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(54} Title: LAMINATED FABRIC FOR AIRBAG

{57} Abstract: A laminated fabric of an elastomeric copolyetherester-based fitro laminated to a manmade fiber substrate fabric
and having a stiffness of from about 5 to 80 Newtons measured according to test method ASTM D4032-94 is described which
demonstrates a desirable combination of stiffness and foldability, non-block:mg (non self-sticking), air impermeability and resistance

to heat aping,
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Pol yester and pol yam de fabrics having various coatings to reduce
perneability are known. US Patent No. 5,897,929 descri b@sgptg,%g,e@dog‘r or
pol yam de fabric coated with a porosity bl ocki ng | ayer of polyam de

mat eri al t No. 5,110,666 describes a fabric suft):sliF ichis
coat ed Wtﬁﬁ’% ycar bonat e- pol yet her 15 pol yur et hane whi¢c S%I’/O\gellgrd]es
certain perneability, flexibility, toughness and other properties. US
Patent No. 5,076,975 describes a nol diggpgperation for formng an

el astoner-coated fabric havi ng a defl ne: s*nape US Patent No. 5,76. 3,330
describes a nethod for extr i YA BIEI £ AR BLABBAF ene resin onto a nyl on
fabric. As used herein, "air bag" neans i nflat abl e passive safety
restraint szofxeﬁl%fﬁ&ét'"”nbbﬁ es and many other fornms of transportation,
including mlTtTary and avration applications. Air bags are one form of

i nfl at abl e passﬂ\ht; ls\echemrygmastly mlates tol buiiged/fhlires, andmmpnmusmealydar din
aut onoti ve us [ sati ndi n

requi renents. &j eC| dﬁbr@%@%{é&?ﬂg!; ﬁfrr'{ergn{ennt gTEEr ﬁ'égaﬁ? ity to
inflate full yalaandobnueéshaﬂntasysmmm 1 seconds, or remal n part ially inflated
for several seconds, while fully 25 absorbi ng passenger inpact and

provi di ng subsequent pneumaticc danpening after inpact. The strong and

[ Béxcripts mﬁ‘e}dsziatéﬂArt [ relatively

airtight, foldabl to C ct figurations and,be registant to
abrasion. Milti plebé’ YPtFr Wﬁ?@'&ﬁf‘fg&rﬁgﬁﬂ’%‘faH%Fscé’a‘n“Wélt%ﬁa“C&l r bags for the
front seati ngpemmesbilitf; are knswﬂeUsm’ma@ttN(prsszmem @Rerite® b pbi9ester SLPS1yadsige foOr use
i n headl i ner ealnfla ablec use in inflatable seat

3
belts. The wol?eHc foakdive afH”B‘Pﬁ ‘t n%lawefwgaéyawéew&aﬂ.Hﬁgﬁwmnuf act ured

may be coat es]110,406 debcrbbd £fabRd QbiiRkSwRiBRisabAYd with h S&E&rﬁdﬁb@%iyeﬁh@r manage
the air perrrea Il!ﬁf‘%‘@“ﬁ{ the fabric. Sticking or blocking of rubber coated

fabrics afterPd8R iy s adRs cpitpin permspialiny ety pughngss apdothete of t he

wel | known defrbgdreie USspaadnt NUC%%@?Bﬂé‘scﬁ?@:ra'rﬁtﬁdmggpé{'\x’tﬁﬁﬁoﬁbﬁﬁlﬁgﬁ? s
applied to the air bag fabric, the application rate of the silicone 13

Sept enber 2004255 FrEsh Bbrickaringgrichpeiotape. thRpent Nops 7631 30aleseriges 2 | eadi ng

to a very f|arhetﬁbl:[foﬁ@ﬁrdédow&oﬁinglﬂpf:ufybﬁ&l'e@é‘reﬁh%ﬁ@%tr@fdnsfﬁﬂrﬁs which may injure
vehi cl e occupants. As a consequence, such air bag fabric may need to be
covered with a norf\Stsedbberein’ FEPh&tWWé‘“ﬂétablsaﬁﬁswg§afh%(\¥@f@'é§rf0fsought over
the pastad evaydmdbies ﬁﬁ%a@'&fﬂepf&hﬁgof PRSIorEH, R @hilithMkla¥Btion

Cal endering the fabric is “another alternative. However, these alternatives
i nvol ve furt HoPligAigRe SAIr Bags g oap formms inflagablpassivespfety restraint device which

are now standard in automotive use. Air bags in automobiles must satisfy demanding

requirements. Specifically, these requirements include the ability to inflate fully and

deflate in milliseconds, or remain partially inflated for several seconds, while fully
25  absorbing passenger impact and providing subsequent pneumatic dampening after

impact. The strong and lightweight fabrics used in air bag construction must be

relatively airtight, foldable into compact configurations and be resistant to abrasion.

Multiple air bag configurations in use include air bags for the front seating area, for

side impact protection, for rear seat use, for use in headliner area inflatable curtains,
30 and for use in inflatable seat belts.

The woven fabrics from which air bags are traditionally manufactured may be
coated with elastic materials (notably silicone rubber) to manage the air permeability
of the fabric. Sticking or blocking of rubber coated fabrics after long term storage in
a folded configuration is one of the well known deficiencies of such coated fabrics.

35  Where silicone is applied to the air bag fabric, the application rate of the silicone



EP 1 044 803 A2 discloses a fabric/filmlamnate for use in air bags. The
di scl osed am nate filns include a pol yet her bl ock am dﬁgsmbmgée,’gmnes and
nodi fied polyolefins. Lam nates nade with filns of polyether block am de
are said to be superior to silicone coated fabrics for use in air bag

appl i cat i snsotisadoBer ns of reduced pack vol une, reduced p@Eldsosédodsl ness and
reduced fric [ VS d for
fabric/film {Eg&n%}ﬁgte s fo@{ lljés%gin El&l%lré;p\g% ﬁff? %a V%lﬁl%@}/ﬁ%né eé\}igrac‘%fjgt IS

stiffness sowhishmaygunsyekicle obaipivite M&mmquatcelshdl snbag fabrmnaméay ng the
stickiness o h \f‘@ﬁl gater des rabl e

bl ocki ng Wne{(]} bggg‘ééé%ﬁg%g%&%t& A e{rii‘écs(?égca{'?%q\ﬁ el "¥8bric/film
| am nat es f opasticw MearsaHleatbhgnﬂgmg falmaslarel awialiahateh Qulendbeng tlmtﬁteaxcaa;r
permeability char erd stj,cs_an I nkl.e.. DETAI LED
bEscr P O U RS, Ho R S BrRin b B PARE frocin pee” o o

| am nat ed fammeccomhmmty possesses a uni que conbination of properties ideally
suited for air rticu e | am nat enonstrates a
desi rabl e conbi nﬁ gﬁwﬁf%?&feﬁ ‘f{}é&%{m"?’ﬂﬁ%géﬁ?éﬂalf aﬂ?el ity, and a
reduced t enddisutysed hnﬁlﬁhjeﬁmﬁhclmdl p&@é&bﬂ!ﬁlowanﬁihé @Siyuithtiah® an@inctiifRdsanme tine
exhibiting |lo it no s king), desired | ow

air inper nea‘lﬂ l? ‘“é%ﬂlaé%‘gﬁﬂé{iﬁﬁcogpf"é"“’tﬁ%‘ @F’h‘%’*‘“ﬂﬁ‘i“gml %S nat e

conpri ses a sugamhaﬁhmbesdtarfa&a@e& w8k ﬁlsdiﬂﬁ@rabﬁﬂlcﬁdléd@hﬁ Rfhdrédhctd a nmanmade
fiber substrate fabrl&%‘lhe | am nate has a foldability of fromabout 5 to

80 Newt ons rRasKyQluge. T HP%@“W%“H@G@E?*@H%@@' %"é%ephl?fh%é@vvﬁsw D4032, a

hi gh nonbl octkésBes $HARAREE or fabAbMiih i RASUEPhse GMEY Bied 1Rt prOBde BRRdi ment  may
relate to elastoneric filns made _from _copol ¥etheresters and

copol yet her deVerstbingssgQ as tptheguore follq?ﬁleét‘ﬁﬁ‘ot‘% hesane Yme gncreasingiccat i ng t hem

are known angickReaer t Mnhikatd ididrAMR reSif i afer uﬁ&eﬁmeah&%%%&hs and
copol yet herester bl ends may be available fromthe E.-:E. du Pont de

Nenmours and EBHSAMRAIr g Fﬁ“?ﬁ@tsd*rf““@ép%ﬂé%fabmﬂ( lamifpiss forpse ip airbagupt enber

2004  An aspgth RfniddR& hRYERSRIbId ﬁy&ﬂhmﬂltpaﬁvac@@ﬁtlé%@hJVelaq&wCOrfpr' sed of a
| am nated fabric, said |am nated fabric conprising an elastoneric film

| aminated ttendsafifadEkicher substrate fabric, wherein the el astomeric film
is conprised of at |east 70% by wei ght of a copol yetherester having a

mul tiplici ty of recurring DETAILED DESCRIPTION

The present invention provides an air bag comprised of a laminated fabric that

possesses a unique combination of properties ideally suited for air bag manufacture.
In particular, the laminate demonstrates a desirable combination of reduced stiffness,
increased foldability, and a reduced tendency to edge curl and develop wrinkles, while
at the same time exhibiting iow blocking (i.e., little or no self-sticking), desired low
 air impermeability, and good resistance to heat aging. This laminate comprises a
copolyetherester-based elastomeric film laminated to a manmade fiber substrate
fabric. The !amiﬁatcuhas a foldability of from about 5 to 80 Newtons measured
according to King stiffness test method ASTM D4032, a high nonblocking tendency,

" and low natural curvature.

An embodiment may relate to elastomeric films made from
copolyetheresters and copolyetherester blends. These films and the resins for
fabricating them are known and commercially available. Suitable
copolyetheresters and copolyetherester blends may be available from the E.1.

du Pont de Nemours and Company, Wilmington, Delaware, USA ("DuPont").
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| ong-chain ester units and short-chain ester units joined head-to-tail
through ester linkages. The |ong-chain ester units belmséﬁgm@gem(ﬁﬁ by
the formula: 0 0 1111 -OG0O CRC (1) and the short-chain ester rt]ItS are
represented by tieasRadhgf e prgsent inventiehopreyites AR A 10 comprieed T 2 di val ent

radi cal rengifHRgH %BF.@rsaidﬁrﬁnfrﬁmﬂbn@%ohgrm@ah st filnavpatddr om a
pol y(al kyl ene oxi de)glycol having a nunber average mpl ecul ar wej ght of

about 400- 4gguanmygd eésabaraﬁ%f?éwﬁ*p Wa‘éfieﬁ‘athereéﬁ%ﬁ'ﬂ?rf?gﬂ@f'ﬁéPmPB?ﬁﬂ/ | of
car boxyl gféweéstffo%nbgl w&ﬁ&%f@&ﬂd%ﬂ%%éﬂemwﬁwaanmdyn@wbareeaﬁir@ht | ess

t han 300; Is a divalent radical remaining after renopval of hydroxyl
groups fronfoag-ehan esteivinig andehetahaid aptar gHvts| ieved thegd-lRiuthrausy. wher ei n
the copol ye, erfé] k fshend:- chain, and
wherein the %ﬂgﬂlﬁﬁéa%esd? ?‘Pg&ﬁgﬂg@rsﬁ?ggggﬁggfrom&g@out 5 to 80 New ons
measured according to test nethod ASTM D4032-94. In anot her enbodi nent, an
et hyl ene- based copol yner additive nay al s ¢pbe blended with the preferred
copol yet heresters of the elastomeric fil | hi s et hyl ene-based copol yner
additive 3 13 Septenber 2004 nay_bggpreseprgd-nan anount of about 0.2 to 20
percent by weight, and norée preferably 1?{ to 12 percent by weight. It has
been found that blending certain et hylé e-based copolyners with the

copol yetherester results in a nore stable and |less sticky filmthat is |ess
susceptible to bl sed n_air materials. Suitable
et hyl ene- based @83@? ﬁ'&'?’c ﬂ'&eﬁr\}’ggsﬁﬁmp eée@%ib rreoﬁ}éﬁaf ethyl ene and a, P-

unsat urated C3-C8 carboxylic acid, and opt i onaIIy of one or nore softening

3a ﬁ ﬁ
~-ODO~——CRC
41y
wherein: |
a) G is a divalent radical remaining after the removal of terminal hydroxyl groups

from a poly(alkylene oxlde)glycol having a number average molecular weight
of about 400-4000;

b) R is a divalent radical remaining after removal of carboxy! groups from a
dicarboxylic acid having a molecular weight less than 300;

) D is a divalent radical remaining after removal of hydroxy! groups from a diol
having a molecular weight less than about 250;

wherein the copolyetherester contains about 25-80 weight_perceht short-chain,

and wherein the laminated fabric has a stiffness of from about 5 to 80 Newtons
measured according to test method ASTM D4032-94.

In another embodiment,an ethylene-based copo!ymer_ additive may also
be blended with the preferred copolyetheresters of the elastomeric film. This

ethylene-based copolymer additive



13 Sept enber 2004 WO 01/ 68408 PCT/LJS01107909 conononers copol yneri zabl e
wth the ethylene. The ethyl ene nononmer may be preferabiysemempentodsn an
anount of at |least 60 weight % relative to the weight of the polynmer. The
a,J -unsaturated C3-C8 carboxylic acid :may be preferably present in an
amount of 5-15 weight % relative to the weight of the polynmer. Acrylic
and nethacrylic acids may be 5 preferred acid conononers The et hyl ene-based
copolymer is optionally about 10 to 99.5%neutralized wth netal ions

sel ected fr gt t irfan dnfdund dfdbout 01230 20 YercenvbPweRd aM inbreof the Periodic

Tabl e of ElenentS such as sodium_ potassium zinc,. calcium mnagnesium
lithi um al prefasably 4 bﬂmqmtalmwalalrtoﬁﬁhﬂﬁbeesé‘&*wdﬁﬂﬁmﬁa&‘inﬁéﬂ% hyl ene aci d

copol ymers | hasoP DIt Iyt RARIEEFSlts th AR sbland lehei r
nmet hods of %%ﬁ%ﬁ%% §?§ﬁ§9§1 de%crigg%)¥n US Patent No. 3, 264,272

Typi cal |y, sakyfishitaisiless swickptiblstoplasking whomysed pgigbag laminatepalertalin o | ymer
may have frgm, abo % O f hyRad Sdgpoups ioni zed
by neutraligﬁFﬁﬁ%a%ﬂgﬁéﬁggéﬁg@gﬁgzgg%g%%% f?%ﬁ??%ﬁbgrgﬁb_congisting of
sodi um pot assiuated Endglcatbekylinack afdaptierpliyohgregiangra sdlet¥8pol yners are
disclosed 15 in U S. Patent No. 4,010,222 which is hereby incorporated by
reference. A preferred ethylene-based copolyner additive nmay be a

copol ymer containing 89 weight percent of ethylene and 11 wei ght percent of
met hacrylic acid where about 75% of the carboxylic acid groups in the
copolynmer are neutralized by sodiumions. The softening nononer that nmaybe
copol ynerized with the ethylene based 20 copolyner can be preferably
present in an amount of |ess than 25 weight % relative to the weight of
t he copol yner. The softening conononer can be an. al kyl acrylate selected
fromthe group consisting of nethyl acrylate, n-propyl-, iso-butyl-,
n-butyl -, n-octyl-, 2-ethylhexyl-. and 2-nethoxyethyl-acryl ates. The
preferred al kyl acrylates may be iso- butyl-; n-butyl-, 2-ethyl hexyl-, and
2- met hoxyet hyl -acryl ates. The softening 25 conononer can al so be an al kyl
vinyl ether selected fromthe group consisting of n- butyl-, n-hexyl-,

2- et hyl hexyl -, and 2-net hoxyethyl -vinyl ether. The preferred al kyl vinyl
ethers are n-butyl vinyl ether and‘n-hexyl vinyl ether. The el astoneric
films typically have a thickness ranging from5 to 50 .t (0.005 - 0.050
mv). Methods for making these fil.nms are well known and 30 may include
extrusion and casting. They nay be made with or wthout a carrier. The
films can be prefabricated or can be extruded directly onto the fabric
substrate.

3a



Preferably, the filmmaybe directly extruded onto the fabric substrate. An
el astoneric film may be applied to each side of the faiy&eptembst zeyse. 4 13
Sept enber 2004 WD 01/ 68408 PCT/ US01/ 07909 Any nmanmade yarn can be used in
the substrate fabric, although typically the yamw || be of polyam de or
pol yest er waPakegaai de substrate fabrics may be preferredcritserame t ex of the
pol yam de fi hca r fr 11 0,.940. The fabrics _my be
woven in a n%ﬁ%:g?%?rﬁ%%{&m#&émﬁ g{/&vgg]?ereth ref%nﬁiag%lfg Ftlhﬁeﬁm TSPOMERYNRE PrefeEbed t o
reduce 5 perpreshiihiat ynosntofiatdsasb§0 eeplgblaelnting. to Breovaigis eSthe polynechani cal | y
treating fabpics,ar escrihed.in US Pat ent s...4.921 735 4 977, 016 and
AT R e et T S R S B R G P
10 liters pekeisYarolabhRah BRI OF thbBivingr. WAIR an@mifRi P08 AW R
differential o 505_ ascal . Ail%mbagg?a rircs areagfrtnen lﬁyrédé: rl(i)j}rm

commer ci at | yPrefeaed CIHEPHE¥ de yarns 10 such as yarns with a 235 to 940
dtex and wi th 34140 .&}find biseiBEHoBmReLs opftbitkily Aoshf Q0 ®SpYLyANLge yarn used
in woven fabrics fo_r('3 a}lilr1 ba%; I's typiSCO\gIIy %ven Wt h '?6 to 22 yarns per
cmin both waitlhmgiabiongeselected ipgraremnsa, fio | HpaHag B/ a, ¥, as@ ¥ 1] af thapven fabrics
for air bagspdqi. YL A 1ty Y. o achi eve the
required ai r_p_erlnea%]?ﬁkfhyw%gihgvn%s%%lﬁ @%ﬁg%%ﬁ%ﬁgggﬂf %K?]éng?lg%é: Fabric

pr epar at i on Ihiam slbyminani, pickely auid| chromawan Sush rieniralizediethylane dvslropelymesd and

dried or,he Yol e o | pat] '- ﬁ{g% | ze _and spi nni ng
finish déd;;ogf#?%?&{nﬁgaﬂfh%fg lglé@g%rg? I%'ﬁ’%?%%% g?ﬁ eg'rt}?‘ft% e¥§1§ﬂ‘§%‘:ﬁ$§§r@or spi nni ng
fini shes candesaibedin THPatersttNg 3,2642¢E% ciypwally, nbitraliestionedil bt fremf 180100 may be
mul ti-1ayer ewn,. bonde | ded ,0r toget her .to.take the form
of a clos edelgr?fgr% T copuag 2 raa%%nr;%m%gg/%q %Q%? & %fg%tcgr:g%ylrlfbacﬁias or ot her
fluids. 25 FgrbupsjonizedbgntwraliFationsvithmeetydiep aelededfyorn drevgatp consstingast i ng or
extrusi on processes. lLamnation .The e oneric filmcan b i rectly

A nated oribBunEO SRRt eyt Zifteerl SRS R serabrS et tfhance «he

bond bet veenn i PateasiNa 010222 whithadlstrdblyendosdordtal by reference. A preferred

ethylene-based copolymer additive may be a copolymer containing 89 weight percent of
ethylene and 11 weight percent of methacrylic acid where about 75% of the
carboxylic acid groups in the copolymer are neutralized by sodium ions.
The softening monomer tﬁat may be copolymerized with the ethylene-based
20  copolymer can be preferably present in an amount of less than 25 weight %, relative to the
weight of the copolymer. The softening comonomer can be an alkyl acrylate selected
from the group consisting of methyl acrylate, n-propyl-, iso-butyl-, n-butyl-, n-octyl-,
2-cthylhexyl-. and 2-methoxyethyl-acrylates. The preferred alkyl acrylates may be .iso-
butyl-, n-butyl-, 2-ethylhexyl-, and 2-methoxyethyl-acrylates. The sofiening
25  comonomer can also be an alkyl vinyl ether selected from the group consisting of n-
butyl-, n-hexyi-, 2-ethylhexyl-, and 2-methoxyethyl-viny! ether. The preferred alkyl
vinyl ethers are n-butyl vinyl ether and n-hexyl vinyl ether.
The elastomeric films typically have a thickness ranging from 5 to
50 1 (0.005 — 0.050 mm). Methods for making these films are well known and
30  may include extrusion and casting. They may be made with or without a carrier. The
- films can be prefabricated or can be extruded directly onto the fabric substrate.
Preferably, the film may be directly extruded onto the fabric substrate. An elastomeric film

may be applied to each side of the fabric substrate.



substrate. Suitable adhesives include pol yurethanes, polyetherurethanes,
ethylene copolyners and silicones. A suitable polyuretindeptambestom i s
avai |l abl e from Henkel under the tradenanme Liofol(r). A suitable ethylene
copol yner adhesive is available from DuPont under the tradenane Bynel (r).
Adhesi ves var at/qss08f er abl y applied at a rate 5 13 Sept enusgridoDeroddD 01/ 68408
PCT/ US01/ 07909 of_ 5 to 100 a/n?, Th be .di.spos bet wee he fabric
substrate and thej‘nye as a(]‘)ie ?ri%(‘:; . Pff ?ﬁ%iﬂ %%%ubg%aﬁegﬁﬁf’gﬁg ugﬁéfphcg'gyhlfhe

adhesi ve may fy_hllﬂwﬁﬂﬁ%fﬁo@ﬂﬂﬁe StbRestch. TRIyhARE dubsutld RblidsalaPbd g@i-der with the

el astoneric . The adhesive may be hea i ng, isture curing, tine
curing, solv T‘Egﬁléf’éggqm Pc?ﬁ}a’ﬂ‘g? &1’?{3’?’%/” tﬁ’d‘ﬁ@’éﬁ fﬁorgﬁ&{{?gﬁaﬁ%ﬁ%ﬁe anot her known
f orm of adhesiay ke waverhin p dhemner that ghelils lowraly pdpeeabilitygir eapbe trepibd tp redewgrponent . | n

t he case of multi-co nent adhesives, the co nents whi.ch st be

by ouaht t SocPHEE SRR by At b ot St R R LB BAP AT AIgE B ho f 1 1 m
and textile dsulitedinUs Pafentess. 4,901,735, 9)90E014 Md30TB ANY Tpidellnghd aif €.

Lam nation may be .achieved jn.a variet f ways. Adhesive may. be coated 10
onto the fabPeEeRhiity B pagfagcsivier thaf Wgﬂas R Jemelerpeingte i f e over
rol | er procefsder a Rkt préskiat AFfcres@hof38Y pdagalspr ayed or printed onto the fabric
or applied using a_ng? known process. Typically the adhesive wll be applied

as a continuous f4F Rie abdosatrflen maga fromsemmesaliyiavailabispohiemidsng™as it has
sufficieny SiicRadydins wikEa 3 TDGLG LK SnPith L1040 EkinYehits pdbydrmdat he process
shoul d be chosen to generate appropriate viscosity and, 1f the 15 adhesive
is cured, raf® SexRabyamideysm v fyvayspifebries fosairbrestinbypicaliewpyae Withe fabric
substrate angs {67 yaid pEQREIYoth Wirh Thdiven DA 299 ffex HOIg&hide YaritkdineSSUr € i S
applied using a roll or series of 'rolls, pressure’pad, "bar or other

devi ce, and Waeen/fabyigs far aly bagsis haically woyan withed? to 30 vamapérsmgo achieiger ent
structure. ARY REGESSASSmESIRyPr 0ocess can then be perforned. 20 Were an
adhesive is usggl to eﬁlaance t?:le bond between the elastoneric film and the
fabric slibstrate, the filmand substrate fabric are typically bonded

together to jfaormdBehHl oLt sonme el evated tenperature in order to
cure the adhesive. Tﬁgsgrgbe?evast d tenperatures may be as high as 180 C

Curing takespfliapfpaitod | Xes the élastonmeric filmand the fabric together
at the elevated curirng tenperature. Upon 25 cooling, the thermal expansion

behavi or and sti f'ﬁ*ﬁé@%ﬁcémﬂdbt‘éﬂegﬁ E@i_ﬂ@ﬁ andfikentspouredand drisdprheptset f abri c
can cause thgid-dMafitafiod. SSotinSreidves MleMd Sinfirl Bt ddp¥sittiRsaN! Y one

20 careful choice of suitable adhesives or spinning finishes can render this step

unnecessary. If desired, the fabric may be multi-layered and sewn, bonded, welded or
woven fogether to take the form of a closed or semi-closed structure capable of

containing gas or other fluids.

25  Film preparation

Films are prepared by conventional casting or extrusion processes.

Lamination
The elastomeric film can be directly laminated onto the fabric or an adhesive
30 can be employed to enhance the bond between the elastomeric film and the fabric
substrate. Suitable adhesives include polyurethanes, polyetherurethanes, ethylene
copolymers and silicones. A suitable polyurethane adhesive is available from Henkel
under the tradename Liofol®. A suitable ethylene copolymer adhesive is available

from DuPont under the tradename Bynel®. Adhesives are preferably applied at a rate
5



side of the fabric is lamnated. Such curvature is undesirable because the
curvature causes the lamnate to winkle which makes crgaatmbel 2igag and
packi ng of an air bag made of the lamnate very difficult. Winkles in the
| am nate alygg@eha¥g the 30 di sadvantage of reducing bondi the film
and fabric Iaygrs of the |amnate. Curvature of the Iar#%ra%gi@%@qbe

mini m zed by €57 K¥10P gfmoiThsy Ry badispgsedbatieesy thefabric wibgeata anddhear substrate

fabric. Lam néiaﬁoﬁbﬁdlﬂwfmﬁ%@m}%ﬁnéﬂanh&he?@drﬁé%dﬁ&lv%%ak@)g ceextrhaéamnm th a
coefficient of thermal expansion that is simlar to the coefficient of

t her mal expan&eéwr@fsuwféttfftasﬁheewmwm.e}%ﬁtzalp%ﬁlnbfTlter?éhwefmqyé@@ hett t he
layers form ngufhelRosGR GHRE ik HinglCoficoh Bl PorHof ok iflesife 3P mayne

| am nate, and the use of a roomte erature (or closer to roomteénperature)
adhesi ve cér etq!sﬁamélyﬂsknwhfoangéamslﬁqrcbmdeﬂanfbltmwamgleoomutthe cured

l'am nate. G vegnndnb, BPMRS iRl Efnuﬁil-c 'rlﬁbﬂcglt le{e bés' g%ijmgc;rfeﬁté@vhﬁcg o3 Main

structural el errent of an air e tenS| coeffici ent
of thermal expabrohght tdgether h@ffﬁqburﬂng raaxéaeo:batnﬁsqpa@tedmm@thn filtrand tekidle

preferred nyl gp.faPIFaCSre dﬁﬁ‘&d@ﬁgﬁg &g%?“m?ﬁ{ and the coefficient of

thermal expansion are ab one rain and about -7.5 x 10-6 per
C respectively. IEﬂnvna;wn@iaytbhesleexpdUpaavau'MetamfG\faymyAdircsiWabllajrba;g:oa'tmi has been
be re

f dth
ound that,, HthX e%ﬁc%@%#lh%lbbﬂgjsigg ﬁmfent %‘]E'oxi%erliﬁ:a verroﬁeé rocgn and a

sel ecting a f Oow coe

|l ow tensile nnmhiﬂematn(aly may bé spraysd bf pringegisnto m@faﬁheoc@ﬁémﬂmgkhm based
films used in_the I esent .i nvent.i on ve oW
coefficient of ther nﬂzllca S%ns?‘eshvetvﬂgi) © pRPAISH 2 FORHPYURS %ﬁ%sﬁltg?ﬁé’ "PPess after
heat curi ng. béd dis@dtimtouoas, lohgm 1elhaasmfﬁaiem|screrrmtt UTie tahpeatpelof gichéhabeer - based

fil id film d t hat | t
produce. & wr | RETEA BNy s P R e Aot T HoeRE Pl Bl | ack of

curvatureisn ﬁdmsﬁreaibbmeﬂfraﬂemsf&lﬁel am nate made with the copol yet herester

filmdescribed ab numer. c cal cul ati ons . .were perforned that .predict
the likely behavi Co%rgﬁB‘P”"tgr?BP‘rcé‘ TH .a%gfﬁ"(Fa?’ﬁrf"é’“BF“bsﬁa‘ﬁwaﬂilh8§ aHgRetb
predicted usi fin ek dEAERAbgdiRMBirtstiie iSWpPlYE ushi 2068 6f dchedofirallss. W~ Tsai &

Hahn, "An Introducti to Conposite terials Technomi ¢, Pybl i shi ng, 1980.
The cur vat ur ePEFUEREdrhat o QBT EeTica P e rpuing el AN {47 iBPect | ve

thermal 20 neskerht seute) AryRlecdtdrpaifie focdsbanIhértiperBmifidven by: M= Qyey
z dz and N,,= Q (v ere Mdenotes the effective thermal nmonent, N the
t her mal Sgt? ess, \)gzere an adhesive is used to enhance the bond between the elastomeric film
and the fabric substrate, the film and substrate fabric are typically bonded together to
form the laminate at some elevated temperature in order to cure the adhesive. These
elevated temperatures may be as high as 180 °C. Curing takes place and fixes the
elastomeric film and the fabric together at the elevated curing temperature. Upon
25  cooling, the thermal expansion behavior and stiffness characteristics of the film and
substrate fabric can cause the laminate to curve and wrinkle, especially when only one
side of the fabric is laminated. Such curvature is undesirable because the curvature
causes the laminate to wrinkle which makes compact folding and packing of an air
bag made of the laminate very difficult. Wrinkles in the laminate also have the
30  disadvantage of reducing bonding between the film and fabric layers of the laminate.
Curvature of the laminate can be minimized by careful choice of the film used
with a particular substrate fabric. Laminate curvature can be minimized by selecting a

film with a coefficient of thermal expansion that is similar to the coefficient of

thermal expansion of the fabric. Minimization of the stiffness of the layers forming

6



25 subscripts x and y the principal material property axes in the plane of
the lam nate and z the thickness. The terms Xy are def{gngehtBmbENE004
mechani cal property matrix: EX By S Ox Q Xy 6y - Qyx QrY G 30 And ey

is the m cr nical linear strain given by @ 7 13 SF(%[‘?S'&P 004 WO
01/ 68408 P&@WC?QOQ ey = ayAT Were a is the coefficient 019 9t2hermal

expansi on of &wd#minatpcand dhecsagt 3 womHemparatige éerplaseicto gbdnt terpaabirdet ween cur e
and anbi ent. E&}ﬁaweaﬁgp&%gx%s&m 1Rl lcglvﬁqrefo?rihetéageﬂ%ﬁ%ﬁet afvtefcal

| ami nates conprised 5 fabric amnate on one Si
each i nst ancethctcﬁ@tlﬁmbﬁflﬁlwahﬂfesuhﬂjﬂamsG@nﬂaalmm@hmdslegwat@@nasbambr| C B in

the exanpl es %ﬁ&{silpﬁgd@@{)ﬁ}ﬁ’tﬁé&em?& { 6f|tﬁgm1£'l%Qp£151f[oE 'f%h?eleﬁﬁz{ug%re ?ﬁ:élgﬁlcr onet er

(0.050 mm. [ani nat e
copol yet heb est‘a@celbl @ndﬂlgf)wmmjb@nIfabnas;@I@rtchSﬂngdulumdphme&i;ieufof Exanple 1

a. In Case B ulchiilofodisilshe il Bﬁ‘é%é%%h&\?st?a@dta%g&tr—hﬂp ge film 10

according to the process o0 Fabri c was | am nat ed
with a film wmn(miy Inozllqveeﬁthwefprdpﬂmaszcﬁnywnrfgbﬁca 1t1mbpmﬁ>msistha1f Exanpl e |

c. The cal cul

ACopol yet her eg‘§rgr fﬁgﬂ OLfta\é%}éM Sc %a‘ﬁ'f% C{J(y S)ep g‘elefwithcm Case
CWl ar(r) pol ;oe»s@efﬂheﬁt ciitheFnal é}@mishmtaad Emﬂ'pteﬁsahmnddhms (n(rpdd)\yeﬁiﬂﬁ&ss)st er blend
filmis f eri o | am .nat because t.he, | am nate

w th the dopoterdrepebferSiheatplstirah et e pera Buabar & vat ur e
conpared wit hldxmh@eﬁtcimtoﬁmmnhwmpﬁk&i@smﬁéseltd iaNesfHrekidoalsadk iafterQfkatt he air bag

of the invention exhihits the follow n ter| tics. opri ate
strength, ext gﬁﬁgorxil“ %@“lﬁ’?’e ﬁelagﬂ’@f’wa&g%%?cﬁ?& Fiherestermapgd; ijms E{‘)’ Wes &t rengt h,
scrub resi st afibewithdhes teasile npculia bha istiyss pridle td gryduet b wirinkfe@ lan@ihdte.Dags. The

In order to demonstrate the relative lack of curvature in the fabric/film
15  laminate made with the copolyetherester film described above, numerical calculations
were performed that predict the likely behavior of the laminate. Curvature of
laminates can be predicted using classical lamination theory, as described in S.W.
Tsai & Hahn, “An Introduction to ;Composite Materials,” Technomic Publishing,
1980. The curvature of the resultant laminate is calculated from the effective thermal

20 moment and thermal stress on the structure given by:

= Queyz dz and Ny= Qqe,dz

Where M denotes the effective thermal moment, N the thermal stress, the
25 subscripts x and y the principal material property axes in the plane of the

laminate and z the thickness. The terms Q,, are defined by the mechanical

property matrix:
£y gy £
Ox Qx Qxy
Oy = Qux Qyy
O Qs
30 And ey is the micro mechanical linear strain given by
7



20 lam nated fabric in the air bag of the invention does not stick to
itself (block) and it exhibits an air perneability of {®gspichaerdodd ter
per square decinmeter per mnute under a test pressure differential of 500
pascal , an s€ss than 0.1 liter per square decinmet ut e under
a test preg‘s’ﬁ}‘g&d(}fferentlal of 500 pascal. Moreover, thlg(5 Eﬁo'}%ﬂ:ed fabric
in the air bag of ®FePhvention continues to display these 25

characteri stics alWatrchal theREaticiallofthelhdl Blbaliby oflaliPhydkdndAY S @k 105 O
125 C) and conbined heat and humdity cycling usually” over a range

i ncl udi ng, but nottempemtuetliffergncebgipigetwspandambigs C, -40 C and 85 C at 95%
RE. 8 13 Septenber 2004 WO 01/68408 PCTI US01/07909 Test Methods Stiffness
of |am nate mat er i Bedicisd survatuzeiras galawated fr figeq ypabTtigedanarteg gompriged h f abri ¢

stiffness sreaatgﬁﬂs@@faﬁnﬁa?ﬂra%toﬂds.a@wuﬂhtmoin éélemngaaﬁce }9'&%&%& gethod is
al so know as the Klfr%g Stiffness Test. 5 Blocking (self stick |n was tested

according to Neen 658riq deignated axkabrio B i the exmplm WSENBQBQW)BRWF%G with
fol | owi ng mdhidﬁﬂfckﬂémfépﬂwge%&% elﬁ o041 ﬁab%@m%gﬁ\ga@?wt Four

speci men sanpl es were prepare r a’ wel uni num
di vi der pl at ewitBe fimaf té?G cemiwﬂg:p@tﬁr brbnd tbifEerxphelaainmrtheg fo thidgocesppfht

applied a preggs RQut C Each was
10 conditi oneg é#&? gJGBIﬂhour%OFag %g&% g&f‘ﬁenh%ggﬁléﬂ(?ﬁﬁqf%ﬁgeﬁgngi ng wei ght
of 50 grads ﬁccordB@ tg&mcpmazisss OTlﬁamnpln'ébfbrCzseﬁaFﬁuiccﬂwvaflarainstpéwiithan from
itself was ﬁ?ﬂﬂ iaLe separ on_of e n fr [tself was
rated as a pags pei)r0 g)tglagr fﬂ{"larcr%oé&lggg)aéj ePtRa O%mégc%nﬁeﬁﬂ?@%%p ed as
"bl ocked". Qjmdabﬂwanlﬁrehx&masefmmvstructures can be determ ned by direct

neasurenent. 15 Coated lam nate fabrics tend to roll into a tube when | eft
to thensel ves orfase Al aCOpcémei%earB&apeci diBlAmetlssre the fabric is coated on
just one side. qu ia ha t ? iSs a rating of the natural
curvature the I am ngtesgﬁ sp%l% assune EIisal dth of the lamnate is

measured and t h€abeCghMyb®tphbeselges above ¢he pl ane surface are neasured.
Fromthis nmeasurenment a tube dianmeter or radius of curvature may be 20
determ ned (the radius curvature is one-half of the neasured dianeter). A
| arger radius of Therlaminste enads fromdiicapolyethatstérdSanddilmn VofatisuperidrXMieL ES

15  other two laminates because the laminate with the copolyetherester biend film should

have little overall curvature compared with the other two laminates.

The laminated fabric of the air bag of the invention exhibits the following.
characteristics: appropriate strength, extension at break, energy absorption capability,
tear strength, scrub resistance, adhesion, packability and flexibility for air bags. The

20 laminated fabric in the air bag of the invention does not stick to itself (block) and it
exhibits an air permeability of less than 1 liter per square decimeter per minute under
a test pressure differential of 500 pascal, and even less than 0.1 liter per square
decimeter per minute under a test pressure differential of 500 pascal. Moreover, the
laminated fabric in the air bag of the invention continues to display these

25  characteristics after both heat aging (typically after 14 days at 105 to 125 °C) and
combined heat and humidity cycling usually over a range including, but not limited
1o, excursions to 105 °C, -40 °C and 85 °C at 95% RH.



The follow ng fabrics were used in producing the | am nates of the exanpl es:
25 Fabric A was prepared fromnylon 66 continuous f |amengeptb@btr 2wy er
i ndustrial yarn of 350 decitex total yarn fineness, called Type 769 and
avai |l abl e W&W/ﬁsﬂépﬁ”t- The yarn was woven in a symetriggl eayq scoured

and not heat se weaving intensity was 57 warp yarns per inch and 57
wel | yarns petZ %8%qui val ent to 22/cmby 22/cm. 30 Fabric B was
prepared in the s@iEmsRRRMiREe naleriale whs meastrphcdoRivig oISTRAD40YBS4,2 Type

749 continuous. fil ane nyl on 66 yam also frompPuPont, with 470  decitex
total yamfi n‘@ﬁ%éﬁcﬁ%’i’ef‘%nﬁsﬁ’?e&bﬁﬁn B“B'&%‘tﬂ@é’t‘qukz}“ﬁéﬁ‘?‘eth%@‘énd had a
16T om 913 Septenber 2008 WG 0L 68408 PCTI USOLI 07009 - Fabric C.ves.

19/cm. 9 ept I A L abric C was
prepared f¥oma | %Eﬁ?ﬂ&'é q%-“r“c HELEIs Pstgd J5eArding 1olS QP97 8 1958 eqB vaisERON( 1 )

from DuPont, (3a@INEN 25978) Akth6@with EtloWinghBbdifiddibss: NOD ¥ASbLIOMAMN Was based
on pol yet hyl ene .t erepht hal ate honopol yner. Fabric C was woven and scoured

li ke Fabric AZBRTHITARPES WESFIhd MhiRsHEIR jaeplespeerqaiepRiehad Hlasshumier a9 wef t s
per inch 5 (L94ghn 2 akiMifith divided PRaleS sebatafbd @ BPbSmdn Bom BADhddthel YRS
laminated with a filmprepared by mxing three, polyners and a stabilizer
in a twin scredekepplicdadusswe ebsboatd-2 Mgweton prren’itp gil srecians Each wesr e as

fol | ows iy WelollitidhedGBr 268 ofrsGP AP Lol MR TsR wilhdHRHRE weRRt G50l N9 60
wei ght percent of 1,4 butylene terephthalate and 40 wei ght percent of

pol y(t et r anetgiginefos 6@sicends. Jhy twe fortsepaspimiofp speeimentiormitlefoxasar  wei ght  of
the poly(tetr I imehfrom 1R
pol y( é&@&égl%’ Iﬁﬂﬁdﬁk@@ﬁ&atﬁh%‘f%ch%@éﬁ%«%gﬁm %él Qrﬂgc% & 1&1, pziiss. butyl ene

copol yet herester el astoner contal ni ng ercent o
t er epht hal at eéSeparatiqueimen srentar dantt0Ostcondsiwerarap¢daséblosksghit hal at e, 39 wei ght

ercont of pol y( t SHraEt Maaic Sl B RRERY dfcfhEasyioc ™ 20 T
wei ght of 15 heCoagadl lgrfinate fabmiss tepd torrelldnth e tube gihpr it tovelem®a Bss 0BG B by wei ght

f t hyl = | N 8 L aht t of
ot hyl ene. Ana T %as ARy AN/ IEEE e BARL 1 o B0 AL e dRe Tt Bl fBS0EEL o1 L ne

tube is a rating of the natural curvature the laminate tends to assume. The width of

the laminate is measured and the héight of the edges above the plane surface are
measured. From this measurement a tube diameter or radius of curvature may be
20  determined (the radius curvature is one-half of the measured diameter). A larger

radius of curvature 1s indicative of less curvature.

EXAMPLES
The following fabrics were used in producing the laminates of the examples:

25 Fabric A was prepared from nylon 66 continuous filament light denier
industrial yam of 350 decitex total yarn fineness, called Type 769 and available from
DuPont. The yamn was woven in a symmetrical weave, scoured and not heat set. The
weaving intensity was 57 warp yarns per inch and 57 weft yarns per inch (equivalent
to 22/cm by 22/cm).

30 Fabric B was prepared in the same manner as Fabric A, except that the yarn
was a Type 749 continuous filament nylon 66 yarn, also from DuPont, with 470
decitex total yarn fineness. Fabric B was woven and scoured like Fabric A and had a

weaving intensity of 49 warps per inch by 49 wefis per inch (19/cm by 19/cm).



carboxylic acid groups in the copolyner are neutralized by sodiumions; and
| % of 4,4"-bis(a,a-dimethyl)diphenylam ne. The fil m was;pggnanedr fyps
conventional extrusion process. The filmhad a 25 thickness of 0.8 ml
(0.020 mMm bric was about 20 cmw de and the fil about 20
cm wi de. H%%—br}gﬁgie@sarrpl es were prepared by bonding the ﬁqﬁﬁﬁoghﬁﬁe fabric
substrate using a EadAal waserdvared fpatrelighy dendgypmdustdat plyester yammTiype 68 a basi s
weight ~ of | eBACRIAD #an{ibibont, Hiind 2 Gecliek Be 453 TRANBRINE: ARtk de 11 M

were pressed together wth enough"force to forma c ent” Tamnate. 30 In
Exanpl e i b, Fhased en polygilayl¢ngreraphtealetehaniopalyier.nfabic ARBBK ve) arkdxtoured

t her nof or mabl - ol - ) . I n

t hi ckness. Tﬁkeé:%g cr:f\cdn%lgé g%%\?ﬁ%@@g%}fy\%’f‘ égdgaﬁﬁ%%@df’ﬁq nd1 ‘\h/'vélf% pgﬁlg%ﬁq{)out 20
cm wi de. Handi@&e m019%cm®). Sept enber 2004 WO 01/ 68408 PCTI US01/ 07909 sanpl es
were prepared by bonding the filmto the fabric substrate using a spray

ur et hane adhesive applied to the fabric at a basis weight of |ess than 30
g/nm2. The fabric with the adhesive EEBJS“ | mwere pressed together with
enough force to form a coherent |amnaté. In Exanmple | ¢, Fabric A was

| ami nated with a |lnixampleda, FabtierAorasRvtinged Yith p Gl pepared bPmnbGngwhtee( 0. 019

nm in thick A . The -f | C s about 20 cm.w de and.the film
was al so aboﬁa%&%r%ﬁw}%g)%hn rraéne&gévn% nl%uou Fe e’xerﬁf‘tgf)%'f'eﬁqeﬂglgrﬁ(g% ng the
filmto t he fwbreiasfdlolystmatighttssi ng a spray urethane adhesive applied to

the fabric at a basis weight of |ess than 30 g/nR2. The fabric with the 10
adhesi ve and the fa3laofwaopolpetbaseet elasigeichemtamith6®weightipefoentad 140 f orm a

coherent | am . Ex le 2 Fahric .B.was,|l anjnated with
the film of @Lgﬂ%r%etel lﬁﬁ%@%g&%{l%exgﬁ\gy@ gt 8015&%?8%6@%"1’18 %@3&%13’8& a. In
Exanpl e 2b, RaisphtbalBewdbe maleculat eelgiwiof the phiy(tétirdnmtinfienietep) gbycblwaccor di ng

to the procesg,.0f Exanple 1b. In Exanple 2c, Fabric B was lamnated with
the film of amnple Ic according to the process of Exanple 1 c. 20

15 30% of a copolyetherester elastomer containing 39 weight percent of 1,4
butylene ferephthalate, 11 weight percent of 1,4 butylene isophthalate, 39 weight
percent of poly(tetramethylene ethér} glycol terephthalate, and 11 weight percent of
poly(tetramethylene ether) glycol isophthalate. The molecular weight of the
poly(tetramethylene ether) glycol was 975;

20 6% by weight of an ethylene-based copolymer additive containing 89 weight
percent of ethylene and 11 weight percent of methacrylic acid where about 75% of the

carboxylic acid groups in the copolymer are neutralized by sodium ions; and
1% of 4,4"-bis{a,a-dimethyl)diphenylamine.

The film was prepared by a conven.tional extrusion process. The film had a
25  thickness of 0.8 mil (0.020 mm). The fabric was about 20 cm wide and the film was
also about 20 cm wide. Handmade samples were prepared by bonding the film to the
fabric substrate using a spray urethane adhesive applied to the fabric at a basis weight
of less than 30 g/m®. The fabric with the adhesive and the film were pressed together

with enough force to form a coherent laminate,

30 In Example 1b, Fabric A was laminated with a film of DARTEK® 101; a
thermoformable cast film of nylon 66 from DuPont, 0.8 mil (0.020 mm) in thickness.

The fabric was about 20 cm wide and the film was also about 20 cm wide. Handmade

10



Exanple 3 In Exanple 3a, Fabric C was lam nated with the film of Exanple I
a according to the process of Exanple la. In Exanple 3ig s&abmber £bowms
| ami nated with the filmof Exanple |b according 25 to the process of

Exanpl e | byd gyde@npl e 3c, Fabric C was laminated with t Exanpl e
Ic according to the process of Exanple ic. The stlffnesite”'{!gdlp%ﬁ)%f t he

fabrics of Ex%f?ﬁi%?eieprﬁwyé’oaﬁﬂgﬂﬁé“'ﬂﬁ? theifehiceubstag usingasprey A, B and C
Ver e measur eCurdhe adhhelappied IVHARRR- a9§bas?§1de:§ﬂt%ffe§@tﬂ£ﬁﬁﬂgﬂnﬂ Tabl e L These

‘data show that all_ unlanm nated control Fabrics A, Care less stiff
than any cor rig&gotith g 2ikasiva aedte i kb?"ie@rﬁemaﬁbﬁé’éthﬁow feriqel togfornThi s
result is 1l Jdhekpiembale. 2004 WO 01/ 68408 PCTI US01/ 07909 expect ed.
Control Fabric C, the 480 dtex polyester fabric, was the stiffest of the

controls and cont i By ewmm@agmlm&iwﬁﬁna&mmgmmﬁmmz@am nat es

made with nylon 66 with a film | ended copol yet heresters (Exanples |a

and | b) wer e PAYe§iET- 070 apil (0;91963‘}@) ’§tﬂ?‘f51ﬂ13§5lf§m PrBons: Bbe fabrgrivaseabest i ncl udi ng
Che 1 on 1 abug ol it 48 2PENAIR S5kl LG 22 and 20
m ( Exanpl es

and the nylon fabrics lamnated to th yest er 3a and
3b). Reduced Hrmrqdcbymwgn&@@@d@nﬂw|f¢thmcésbsuretcalmngapmay vrethansathedive abri c

fol di ng: such giids WlYabdle bANGLN 1450 b0, A Begpmpdh a5 sl ler

package vol u can be achi eve air perrrea ity I'am nat es of
exanpl es 10 a,adhesivesnd UBdilmaeererprgssed togetheniwitinermagihforase fovas: @héredter per
square 10 deq %%ﬁ per mnute under a test pressure differential of 500
pascal . Tabl e s barrier Stiffness Exanpl eSubstrate fabriclam nation
fil m New ons) ave. of 5 neasurenents Control AFabric ANone4. 43 Contr ol

BFabri ¢ Bnoneb5. 83 Control CFabric Cnonel3. 50
Example 2

In Example 2a, Fabric B was laminated with the film of Example 1a according

15  to the process of Example 1a.

In Example 2b, Fabric B was laminated with the film of Example 1b according
to the process of Example 1b. ;

In Example 2c, Fabric B was laminated with the film of Example 1¢ according
to the process of Example lc.
20
Exa.mple 3
In Example 3a, Fabric C was laminated with the film of Example 1a according

to the process of Example 1a.

In Example 3b, Fabric C was laminated with the film of Example 1b according

25  to the process of Example 1b.

- In Example 3c, Fabric C was laminated with the film of Example 1c according

to the process of Example lc.

The stiffness of all of the fabrics of Examples 1, 2 and 3 and the unlaminated
30  Fabrics A, B and C were measured according to ASTM D4032-94, and are reported in
Table 1. These data show that all unlaminated control Fabrics A, B and C are less

stiff than any corresponding laminated fabrics of Examples 1, 2, and 3. This result is

11



Exanple | a. Fabric Apolyetherester 7.88 blend filmExamle I b.Fabric
B"14.61 Exanple lc.Fabric C'19.22 Exanple 2a. Fabric ADMRSEfedDér 2604H7 film
Exam | e 2b. Fabric B"'19.69 Exanple 2c.Fabric C'21.27 Exanple 3a.Fabric
AWLAR fi | Rfigetkdqdsxanmpl e 3b. Fabric B"21.24 Exanple 3c. Faltg ﬁsb H$2 15
Exanple 4 I'n this example, fabric/filmlamnates of nylon { rlco Iam nat ed

with filns of eReped- ool Eabrie Co thedB0 dies malystter Eibispves the gieffest ofdhg ed f or
bl ocki ng. I'n ExadRlaAd déhtribubd th alking S0 stlY |afiina®B. TRE fahihkediSndde WaireNt

i ght denier industrial yarn of 470 decitex total yamfineness, called

Type 749 and B¥aR P&Biteafi Fﬁﬁf blogfleghgerahyethergsiers(Bramiles 1amdAb) Werg, symmet ri cal

weave, Scoureﬁgﬁfl@hnﬂﬂesbﬁﬁf'th%&e ofE@?laMﬁ?aYéerchhdlﬁ ﬂéh&l}énmcéﬂam%? yams per
inch and 52 we i nch (equivalent to /tm by 20. . The

fabric wasS| amthaie@almnm fam{(Exam apgd mamﬁéwmlonéatwp W@d tg@tr.m VO
01768408 PCT/ L5Asfe i EEx %&93& hM)Cﬁ@&Jd&ﬁﬁﬁg ﬁfﬁ&.@és cBht%BﬁleQ{faExa”P' e la.

The filmhad a thickness o t he nyl on
66 fabric of topangyicasess fahss folding ﬁ‘éﬂ!léhﬂtwhmtha lqminate lsrmetbmfanr(mgmulss,abu lized
copol yet her est gr ) AR headnicRed.

0.6-0.65 mil %o“ﬁ%ﬁo%%]“ﬁ%. e épgmﬁrrgenagljdem'%&g“ ofthd BIGIEAGS arrpl e 4a
and two speci eemplesflatZacend|3amiam meesucdd aBst imgzclecash waed Bter pgtsguaré or bl ocki ng

according;§o &e%%ééﬂ;%r &%%%(Lﬁ)ler a test pressure differential of 500 pascal.

Table 1.

Example ‘ Substrate fabric Gas barrier Stiffness

lamination film | (Newtons) ave. of 5

measurements
Control A Fabric A None 4.43
Control B Fabric B none 5.83
Control C Fabric C none 13.50
Example la. Fabric A polyetherester 7.88
‘ blend film

Example 1b. Fabric B " 14.61
Example lc. Fabric C " 19.22
Example 2a. Fabric A DARTEK 101 10.57

film
Example 2b, Fabric B “ 19.69
Example 2c. Fabric C N 21.27
Example 3a. Fabric A MYLAR film 14.43
Example 3b. Fabric B * 21.24
Example 3c. Fabnic C * 23.82

15 Example 4

- In this example, fabric/film laminates of nylon fabrics laminated with films of
the copolyetherester blend of Example 1 were tested for blocking.
In Example 4a, the fabric was a nylon 66 continuous filament light denier
industrial yarn of 470 decitex total yarn fineness, called Type 749 and available from
20 DuPont. The yarn was woven in a symmetrical weave, scoured and not heat set. The
weaving intensity was 51 warp yamns per inch and 52 weft yams per inch (equivalent

to 20.1/em by 20.5/cm). The fabric was laminated with a film made from the
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(DIN EN 25978) wth the nodifications described above. The results are
summarized in Table 2. The data in Table 2 show that f{®seplember bmoa
| ami nates of the invention, like 10 the | am nates of Exanples la and Ib, do

not bl ock, w(,@},(,sgdgey do not stick to thenselves. This |lsClq,%g by Prising
because flexi bi| .ty infilms is usually due to flexibili Penents in

the pol ymer whptiizedenpplyhesstr Blead oiExampleslar e 8lmhdt athickesps of;%&g@l
adhesi on. 15 (dognm). Exanpl e4a*4b* Laninated with an airLam nated with an
air permeability barrl er filmofperneability barrier filmof 0.020 nm

t hi ckness0. 015- 0. Qﬁ@xmﬁpkhbqhaﬁgﬁné’@ﬁsﬁcmm Rf 1285 R nandi&d whegatnon co of
et heresters R%%lijlt - Speci no d not Bl ock Result - Specinen

t
2Did not Bl oc edfr%fheéfaéﬂ‘r?e‘i‘F%@YS@‘?"SSt%'IHI?QdEﬁEZWB)‘a netefder iedé sanpl es

were condi i om&q{nésgefd@f@dgqh;ug)@ -0lfgmmnd tested with a 50 gram hangi ng
wei ght for 60 seconds. 13 13 t ember 2004 CLAIMS: ~. An air bag

conprised of a | andHathsemeahef tEe lagyinate of Exarple daandipiojspecamensiof §ieng an
el astoneric fjayRdripahsH 45%57@91%@1-}11% bib&es ﬁ&u&%wg% &d ?@fsh@%m}‘her ein, the

elastoneric filmis conprised of | east % by wel
copol yet her estN B 3978 ‘é(“h{hetmqﬁliﬁcéilftf? desrcnb@tabpw nBleIr@ml{:}S @rnawnmelsz:eér units

and short - Chﬁ'ﬂbﬁ% Yhe UE‘[EHI?TJII)% f‘ﬁ'ﬁl}w}.{ﬁﬁql'e&ﬂfetff {ﬁh{%y h@ﬁﬂ‘/g){tlob fkeages,

said |l ong-chain ester unit bel ng resent ec 1111..
---0G0 . BRC @E}mmfmﬁgmdeslmﬂﬂ-lb inot blocks . euhwt@rwestmg to epresent ed by

the formula: §efsavedPPhik I cfu}t surprising because flexibility in films is usually due to

flexibilized elements in the polymer which tend to migrate to the surface where they

cause adhesion.

15 Table 2.

Example 4a* 4b*
Laminated with an air Laminated with an air
permeability barrier film of permeability barrier film of
0.020 mm thickness 0.015-0.016 mm thickness -
Based on copolyetheresters based on copolyetheresters

Result — Specimen 1 Did not Block Did not Block

Result — Specimen 2 Did not Block Did not Block

*ISO 5978 (DIN EN 25978) method the samples were conditioned for 168 hours @
105°C and tested with a 50 gram hanging weight for 60 seconds.
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CRC (Il).. wherein: a) Gis a divalent. radical remaining after the

renoval of term nal hydroxyl 15 groups from a pol y(al kyi®septembeeim4ycol

having a nunber average nol ecul ar wei ght of about 400-4000; b) Ris a

di val ent radi cAILABMS: ni ng after renoval.of carboxyl groups froma

di carboxylic acid hagving a nol ecul ar weight less-than 300: c) Dis a

di val ent radical rert iﬁm%b%mpﬂse&gﬂ:almrﬂﬁathyﬁbﬂd,)&laiﬂm%&dffaggg-a di ol

20 having a nmolgaul | I t han._about 250:- wherein the .

copol yet her est.er .E%ﬁ%%é%@%ﬁ%@?@“@@ﬁmﬁ@e@ﬁb@n@mwﬁbﬂqest er

units, and wherein wherelii: eRkRhetia Fid kff.ne f. fromabout 5 to

80 Newt ons _neasured according to tequ%ea?ﬁ%r&eié ‘&%2@‘9@1\@ of The air

bag of claif 19°mh@ﬂlﬂ¢$fﬁrﬂlewagasmdﬁpllm@_dflrédﬂ&ﬁxﬁ%Eﬁg@ﬁﬁg%&%&tmlgesﬁ%_ 90%

by wei ght of Cﬁa&?‘l&ﬁt herester.. 3., The tg{pr bag of claim I, erel ‘

el astoneric filmcontarifiienihead totail thrpughestgrinkages; said lofg-chin ester units

et hyl ene- base e ﬁw&{te@slﬁ i 4 AMENDED SHEET- 13 Sept enber 2004 4.

The air bag of clai R] 3, V\hertehferf&'?ll_lﬁuel;:el astoneric filmcontains about 4 - 12

wei ght percent of an ethyl ene-based copol yner additive. 5. The air bag of

claim 3 wherein said ethyl ene-based copol ynmer additive conprises 5 at

| east 60 wei ght percent of ethylene nononey, @d)about 5 to about 15 wei ght

percent of an al pha, beta-unsaturated C3-C8 ¢ rq xylic acid nononer, where

about 10 to 99.5% of the carboxyli c_aqjglog;gu@s;a n__the copolynmer are

neutralized with nmetal ions selected fromt group of sodium potassium

zinc, calcium magnesium lithium alum nu ni ckel, and chromum 10 6.

The air bd® of claim5 wherein about 10 to 99.5% of the carboxylic acid

groups in the copol t.gre neutralized with nmetal i.ons selected fromthe
S !

group of sodium Frchagitester wpityibeing represented by the formula:

o
—O0DO——CRC ——
1.
wherein: _
a) G is aldiva]entlradica] rémaining after the removal of fenninal hy&roxyl |
15 . groups from a poly(alkylene oxide)glycol having a number average rﬁolecular
. weight of about 400-4000; ‘
b) Ris adivalent radical remaining after removal of carboxyl groups from a
dicarboxylic acid ha_ving a molecular weight less than 300;
- ¢) Disa divalent radic%xl remaining after removal of hydroxyl grou-ps from a diol
20 _ havi_ng a molecular weight less than about 250; ' | |
. wherein the copolyetherester contains-about 25-80 weight percent short-chain
ester units, _and‘
wherein the laminated fabric has a stifﬁiess of from about 5 to 80 Newténs,
measured according to test method ASTM D4032-94. |

25 - 2. The air bag of claitn 1, wherein the elastomeric film is comprised of at least
90% by weight of copolyetherester. - |

3. The air bag of claim 1, wherein the elastomeric film contains about 0.2 - 20

weight percent of an ethylene-based copolymer additive, '

14
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7. The air bag of claimb5 wherein the ethyl ene-based copol yner additive

I ncl udes one or nore softening conbnoners copolynerlzabtpsyw@ﬁw@hgmﬁﬂhylene
15 conononer, said softening conobnoner being present in an anmount of |ess
t han 25 melght per cent relative to the weight of the ethylene based -

copol ymer. 8. The air ba@hmﬁubhglomlé;w@w}ﬁzkéinﬁlbeel%}ﬁ?ﬁice ol BShsulst rate
fabric is conprised of at |east 85% by wei ght of nylon ! oty “S out 412

air bag of clai m Feighbparentofan gtbﬂeﬂehasedﬁqbﬂmcmmmueses pol yani de 20
yarn with a decitex range from 110 to 940. 10. The air bag of claim . I'
further conprising an &dResdivbag eficldimB whértinGaidehylGhe4seES sﬂoﬁf&% 0 the
fabric. .11. The &J bag of claim 10 wherein the adheS| ve | g gfroup
of pol yuret hane, po‘m?s her ur et hane, et hyl ene caopol yners, and silicones. 25
12. The air bag of cl ted fabric does not bl ock.

13. The air bag of cl Zﬁt%%éghtﬁ)&‘%ﬁt#’ﬁﬁy eéﬂ HAURT; &dhas an air

permeability of |ess tabaut 51tolabbmr15pmxglaq:uﬁ>eﬁt s . er
test pressure dlf ati al of 500 pascal . 14. Thdéi%g?rc %Sa?{&g@?w

wherein the copol yebfoﬁ‘e A mqnomer, vehsat Jhouh 89 E59%5% c&'ﬂhdoéafmyllﬂ;iclﬂ'\ﬁbﬁfﬁq
SHFFT the copolymer are neutralized with metal ions selected from the group of sodium,

|-|

potassium, zinc, calcium, magnesium, htluum aluminum, nickel, and chromium,

10 6. The air bag of claim 5 wherein about 10to 99.5% of the carboxylic acid

groups in the copolymer are neutralized with metal ions selected from the group of
sodium, potassium, and hthzum .

7. The air bag of claim 5 wherem the ethylene—based copolymer addltlve
~ includes one or more softening comonomers copolymcnzab!e with the ethylene
~ 15 comonomer said soﬂemng comonomer being present in an amount of less than 25

' welght per cent relative to the wei ight of the ethylene-based copolymer.

8. Thc air bag of claim I wherein the manmade fiber substrate fabric is

comprised of at least 85% by weight of nylon polymer.

9.. The air bag of claim 8 wherein the substrate fabric comprises polyamide
20  yarn with a decitex range from 110 to 940,

10. The air bag of claim 1 further comprising an adheswe for laminating the

elastomeric film to the fabnc

11. The air bag of claim 10 wherein the adhesive is from the group of
polyurethane polyetherurethanc ethylene copolymers, and snhcones

25 12. The a1r-bag of cla:m 1 wherein the laminated fabric does not block.

13. The air bag of claim 1 wherein the laminated fabric has an a;ir

permeability of less than 1 liter per square decnncter per minute under a test pressurc

. differential of 500 pascal.
‘ 14. The air bag of claim 1, wherein the copolyetherester is a eopolyethercster
30 blend. ' o |
15
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