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FI ELD OF THE, | NVENTION This inventlon .relates to fire resistant
structural materials and to fire resistant fabric materials nmade
therefromand nore particularly to such. materials 20 which may be adhered
to decorative fabrics to provide fire resistant decorative fabrics

especi ably suitable for use in nRECIEYSAEIONIr aperi e, furniture uphol stery,
and the like. The invention further relates to art+cles of manufacture,
e.g. mattresses, conprising the fire resistant fabric materials. 25

BACKGROUND OF THE | WSS RSFVRENCET(RREEATED ARNECAdsONSade to produce fire
resistant fabrics having characteristics that nmade them suitable for use
in mttresses and in other applications, e.g., draperies and uphol stery.

U S. Patent No. 5, 5%@%&&:&&&@%@%&&% ?H &f PeBing AN tApBbdtion useful for
30 mattress ticking. The fabric is forned roma eorespun yarn conprising

a highl10t eﬁﬂ@lhlouﬁféﬁﬁ%%ﬁsfﬂmn September b 2000, mdisbrplais paergly #8467 38re and a | ow
tenperaturg g g€ Il%irg{ghﬁ{”@i%% d{ﬂpgg{}oﬁ %%@)Mﬁhﬁéﬁwo‘% shhyogor e- The

fiberglass core’c rises a 0t0 4 the total weight of the
cor espun yart(fﬂn&hpplmatlblms slve atchntnma@un—mqmrt\ﬁ@pélﬁﬁlim Bo8pHCHiICHRaD2781 about

80% to abo t cor a T respun
yarn can g]t8 @8#@2’193 ?%W\%%?Lﬁ% taﬁ’p B ?‘%‘)s'lglzs1 ar??l%ngp

C har act eri gideess UMhENg 1&x@p&ﬂ&ow§10naa Afp!plidim;)n Noe. ﬁs)msalﬁm,cmmﬁs,ﬁandmﬂ he

fi bergl ass _core serveg %ll re arrl er. %2 a preferred enbodi nent, the
sheat h13 s F¥&2-$P0whic f"teffnal mpﬁ?’eﬁt 5,091, 243 discloses a fire
barrier fabric conprising a

FIELD OF THE INVENTION
This invention relates to fire resistant structural materials and to fire
resistant fabric materials made therefrom and more particularly to such materials
20  which may be adhered to decorative fabrics to provide fire resistant decorative fabrics
especially suitable for use in matiresses, draperies, furniture upholstery, and the like.
The invention further relates to articles of manufacture, e.g. mattresses, comprising

the fire resistant fabric materials.

25 BACKGROUND OF THE INVENTION
Various attempts have been made to produce fire resistant fabrics
having characteristics that made them suitable for use in mattresses and in other
applications, e.g., draperies and upholstery.
(.S, Patent No. 5,540,980 is directed to a fire resistant fabric useful for
30  mattress ticking. The fabric is formed from a corespun yarn compnsing a high
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



substrate fornmed of corespun yarns Enid 'a coating carried by one surface
of the substrate. Oher fire resistant fabrics include FenixTM (MI1iken,
LaG ang® ofmdy7send fabrics made by Freudenberg (Lowel |, pddisos@ffiCx | nc.
(Geat Falls, VA), BASF, Basofil Fiber Division (En a, NC), Carpenter Co.
(Richnond, VA), Legget and Platt 10 (Nashville, TN), Chiquala Industries
Products Goup (Kingspoint, TN), and Sandel (Anmsterdam NY). DuPont al so
manuf acturers a fabric made from Kevl axTMthread. In addition, the

mattress indus as a ESSE S ofYouS)aho

Kevl arT"' tﬂ?"?‘é%@c% ?ngi' é)gt}sé(?}gfgfetglgfott%%%g@g% asrﬂmg%fnyﬁl?let?\ar?e ? oans, flame

retardant ¢an®kivagen b lanBo fatefabidntvith Gid esisienischamctengicanWheh exposedet ar dant

tape. However, use of_ 15 these _r%qt@grgall s may add to.t of mattresses
[

and may resi@aflamg. hesheth dapiaog B SAGSTY R 1 ﬁlgl%ﬁy, %Sone

fire-resistgofrtdEaostEmeRUGD sRaitk #fide bmedten. are difficult to work with
and can break, addi ngjto the time re%ui red for manufacturing.the nmattress,

whi ch al%so transl at ed)BiRarnalael0¥edPuliscisatbliiedagioghiric FHPRSE & al so
di fficult ts?lbx)&)ancé(fo%gch?ﬂ:%gesgl ;gxﬁszﬁd'a%gatp{g Al dnt e bfypaddi tion, flane

retardant tapes are only av nalimted “nunber of colors and
si zes. Fl anambstetaroihat firp odsistane fbeineimclrdy Fendt ¥ dbllikox LeGsangaded) anghen t hey

snol der and_jgnite. .Furthernore, t ess for r regli ticking

of t en corrpr%h‘?‘?é%adﬁl?é%rﬁeé@??b&ﬁ @ﬁ&’rﬁﬂg@ﬁg@?ﬁé‘sm%f(GEJﬁgp?%St‘g%xﬁ’gBj %gl(g’e. g. it may
no | onger bEasofiDfiber DiVvRPRANER:a, PIO)adrpentdriCox (Fatlanomet ¥A), I2geéiand Riatly year s
substrates such _as fiberglass havye been ccgrat eéﬁ\é\ﬁth. i%cas cg ositions
to prodifte Gaseitic T8 Hahimme rdpsimies Products GropmgigsswaintAiDs 83267, t he

bui | di ng i & dam WD), PRIPEA aldOmamiA¥kerd @ FabiriR Infde Froh DK &ltre thuaall

| am nat es e wth facing sheets- The | am nates described in_that patent

i ncl ude t helnmddition.ithgmatpesisdusity banatemitadde Bappiasiare maessie Wisees
rero. o1 b S RO B b Rt g i) oo

m cro-fibers), glass filler material and 1%to
30% by weitipghingnfamasphddnt catopicnseeningarel flaaie retipdant tapg. HHowereppedls  are

i ndi cat ed bei ng. ¢l a rica, talc. .li | > ake. ),
gypsuml%( cgtﬁ‘?:sf’ﬁnrﬂt aE) ye’jdfa t%ﬁﬁnclo A ameﬁ%gr%%[?glgflge%ﬁ;t?{ %érﬁsrﬁ‘%ﬁ%ﬂt ri oxi de,

cel I ul ose firb@ics, ANMRI6M196bib FirReksistan] o€ 2udBlas gl s tireadpakydigiculti bers or a
conbi nati on of any two or re, of those substances. T . ent f-urther
notes that K@U yithand cambrs a?@%@rﬁﬁo%%ﬁqw&%[fﬁ%mﬁ?ggcwgg%?s usi ng

bi nders suGhaRsssWEieh als® Fakes iRio ad@dduvkiee- f or mal dehyde resins (UF, PF, and
MF resins), or a nodified acrylic or polyester resin. Ordinary polyner

| at exes used 5 accor Hiams reigrdepdaprsses Fe fEionlt o otk wihand pg§#Ene- Rubber
( PSBR, Z%t h%&iﬁ%ﬁéﬂ Bk m addition, flame retardant tapes are only available in a limited

number of colors and sizes. Flame retardant polyurethanes may release noxious 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).

25 For many years substrates such as fiberglass bave been coated with
various compositions to produce materials having 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

30  fibers (exclusive of glass micro-fibers), 10% to 40% by weight non-glass filler
material and 1% to 30% by weight non-asphaltic binder material. The filler materials
are indicated as being clay, mica, talc, limestone (calcium carbonate), gypsum

(calcium sulfate), aluminum trihydrate (ATH), antimony trioxide, cellulose fibers,



~ Chloride (EVCl), PolyVinylidene Chloride (PvdC), nodified PolyVinyl
Chloride (PVC), PolyVinyl Al cohol (PVOH), and PolyVinyl Acetate (PVA).
The glvagssbdsbgrs, non-glass filler material and non- asphabdsssfi nder are
all mxed together to formthe facer sheets. 10 U. S. Patent No. 4,745, 032
di scl oses an acrylic coating conprised of one acrylic underlying resin
whi ch includes fly ash and an overlying acrylic resin which differs from
the underlying resin. U 'S. Patent No. 4,229,329 discloses a fire retardant

coating coyposition conprising. fl h and vinyl ~acrylj ol r enul sion.
The 1y asRivas ebmerdiops o5 g spabingtioh of arip Bt ermatie oS RSl IR 1y al so

pr ef er abl y paentiaiter a6es Bht (1B fiflerGhatériaN HPBéERA to tha ged farArsinga pl asti ci zer,

a thickener, a drying agent, a preservative, a fungjci (%e and an i ngredi ent
to contr ol bmA@s pihas Mepe PRIRbEE MelBHNEFINAKENKE FeRPE: | =a%‘£§’4ffosi on of any
met al - surf achof O MbGilfied %ﬁ%&%ﬁ&kﬂ%@ﬁo@%ﬁ@%ﬁm?ﬁk@@t No.

4,784,897 discfoses a co material on a basis of 20 a matting or
fabric fhi edvoidngse pecdisidsyrefase Styreme Hutdiene-Rohba (SBEH Sthrlasedad- and

pol yur et ha har ras. The cov [ hA coating on
one side Qﬁi‘)ﬁ'ﬁe &o‘;n@i?S&%Wg%%e@ﬂ%%p@{x&é?ﬁd}%@ nic ! Qtﬁ) grafal ., such as
cal ci um c@vNPsIeVinahAlcoRoit(®VBOD) duid PdBVinyl heaidi PVAN., Thegladedibersg agent s

and cross-1linkin agents are added .and .a hi densi t tting is used. 25
U S. Pat en’f’onlﬂ?ss%,niéﬁl?t?@%@nﬂin%‘la Cgu’ijIrBé‘e glggﬁl?gﬁgz?ﬁﬁ%}ﬂﬂg)rftﬂgﬂl nsul at i ng

conposi te fh&Ugtay € conprised of a mxture of from about 50%to 94% by
wei ght of inorganic mcrofibers, |l ass, and abaqut.  50% to 6%

articularly
by wei §ht of heat r@§i%¥%N0b‘i*sﬁ%ﬁa&§ digpdases arucg.?wpa@t!ngmempaﬁeéﬁ, 257, issued
to the pre ' WAl ih&uR A9 L SCARSH S ePfind hdHicGBsih S
i ncor por at %%@gﬁﬁgﬁgﬁﬁﬁégence, ﬁ'i‘scflgges a stor 312}?1&? aflﬁla?rt ilcl e having a
coat i ng whwhikh differufies thenindedying resipor constituents, while elinmnating the

neéed for viscosity ifie i ki ze i ng. The
structural article g?g %‘.teéll.i %a%%%&?ga@écyéé é@‘?%%gdgn‘gtcfg&@‘? coating a
substrat e daposiGioR Borhgritinge fhashged winyhacayli\OhOBT 66 EES. POF HYah 826278

coati ng havi entiall. e sane.. i coni char.ge he coating. consists
essent ?Sal |t§»5ﬁ% C?f:‘iﬁ? FAYROFTHR iﬂ? HEIPOggn Blaﬁﬁﬁagfel%%@gF PR OHe %‘grgi gnee, Elk
Cor por ati ogra @sfé)eﬁaﬁtl, 28sfoirhe, i pM&itidenn thitkddeSa dBalg agduot, 2 preSGBatRs,/2 Whi ch

produces a_product accordance with | |§ftg§r ket ed. as <¥t rsgShl ellith.

fungicide and an ingredient to control the pH composition and thereby mnhi

corrosion of any metal surface to which the composition is applied.
U.S. Patent No. 4,784,897 discloses a cover layer material on a basis of

20  amatting or fabric which is especially for the production of gypsum boards and
polynrethane 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 used.

25 U.S. Patent No. 4,495,238 discloses a fire resistant thermal insulating
composite structure comprised 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

30  disclosure of which is incorporated herein by reference, discloses a structural article
having a coating which includes only two major constitnents, while eliminating the
need for viscosity modifiers, for stabilizers or for blowing. The structural article of

U.S. Pat. No. 5,965,257 is made by coating a substrate having an ionic charge with a



As indicated ID U S. Patent No. 5,965,257, VersaShiel dcg) has many uses.
However, it bas. been found that the products made in accordance with U S

Pat ent 47965, 257 art not satisfactory for certain ysqydageadse they
quljlo 4 Do . .
| ack suffi c?ent drapability. U S. Patent Application Serral No.

09/ 955,395, filed Septenber IS., 10 200 1, also assigned to the present
assignee, the entire disclosure of which is incorporated herein by
ref erence addresses these inadequacies with a fire resistant fabric

material conprising, a substrate having an ionic.. Gt h a
coating h&odting hawag ewsentialy theespre Kome °§1GT§F'C &R%%O%P%‘ga{\%%trs%?%hﬁﬂgvgg oating
conprises g gyl hSkrialCRATRBRABE m¥ii AN Thoalsizeles Bt @yrpanton ofDilasder conponent .
The fire resistant fabric 15 material thus pr Igtécfd gas gém(g ory .
f1exibili ty)rodptdsabiwdwymdﬁ@f@ﬁmﬁb&’ﬁhIﬂieclf?ven@ﬁ%Pg et fishP s P while

this material | i 4 Afpd fire resistant fabric material, it is
desirabl e t‘som%r?(%te?%se{’%g S'?l#ee resistarit material that would al so. have

cushi ongng or " bouncabadicited iatia: Pateitsio. §s965267.(gxaakheeld&hapmpany N\VENT| ON
Tile present invention relates st ruct ur gl ' ksing a
pref abr i cal®d MOPFETet pasggﬁ%g%h?}a?geg ﬂ?@g{é{%rq? %?r%]g?iljgﬁt%? 0

sur f act ant pgRAANA SRS 287 afeekdiisfaciry fof betairwapiavanse temydack sfficiot
cornponent. The structural materials are fire resistant and are useful,
inter aliadrpahlityaking fire resistant fabric malerials which 25 conprise a

substrate coated w tfj & PRemtApGitationl SeRBINes. 1081955065 el Jupeemdrt 18,nvent i on.
The substrate may be planar and May have one or bOt%d’&ié es of the,

subst rabe o, ekio aw"lgrht_itdféﬁBteﬁmﬁﬁ?@?esﬁhﬁ‘émfea‘?l?}ow _ - 15¢ he. fabric.
material s g%‘ég}%,ﬁ%;]greiﬁ Qﬁe‘f%g?c%ad LRE ﬂ{eé‘aqghdcﬁ{?&ciégﬁt}i&_rd fitke restan@nt i f ungal

mat eri al , eri ertal, a surface friction agent, a flane
retardant majremiakdriaheehh@isire s sbgimtchaing daenip erarge ¢eatefl apthi xco3tpt eri al s

may be colored with, . -h).its,sinpl.est ! : uct ur al
mat eri al of‘ﬂ%ﬁﬁ?’@?ﬂ%ﬁ‘eisﬁvé?ﬁqmowa&%@?e ?%ﬁlgts%g%in{gl aﬁp?'&%% fgieé_r ef abri cat ed
i crocel | S combSHERORRIBK inchdbd d1kpindcbingn eanpared:. Thbfirdesistagfguitent . WO

+J3/ 06-1758 PCT/1J S03/02781 The present. .invention also.relates to a
mattred§ f amkariel @eﬁmorl%qeﬁ@a%lsaﬂa%@awaﬁﬁxg%h@’alf}ﬁg@‘%ﬁ%ﬁg“?a&%ﬁ

Yc materi al

conpri si Ng A SHARLESowRaL, Sehilitti Brdatigial is buitsbleuss alfirepkBlanofabriof  t he present
i nvention. so, the present invention relates to a u@ﬁ%st&r ess conprising a
decor at i ve nfadsial, ét ia Aerirable hprowidaafiae reaistapigRpeiaitayg P%¥ e 5 coat ed

with the stryett #23‘ "gg},ﬁgﬂagj(.scﬁ;ac{eggﬁcg[ esent invention. In a particularly
preferred SWPSdi trent , - the coat I ng does not bl eed
20 SUMMARY OF THE INVENTION
The present invention relates to a structural material comprising a
- prefabricated microcell component, a surfactant component, surfactant-generated
microcelis, a filler component and a binder component. The structural materials are
fire resistant and are useful, inter alia, for making fire resistant fabric materials which
25  comprise a substrate coated with the structural materials of the present invention.
The substrate may be planar and may have one or both sides of the substrate coated
with the strctural materials. Moreover, the fabric materials may further include a
water repellent material, an antifungal material, an antibacterial material, a surface
friction agent, a flame retardant material and/or an algaecide. Further, the fabric
30 méterials may be colored with dye. In its simplest embodiment, the structural
material of the present invention consists esseatially of a prefabricated microcells .

component, a filler component and a binder component.



" through the substrate during the material nmking process. The substrate my
be any suitable reinforcenment material capable of w thstandi ng processing
tenperabusess7afd s preferably woven fiberglass. The brpgRpseegpONENt is
preferably acrylic latex and 10 the filler preferably conprises clay- The.
prefabricated mcrocell conmponent is preferably a hollow sphere or a
conponent capable of form ng a hollow sphere that has been constructed or
manuf act ured before being enployed in the present invention. 1In a

preferred enbodi nent,_.the prefabricate i crocel | onent. .is_ceramc
ni crospheres. 15 Appﬂ?‘ﬁﬁfeis‘%‘ﬁmgg?tf"é'ia? ?aglﬁpﬁg?tgﬁﬁ%&ﬁ%lc@ﬁmgﬂ“%%ptenber 18,
2001  di scl @zestive hblicaddestiiabtefiakbmpriiit £aibakate conpid wigtthef a coat ed
substrate wherein the coating and the substrate have essentially the sane

i oni ¢ char gétuctrbmgtsaigls oG thegreser ipteplie Ap0. Shenrpscrrmvenhen [RAFdO i ay, and a
bi nder. ThemgaakichipAfea Abraileflric kil PHBR HiRraURRprghe  bsRIse: the

i oni ¢ charges of thg coating and the substrate, which 20 are essentially
the sane, rcopet wathde Bwphwral materials of Sgpresoranveniyodi mént, the filler
conmponent of the coatjn el [ am ] h ' dition to
clay and perhaps ot e?gq’rg?]%{agirypé%%%?q %ﬁ%oﬁdﬁ&t’%%ﬁ%ﬁgﬁﬁ(g:%?lg{n@%ead?ﬁ crospheres
bear no chahgagh thhenbstrets dhiingific antdriahgaltiagpressenThadubytradwaysbanmmy oni C
charge as the lﬁubstrate due to thetp cgar es .associated with the cfl ay, the
bi nder and PEFRGFRREMeR aterp] ¢apghle eHRUISGEEPLCCHREIHEPEFBEE A i nvent i on

al so f eat urigpreferYy WOEENORIAIESS. ThEbiRER 0EHEShedSis pleldritly aGPNsThick uedt s, but
the coati naﬁ of the present invention differ fromthose described in

Appl i cait orfhestliqr prefogably gopmrisss gloy, TheprefzbrigricddpigrocethoIMangRf 1S t he rel ati ve
amount  of .catagh6 HEIGH SSIRREESS onlpBhdd E8bIE 0 FRRid 4 HotowGpaReRRNt Of the
coating ma;}ﬁﬁé %cr easegﬁsuch tr?atpet he %%_ati ng aﬁufthe ‘guggg_t%r ate do not
have essenthaabden corstrusiagdrer mamfichnedbeibrebgng ePployed intthe prgepnt inxentipsi ded i n

t he present i i Jy - . . cr ospheres
form ng thelnla' %?%%e&%ﬁ?ﬁ%&%ﬁ%%@jﬁer iﬁ%ﬁ%ﬁt‘g@ﬁ?@{r@ éeHrqu)%g e holes in the
substr at e, moicrolghesse vi scosity nodifiers have been added or air has been

i ntroduced to increase viscogit 4758 PCT1t1.S0 1 The
struct 3Sal material s B]?hctaﬁ‘g‘ %Wigﬂyga{%gj@%gféﬁﬁ%gp%eén?%g%%é? st andal one
products, fiaclosesartit eesistmit Abfi¢ f@tefigRdofipaitdd dfaabrtadbdeirat wheeinithey may al so

be used in conjunction with (e.g. as liner for) a decorative fabric which
may itsel f cop@eapd g‘%é’ﬁ‘?ﬁ%ﬁ%‘? e*’g‘ﬁ’é‘aﬂ)‘ g’§éﬂPe 1oRiFeEsEsn 18F €BHeat es to an

article of cHRAWeAGE HfifleC RIRRGINE NG, a&aeaﬂiﬁaee.nrﬁé/@aﬁ%gm%meama_teri al s and/ or
the inventive fire resistant fabric naterials and includes, inter alia,

mattress f Syprahdhe nbsraebyarss i ignicphrere discoating g the BPEERta MR es,
bui | di Bg Mgt ELlAlidy HEHROMpAT dabie bfsry. Th LA S \GnKdAirh & &R ller

component of the coating may include ceramic microspheres in addition to clay and

perhaps other filler constituents. Although ceramic microspheres bear no charge, the
resulting coating has essentially the same ionic charge as the substrate due to the
charges associated with the clay, the binder and perhaps the other filler constituents.
25 The present invention also features clay and ceramic microspheres as
filler constituents, but the coatings of the present invention differ from those
described in Application Serial No. 09/955,395. In the present nivention, the relative
amount of ceramic microspheres included in the filler component of the coating may
be increased such that the coating and the substrate do not have essentially the same
30  ionic charge. Bleed through is avoided in the present invention either because the
diameters of the microspheres forming the microcells are greater than the diameter of
the holes in the subsirate, or because viscosity modifiers have been added or air has

been mntroduced to increase viscosity.



bedroom articles), draperies, carpets, tents, awnings, fire shelters,

sl eepi ng bags, ironing board covers, barbecue grill covers, fire resistant
gl ovesyoasv@ab@ne seats, engine 10 liners, and fire-respstasizhet hi ng for
race car drivers, fire fighters, jet fighter pilots, and the |ike. The use
of the fire resistant materials and fire resistant fabric materials of the
present invention for manufacturing fabrics for use in articles such as
mattresses, cribs, draperies and uphol stered furniture, may enable the
article to exceed ¢ ren%ﬁ(}‘ b|||t stand rdstfor th‘{eseé/ E

articles. 15 BRI EF DESERS® ‘H’{S PPe8Ent® 1Shv & tlon may be

bett er underahduichewrddicE IbLERRBE:, ﬁsoa ﬁﬂaeesmﬁttafaheﬂaf‘ehwbﬁﬁeymay\/ah@h FIG 1
is a photograph showing the mcrocells of an exenplary 20 enbaodi nent of a

fire resist 3nPSeHABCPRURROCR Wit (oo @ Lingr RBIGRmE e ibHhvihich npw diselit

| nventi on; bl fre rsidiin: S TROGEA! BREBAAND Blatcd BonBHEIOSShimrafpranot her
exenplary enbodinent of a fire resistant fabric material nade in

accor dante oprsingdhpnuersive strignelmatennls anddor fhednvetive figarrefibthutsbbrat i on of an

exenpl aryDE%% ?lf 259 ﬁ i n_accordahce w.th the i nvention.
DETAI LED TRk ioftnad, R Sl el feBpe rPRGSHS S MAERNtC ur o)

mat eri al comgholstdrétbparticles3 Buiptigs mbtenﬂe,tbedromnmmﬂ& {m«l@d’fp@ﬂﬁ]ﬁﬁren'sa sur f act ant
conmponent, a surfactant-generated mcrocell 1rﬁr’r]tl)ejnent a filler conponent

and a bi ndePCREIRHFHERY): apstichSaPRS, tHUSAVIRES ek @F%‘Fg‘&a&f‘ed nni cr ocel |
conmponent i SofSSBiatd edve, Burbiehé S SRBR! BreQbsistant GRIVES SRBADE f formng
a holl ow sphere that has been constructed or WO “03/ 064758 PCT/ U 03/ 02781
manuf actir denere pest Bregesivignt lophieg Sarach C%ﬂ#@"ﬁﬁﬁeﬁ'@rﬁghtefﬁ/t% fighyar piie
pref abri Catﬁ]ﬁ thd Bk %Qlﬂ?er (ﬁﬁhe eredirdle hid éx%ls'm&iﬁréc lregi iﬁtﬁ'}é HateRAL YT,
ceram c or ass, acrylic an styrene. e mcr oce nmay 1 npart various
charact eri s;tf thspressnt iveenfion formpnhrarning fabacefowatmn@ﬁwﬂdssucphzasent i nvention,
i ncl udi ng, n Xi ity |ab|I|ty,
drapabi | i tyrl,l%géesak')ﬁuhceg%{£é§9u4h°{S?eré gggr'fgeé%]wy £ ﬁak{l%gl |aﬁ§/°hen |e(5)“r:13% a fabric
materi al | &mﬂﬁlwynabdugsmmgardsa“osuhmttyl&tsefmths.a coating conprising the
af ore tioned stnictural material. hi a preferred enbodi nent, the coating
does n bl eed through the substrate during the

BRIEF DESCRIPTION OF THE FIGURES

The present invention may be better understood with reference to the
attached figures in which—

FIG. 1 is a photograph showing the microcells of an exemplary

20  embodiment of a fire resistant fabric material made in accordance with the present
invention;

FIG. 2 is a photograph showing the microcells of another exemplary
embodiment of a fire resistant fabric material made in accordance with the present
invention; and

25 FIG. 3 is an illustration of an exemplary embodimént of a mattress

made in accordance with the invention.

DETAILED DESCRIPTION
In accordance with the invention, a structural material comprising a
30  prefabricated microcell component, a surfactant component, a surfactant-generated
microcell component, a filler component and a binder component is made. As used
herein, a prefabricated microcell component is essentially a hollow sphere or a

component capable of forming a hollow sphere that has been constructed or



" fabric making process. In its sinplest enbodiment, the structural materi al
of the 10 present invention consists essentially of a prefabri cat ed m

i crocewosgsmespenent, a filler conponent and a bi nder g@y@g The
filler material of the present invention preferably includes cI ay The

clay is preferably China clay which is very soft and light. Aternatively,
the clay may be ParagonTM which is also a soft cIay(i.e. it is soft to
t he touch), SuprexTM', 15 which is a hard clay (i.e. it is hard to the

t h), S t.T t
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1201 (avai | #hree f%rﬂ’%@%may%W“BF“%‘BG{;@QW%*&%‘%&E%%%?SWEt s, unless
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preferred embodi Ment , LASrdih@inPukas! tfbn%f’a\snwgd Al nfhal By R ade Ohi na

clay. in partlcularly preferre ment s ay Is Texwhite 185 or
ECC 121010. a fubstkdteewish eseaihwmnmgnsmg)ﬂlp afolrem}emenfal qﬁueﬁmﬂ matgrifi [T er because of

resi st ance, PiPbge] Rporart P piashe VB aS e ARG BB AR Cover ol ay

is a good hesfic ﬁaaﬁg cesbthﬁmnpl@a eflbsdindleghatsguctudabmatanialoftie f | ane
(tenperature :1500 is applied duectlytogcoatlfg of the resent
i nvent i Bh ti¥eseni lﬁﬁnﬂﬂ’ég‘“{?} SSGFIHaIQ’chlatPF%?Pmé'iC PigPeRls geepopegy p fifler o) a5t c,

gl assy surg‘oaﬁ,gnémblq({hgﬁ@ér%ﬁ@oﬁénem bility. Furthernore, as not ed clay is
i nexpensive and thus 30 can help to keep the cost of the fabric materi al

| ow. In another pref &he BHeransierd! eEthe prosend ivientiqayprefgraplyipeludes eByar dant . I1n a
particul arl r r 4. W)

031 Upa7se. pLoF RS P BSsECRRL R hich e ver pAC i IEhET AGhak it BPCRY,

addi ti onal Imaydmﬁnra@ﬂwhuﬂndhheﬂso s sifedae@ efit ol ethg tawh), Soprex™8t i ng of
decahr oyodi , ahel har ged
calciu car‘gfgﬁh%é% ddcﬁdéyn(ia {T?‘S%g the(% c;'d}jaaSé:l I%f‘su {%% % ?t%&;g&g’RTM cl ass
F fly ash peiaeissaskdiyr &Eﬁdﬂmdgmédaumt wilmemmhuwhmtd umth_hlhéeramﬁ pewett, 5
Texas whict s.anp h t hat ins on an
agi t at ed Or]’lgr]‘?‘?amfﬁ &algfa]? m‘@ﬂ S Prapeties @(e Eﬁ%ﬁé%%eﬁyg’l:ﬁ&w % avai | abl e

from Engel1&@(@@@1@&0@%&%@wskdrka,cfi@md VCCany! (vaildblesfian thﬁ}:e filler
materials to neet desired cost and ght criteria. gg.}? um ca bonat e may

be obt ai ned\ plophore-Aisted clay Pf%’&ﬁ‘éﬂ“ﬂ%? of Wﬁﬁ?r“é’?‘%‘ YP 2% ue Nor t h,
Nashvi lghe, gt Rédfdy-Tennessee Clay Company of Langley, SC. In one embodlment, the

clay is Ballclay™ 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 or ECC 1201 ().
In the present invention, clay is a preferred filler because of its
25  elongation properties (it has a low modulus), its abrasion resistance, its tear resistance,
and its tensile sirength . 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
surface which exhibits flexibility. Furthermore, as noted, clay is inexpensive and thus
30  canhelp to keep the cost of the fabric material low.
In another preferred embodiment, the filler is a flame retardant. In a

particularly preferred embodiment, the flame retardant is FRD-004.



10 Cal ci um carbonate, tale and fly ash filler increase the weight of the
product, but utilization of prefabricated m crosphcres, such as glass and
cer amwo ob/0d0Ppspheres, enabl es the . manufacture of a pcodiseieawt h reduced
wei ght and increased fire resistant properties. Clay may inpart to the
product the followng nonlimting characteristics: (1) |ower heat

buil d-up, (2) heat reflectance properties. (3) 15 fire harrier properties,
(4) no weight | oss when exposed to heat and open flanme, and (5) reduced
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PCT/ US03102781, pr.efabricated mcrocells are G3500 ceram c m crospheres.
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the gas uses up oxygen or depletes oxygen in the layer next to the fabric and

suppresses or stops the fire from further progression.
The prefabricated microcell component of the present invention is a
component that is a holtow sphere or is capable of forming a hollow sphere and which
25  bas been constructed or manufactured before being employed in the present invention.
Nonlimiting examples of the prefabricated microcells of the present invention include
G-3500 hollow microspheres available from Zeelan Industries (St. Paul, MN),
Expancel WV, Expancel DV, Expancel MB, Expancel WE and Expancel DE
(polymer shells, all available from AKZQ NOBEL, Duluth, GA), glass microspheres
30 (K1,K15,8S15,822,K20, K25, 832, S60 AND K46, available from Zeelan
Industries), ceramic microspheres (G3500, G3400, W1000, W1012, W1300 and
W1600; available from Zeelan Industries), and Zeeospheres (G200, G850, W410 and

W160; available from Zeelan Industiies). In one embodiment of the invention, the
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i ncreagedspisd i fe or shelf life. Wt hout wishing to perRQiigd-8y any
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bel i eved how ever, that any | i near poly | i near copol yner or branched
pol ymer raipegteryaily apothenfi B‘f’e%)‘é}ﬁﬂeﬁﬁol’f’ﬁ@“{%%tdl‘ﬂﬂm%@ﬁ inggeasidoppd ligvai | able "' O
03//00- x 758031 WO ARAB i %Wma@siaﬁgpﬂ«&ﬁmm iebeIROSPll © Dinder
mat eri al s incl ude but ubber | atex |'at ex, neoprene | atex, polyvinyl
al cohol  endsitBs Blerp eﬁaﬂwlly\fﬁl@ﬁhﬁb‘@%bwdﬁm ymf@nhac@nwmﬂeﬁsms and
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20 and/or a non-heat reactive styrene butadicene latex to bond the filler materials together.

Where the structural material is used to coat a substrate, the binder component also
acts to bond the filler to the substrate. Nonlimiting examples of the binder
component include Rhoplex 3349 (available from Rohm and Haas, Philadelphia, PA),
Rovene 4402 (Mallard Creek Polymers, Inc., Akron, OH), Hycar™ 26469, Hycar™
25 26472, Hycar™ 26484, Hycar™ 26497, Hycar™ 264552, Hycar™ 264512, Hycar™
264582, Hycar™ 26083 (low formaldehyde), Hycar™ 9201 (low formaldehyde),
Hycar™ 1552 (nitrile), Hycar™ 1571 (nitrile), Vycar™ 552, Hycat™ 2679 acrylic
latex polymer (all Hycar™ and Vycar™ products are supplied by B.F. Goodrich
Company of Cleveland, Ohio). Binder components may also include Cymel™ 373
30  (available from American Cyanamid), RHOPLEX™ TR 407 and R&H GIL.-618 latex
both available from Rohm & Haas, and Borden FG-413F UF resin (available from
Borden). It is believed, however, that any linear polymer, Jinear copolymer or

branched polymer may be useful in preparing the coating, such as those available



10 forming microcells during the material making process conprises a fast
soap, such as ammoniumlauryl sulfate (ALS), (e.g. Stepanol AM Stepan
Chem Ggpb9szod¥esd hfield, 1L) and sodium | auryl sulfate @8ir&sosbireever, other
surfactants nmay al so be used which are not characterized-as fast soaps but
whi ch are capable of formng mcrocells. GCenerally, a "fast soap” is a
soap which is capable of efficiently nodifying the surface 15 tension of a
sol vent such as water. However, other surfactants may al so be used which
are not ch s.fast.s .C 85 GRRRAR W PEbHAr M g
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azo conpounds Mich rg{gﬁ%&d&ﬂ%fn@%ﬂemgﬂﬁ,smﬁwmbeomﬁ@ﬂnt@pammbduce
surfactant-generated nicrocells. In one enbodi nent . O%gtﬁtsﬁsl nve t| on, the
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mul titude dL) pidrsedivhi ]aﬁryhméfatee(ﬁéﬁ] dloreven ofher sgtaptants Ryl ections

(e.g. sone s move.cl ocl. CWi S V, Rk ecellsThe 10 WO
03/ 0647- 58 A BIFET x"tsﬁ?sga’g?%‘xu[nh&g%ﬁeg g%?’gﬁ‘% and fiiler is
added to tk@nbBYRI "Hdsapyl :ﬁsoapmchmapaiﬂe of dﬁdienfélr mgdifyipg the susiegses

through the foarner, the pjns rot -1l HaAlked © fOorm
mi crocdPl s tensiiof AGRAPRtafIh ARYYAT ever, hc{ i JI a?SF)I e %oamar

anot her pordhich A héf ch@ichgedaR it Sd:hb;; Blatvﬂﬂclt oc td}ﬁbfc@d ferming migrerels. ur e may
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Al ternat i vdiagt somsesuehge élLé fory I‘B@“&ﬂ%tﬁ%ﬁ%ﬁggé{é%‘i grc éevﬁrarr;ip stah! EZ:Attgf orm such
as a steel ¢ é Tt of‘éﬁv}s&bﬁﬁg ﬁ@d&hbﬁ@c&@poﬁex&y Bl bakededad ﬁmheesxebmzenge
platform t is then subjectcd tg hgesmh n an. ove Wthl’]r ocessi ng
t enper at ur emcrocel]s as further discussed below. However, if so
20 forms "weak” microcells may be used. The "weak" microcells may burst during
processing to produce a less flexible fire resistant material.
When a surfactant is used to introduce surfactant-generated microcells,
the structural material may be made by combining the binder component, the
prefabricated microcell component, a surfactant component and the filler component
25  together and creating surfactant-generated microcells by any means known in the art,
such as, but not limited to, blowing air into the mixture, agitation or by a foamer. In
addition, chemical blowing agents, such as azo compounds which release nitrogen
gas, may be used to introduce surfactant-generated microcells.
In one embodiment of the invention, the mixture is subjected to a
30 foamer. The foamer acts to inject air into the mixture so that the surfactant forms
surfactant-generated microcells within the mixture. The foamer may comprise a tube-
like component having a multitude of pins which are capable of rotating in opposing

directions (e.g. some pins move clockwise and some move counterclockwise). The

10



“are preferably between about 280 'F and about 350 "-F. The prefabricated
and surfactant-generated mcrocells are stable to the heat of processing.
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from Robrn & Haas) N][n‘?&le-gﬁﬂgoél eﬁtJf?I‘féﬁEs%Httm{J&tﬂBﬁ %é@a@éf;ﬁu}&sﬁﬁ fshe present

invention are flexib l e and ve good dr apability char acteristics.
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Cur 0111 Bt 8P £ T ERURRSHL, Y 200 0

conponents capa cnerated 1.
03/ 064758 Ee@ﬁﬂgﬁﬂsipﬁﬁ Eea’rmmexpamdetol form thgdhllow agﬂmraanics)celthch“mls&uﬁ act ant s

i Sodtum PRELAS SR PO R BT AL Rt ERERrCRe % [Par acher n) | and
St anf ex  32@xpad&i® nildr6¢eic Gibted MBwehe stabilized by nmaking the. wall of the
part i cul ar| C' st ul T OUSE SEEPYTFHig 6 BRFRIOT UGB ARROEH | i or ocells.
The st r uct g @dtafRESIIAF réEating ShrRRmt-baekHsemRrde B0 Symbiidik | Ok swerponent ,
surfactant is Stanfex 320 (Parachem, Dalton, GA). The surfactant capable of
20  regulating microcell formation can ensure that the microcells remain within a
preferred size range (e.g. do not get too big) and form in a relatively monodisperse
state (i.e., are of the same general size). In a preferred embodiment, the microcells are
about 5.0 p to about 20.0 p. in diameter. In addition, citric acid may be used to
ensure that the microcells are spread out uniformly.
25 It may also be desirable for the fire resistant materials to include a
dispersant which acts to keep the mixture comprising the binder, surfactant and filler
well dispersed during the material making process. Examples of such dispersants
include, inter alia, TSPP, Accum 9300, Accum 9400 and Accum 9000 (all available
from Rohm & Haas).
30 "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

enhanced by adding components capable of stabilizing the surfactant-generated
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such as nel am ne (Borden Chem cal s, Mrganton, NC), and/or anmoni um.
chloride. The cross-1linking conponent is useful to inprove durability and
reduceygp®edsbizg. In order to control the amount and rateuebseross-1i nking,
it my be desired to control the 10 pH of the m xed conponents. For
exanple, in acidic conditions (pH 4.0), the cross- linking will occur very
quickly and the m xture will have a short pot-life. At higher pH (---
10.0), the cross-linking proceeds nmore slowy and can be controlled by

heat. The Sffcusdelis. @uc%&ﬁﬁb&hts%clﬁ&%uﬂﬁ&ﬁ%uch Qé’ﬁﬁtnbﬂﬂmr@%ra@é SCoEAMPr i se

resin which é_ provi de a polyner she] Ito encapsulate air. I'n one
enbodl rrent At diares Chemicals, 13aliopa5 48 A-h{disadatm e—aﬂw@ﬂfmamﬂeﬁlmﬁ Dal t on,

GA. 4@@ t i t her
possesses o un%% back quhar gt%ngrlagrlfélfcssz% @ggﬁéeﬁp%“gﬁﬁ sty %thﬁ?::’gback"
refers to trhaisbihk wajl of fhetrhierocelt thicked. A surfaetatir whitlo corhprises 4 Pngaaxghape after
havi ng en,di storted ch tr ched or conpressed.. I n such an
enbodi ment , AR, b&?&fucl‘g‘ﬁlﬁb‘ﬁ%fﬂ]tfg 12&%@8 s‘l’rga‘:%‘ ‘ﬁ@’rﬁ“ﬁ‘?ﬂemls:{ﬂ?ﬁﬁ%o unceback
characteristics. Thegge GRIRAREMLEH BYayaAher iGudensd8ie-1RkingchRponent,
surfactant - generat ed_n]icrocell such that the mcrocell réverts to its

origi nal stFEEas mglpgine KBorder ChenigalyiMergmter NGy airdéereamandimp eilendss usef ul
for achi evi oil,

Kol rmr | ncliag s IRGRE Edmp i Gl 15 vd ARAMIAG bl Kb OB, 0 1
Sequapel 4@gf @vatekibt amberispd Glesftcerss-1igidng, iRmajbe Hesmed mudopirolthd 1740

(M chclyrna of f-1171A

Ml and® VP St iRe8 EYRRElehss T g < ety ORGHGY bti B o A

Aur apel ' 39 TinkiBy i kb ntchanatyepick Nomditlemichye willhiese aemsrppdstaﬁe SAghigherensur e t hat

the nricrocel | regate and for S m crocel ls. The
substrate Bﬁj (‘f’ﬁg%g *ﬁ%“éﬁ 'H\Vg‘%ﬁrf"&?ﬁdsrfﬁ?eﬁgwj H SR ﬁlﬁP’é“@@dgéihﬁ?torcenent
material capabl e of Thd BsicaRal Msei 6£QS prIsh: HRRBSIALNY fSo cobfilyeas 9l ass
fibers, pol yester fibers, cellulosic fibers, asbestos, steel fibers,

al um na f FosEyveh clt@nﬂ&ﬁiwdefaumé)ﬁ@er s/l te sngapptiats airg mens emeborlinissk.she wool
f'berSJShorersmqg‘DfP@%%va:ﬁﬁfel?%ﬁ?rt)f’érg&% oflmﬁtg éAbers pol yol efin fibers,
| o]

pol ystyrene fibers, acrylic ers eno ntr al dehyde resin |2 WO
03/ 06-t 758 P CT/ USO3naprafemad ¢mlm1nsent,ath®ﬁmtrmstaﬂmmrxa|bﬁaﬂ:bx:pqgadssearri de

fi b ers, pol% C(fe\f)é cﬁﬁaétéll?s%cg AP ?Aeggigrrg?ﬁl, i.il??gﬁge&gélci["?gf{e% 18 Ehengb)ifﬁsz s thereof

which -may 1n bl conponent rovi des strength
for the fi ﬂnemm:ﬂ;toanm:ﬂ mhtsmcngnnl shajmiﬁer Exdnpbea dm‘tormdbm:hai es in

oot S b GBS Skl St e ilE 9 oo

20  achieve such bounceback characteristics. These components may coat the inside of

the surfactant-generated microcell such that the microcell reverts to ifs original shape
after having been distorted. Preferred components useful for achieving bounceback
charactenstics include CT101 (silicon oil, Kelmar Industries, Duncan, SC), Freepel
1225 (BF Goodrich, Cleveland, OH), Sequapel 409 (Omnovasolutions, Chester, SC),
25  Michem emuision 41740 (Michelman Inc., Cincinnati, OH), Sylofi-1171A (Dow
Coming Corp., Midland, MI), Syloff-62 (Dow Corning), Syloff-7910 (Dow Corning)
and Aurapel 391 (Sybron/Tanatex, Norwich CT). These components also ensure that
the microcells do not aggregate and form clumps of microcells.
The substrate of the present invention may be any suitable
30 reinforcement material capable of withstanding processing temperatures, such as glass
fibers, polyester fibers, cellulosic fibers, asbestos, steel fibers, alumina fibers, ceramic
fibers, nylon fibers, graphite fibers, wool fibers, boron fibers, carbon fibers, jute
fibers, polyolefin fibers, polystyrene fibers, acrylic fibers, phenolformaldehyde resin

12



" pol yarami des, such as KEVLARTM and NOVEXT'm netals including netal wire or
nmesh, pol yol efns such as TYVEKTM pol yesters such as DACRON'1"' or

REEMA¥Glabos9d vanmi des, polyim des, thernoplastics sughragedioP¥RTM and
TEFZELT"'r, polyether sul fones, polyether imde, polyether keton. es,

novol oi d phenolic 10 fibers such as KYNOLTM KoSaTM pol yester fibers,
JM 137 Mgl ass fibers, Oanens Corning Mglass, Oaens-Corning K glass fibers,
Onens-Corning H glass fibers, Evanite 413M glass microfibers, Evanite 719

gl ass mcr fibers, .cellulosic. . fiber r natural
as wel | ?Wg{f‘éa?ci %@B@tlc Pplgmy s‘g é‘?ers @ggﬁg@am@%ﬁ}ss@@ﬂ&a{%ﬁgﬂ | ament ,
nmonof i | anﬁﬁﬁers é}rmxﬁﬁ;k’@rthér&dfmnﬁa maghdudabicenidnent fberss Thhswubstrdid assenbl ed as
a textile, or n, n-woven, knitte matted, felted, etc. material.
The pol on@PY‘HeS g“' Ii% F?ﬂﬁanéfﬂéaﬁmateﬂg‘m ypropyl ene, pol yet hyl ene, poly

vinyl chloride, po H%ﬁ%@@f’h@bstﬁie@ in &:lc@x’ilﬁnc‘érwﬂhﬂh@ﬁﬁ&itmim&liﬂeWni‘éﬂ one
another. The acrylics my be DYNEL, ACRID . AN and/or ORLON. RIJOPLE. X

AC- 22 &nd daCeipEXiirslasocerapies, acﬂplnw (aogn), RB! @g| Ybewnﬂé% R ¥aas whi ch
al so may %%ﬁﬁqdes-r h&?LF aﬁ@NUl\jfEXﬁ“ Wa] clﬁ@ﬂngﬁﬁkal Gfleloyl 0se such as

wood pul p WSpPrin u p and cotto or chemcally processed
cel l ul ose mhfpoé;mlefmgzemhsasd‘/ﬁfEK%desiermh aerAQRlﬁ@q’é“mnpl es of non-woven

cont | nuoud TagTal it st i PepRie #iProe R o | T 10,

Pear| vei | ‘ﬁﬂpzmﬁ,,po@m)eegdlfﬁmwp&aaher@mﬁdeepw&maRewne%ncﬁaoaxd pldnbid/ 130,
Fl exivei | T"u 23Q and Pul t rudabl e vei l le f chnnel zer

| ndust!Pi edibersifuch asdgFNPLAY. K ‘@“ﬁj\?pel}ﬁ"e“%g@ Jﬁ%i@r %lgssﬁ"é @Wﬁﬁlsrl ai dT"s
Spur mo“d%gﬁh ﬁi@%dbﬁr@ﬁkﬂgmg(l@ &slfﬁiéiseou%ﬁm&lﬁﬁglmgmgﬁuc&s Inc. of

G eensbor o . “Nonlimting exanpl es of filament materials include D, E
B, C, DE, E&aDJH A1RM glpgsamereliberaEvaaity D\fseless auesiibern cplipesigheract ri cal gr ade,
chemi cal ishdg f4om BFG

I ndustri es &%&l@@%ﬁ%@fﬁ%@ g%ﬂﬁe#@éﬁ flgfc%iserrbgdl ms};r)lt t he

substrate cpmpase\mmn flanient, giuamﬁlaumt orAgher fibwgs hnetesileither 4sjshely gﬂ ass mat
| ncl uqﬁzn?}g %&%éugsﬁxhy\?épa%%’fv{{ Q’%rli %0 S0V t'é@tkﬁjtte!i nmzﬂtedpl%ftéd %{'él 1'5115 e%@lpr eferred

enbodi present ’inventron i's woven
03/ 0647_58’115’{337)'&863&1&2’58i:o]fyvhyhgd;cﬂ:sls pulypmpylsnn; bo]asthslblyd 90nf6m51 style 1091

2’? (rj uit ﬁlr :I"%ﬁéﬁ% l%];’ﬁ’ﬁgzﬂﬁlf]g?e?f:t l;rﬂlflgérelﬁ ﬁ\?’gticfuio‘gﬁi 5t NQ“O cat ]l}[l%l nzg h? abrics
for use i fuagteiDVIBL SACKIIASN Al ISISON, REOPRBX mapeﬁd RHOPLEX AC-
507 are acrylic resins sold by Rohm and Haas which also may be used. The cellulosic

20 fibers may be natural cellulose such as wood pulp, newsprint, Kraft pulp and cotton
and/or chemically processed cellulose such as rayon and/or lyocell.

Nonlimiting examples of non-woven materials that may be useful in
the present invention include non-woven, continuous fiberglass veils, such as
Firmat™ 100, Pearlveil™ 110, Pearlveil™ 210, Curveil™ 120, Carveil™ 220,

25  Flexiveil™ 130, Flexiveil™ 230 and Pultrudable veil (all available from Schmelzer
Industries, Inc., Somerset, OH). The woven materials may be Airlaid™, Spunbond™
and Needlepunch™ (available from BFG Industries, Inc. of Greensboro, NC).
Non]imitiﬁg examples of filament materials include D, E, B, C,DE, G, H,K
fitaments of various grades, including electrical grade, chemical grade and high

30  strength grade (all available from BFG Industries, Inc. of Greensboro, NC).

In a preferred embodiment, the substrate is a woven fiberglass mat. As
used herein, a fiberglass mat includes nonwoven and woven fiberglass mats. In a

particularly preferred embodiment, the substrate of the present invention is a woven
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5 uphol stered furniture, may enable the article to exceed current
flammability standards for these types of articles. Wile flammbility -
st andapw@posiRissg nattresses  have not specifically been mgatygdegoifag federa
or state governnents, sonme governent agencies have provided recomrended
gui delines. For exanple, the United States Departnment of ~Comrerce Nati onal
10 Institute of Standards and Technol ogy (NI ST) in Gaithersburg, Maryland
has published a paper relating to a nethodol ogy for assessing the

fl bili f . .. i . ili
e g R e T8, Frhan b Fop npeadhameii iy
it is

. ho cl ear s(@yag@]s&ojﬁcgi ven, reconmended that a mattress he able to
wi t hstand the described test procedures. .-The_15 NI S .hast. nott ed t hat beds
pose a unique fire haXgige pribp sERetugel mafepyls ghbe gresetimenigulof oot 5 ¢ or

det ermi ni ng&%ﬁlﬂaét&rﬁfgﬁﬂiiési fhusRfn MBELS K9R 8SmatiRsR6 Ahibd, Afuped iRl St at e of

California partnent of Consuner Affairs Bureau of Hone_ Furni shings and.
Ther mal ¥ nsupholsteoed {atnitvee, Bray enably the agigledo gxcerd ewrend Srmpabiligt standaris oct oper
1992 whi ch prqvides I inl4 %Ezﬁ : r sses. See
State of Ca{%’fr f’h ﬁen%e%ef;aﬁ%%wlgfiy nsg}iéﬂﬁﬁj ailgrr %ﬁgﬁ%g%ﬁﬁg?ﬁﬁgne

Fur ni shi ngsspaciticallycbeen ket byshd fadéraror stateqohernmants Boimegovammed agensiasber 1992,
Fl amrabi | i tﬁ' Test . Procedure f(ﬁr . ,%,fattresse: s for use in Public Buildings
(Cal i f or ni al@v§BEYiied Tee0mpeldrh BRAFES)| | ot i n provi des standard methods for
fire testing of mattpessReple, TREURRIIISRAS Iépaciment ddlommiescNathina t he

burni ng behavior fromignition 25 of a ttress until all burning has
ceased, 1&r hfitate o&Sﬁ@ﬁw@am&ﬁTwlﬂW%ﬁﬂéﬂ&Bg@W& Mﬁéflapﬁgés of heat

rel ease is Y% 1R RX GGG R RbRILTRb] Rbestiag Heifikeaabiilg of Bur eau -
i ndicates t a?%?&rﬂ srsesmg%rrpl y? ng w ?E t he Stlegt met hod WI?H be safer and
hopes that mettradsestSeedik Ohidmillentet enpFlammahdivilueswed Mebedolagydd whi ch pass
the reco ed t : i QA o Lingss fails to neet
the 30 reqmiaf"%rr?%sﬁ ?@fsé‘]m ;g%@’?g{sc?% F}? g%gi}g'gégtﬁﬁ[teﬁ%gﬁdoa\ngﬁg ‘Criteria are
exceeded: " feddmmentied itiny mmattadsebodblheatithstehd dsatesdribed Gistproendugsedher, (2) a

total heat ase of 2 or greater in he, f1r M and (3)
wei ght l%ssl‘@lfﬁ?s BBWH&I??BQ{E&%%%@F‘]W rﬁ?]ﬁzaf%%mﬁelrnéfl hi%gld% %%%lggo%ue to
combust i on. teds MRbEATRIPRRCAARIWBEY ofiairdshs. fire resistant fabric 14 WO
03/ 064758 PCT/ US03/ 02781 mat erlﬁ[%teof tl}}g@ggﬁsent Ip‘\flfﬁgtl on ¢ lies wth

or exceeds the test dpafdjfenydhe Siaeghid PR PSRBT AR ™ he

Cal i f or ni @ gBeA2FHAS: Fatdishieshd THRANETRIASh St BukAlY Issucdrt eri al of the

present invention . A -
Technical Bulletin in October 1992 which provides a flammability test procedure for

20 mattresses. See State of California Department of Consumer Affairs Bureau of Home
Furnishings and Thermal Insulation Technical Bulletin 129, October 1992,
Flammability Test Procedure for Mattresses for use in Public Buildings (California
TB129). The technical bulletin provides standard methods for fire testing of
mattresses. The methods produce data describing the burning behavior from ignition

25  of a mattress until all burning has ceased, or after a period of one hour has elapsed.
The rate of heat release is measured by an oxygen consumption technique. The
Bureau indicates that mattresses complying with the test method will be safer and
hépes that manufacturers will attempt to manufaémre mattresses which pass the
recomamended tests. The Bureau indicates that "a mattress fails to mest the

30  requirements of the test if any of the following criteria are exceeded:" (15 a maximun
rate of heat release of 100!1(W or greater, (2) a total 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
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is useful in the manufacture of mattresses. in this enbodi nent of the
invention, the 5 fire resistant fabric material may be used to line a.
decor awviows/opptg ress fabric to produce a fire resistant ppidhpsSsf abric.
Nonlimting exanple of mattress fabrics include licking (known in the
ail as a strong tightly woven fabric conprising cotton or linen and used
especially to nmake mattresses and pillow coverlngs), of fabrics conprising

fibers selected fromthe group consisting of cotton, polyester, rayon, 10
pol ypr opyl ene, .and.conbi nati ons thereof.. The |inin be achi eved by
et hods. koA HE HRER ks G SHEIEE Wi b et e B¥emefs 0 T et er

of the presgBémmemiednlyiboth tha)IST mdlive OfifphaCERI2ONder arnatttoss fabric.
bonded .or adhered to

O., the fire resistant, pattress. niaterjal. may b

the mattress fabric, 40JRYEd e_@f&&fﬁSﬁ&ﬂ%ﬁﬁ%ﬁ‘ﬁ%@ O%g??d’fﬁP’_é\tr‘EYe&BP’g/ _

nonf | ammabl g yefeian Me RidutdeiRotthithessés @n HRSdnfRMherdt B B8 thvienton, @i M lar  to
15 alining, The fire resistant mattress fabric of the present invention

may therd beftiggesistand fabrip matariel avbeysed Yalinetacleparptivequatres fabrivde t ress whi ch
has '”Pfov%ﬂo B TERD Lesista¥t mGHEL FRHRT mhhﬁﬁmfg@g S¢RA5&S fick he present
i nvention which conprise the Fire “resistant fabric inaterial. may be
conpri sed ofclsén/igrkalg (kegven 31, thé mtésuhtogg, tightly woven faiii¢ @dnp2Bmggotdn | east one

first |ayer ich conprise fabric,layer (suych as th tress fabrics

i scussed B0 SRR Bt oG s ind SRR P il IS cor ot an
fabric mat eohiphising fibtb eclpdiebRath therpraipt dodsistinghdif ehttompolyéstt, @y@npl e be a
second | ayer or a third layer), .at |east_qne cushion yer, at |east one
pol yur eharRobpEenF 8 compina @a&er%e%HnFW%He %‘f]i‘_é“é’ﬁ'%' ﬁwﬂ@y_é% and a
llayer conpringivih SRAHNEGS: exhiBle MY Sire £ONRAH AbitOniBeal lolf iR pdRefiesi stant fabric
niaterial of the present invention, as indicated above, conprises it
substrate angniorwmay imply bapleged vadds 8 dpatiegss fabripeOF.ithefirepesisian Fppttresabr i ¢
inaterial i Llded j e ';sl%mﬁjlthl thdagd s facing
the first Ilg%}%rﬁ?hﬁg\%\%é{%e 3;1%‘%}lhl%}nB ?%g{agn a ?)?/dg[,4 the fire rse%[stant fabric
mat eri al nepd befoddy ecnftmkbidgled aetitchedwih fer esistatdhreahbndimiatio of the

: nyent |19)n’ at]:'ﬁ'1e r.]!'lz?‘;[etf{rce ISE‘%SF Otr’gggt gs%%abaﬂtc ofﬁlegfI‘%sgf’ﬂ%ﬁve an Llla&lf};[en lbg)flgﬁ':dl conprising
a inattresd Ay icand at least one secoh ayer adjace to the first

| ayer and ogititskiliaduefiston @ thirufaches b siadttess Walh has inpadved flaminabiitg he pr esent

i nvention. The fas?.ric of the first layer may be the mattress fabric

di scussed SPBYBUCUSPES-NvO 03/ 06478 PCT/ US03/ (2781 such as ticking, or a
fabric conprising fiRfmamelsecsfbe fresum inkentdh MhichcdRHiriss ihedgire essenti al |y of
cotton, polyester, rayon, polypropylene, and conbinatjons thereof. The

I
non-woven &Fisiant fric mpisrialmigy Becomised ofsgyral layerse nchdingnbuipmot limiied

20  to at least one first layer which comprises a fabric layer (such as the mattress fabrics

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, at least one polyurethane foam layer, at least one non-
woven sheeting layer and a layer comprising springs. The layer comprising the fire
25  resistant fabric material of the present invention, as indicated above, comprises a
substrate and a coating. In one embodiment, the fire resistant fabric material 1s coated
- on one side and the side with the coating is facing the first layer. However, as
indicated above, the fire resistant fabric material may be coated on both sides.
In a particular embodiment of the invention, the mattress comprises at
30  least one first layer comprising a matiress fabric and at least one second layer adjacent
to the first layer and comprising the fire resistant fabric material of the present

invention. The fabric of the first layer may be the mattress fabric discussed above,
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the art. For exanple, the non-woven sheet |ayer nmay be made from any-5
nonconbustible fibers. In a preferred enbodi nent, the non-woven sheet

| ayer w ozmaesfrom fi berglass fibers. The mattress of Hdwusmsssat

i nvention may further conprise at |east one third | ayer adjacent to the
second | ayer and at | east one fourth I|ayer adjacent to the third |ayer
wherein each of the third and fourth layer is a cushion |ayer and at .| east
one fifth layer adjacent to the fourth layer and which conprises 10

pol yur et hane f.oam ,.The cushion | a Ligknd i bers or any
fibers knowR 3 HKHEEFH R g’%@éﬁ?@fa %?Ctér?;%%rl\g{eaﬁﬁd&yy%? Whith provi des
cushi oni ng- dihetialgalfyoitead, pelpestdroaponypylyepéney andgompigationkihess!.

Furthernore, the mattress of the resent invention omri .at | east .
one sixth layer adj alBhRorr¥OYREbeE %yFrﬁ@’rnbea% Su%%’i%%fﬁ(sé{] gt %g 'r?i re
resistant faReie FRELIAAL théhda-wevchRRNE1ag6 reaeigthalerommbdy ess in _
accordance with the present invention. |In one enbodi nent of the invention,

the pol ydr etmeassabugihe fibgrs- b anveferredemphndimen.dhe pn-p S YEEIS(i . e. under
the ticking | 0 | EhemPHisH nl Tamer f oam | ayer
provi des a gg%%ﬁf’%ﬁ%@%ﬁ%ﬁ%g&ggﬁltgg{e.sgdﬁg%eﬁvrgsr, the tot gl weirght of the
pol yest er f camplimeeleastoge thidrtayer adjatentbtotthaderong layes andat lpastenafhaith 3 20 | bs

because the pol yester fo d the ticking.bur.n : i |1 not
pass the burl%e’féﬁ'i‘cgnﬁtf’ﬂ?%mégfaﬁ nwr}?rff%ga sogfhgg%l.rd% n g'tgjc lag%l%%g%%foﬁﬂent, a
preferred t hiyekifss1dasiione iR 14yepadjicentap fechsintiblagéryand whichiconipases The
mattress of the present invention my flff)rth r fo(gg%%s%a fire .resistant
border. 1Pn ®f Beiform { Thechghiopayes may e made g RAUKEHCT BRES 8T PO pr i ses a
25 Tirst | aybsRRE kit tdh itk for @Rking AhyeE whithrévidR cashibriny €Theadj acent to
the first layer and conprising the fire resistant fabric materjal of the

present i nvenlyixsthang foamoniy el varvingthisknese r Furigragisphe matiress ¢fithy | ayer

adj acent to 2Rl e SRR RS2t RO AT BEBAREd 02 The
border may gieg%tégiﬁérprl slhe %Jmﬁﬁg?%éesﬂ;hea | acent tonthe t hi rgﬁ?ayer, and
whi ch conpr ceegrising the firavesietantdheatmatglidl e FithSishewy an exesplasy eatrespimy
conprise_a fourth |ayer, adjacent..to the third |ayer, and which conprises
the fi r35 ré%cio’é‘{aﬁ?ﬁwglé%ﬂpipﬁesﬁ% U™ 0f the present invention and a fifth

| ayer, adjacent to the ontewbbdimeatysfithe iandhtiofitbdpdprpihase®am meyrbetky en
sheet. 16 WO 03/06-17:58 P(' 1'/1JS03/02781 |n.anoth di t of the
present i nvEFePSRYer i dhemptessdie. “8%*34?1 técéglgzﬂlg I'“e@g'fe (girr?é)glf%?[ rgrsilt-'b@l?j;yer

conpri sing ahepdilhemind Bkl igyer plovideas tuperier askiondy effeseHpwadjragent to the

first layer, and which conprises the fire resistant fabric naterial
Y total weight of the polr{rgs’ter foam layer together Welﬁ’l ﬂ?le tai(rzlung must be less %han 3

20  1Ibs because the polyester foam and the ticking burn and the mattress will not pass the
burn tests if more than 3 1bs is lost. In such an embodiment, a preferred thickness for
the foam is approximately 0.25 inches.

The mattress of the present invention may further comprise a fire
resistant border. In one embodiment, the border of the present invention comprises a

25  first layer comprising a mattress fabric; and a second layer adjacent to the first layer
and comprising the fire resistant fabric material of the present invention. In addition,
the border may comprise a third layer adjacent to the second layer and which
comprises a polyurethane foam. The border may also comprise fourth layer, adjacent
to the third layer, and which comprises a non-woven sheet. Alternatively, the border

30 may comprise a fourth layer, adjacent to the third Jayer, and which comprises the fire
resistant fabric material of the present invention and a fifth layer, adjacent to the

fourth layer, and which comprises a non-woven sheet.
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~of the present invention, at |east one third | ayer adjacent to the second
| ayer, and 5 which conprises pol yurethane foam at |east one fourth | ayer

adj acemb o3béx7idre third Ilayer, and which conprises a npgryRygRaheet, at
| east one fifth laycr adjacent to the fourth [ayer and which conprises a

fibrous pad and at | east one sixth |layer adjacent to the fifth layer and
whi ch conprises another fibrous pad which nay be the sane as or different
fromthe fifth layer. Al of the aforenmentioned enbodi nents of the.

et tress (10,00 the RLSRSRL hANSIEhORRIAGH iflubl iR faRts, |0 o preferred

enbodi nent, the matt present ‘i nvent i rises at | east one
first |ayercompriehs £ Gy dns Eisst dnybpdobipeisiag b abattress fabtic,lae kast onascscombeond | ayer

adj acent to the first .laver whereipn fhe secopd Jayer is.a.cushi.gn |ayer,
and at | easPYSrAdiacRptly ﬂl"'%_@rlayéﬂja% &’H’FL EempRES E’&f%‘?\ Sﬁsg’ﬁteqa?“‘éﬂamﬂﬁi ch

conpri ses t fgnd hrbGnlRvERivh S 2kt ohé MildGayBRh@hded to Me debéndpa@s,end i nvention.
The mattress may further conprise at |east one fourth | ayer adjacent to

the third |which comprisshpelisprbemedommt tepstiony &urthdaysr adarspitothatiydr | at | east
one fifth | ﬁye?,rand%&f;&)ﬂ%pﬁ%& A:{38 Wi {Hde hmgst orft eI AdjabR0R ths €S

pol yur et hane” foam and at |east one sixth layer, adjacent” to the fifth
| ayer, andowtth kiyercadprhichasmaprises n-fikone pad drelst leagtnme sixghipyar afiaget tyay  be

made from fiber, kngw in the art.,suitable.for ' hion. In a
preferred g‘ﬁ%ggﬁ AR ?ndt“ﬁ’é& CHPRFEA™Y? ?/ref%br%‘gﬁﬁg @é@%ﬁ@?%ﬁf%%ﬁr s. In a
parti cul ar | gifferef o e EMISEE. BN the hfopmantionslf epftodmhanndfdhabatirbsst not a

fire resistance standpoi nt thedcazf ond layer is a tw ounce polyester fiber
| ayer. s jofdecpiesent qbenan passe 18 {%Sebodi nents of the mattresses of the

25 present inventiony, b pReeRabbBEiREN (A6 nfatifeBs 65¢ Fesdnt infvalionCc mat eri al
faces the first layer. "~ As used herein, "faces the first |ayer"” neans that

the fire resmprissstat kagrone fphiazerdiichrempaisesegattiray ficoMdest oot h sides. |f
the coati n%aéecﬁl]dg .epgcﬁac%hpt‘a ];hetiﬂ@ttlﬁgk gﬁclfeﬂlctﬁések&ﬁi -lra%ér% a clsBib8fiayetMahd t he

uncoat ed si Ing away fromt irst layer. In addition. 'the nunbers
of the | ayet kaitnde datddsyer hdjacsntie thepfecanddayenped whichspmpxrsgyphalirei f t he

mattr 30.fabri,c. i s th Lrst | . t hi ' t he
macreds, AP RSB ok Peasaf G lich, TR KRS by el @BpRle 1€

t hird | ayerat leastafli fagthtlayepadjivenise deribird hyerapd shdresothe fourthdayeddiat i on to t he
| ayers described abov

conpri se otHEFoR 4ye: %ﬁ?ﬁt ‘gﬁ gy%g%&%geé‘g{c’othg ?Og%ﬁ%}r%g’taf’? I‘t’)v;ﬂ%\;cﬁg t ngg r1n;1yV\D
0310647- 58 BaptitdstpoBatdAns foakl) ankbat laytems sixaclagdr, @ljspiitto thel fifihdnyer,The -
mattresses aggl %m%&:scgm%%&ps rai n%g-w%vgr? gh%gtr ’Thg %&s@ﬂo%slaﬁe? 1e:aay be made from any
20  fiber known in the art suitable for making a cushion. In a preferred embodiment, the
cushion layer comprises polyester fibers. In a particularly preferred embodiment,
from a comfort standpoint, but not a fire resistance standpoint the second layer is a
two ounce polyester fiber layer.
As indicated above for certain embodiments of the mattresses of the
25  present invention, the coating of the fire resistant fabric material faces the first layer.
As used herein, "faces the first layer" means that the fire resistant fabric material has a
coating on one or both sides. If the coating is on one side, that side faces the first
layer, with the uncoated side facing away from the first Iaycf. In addition, the
numbers of the layers indicates the order of the layers. For example, if the mattress
30  fabrc is the first layer, this layer is the top of the mattress, with the second layer being
adjacent to the first layer, the third layer is adjacent to the second layer, and so on.
In addition to the layers described above, the mattresses of the present

invention may comprise other layers which may comprise one or more fibrous pad
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border described above. Further materials which may be incorporated into
the mattress of the present invention include construction materials, such
as nonwio o3mes7set ardant or fire retardant thread for stigcansgobize mattress
materials together (e.g. glass thread or Kevlar thread) and non-fire
retardant or fire retardant tape. Silicon nmay be used with Kevlar thread to
di m ni sh breakage and enhance production time- In a particularly preferred
enbodi ment of the present invention, conventional tape and/or conventional

t hread may S nd_th tLress i1l ¢ lies.with the California TB
16 test 1 eder SR A pdidaltR; ghE Bl naf AR PG aiordet e b
i nventi on miprdee dessdiskdtabovep Ifadkhierem aratiA¢ wWhich malybb iRbofpoka¢d ialkahact eri stics to

foam and cushion | ayers used in .mattresses .and may, repl ace or be added in
addi tion to TaEHS Pg'%’EPEB?‘eqt HVERRR %ﬁué%%?aﬁmcm{ﬂﬁwﬁ‘é SU50 A5 €ushi oni ng

llayers made réuliBntlop Gird defaflah it cdll 3 stiRin@ theh Btrds mdtdfilo SR (e.Lnvent i on

inpart fire resistance to the mattress when used therein. Table | below .

provi des? i Blaspisresd opkedagbread)and wos-fire retardastprofive retdidansftaneh Silkeont i ng t he
applicants i e I f erial of
the. 1 nvent i oY p R KBAR EleG kRSB IBR el Bkt Bion BB 00 21 | Ve
FRD- 00427. 2t PREFARRLGATEDeAERIIDEEA ST Gre35G00IGn At GRCES <ntiddidERphE| am ne5. 00
M SCELLANEQUS;, - - ter25. 74 Total Percentagel0Q.00% SUBSTRATE = BGF
'ndustri es oo Bl malh e d TG ATyl pamnRe W e | s03) 02731
Al t hough t h€alihli® TBIzOestpafsiclettsconbi nati ons of binder, filler and
prefabricated nricrocells, it is believed that other conbjnations may be

enpl oyel® The fire reHediarsistmbmpicrighs obihe gresent syeptioh mankeused | ude a

substrate 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
embodiment, the foam and cushioning layers made with the fire resistant materials of
the present invention impart fire resistance to the mattress when used therein.
15 Table I below provides, in approximate percentages, the components
of the coating the applicants have used in a preferred embodiment of structural

matenial of the invention.

TABLE 1
Coating Components % Wet
BINDER
Hycar 2679 25.00
FILLER
FRD-004 27.26
PREFABRICATED MICROCELLS
G-3500 15.00
CROSS-LINKER
Melamine 5.00
MISCELLANEOUS
Water 25.74
Total Percentage 100.00%
SUBSTRATE = BGF Industries Style 1625 fiberglass mat.
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“and a coating which conprises the structural material of the present
invention. The 5 coating (structural material) conprises approxi mately 34%
by weivaibsne@isst he fire resistant fabric material. In thepgaajhfg, about 1
0% to about 55110 by weight is blinder, about 2%to about 45%|s
prefabricated mcrocel.ls, and from about 2% to about 45% is filler. In a
preferred enbodi nent, the coating conprises about 25% bi nder, about 18%
prefabricated mcrocells and about 1 S%filler (cl ay) and the renmai nder is

water. 10 The substra WO |.a bstrate may al so
be, for exanple, a V\%@%ol’lll eﬁlabge%}o OSSES f-(lgn ?1&11 ﬁé‘?’?@ﬁfﬁ%{%ﬁ able from
BFG i ndust r prefbritited miatbdls, at ie believaphhiothdnebabiaihyainy b\a/enngrbtye@f the fire
resistant fabric mat nder i ch bonds togjl her the gl ass

ef . _The &?
fibers is approxi mat ety HBESBEEITGMAEHE 2 Brghiongddn FEF2679 Acrylic

Latex . AnyaflH doalth@which dempiRY tHiestis@eh) Hia%hy&f'tﬂkgpreé]eﬁt #b&QsRn! irgt ed herein
above. In the i nvent| ve fire resistant fabric materials, the substrate may

be coat®d $HBE( @W?ﬁ%ﬁﬂ@fﬁm@ﬂéﬁﬁlaﬁﬁﬂlmﬂqile%fébYMgﬁht plhe firvat i ng or
[11m appl | Al ShfmaRal IR0 BEA 0L REBLASSUIRRLGORL ARy be
Substrate by ¢

bonded to the m ca ng, nmechani ndr ng and/ or
t her mal bonahiont% e etivam #5% lis p;rafauma@dnmcMBlhsr;Mde&mdaﬂam 2Y%rtaebduedsifong t he

coating ont.Q he substr at t.h a fe Structu erl als and fire
resistant fa ?ll Fe I?Ir&tpéefg f#&&ﬁ“ﬁ SRS LOPEISES aﬁ’ﬂ“ttﬁ%b‘f’ﬂv %’P}“on may be
of any shapB% Pregibeicatbd yucrﬁd&llbl ary dbo o 1855 ﬂn@ (clp&)aﬂafhelrem@;ha@es wHthe

vari ety of products,

structu al,ﬁla?': i als. %@%‘3 used i.n ag,iv1

i ncl udi #g supgiyatq is gy Y §oMeh §lps8s ?:?‘}bﬁtr?t‘éﬁﬁwé@" bedP% P@8WRleeR i b covers,

uphol st er edw@®n b cIFEsE, Ebﬁdér@ﬁlaﬁ{cht @daﬂﬁ)leﬁblﬂ@p@mgstﬁéy Igen’ s bedr oom

articles), draperies, car et S coverings (includi ng wal | paper) tents,

awni ngs,  f i SEbstfeals pRRreximg 'any E’&@t of the Bigirpgista fabric aaplestal The r e
resi stant @ﬂéﬁ%&ucﬁ%ﬂ&éﬁ%&haﬂ{é %‘?iséﬁﬁe:é ro%ﬂf?at&??l?cﬁ%%%ftb Blf"o (' esi stant
I ght I ots

clothing for race car drivers ter and the
like, bui |I58Fg -Fafioediickl 2679 dunic Astex odfiymyitagiie hlgﬂ@snayﬁemacd, incaidigani nat e

facing lgheq{] o 1982 Qg{ n%n air duct liners, roofing underlaynment (or
roofing fel Ifs % aymen for organic, built up roofing materials, roll

roofing, nodifi ed r oltd thp inventivedire fdsistaat fabmBelinaterifls,ihd tibsinge aay beot i ve
(LU S) YOI 000 bt By D52 o B " 20
al one or ﬁaylahﬁnzttﬁﬂﬂleﬁtﬁ)r&mhg NEhe cdafifig MafBEBérdled wethe albsirie by Uedmiag the type
used for ttresses sl eepi_ng bhags
onding, mechamca?gondmg and/os thermal bonding. Mechanical bonding is
20  achieved by force feeding the coating onto the substrate with a knife.
Structural materials and fire resistant fabric materials made in
accordance with this invention may be of any shape. Preferably, such articles are
planar in shape. The structural materials may be used in any of a variety of products,
meluding, but not limited to mattress/crib fabrics, mattress/crib covers, upholstered
25  articles, bedroom articles, (including children's bedroom articles), draperies, carpets,
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,
30  building air duct liners, roofing underlayment (or roofing felt), underlayment for
organic, built up roofing materials, roll roofing, modified roll products, filter media
(including antomotive filters), automotive hood liners, head liners, fire walls, vapor

bamiers efc.
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tents etc. which may also be fire resistant. The substrate may be coated on
one side or both sides depending on 5 the intended application. For

i nst ang@p3eds7ane side of the substrate is coated with paguyshisdgr / bi nder
coating, the other surface can be coated with another material. In the
roofing materials industry, for exanple, the other material nmay be
conventional roofing asphalt, nodified asphalts and non-asphaltic
coatings, and the article can then be topped with roofing granules- It is

bel i eved that such ropfl QgicRifha MY b aljogﬁt)}ﬂ] 6L udeB MEKAQL . OFf er

better fire resistance and better performance characteristics (such as
col d weat hefor f egordiiveifabyic, sichrenthie typeluset fabimhitteyscs wilapss, rsiepinp pagshan pri or

art roofi i e.m.xture conprising the binder conponent, the,
pref abri ca?%g %%@%%é?y%g_r?ﬁﬁ%ﬁfmgﬁtd the filler conponent may have a

consi stency of a |i ghithe k&hstrai@mayie@batas ors bdvgidiorbottaides dbpdnginB@ki eved t hat

due to the low. density of the mxture, the n.crocells do nqot pass throu the
subst r at’e vﬁh%ﬂ“ﬂ’gf}‘??@%‘c‘l’t}%‘r phinstapceyHops e offiganbshate iygoatpiaéhdhe y of the

coating carfilR@bind6 RAGRY the ViR Sh £ X inBE ddte@ W Rolhi2Patelial, §08E NOt bl eed
t hrough the substrate. nlimting exanples of thickening agents include

Acrysol ASHEeYEgpnatensgly indusirya&i cxgnpladhsefber magial 066 be RpshtionahSE- 75, 20
Rhopl ex AS@-&@%I%{Q - _alilavalt abl e from.Rohm & Haas.
Addi ti onal | 30/, t epqa?t?gloﬁg%?é%ﬁ?s Jnr%?]élrlia halrraf%{')nen%g’oaé’fjé a\r/}\nhl?ﬁcaé] er

repel | ent reteppedivithrodfing gnatndss. It épelibedtharatcbirbafingaytdaladaddei n t he

coatingn(i. . i_nt.ern er. proofing). .Two such water repellent
rater i as. brenine g e b AR pat pel S opt Gt Sreenciariics
Sy br on/ Tangsuek aoéoldeseutherKlex{Balycdiincasiénal $tibiRGGnE k@ehetTh Y &t Sequapel TM

and Sequapel 417 av?i | abl e from Oni novasol utions, Inc. o Chester, SO);
. 13S- 1306, "EEPERAHHIBS. 20A (avail abl e from Wacker of Adrian, M);

Syl -of 1 1:7922, Sy lym inhdurd bihprhing b vtk Whip 3000 AORRNCAGI ni NG 346

Emul sion (avail able from Dow Corning, Corporation of M);
Fr eepel TM Ivarscellcomponsit and the fllBraoninedens mraydevod ca@isistinoy ofs Hgh€) ; and

M chemfM E L : d i . i |e from
M chel -rgg/ln, E%éh](s: o%éﬁ%éqg:,%gt&?} Itg-‘%'ﬂ g\l;n%% %@%%@%@%&9@ S&IV&S%& %@P}’r&/ed t hat
wax enul si thesnicror¢llsatouiot pass throwgh the wbetraewhen aupdied fhetey@| Kilesikedrul si ons and

cul onvL bt Bk PP B A0 Rl 89 5
03/ 0647- 58dREnHUISERY BDNEH theatbytiatl NontimithlgSsxampRrs of thiokenih@pantsi Ng
bounceback;, enar RS A4 65nb Cad S sk, RSheXE 1000, Rnoplex ASE-75,
20 Rhoplex ASE-108NP, and Rhoplex E~1961, all available from Rohm & Haas.
Additionally, the fire resistant material may be coated with a water
repellent material or the water repelleni material may be added in the coating (i.e.,
internal water proofing). Two such water repelient materials are Aurapel™ 330R. and
AlﬁirapelTM 391 available from Sybron/Tanatex of Norwich, Connecticut. In addition,
25  Omnova Sequapel™ and Sequapel 417 (available from Onmovasolutions, Inc. of
Chester, SC); BS-1306, BS-15 and BS-29A (available from Wacker of Adrian, MI);
Syl-off™.7922, Syl-off™-1171A, Syl-0ff™--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
30 and Michem™ Emulsion-03230 (available from Michelman, Inc. of Cincinnati, OH)
may also be used. 1t 1s believed that wax emulsions, oil emulsions, silicone
emulsions, polyolefin emulsions and sulfonyls as well as other similar performing

products may also be suitable water repellent materials. As indicated above, these



~materials of the present invention. Water repellents nmay be particularly
preferred for exanple. in the manufacture of crib mattresses, for airplane
seat s W@ dsindi7ishe manufacture of furniture, particul arl yofpgugystrial use.
5 A defoamer may al so he added to the coating of the present Invention to
reduce and/or elimnate foam ng during production. One such defoaner is
Y-250 available fromDrews Industrial Division of Boonton, NJ. Fire
retardant materials nay al so be added to the fire resistant materials of

t he present _jnyenti t (. mprove.the.fire.resistance .

characteri sﬁa%égﬂ%gﬂﬁo‘%ﬁuﬁﬁ E}gn%mén@r?%P‘éeggcnghfﬁaPtgn§tgf i %'S%fe S8 al s whi ch
may be usedmiatrials obthd prcent ivichtidnh 6V gespsilents Mg e ipaRichRdY peterfedRo004

(decabr onnodi phenyl oxi de; . Ti arco . Chem cals, .Dalton, GA)., F.RD-01, FR-10,
FR-11, FR- 1?‘,39'19%:%‘3‘,Bf—‘iaP‘?fi%F“'Géﬂ%Fn%{}‘éﬁe%%é"r Iggﬁ?ﬁ??aé?%’é“]@:ﬁ@m cal's) zinc

oxi de, and Mddufactid o8 fifkhitirs) Partiebdy fRkHRALSuse. | NCl udi ng, but not limted

to, T-113 (Abco, 15 Inc.), W4123 Blue Pignent, W2090 Orange Pignent,
W717 Bl%ck Pigment dhdefodny mmyatseds aticdiethe coptingrolah riesentidvaitignent s

(aval | abl e 1@ ERIALRAA foukh ¥k bRl VYAl Go:he, Addst, Lo the

coating of the present Inventionto Inpart esire aracteristics, such
as a desi r eyaddlioiromThewabdistiidddivisionaf BogdompiNJ. e. g. water repel | ent

material, anti.fungal: erial, antibacterigal erial, etc-, may be
applied to one or botF egfiq gagn g}a%wglayraSgﬁgfgﬁﬁﬁm%rﬁé‘?séﬁ%d fire

resi stant fredeiiads ofithepiesnsinyEion ex furhbempfdve thd B r&isaice biadidiGistigmt eri al s
conpri sj.ng .substrates copal on one or both sides with filler/binder

coat i nS‘Q é\i‘lﬂlﬁau > 2o aogﬁredﬁérdg?td%atwaﬁ)%wlac]e\g{agpe PEden pesridapesposi ti on
and on t he vitWé peb@@inveitiod ifdhRTRINA0A @@&a%lrmﬁﬂﬁ%{en wkRE Bhicyel y, the water
repellent material, antifungal 25 material, anti ac%’erl al material, etc.,

may be add&demisalsnalionsGAy 10y BR-19, TRs 11,4812, FR- b FR- el sudibbleat e. 30
EXAWPLE Exafptgicd i £9% Sh@Rlend A5 C mteri al To produce ¢ he
I f the 3 S

structural materials of the present invention, the applicant formlated
t he coating using j ubtadfivign, avkjr prencotsponbding, bulabidimitdd tb) B4113 (4tcef abr i cat ed

Const | thent el el aB it PRECAE U Dob AR P Bomeiner * 2 7 260
FRD 21 VO ¥&/008-Gi#nd 186t iSe3x0R %84 pighxnis (apilitil frem, EngsiladiG¥o G 3500
prefabric a}.,glgiS‘«ifi tia,cj{ﬁcrgzll)!r also llenad?lg liottjleo pdatil?g/gilmtta {)I%gént invention to impart
desired characteristics, such as a desired color.
'The additional coatings of, e.g. water repellent material, antifungal
20 matenal, antibacterial matenial, etc., may be applied to one or both sides of fire
resistant materials and fire resistant fabric materials. For example, fire resistant fabric
matcrials comprising substrates coated on one or both sides with filler/binder coatings
could be coated on one side with a water repellent composition and on the other side
with an antibacterial agent. Alternatively, the water repellent material, antifungal
25  matenal, antibacterial material, etc., may be added to the coating before it is used to

coat the substrate.

EXAMPLE

Example 1: Fire resistant fabric material

30 To produce the structural materials of the present invention, the
applicant formulated the coating using just four major components, water, filler,
prefabricated microcells and binder (see Table I above). The amounts of the major

constituents were as follows: approximately 25% Hycar 2679 binder,, 27.26% FRD-
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NVBA (el am ne) crosslinker was added- The conponents were mxed in a
reaction or mxing kettle for 45 mnutes at a tenperature of 6595F. The -
m Xt ungowasesed to coat a fiberglass mat on one and berhagiosless; 5 The mat
was manufactured by BFG I ndustries, Inc- of Geensboro, North Carolina and
was style nunber 1625 and had a basis weight in the range of 1.80 |b./sq.
to 1.90 Ib./sq. The an at had a porosity in the range of 600 to 650
cfmft2. The coated article was durable and flexible and did not crack on

strength nedBorananes pofhEE I ervEra gl Toli® P B and 171
| bs/ 3" 1 espeDV3A @oylamine coadlinkdrveRdaddd The abmpéeaiRgitre nifRabiurat@iibs were =

3400 granms withqut the_ sanple tearing The fire resistant fabric material,
was checked°¥6‘?“%%%ﬂ%f‘ir6?F‘P‘Wesat@\f%‘??‘*é%?ﬂ&?@@”tgé K-he flame of a Bunsen

burner from a dist anC?h&fan@wh@Eé&ﬁ%ocdﬁPé[ﬁﬂcr a%brhht(‘on%ﬁig aﬁ@Both@Mmf abric
failed the fire test (Le, the glass fib nel'te hol e was 15 created.

where thé f Thematives mmﬂ@mdbﬂ%ﬂm@%& In#\@ﬁGrmslﬁr@,é\Tm@sGas@larﬂt fabric
material of aﬁcf‘v@%s“s&sflé%%bérﬁ%?@&dﬁﬂd‘é’%%m?%@%ﬁ?ﬂ th€ra hEé’?F 1f§’d‘% /& toa Bynsen

burner froma hes Tor “a perio ive es or nmnore,
no hol e vvaslbc/s@amechemhaﬂ a phresiylintie rﬁngtaexféO@tocESﬂ@ﬁn/ﬂwef[he colteal mm—iel ng

protected t he i nc 0 disintegratin t he

P Ceeri oy o e st med S itk heRbina o na e bl sPaEx 1 on,
when cot't Oncwtdrﬂtlék qrypic@ne&ﬁlehﬁa@lgfu henshiRflchfs 3 untodisd veréBicestb@l such t hat
the fi re resistant fabric mteri is between the Bunsen burner and the

cot t on, QheWE’@Ht7dW/3'eqn§d7\]/v§3§/35FWP%‘E‘tVé]d fypigpl Blmendarif iger sirengte Bunsen
bur ner. Themgﬁgﬂmegglwgyghg@d ékm%gantﬁﬁutttﬁ@sagp?éﬁmﬁf Cal i forni a Departnment of

Consuner Affairs Bureau of Hohe Furni shings and Ther mal 1 nsul ati on (Cctober
25 1992) indicates t Hée fue fesisiontclabionhigristarascheoked fregmbesfibilien exposed to

an open 11 aen LQlosdflo AN ANk Ho 5 ABSRATE e gy W L1 e

fire resistan ric na nventi on nvention
provi des a fbrieandeséidssafabrid faked thelﬁatmtl(adz thdglads fiber dkked dyladole \p:hsr abI e, and

cracki o, comedryert i RnRdShe fbupsafeRardrs B HERRLARR Ty of 1 ess

than 18 cf natétidl P eHeglesoMSnenfio Wad dxpoSdd 1442 MindVf adtlsdEbiradifonea very
well to ot her material s | ncl udi_ ng _decorative fabrics, polyurethane foam
i socyanur at #StagcE ShWe, oy %Peneéﬁgﬁmgmtegﬁan@reﬁar*@@ HSHFAEdERd t i ¢

shingl e Corﬂi@?ﬁﬁtfﬁr)ers did BotMEIL. 1’13{8@@&7111;%0@@& lsﬁ% s 8848 Fod\@eltihg 6r ' €Si St ant
fabric. materlal have few pi nhol'es or ave
dlsmtegratmg and the integrity of the glass fabric structure was maintained. In

20  addition, when cotton was laid on top of the fire resistant fabric material such that the
fire resistant fabric material is between the Bunsen bumer and the cotion, the coiton
also was protected from the flame of the Bunsen burner.

The Technical Bulletin 129 of the State of California Department of
Consumer Affairs Bureau of Home Furnishings and Thermal Insulation (October

25 1992) indicates that a fabric shonld 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,

The invention provides a fire resistant fabric material which is flexible,
pliable, and has good drapability characteristics and which shows no signs of

30  cracking, etc. The fire resistant fabric material has a porosity of less than 18 cfm
(uncoated has a porosity of 440 cfin) and may adhere very well to other matenials,
including decorative fabrics, polyurethane foam, isocyanurate foam, asphaliic

compounds, and granules (non-asphaltic shingle components).
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- nunerous pinholes and still maintain a porosity of less than from
approximately 17 to approximately 19 cfm when coated with sol vent based
adhesiwg 0364465 as Firestone. Bondi ng Adhesive BA-2004pMjighsg299€es not

bl eed through the coated product. The application of the e€oating to the
substrate was acconplished by knife coating. In addition, I-lie coating
may al so be perforned by, frothing and knife coating, foam ng and knife
coating, foaming and knife coating and crushing, dip coating, roll

coating (squeezing b n t. olls having.,a .t.hat determ nes the

t hi ckness of the coaﬁh\%ﬁ?reﬁﬁw@fﬁ%ﬁﬁ@ n@géi‘f"‘é‘%%&m SRt ai ned
fromthe . dbnéraisdudiolds@iPaymaisRipy/pdresity Gif RS then 86sh dppRwiEAdliing f rom
aqueous or solvent _ di sg_grsi on, calendering, _lam.nnating and the liKke,

fol | owed by“_‘mf‘i?‘iﬂﬁﬁelé(rlac R‘ihﬁ@?oﬁwlgésoé‘f?m Wﬁ%ﬁdﬁlﬁsl‘&%{chﬁﬁ@@mt rate as is
vel | known B&hdﬁ:%%@r{g&iv@‘ﬁheiooﬁ‘%ﬂﬁdh%es LD IRATROER V&S feddréfRf 1 N an oven at

approxi matel y for about two mnutes to achieve drying and curing.
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It should be understood that the above examples are illustrative, and

that compositions other than those described above can be used while utilizing the

principles underlying the present invention. For example, other sources of filler as
20 well as mixtures of acrylic latex and/or sumfactants can be used in formulating the

structural materials of the present invention. Moreover, the coating compositions can

be applied to various types of substrates, as described above.
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and is coated on both sides with said structural material. 5. The fabric’
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i ncl udes an antifungal material. 7. The fabric material according to
claims 2, 3 or 4, wherein said fabric material further includes an
antibacterial material. S. The fabric material according to clains 2, 3, or
4, wherein said fabric. 20 malteriaIC]fJﬂm%I er includes a surface friction
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bi nder conponent3. ZTHe fabric material according to claim 2 wherein said substrate is planar
10  and is coated on one side with said structural material.

4. The fabric material according to claim 2 wherein said substrate is planar

and is coated on both sides with said structural inaterial.

5. The fabric material according to claims 2, 3 or 4, wherein said fabric

material farther includes a water repellent material.
15 , 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

20 material further includes a surface friction agent.
| 9. The fabric material according to claims 2, 3 or 4, wherein said fabric
matertal 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.
25 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 décorative fabric and a fabric material
comprising a substrate coated with a structural material comprising a prefabricated
microcells component, a filler component and a binder component.

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

filler component and a binder component.



