2
Elk's Ei Lier (Coated G ass Fabric) - Coated side i er #1
Layer E’?@‘/@gﬁgnch Pol yur et hane Foam Layer #4 0.050 oz '}\gﬁb%{/‘)’éﬁﬁsheet
(backi ng) Construction Material: 1. dass Thread - Flane Retarded 2. Tape:
V2 - 1" (Flame Retarded) 3. Silicone Spray PCT/US03102782 35 WD 03/064759
9-RAIt-1 Layer #1 Layer #2 Layer #3 Layer#4 Layer #5 Qher: Layer #6

Layer #7 Layer#8 . Bordery Gl (rwligyer #2 Layer #3 MATTRESS 03
(Twin) WO 4217 10 - Pal ency * Wiite Honey Warp 150d
Text ured ghiyest er Fill 600d Pol ypropyl ene No Coati ng

Layer #1 W.Q. #23652 — Lineage

Colibri * “C” White
Warp 150d Flat Polyester
Fill 6/1 Cotton

Coated
64% Cotton, 36% Polyester

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
- coated side facing layer #1

Layer #3 2.0 oz Polyester Fiber

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Polyurethane Foam

Layer #6 0.0125 oz Non-Woven Sheet

Other:

Layer #7 5/8 inch Fibrous Pad

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border:

Layer#1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.050 oz Non-Woven sheet (Backing)

Construction Material:
1. Kevlar — Thread
2. Tape: ¥ - 1” (FlameXRetarded)
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58% Pol ypr opyl ene, 42% Pol yester 2.0 oz Pol yester Fiber 2.0 oz Pol yester

Fi ber 0.25 inch Pol yuretbane Foam 0.125 Non-Wven Sheet 5/8 inch Fibrous -
Pad 1xob56dl7dl brous Pad Spring Same as above | ayer #pcqauwde8hzisayer)’

7/ 16 i nch Pol yuretbane Foarn 0.050 oz Non-Wven sheet (backing)
Construction Material: 1. Conventional - Thread 2. Tape: Y:, -I"
(Conventional tape) PCT/US03/02782 36 WD 03/0647-59 MATTRESS #4 (Twi n)
Hlt: Layer #1 WO #23652 - Lineage Colibr i * "C'" Wite Warp 1 50d Fl at
Polyester Fill 6/1 Cotton (GadERESS4%(@atihpn, 36% Pol yester Layer #2 Elk's
Fire Barrier (Coated G ass Fabric) - coated side facing |ayer #1 Layer #3
2.0 oz Polyggter Fiber Layer #4 2.0 oz Polyester Fiber Layer #5 0.25 inch

Pol yur et ham@e am Layer 6020135 Rganklon- Woven Sheet Ot her: Layer #7 5/8-
inch FibrouS Pad Layer #84a®lsi*neh Fbrous Pad Layer #9 Spring Border:

Warp 30/2 Rayon
Fill 300d Polypropylene
No Coating
74% Rayon, 26% Polypropylene
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric)
- coated side facing layer #1
Layer #3 1/8 inch Polyurethane Foam
Layer #4 0.125 oz Non-Woven Sheet (Backing)
Layer #5 5/8 inch Fibrous pad
Layer #6 1.0 inch Fibrous pad
Other:
Layer #7 Spring
Border:
Layer # 1 Same as above layer #1 (outer layer)
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1
Layer #3 7716 inch Polyurethanc Foam
Layer #4 0.050 oz Non-Woven sheet (backing)

Construction Material:
1. Kevlar — Thread
2. Tape: % - 1” (Flame Retarded)
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Layer # 1 Sane as above |ayer #1 (outer layer) Layer #2 Elk's Fire Barrier
(Coated d ass Fabric) - Coated side facing |ayer #1 Layer #3 7/16 inch

Pol yur (=gam Layer #4 0.050 oz Non-Wven sheet (Bagkj struction
Nhterigﬁ?&?EJEgvlar - Thread 2. Tape: %® - 1" (Flane.Re é?gg%?g%&

PCT/ US03/ 02782 37 WD 03/064759 w lt: Layer #1 Layer #2 Layer #3 Layer
#4 Layer #5 Layer #6 Qher: Layer #7 Border: Layer #. 1 Layer #2
Layer #3 Layer #4 MATTRESS #5 Twin W O #23105 -Nuance Braunfels * "C
Tale Warp 30/2 Rayon Fill ng094 A d.§ne No Coating 74% Rayon, 26%

Pol ypropyl ene Elk's Fire ass Fabric) - coated side
faci ng 'aﬁﬁht#l 1/8 inch Pol yuret hane Foam 0. 125 oz Non-Wven Sheet
(Backi ng) Layer #1 W.0. #23105 — Nuance
Braunfels* “C” Talc
Warp 30/2 Rayon
Fill 300d Polypropylene
No Coating
74% Rayon, 26% Polypropylene
Layer #2 2.0 oz Polyester Fiber
Layer #3 Elk’s Fire Barrier (Coated Glass fabric) —
Coated side facing layer #1
Layer#4 2.0 oz Polyester Fiber
Layer #5 0.25 inch Polyurethane Foam
Layer #6 0.0125 oz Non-Woven Sheet
Other:
Layer #7 5/8 inch Fibrous Pad
Layer #8 1.0 inch Fibrous Pad
Layer #9 Spring
Boxder:
Layer#1 Same as above layer #1 (outer layer)
Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1
Layer #3 7/16 inch Polyurethane Foam
Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:

1. Kevlar Thread -
2. Tape: Y% - 17 (Flame Retarded)
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5/8 inch Fibrous pad 1.0 inch Fibrous pad Spring Sane as above |ayer #1
(outer layer) Elk's Fire Barrier (Coated d ass Fabric) - Coated side facing
| ayer #lo dide@74onch Pol yur et hane Foam 0. 050 oz Non- Wven pghagisoheski ng)
Construction Material: 1. Kevlar - Thread 2. Tape: % - 1" (Flane

Ret arded) PCT/ USO3 /02782 38 WO 03/ 064759 MATTRESS #6 (Twin) wilt: Layer
#1 WO #23105 -Nuance Layer #2 Layer #3 Layer #4 Layer #5 Layer #6

Q her: Layer #7 Layer #8 Layer #9 Border: Layer #1 Layer #2

Braunfel s* "C' Talc Warp IPATTRESEWF{Twin300d Pol ypropyl ene No Coating

74% Rayon, 26% Pol ypropyl ene .0 oz Polyester Fiber
Quilt:
Layer #1 Williamsburg Vanilla -
96 Ends, 30 Picks
Warp Polyester

Fabric: 0.84 pounds per linear yard
Fill: 6/1 Cotton

Finish: Light clear coat

65% Cotton, 35% Polyester

Layer #2 1.5 oz Polyester Fiber

Layer #3 Elk’s Fire Barrier (Coated Glass fabric)
Coated side facing layer #1

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Polyurethane Foam

Layer #6 0.0125 oz Non-Woven Sheet

Other:

Layer #7

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border:

Layer # 1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Kevlar Thread
2. Tape: % - 1” (Flame Retarded)

-
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Elk's Fire Barrier (Coated dass fabric) -- Coated side facing |layer #1 2.0
oz Pol yester Fiber 0.25 inch Pol yurethane Foam 0.0 125 oz Non-Wven Sheet
5/8 in%fbﬁ’&{*%és Pad 1.0 inch Fibrous Pad Spring Samepasgdbaussd ayer #1
(outer |ayer | k's Fire Barrier (Coated 3 ass Fabric) w Coated side
facing | ayer #1 Layer #3 7/16 inch Pol yuret hane Foam Layer #4 0.50 oz

Non- Wbven sheet (backing) Construction Material: 1. Kevlar Thread 2. Tape:
V2 - 1" (Flanme Retarded) PCT/US03/02782 39 WD 03/064759 MATTRESS #7 Twin

wilt: Layer #1 WIIi ansbumr]g’@@ﬂgp#zeg_l‘&_fﬂs, 30 Picks Warp Pol yester

Fabric: 0.84 pounds per |inear yar IT1: 6/1 Cotton Finish: Light clear

coat 65%fMtt on, 35% Pol yester Layer #2 1.5 oz Pol yester Fiber Layer #3

Elk's Fi r%mi er (Coat Q}dﬂ]%ﬁgﬁ—%f\ﬁhﬂlhc) Coated side facing |layer #1 Layer
I

#4 2.0 oz Pol yester FibergglpgyenoPrid- 25 i nch Pol yuret hane Foam Layer #6
0. 0125 oz Non-Wven Sheety;PphgEsterLayer #7

Fabric: 0.84 pounds per linear yard

Fill: 6/1 Cotton

Finish: Light clear coat

65% Cotton, 35% Polyester

Layer #2 1. oz Polyester Fiber

Layer #3 Elk’s Fire Barrier (Coated Glass fabric)
Coated side facing layer #1

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Polyurethane Foam

Layer #6 0.0125 oz Non-Woven Sheet

Other:

Layer #7

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border:

Layer#1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:

an

1. Kévlar Thread
2. Tape: % - 1” (Flame Retarded)
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Layer #8 1.0 inch Fibrous Pad Layer #9 Spring Border: Layer # 1 Sane as
above |l ayer #1 (outer layer) Layer #2 Elk's Fire Barrier (Coated d ass
Fabri cwo@oadsesh si de facing layer #1 Layer #3 7/ 16 i nch peqlysaseifgaane Foam
Layer #4 0.50 oz Non-Wven sheet (backing) Construction Material: 1. Kevlar
Thread 2. Tape: '/2 - 1" (Flame Retarded) PCT/US03/02782 40 WD 03/ 064759
MATTRESS #8 (Twin) uilt: Layer #1 WIliansburg Vanilla 96 Ends, 30 Picks
Warp Pol yester Fabric: 0.84 pounds per linear yard Fill: 6/1 Cotton
Fi ni sh: Light clear coat MXIXRESS#3P¥iHol yester Layer #2 1. oz
Pol yester Fiber Layer #3 Elk's Fire Barrier (Coated d ass fabric) Coated
si de faci nguiltayer #1 Layer #4 2.0 oz Polyester Fiber Layer #5 0.25 inch
Pol yur et hangerFaam Layer wWalithdiabvaidllaNon- Wwven Sheet Ot her Layer #7 Layer
#8 1.0 inch Fi brous Pad Lsyeids#9 Ekxsi ng Border: Layer # | Sane as above
| ayer #1 (outer |ayer) LaygPolistet K's Fire Barrier (Coated d ass Fabric)

Fabric: 0.84 pounds per linear yard

Fill: 6/1 Cotton

Finish: Light clear coat

65% Cotton, 35% Polyesier

Layer #2 0.75 oz Polyester Fiber

Layer #3 Elk’s Fire Barrier (Coated Glass fabric)
Coated side facing layer #1

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Polyurethane Foam

Layer #6 0.0125 oz Non-Woven Sheet

Other:

TLayer #7

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border:

Layer# 1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier {Coated Glass Fabric) —
Coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Kevlar Thread
2. Tape: V2~ 1” (Flame Retarded)
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Coated side facing |layer #1 Layer #3 7/16 inch Pol yuret hane Foam Layer #4
0.50 oz Non-Wyven sheet (backing) Construction Material: 1. Kevlar Thread
2. Tapg; - 1" (Flame Retarded) PCT/PS03/02782 41
PCT/ Usg’é?%%é?”w It: Layer #1 Layer #2 MATTRESS #9 T\\//m%%g@%;%%burg
Vanilla 96 Ends, 30 Picks Warp Polyester Fabric: 0.84 pounds per |inear
yard Fill: 6/1 Cotton Finish: Light clear coat 65% Cotton, 35% Pol yester
0.75 oz Pol yester Fiber Layer #3 Elk's Fire Barrier (Coated G ass fabric)
Coat ed side facing |ayer #%@mm yester Fiber Layer #5 0.25
i nch Pol yur et hane Foam Lay . -Wven Sheet Ot her: Layer #7
Layer #8 1fjst.nch Fibrous Pad Layer #9 Spring Border: Layer #l1 Sane as
above |ayefd#lz{outer |aygplafBhgiafi@iaEl k's Fire Barrier (Coated G ass
Fabric) Coated side facing i; Layer #3 7/16 inch Polyurethane Foam
Layer #4 0.50 oz Non-WveRy 9§1tye£ acki ng)

Fabric: 0.84 pounds per linear yard

Fill: 6/1 Cotton

Finish: Light clear coat
65% Cotton, 35% Polyesier

Layer #2 0.75 oz Polyester Fiber

Layer #3 Elk’s Fire Barrier (Coated Glass fabric)
Coated side facing layer #1

Layer #4 2.0 oz Polyester Fiber

Layer #5 (.25 inch Polyurethane Foam

Layer #6 0.0125 oz Non-Woven Sheet

Other:

Layer #7

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border:

Layer#1 Same as above layer #1 (outer layer)

Layer #2 Elk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Kevlar Thread
2. Tape: 2 - 17 (Conventional)

-
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Construction Material: 1. Kevlar Thread 2. Tape: %. 1" (Flanme Retarded) 42
WO 03/ 00759 PCT/ US03102782 MATTRESS #10 (Twin) uilt: Layer #1 ’ ‘
W liangbus@eani | | a Layer #2 Layer #3 Layer #4 Layerpdipusdsayss #6
Q her: Layer #7 Layer #8 Layer #9 Border: Layer # 1 96 Ends, 30 Picks
Warp Pol yester Fabric: 0.84 pounds per linear yard Fill: 6/1 Cotton
Fini sh: Light clear coat 65% Cotton, 35% Pol yester 0.75 oz Pol yester
Fiber Elk's Fire Barrier (Coated dass fabric) Coated side facing |ayer #1
2.0 oz Pol yester Fiber 0.25NMAITEESyé#tE(Hang Foam 0. 0125 oz Non-Wven
Sheet 1.0 inch Fibrous Pad Spring Sane as above | ayer #1 (outer |ayer)
Layer #2 El@Quidi:Fire Barrier (Coated 3 ass Fabric) - Coated side facing
| ayer #1 Layer #1 Williamsburg Vanilla

96 Ends, 30 Picks

Warp Polyester

Fabric: (.84 pounds per linear yard

Fill: 6/1 Cotton

Finish: Light clear coat

65% Cotton, 35% Polyester

Layer #2 1.5 oz Polyester Fiber

Layer #3 Elk’s Fire Barrier (Coated Glass fabric)
Coated side facing layer #1

Layer #4 2.0 oz Polyester Fiber

Layer #5 0.25 inch Potyurethane Foam

Layer #6 (.0125 oz Non-Woven Sheet

Other;

Layer #7

Layer #8 1.0 inch Fibrous Pad

Layer #9 Spring

Border:

Layer# 1 Same as above layer #1 (outer layer)

Layer #2 EIk’s Fire Barrier (Coated Glass Fabric) —
Coated side facing layer #1

Layer #3 7/16 inch Polyurethane Foam

Layer #4 0.50 oz Non-Woven sheet (backing)

Constiruction Material:

1. Conventional Thread
2. Tape: Y2 - 17 (Conventional)
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Layer #3 7/16 inch Pol yuret hane Foam Layer #4 0.50 oz Non-Wven sheet
(backing) Construction Material: 1. Kevlar Thread 2. Tape: Y2- |"

(Conveqgtd |.).,43 WO 03/ 064759 PCT/ US03/ 02782 MATTRESS j uilt:
Layer g%igﬂﬁf%gnsburg Vani |l a Layer #2 Layer #3 Layerﬁéﬁugﬁﬁ%g? #5 Layer
#6 O her: Layer #7 Layer #8 Layer #9 Border: Layer #.1 96 Ends, 30
Picks Warp Pol yester Fabric: 0.84 pounds per linear yard Fill: 611 Cotton
Finish: Light clear coat 65% Cotton, 35% Polyester 1.5 oz Pol yester Fiber

Elk's Fire Barrier (Coated ﬂh@@ﬁRﬁ@Q@thlﬂéﬁ?ted side facing layer #1 2.0
oz Pol yester Fiber 0.25 inc ol-yur et hane Foam 0. 0125 oz Non- Wven Sheet
1.0 inch Figgeus Pad Spring Same as above |ayer #1 (outer |ayer)

Layer #1 W.0. #23105 — Nuance
Braunfels* “C” Talc
Warp 30/2 Rayon
Fill 300d Polypropylene
No Coating
74% Rayon, 26% Polypropylene
Layer #2 0.25 inch Polyurethane Foam
Layer #3 Elk’s Fire Barrier (Coated Glass fabric) —
Coated side facing layer #1
Layer #4 2.0 oz Polyester Fiber
Layer #5 0.25 inch Polyurethane Foam
Layer #6 © (.0125 oz Non-Woven Sheet
Other:
Layer #7 5/8 inch Fibrous Pad
Layer #8 1.0 inch Fibrous Pad
Layer #9 Spring
Border:
Layer # 1 Same as above layer #1 (outer layer)
Layer #2 Elk’s Fire Batrier (Coated Glass Fabric) —
Coated side facing layer #1
Layer #3 7/16 inch Polyurethane Foam
Layer #4 0.50 oz Non-Woven sheet (backing)

Construction Material:
1. Kevlar Thread -
2. Tape: Y% - 1” (Flame Retarded)
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Layer #2 Elk's Fire Barrier (Coated d ass Fabric) - Coated side facing
| ayer #1 Layer #3 7/16 inch Pol yuret hane Foam Layer #4 0.50 oz Non-Wven
sheet (bagkbigse Construction Material: 1. Conventional 362787 ape: T R -
" (Conventional) 44 WD 03/064759 PCTI US03102782 MATTRESS #12 (Twi n) silt:
Layer #1 WO #23105 -Nuance Layer #2 Layer #3 Layer #4 Layer #5 Layer
#6 O her: Layer #7 Layer #8 Layer #9 Border: Layer # | Layer #2
Braunfel s* "C' Talc Warp 30/2 Rayon Fill 300d Pol ypropylene No Coating
74% Rayon, 26% Brluydpomdetdisod Babe hbehe Hehipldseirhihstrkidperatd tiat Fire
Barrier (Coated QG ass fabric_% -- Coated side facing.layer #1 2.0 oz
Pol yespesitiphpeheioth@s tiose AesPabsdishorn sae bebgas Whita B0 MGPIPBPET Sheet 518
'ne r1}1115"31‘ )Elr?glgj ﬁlel?)%gsent invention. For example, other sources of filler as well as mixtures of

acrylic latex and/or surfactants can be used in formulating the structural materials of the

present invention. Morcover, the coating compositions can be applied to various types of

subsirates, as described above.
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1.0 inch Fibrous Pad Spring Sane as above | ayer #1 (outer layer) Elk's
Fire Barrier (Coated dass Fabric) - Coated side facing |ayer #1 kaye; #3
7/ 16 i | y4r et hane Foam Layer #4 0.50 oz Non-Wven i ng
Constrﬁg?g@%J%%terial: 1. Kevlar Thread 2. Tape: '/ - 1ﬁB?§Fgﬁg%%etarded)
45 WD 03/ 064759 PCT/ US03/02782 It shoul d be understood that the above
exanples are illustrative, and that conpositions other than those

descri bed above can be used while utilizing the principles underlying the
present invention. For exanple, aildmMS$ources of filler as well as m xtures

of

acrylic latex and/or surfactants can be used in fornulating the

st r ughuriaklaimpéerst al s of the present invention. Mreover, the coating

conpositions can be applied to various types of substrates, as described
- above. 46l-W) ¥BKcHE 7681 AONMBIIPOE/als80RBEBR7@pdhant, e fctaat-gacritsd -~ 1. A
~ struyg rial conprisi a surfactant conponent, surfactant-generated

m clrﬁg%léh%?isl%’qghﬁrF?%Po%egﬁﬁ%iﬁﬁg‘dgﬁﬁ’@%eﬂtder component. 2. A fabric materi al

j/corrpr ising A fablshhatiRl €aapREngh bibsBaldobel Wil 2 ﬁﬁ{cﬁfrﬁla}gat];ﬁ{flnpr ising a
S

urfactant conponent, surfactant-generated mcrocells,

| er conponent

and AMPHFRgarsubgeipeiriempongnt, Wractaabpenerated eni¢ratellsca Gitlel cognrioment aidm 2

V"“eﬁg‘ﬁidéﬁfrh Ol}seﬁ{q_strate is planar and is coated on one side with said

structura

erial. 4. The fabric material according to claim2 wherein

sai d subst r @hefabsic plaAdAl addeding to S8 2% iRReiR kb lsﬁﬂ:s%&zﬂéﬂpga%aﬁﬁms structural
(0]

material. 5. The fabric material according to clainms 2, r 4, wherein
sai GoFiahen engeite pith saidrstiiucivesl matetialdes a water repellent material. 6. The

fabric mgt efjat;,a¢GoED gcctoi)diﬁé & BBinfs whetdin ZaidhSiELl iS %1a%alf & riis ¢ material

e

coated on both sides with said structural material.

5. The fabric material according to claims 2, 3 or 4, wherein said fabric material
further includes a water repellent material.

6. The fabric material according to claims 2, 3 or 4 wherein said fabric material
further includes an antifungal material.

7. The fabric material according to claims 2, 3 or 4 wherein said fabric material
further includes an antibacterial material.

8. The fabric material according to claims 2, 3 or 4 wherein said fabric material
further includes a surface friction agent.

9. The fabric material according to claims 2, 3 or 4 wherein said fabric material
further includes a flame retardant material.

10. The fabric material according to claims 2, 3 or 4 wherein said fabric material
further includes an algaecide. .

11. The fabric material according to claims 2, 3 or 4 wherein said fabric material is
colored with dye.

12. A mattress fabric comprising a decorative fabric and a fabric material comprising
a substrate coated with a structural material comprising a surfactant component, surfactant-
generated microcells, a filler component and a binder component. r

13. A mattress comprising a decorative fabric and a fabric material comprising a
substrate coated with a structural material comprising a surfactant component, surfactant-

generated microcells, a filler component and a binder component.
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further includes an antifungal material. 7. The fabric material according
toclaine 2, 3 or 4 wherein said fabric material further includes an "~ =
ant i bagg@oi/gy7svat erial . 8. The fabric material accordi ngctraises/gigs 2, 3 or
4 wherein said fabric material further includes a surface friction agent.
9. The fabric material according to clains 2, 3 or 4 wherein said fabric
material further includes a flanme retardant materical. 10. The fabric
material according to clains 2, 3 or 4 wherein said fabric nmateri al

further iiacl udesmatresab@amising. 11. The fabric material according to clains
2, 3 or 4 wherein sajd fabrd'rc material. is wi.th,dye. 12. A mattress

T fabric conpri @ ng & Badtsmgdirsidayer 5PPRUgRg aﬁ%éﬁsﬁsﬁfgb%tagfli al conprising a
= |

substrate coaged Wig{g sblsUGI R} cr A8t 3 560 MRt I13ycngna compfisiog ant
conponent, surfactant- generated mcrocells, a filler cor&ponen,t and a

bi ndies resistmOfubrit maldial Avhieit canemises asphsiaternpatedaeidion stveiural BRESTEl and a

fabric material conprising . a ubstrate.coate j t terial
ConEPTETEE & SR S RRP OB EHERt BT et AN EOcdsy Ao b ind R o

fil Ibﬁdeﬁ%ﬁ?&h%ﬂﬁ and a bi nder conponent. 47 WD 03/ 064759 PCT/ US03/ 02782 14.
A ma onp

ress rising a) at least one first layer conprising a mattress
fabric; 48dTh)matireseasbraimetesagionts whowsin tdjahleastonedirsdarrcPPPTis¢sayer and

comprising a, fire resistant fabric.npterial i i ses a substrate
cog{f).@ﬁrs\ﬁﬁlgﬁteg fropy ﬁ'@t%?‘ﬁ? COpSIsEPE S?Sen%agﬁ’p‘ﬁcg?tﬂlé’vﬁabhg%? ac élllrlit conponent ,
SU%Qﬁéﬂ{b&]%,ﬂeﬁ{d@oﬁ%iﬂtﬁhQ%&@ a filler conponent and a binder
conponent’. . The mattress according to claim 14 wherein the at | east one
first | ayérTioomptticseaccofdibgtosclaiol bt waerefty bimat F?éSYQf}“@L}‘gS@Bﬁ%Ii1§FF1HEjg'

essenti al of cotton, | yest.er . . opyl ene, and conbi nati ons
t her eof . 1%?“1*1‘?@ %%‘iﬂ@gﬁn%ﬁ"c‘é}?‘&? %%%%EF%I %ﬁémﬁgr ein the at |east one
first layer iga)d@kdN8yer adijbcent i@ idREtdm@Ssyaccording to claim 14 further

conprising (a) a third |ayer adjacent to the second |ayer ) fourth
| ayer adj acent(btofauntd layer adjacenide &%@@@Yﬁrsé’ﬂt@ﬁelﬁﬁa@a?%“ﬂﬁhgrg aaﬁd fourth

| ayers conprises .a cush'ilgﬁézlia el and (c) a fifth layer adjacent to the

f oud9Hth layrs COmprIseS AU 13\

uret hane foam 18. The mattress accordi ng
to claim1l7 f l{é}i‘ﬁfﬂl@@@?ﬁdjﬁéd@ﬂto the fourth layer and comprising polyurethane foam.

18. The mattress according to claim 17 further comprising
(a) a sixth layer adjacent to the fifth layer and comprising a fire resistant fabric
material; and

(b) a seventh layer adjacent to the sixth layer and comprising a non-woven

shest.

19. The mattress according to claim 17 further comprising a sixth layer adjacent to the

fifth layer and comprising a non-woven sheet.

20. The mattress according to claim 14 further comprising a border which comprises
a) a first layer comprising a mattress fabric; and
b) a second layer adjacent to the first layer and comprising a fire resistant
fabric material which comprises a substrate coated with a structural material comprising a

surfactant component, surfactant-generated microcells, a filler component and a binder

component.
21. The mattress according to claim 20 wherein said border further comprises a third

Jayer adjacent to the second layer and comprising a polyurethane foam.
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‘(a) a sixth layer adjacent to the fifth |ayer and conprising a fire
resistant fabric material; and (b) a seventh |ayer adjacent to the sixth

| ayer a0Gos@IRdel Si ng a non-woven sheet. 19. The nattres?cﬁ,@[@&g&ym to claim
17 further conprising a sixth layer adjacent to the fift ayer and
conprising a non-woven sheet. 20. The mattress according to claim 14
further conprising a border which conprises a) a first |ayer conprising a
mattress fabric; and b) a second |ayer adj acent to the first |ayer and
conpr i si g dht pragirgse scairding to Slabm 2t wirkei ball bokice urdRIBohBESs @ fSuRSt r at e
coat Wt h StLruyct yr al erial ,conprising a surfactant conponent,
surflg}(%tr gﬁltagale%ﬁ%ﬁgﬁﬁlagﬁﬂyg FQuIpTISIng ¢ pORsorehissbnt and a bi nder
conponent23. Zhe mbhfesB RS @ES tAAGRN 91 Bhotdh i e e, 5akd border
further conprises a third g_l ayer adj ageeﬁ%gdtlgb?%dé%psecgég&ﬁ%?sﬁ and

conpri sing a f@l afausthHayes aflieeent tel Sre\iiiird ByOs A REO RGNS B8 En22. The

mat rding to claim?21 wherein said border further conprises a
fou?%%&%r%%fe%f%’ %%ﬁpacent to the third layer and conprising a non-woven sheet.

23. The mattr ¢bpa ARR Ay Badeit & REToidh WG Al L Rarger rt?g%r
conprises (a) a fourtﬁél g_ger adj acent tlc%g}t hehtr&ﬁlﬁ?)ggwg%er&%avﬁé#%]os ?tisi ng a
fire resi?ét Binmatigby gasordingiol daim khfirtho) canfrising | ayer adj acent to the
fourth | ayer d cqommri.sing.a, hon-woven sheet. 24. The mattress accordi ng
to claim 14 f%? t heft 68%’?’?3’?%&3? %ﬁa%‘a@ﬁhﬁaﬂée@%PP@S@C&%P@%@%ent to the
at Leaptisinne psBoefikhdeay@n; and conprising a pol yurethane foam b) at |east
one fourth |layer adjacent to the third |layer and conprising a non-woven
sheet; c) at Pkast ablsastion fonrthalpper adificantantthe thirtiieyek and tdmprigies 2 and
conpg s/ .1 brous pad; and d) at |east one sixth |ayer adjacent to the
fi??‘% |§3g‘%§}‘a‘°’ﬁ‘{j conprising a fibrous pad. 25. A mattress conprising a) at
| east one firex | ayleast ORPHKIlNG: adjABH: tE8S e la%rmd%hfﬂrfsﬁﬁa one second
econ aye

Iay@g adj acent to the first layer and wherein the's I's a cushion
| ay Tous, ; and

d) at least one sixth layer adjacent to the fifth layer and comprising a
fibrous pad.

25. A mattress comprising

— a)

)/.v

second layer is a cushion layer; and

at least one first layer comprising a mattress fabric;

b) at least one second layer adjacent to the first layer and wherein the

c) at least one third layer adjacent to the second layer and comprising a
fire resistant fabric material which comprises a substrate coated with a structural material
comprising a surfactant component, surfactant-generated microcells, a filler component and a
binder component. |

26. The mattress according to claim 25 farther Eomprising

a) at least one fourth layer adjacent to the third layer wherein said fourth

layer comprises a cushion layer;

b) at least one fifth layer adjacent to the fourth layer, wherein said fifth

layer comprises a polyurethane foam; and

c) at least one sixth layer adjacent to the fifth layer wherein said sixth

layer comprises a non-woven sheet.
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c) at least one third |l ayer adjacent to the second | ayer and conprising a
fire resistant fabric material which conprises a substrate coated with a
struct wedssgatseri al  conprising a surfactant component, pCT/US03/02782
surfactant-generated mcrocells, a filler conmponent and a bi nder
conponent. 26. The mattress according to claim25 further conprising a) at
| east one fourth |ayer adjacent to the third | ayer wherein said fourth

| ayer conprises a cushion layer; b) at |east one fifth |ayer ag' acent to
the four t4y. Ty engtiredsercoondingad glfing i f, 19, 4Gek7, d&nphiedl-d2potdr $=H)éne f oam
andq(’:i)) at | east qne ixt_hh%ﬁyer adjacent to the fifth layer wherein said
si xt39 TUrhRGOTBRIITNG & L WA SRBPERSEEE. 49 WD 031064759 PCT/ us%3102 782
.. 27 upe Y b@dis 1 9 of DeiwiBrdd theldmshidh laytT s seleted9, 20, 21;
22, 23, 2%18% orEéSg%é?%rt er conprising a layer which conprises springs.
28. fitha thegloupsensistory ofipodyesisr Ebaiswpd pelysretba@sdA®hei n t he cushion layer is
selected fromthe group consisting of polyester fibers and pol yurethane -
foam 50

50



