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; kl me3e””, 6bT FOAM AND METHOD OF MAKI NG The present invention is directed

to a process for producing a poly am 10 The foamis useful as
t ape backwg®/moiner mal and acoustﬂﬁt\@ﬂm \ﬂ@ WI on, | ow diel gct/ussi/9od9st r at es
and as a diffuse reflector for us

m\:a appl i cations such as conputer
di spl ays. Summary of the Invention present invention is directed to a

process for preparing a foaned article, the process conprising the steps

of: (1) mxing at |east lgip% ropyl ene and at | east
one 15 20 bl ow ng agent in%gﬁ& E‘mﬂﬁ?ﬁ%mﬁ&e shaping orifice at a
tenperature and pressure sufficient to forma melt mxture wherein the

bl owi ng agent is uniformy distributed throughout the pol yglropyl ene; (2)
reduci ng the téftaﬁétre%eatlevettmﬁédweqtt tA aprigeess dor prRduGing f PBIYPIGPYIcAp HRamat us

to an exitr &%U@gr@&éé%ﬁene e H Fklﬂgrd R fhat Q?d‘ac%ﬁ&lﬁpﬁl\éﬁa&&? ISW'dEeléc‘?{@erat“re

of the neat pr opy intarnin m xt'ure at a pressure
suf f i£i entsubgraprsemdnt afddffindengflect@)fopasesin rmgutzt]eappi]oatmnsasuchraeugﬂmpstar d exit
shaping orjfice and exposing the mxture to atnospheric pressure, Wiereby
the bl owi §&P8YEnt expands causing cell formation resulting in fo

formation, and (4) orienting said foam In another aspect, the \Wﬂ ““ mlll\““\

i nvention provides a process for preparing a foanmed 25 artlcle
f oamabl e rﬁmnmaﬁyobtlmlnsemg)ra maj or anount of a high nelt- strength*159159*

pol ypropyl ene a m nor apount . of second mer co ent co ri SI ng a
sem crystal | i nglq@rprﬁﬁ?ﬁtlﬁﬁﬁ‘ﬂéont‘ﬁgtrﬁﬁﬁi?ﬁ Plé’cg?ﬁlf "n%‘FParF‘trolg) ayﬁ’@

conpiqd si nq,rgcelgggg]mgﬁglﬁg%rs gtp pol ypropyl ene and two or nore added
polynmers are al so Wthin the scope of the invention. In another aspect, the

present inventi(dh prrownﬁe@ I@Smmmleghnfeﬁrsllpngtb@iypgowlw émdlatlelaaymp f oamed

article, risin east, one .high-nelt stre IeefoamAs
Ceed’i o e et if e w5508 Bk 45 e PR anllel s e 8 e erate Gt REF

t enper at ursaffl@ (o fFRANSMER nikerd GABemAthY lbﬁbvﬁhﬁ‘d@érﬁl'ls @mf@zﬁ@} ht'sﬁﬂ:uﬁ:ubunl ts of
a polynmer are capable of being noved within the larger lanellar crystal

unit. ﬁbo;ibfotlﬁh@lttﬂﬁﬂméympnﬂenq ;amel | ae slip can occur, and extended chain
crysfals torm wt r%Ht?cng%t{hgzém%%}gtﬁiﬁete &Sth?ﬁ%ﬁtq&x?dre %t (ygl?,te? t o!fﬂ'[ t%f’%r%tulsanel | ae

i ncreased as a phous™t are

crystal stanugituéperafon@iblat ©@blmbreandn ’ﬂ’ea:nasaoae fieanelhewipeeataré@f dgeneae! |

di mensi ons of Iess than 100 mcronmeter (u.m, preferably 5 to 50 u.m (prior

to ori ent ACDEHGPYlens B maigfainingtheymels nzigiigg ‘ttt?dtleﬁdt?t%}f%%e@%ﬁeé{ﬁ% ally no

connect ed gghlng %)at hways that extend fromone outer surface through the

material to another outer surface; |0 "operating tenperature" neans the

t enper at ur e t hdB) nustasting tehhisned throughsuidexit &ttaipbtg piriocasd etipnsmg ttleall of
erials in the I erat .and

th | t :
or es80r & HEEHE B oGl Rt A RSP S G e 4eRE PP HRea e el bo 11 nal
zone or zgBRRatith rkfftSXin fes@fonsidal ferably in the die;

4) orienting said foam.
In another aspect, the present invention provides a process for preparing a foamed
article, using a foamable mixture comprising a major amount of a high melt-strength
25 polypropylene and a minor amount of second polymer component comprising a
semicrystalline or amorphous thermoplastic polymer. Polymer mixtures comprising a high
melt-strength polypropylene and two or more added polymers are also within the scope of
the invention.
In another aspect, the present invention provides a process for preparing a
30 multilayer foamed article, comprising at least one high-melt strength polypropylene foam

As used in this invention:



-

-

"melt solution " or "nelt mxture” or "nelt m x" means a nelt-bl ended
m xture of 15 polyneric material (s), any desired additives, and bl ow ng

agents) wher@iog4izhe m xture is sufficiently fluid to be precessagoéddr ough
an extruder; "neat polyner" neans a polymer that contains small anounts of

typi cal heat stabilizing additives, but contains no fillers, pignments or
ot her colorants, blow ng agents, slip agents, anti-blocking agents,

lubricants, pl adphsirassiton enpeetse/Tocaimdans @nhd Rhletauragewhich c23astalhte
ul travi oI et-li ght stabi lizing gents or other property nodifiers; foam

densi ty" FBRUHHISOR@ PRBINgH areeapabliof GRINGANQNPE Within H&Aﬁrgea@ﬁsqﬂﬂycrw&fahm on"
f t t
o o o Pl IS 5480 Mt SEARSREY O s

is the foaffcdﬂhsutheyde@aﬂomymlhhhg mimn&aieﬂ asfarrtolﬂﬁhdm% lreggmfsl of kg paslymbr are
02/ 00412 PCT/ USO1/ 19989 "pol ydi spersity” neans the wei ght average cell
di amet er @F*W‘Hlé’éoﬁﬁ? lpmellar crps! sHUEEge cel | di arreter for a particular foam

sanple; it is asERANSIGba®aRMAd D ebah{1Raviil M (afxm&?sh(%] nsYFF&S th 1100€
sanple; "uniform nmeans that the cell siZe d| ut| on has a

pol ydi spemsictomendrs {ufd), tpoeferably 5 apSepmaatior umammstagen)er ally r ounded it may
i ncl ude spheri ca oval , or circular structure; ﬁ ymer matrix" means the
pol ymeric, or *Riosedesl]” meagsafeagthas cppiains substansialy nA-conrestrd csH patherays

havi ng thr hﬁ&%ht e 9P 0 "total
draw rati oﬁﬁﬁg{gﬁg?{o 1681%;&3%05?15%?@ &rg%/v ratri?dogso(%ﬁﬁ tkg r?a(k:tﬁlfar?é and
transverse dir éopératisg tm1perm1ﬂVDmeaﬁDheB¢mpéxaMau mbstde aohietdbinEhgur es
Figures 1 and .2 are sc i

he 1c ocesses f aring the foans
prepared FEUHERRPHCAY tP(’jnet ?Jfrtggéﬂ]{yn}eﬁ‘\‘}él?ﬂt?r& sm,;tFx@E}eL[ vs a digital imge
of a scanning e‘ls%fﬁftern%riﬂlﬁ:”%ﬁa aphit frekMe Ohedh the %?ﬁpe?itﬁl\éain'd%es@ﬁretﬁ%é oam of

Conparative Exanple 1. Figure 4 1s a digital inage of M of a side
el evat i on esfruddteirf tdlarﬁnnel‘ZdDormaomsmfehMWﬁbleanﬂ prQﬁBrd‘éﬂsgmrtbe 5161; s a digital

i f a SEM.of de .el e f,,th f Co le 3.
Hgure 6 s a dRivaiPRsge s e op PR GhetB BT B s piRin o
Conpgy at i yR]yaEtamh&edal (S ﬁ@r&sﬁed §dcﬁt1€359&ridﬂilow BABeM(s)avherh ee Bixdiregs

el evation of the foam of Exanple 5. Flgure8|sad|g|tal i mge of a SEM
of a side seffmﬁlwdhn@folmerwm@dﬁmomwg%er Figure 9 is a digital image

of a SEMof a sidg p%iﬁ}fea}t’ QndL pr}?ne&’ 0ot E&RLGE sﬂh%@nﬁmt@é@% &I Rear-

stabilizing additives, but contains no fillers, pigments or other colorants, blowing agents,
slip agents, anti-blocking agents, lubricants, plasticizers, processing aids, antistatic agents,
20 ultraviolet-light stabilizing agents, or other property modifiers;
“foam density” means the weight of a given volume of foam;
“density reduction” refers to a way of measuring the void volume of a foam based

on the following formula:

25 Ox =[1—§f—]><100%

where p, is the density reduction, p; is the foam density, and p | is the density of

the original material;



Figure 10 is a digital image of a SEM of a side elevation of the oriented
foam of Exanple 9. 30 Figure 11 is a digital image of a SEM of a side

el evat i onwas oddegi2unori ent ed f oam of Exanpl e 10. WO 02/ 00Bd&R/Us01/19989

PCT/ US01/ 19989 Figure 12 is a digital image of a SEM of a side el evation of
the oriented foam of Exanple 10. Detail ed Description The high nelt
strength pol ypropyl ene useful in the present invention includes hono- and
copol yners co nt a)iohidts@eﬁﬁly\hﬂiegm thp evezghritavenagercel edipmetey Idhm&adrhmtﬂxfmumbmi ts,
preferably at and.has. a nelt n the range

of 25 to 69° Eﬁ%eﬁ? é e\?%%? S@(ﬁgf%wpé%%m‘?ﬁnéﬁf”e db%d usi ng an

ext ensi onajmfoﬁﬁggrgf@éu desqggttﬁéjw;gethe pol ynmer through a 2.1 nmm di aneter
.capillary having a | ength of .9 mmat 10 190C and at a rate of 0.030

cc/sec; the stramifoins” means hartbe colbsizatistritewing hana polytispewity ef h@as i ng t he
forceto stretch Jarticul ar. el ongati.on. Pr |t. s rength
ot 118 ot ypr opyP s SAFs Enethu PR RERN Ry Bl pRertcal Sl Bh sty Vo

99/ b1520. sthews®!t strength of linear or straight chal n pol ymers, such as
conventional isotactic pol ypropyl ene, decreases ra |d| wi th tenperature.

I'n contrast, th&pahEner WarEhgreans siegrol ymefic, Pr bremeslst arp@ﬂ 9fa eyt enes does
not decrease r api with er.a ener.a beli eved that the

di fferences in r%fq]teﬁgt F@ﬁ&%ﬂ%nasﬁ858W%H§F% ?lg{??&%%%{?nfgn‘gi{?vr‘?%ﬁt able to
the presence of_dm@agHghaup, branching. Useful pol ypropylene resins are those
that are branched or crosslinked. Such high nelt strength pol ypropyl enes
may B@ prepar ed“t@yﬂl dmmie”@mm wCINOMQgthﬁrdrftW]eat@Sun theghaghinecamdmay be
made to U. Snsge S eﬁn Sjgllﬂe gpat al) which describes a high nelt
strength p yprl% y‘f@ 8 havin di n- hardeni ng el ongati onal viscosity
prepared by irradiation of linear propylene in a controlled oxygen

environnment. Q her useful nethods include those in which conpounds are
added to tBrehBesceiptign|of theBigusese t o i ntroduce branching and/ or

crosslinking s

99/ 36466 (NbadLﬁgltn%E fai‘gand%gﬁ’%ﬁﬁﬁg%é%&? 51 f p§%ngg?‘z% a"ﬁ ‘%ﬁlﬁf Q‘F
strengt h pretydingyltieeresamy ileidorhe prepared by irradiation of the resin as
described in U S. 5,605,936 (Denicola et al.). Still other_useful nethods
i ncl ude forni ngF1§mB|3p‘6laé’|‘glF?6I”8%$ﬂ ofr2 SFENRjRE e]&Fté‘?I}mEﬁEngéﬁh &EMests f1o8Y i n

J. 1. RaUk@l@vauénB‘FWe'ES&rﬁ%@@% al i g yre Pol ypropyl ene Foam Sheet And
Biaxially Oriented Foam Fil VIT Publi cations 361, Technical Research
Center of Finl aﬁlgureﬂgsangltzéndag'enOﬂASEMAQfQMSﬁ)de?@@/a(uAhtoé&pﬁpagodnd Nebe) ,

i ncor porated her ell ef erence. The foamabl e pol ypropyl ene may be

conpri sed sOPRFHGt ﬁ%?l ene honopol yner or nay conprise a copol yner

havi ng 50 wt%qu fiferseis Al vdleﬁ@%enmpymx dFai®¥levation of\¥He 8am(dfU~ 12 PCI/ U
SU 1/ 19989 Furt er, the foamable propyl ene may conprise a mxture or blend
of propyl drempasabtsdixamnle 3or copol ymers with a homo- or copol ymer ot her
Lhan Bropyl ene adR' i0% SARDIHIR! of% s Gl AL 5 SE M BhaRX! one

copol yners are those 0 one or nor € non-propyt eni c nononers.
Pr opyl ene (C@ﬁpdryuﬂm&armpléude random bl ock, and grafted copol yners of

propyl ene and ol.efin nmononers sel ected fromthe group _consi stin
et hyl ene, C3- Cgiguts|/df piissiiphdmese & 2 PEY; gfgsid Wewpéﬁétl@cfeamﬁ%gemﬁw al so

i ncl yee tei pol i Sfsavidref f

cons?gtl ng of y&l@i&? Sgglareaf@&g?lﬁ% ereln thef%éﬁ({)&é?&?ﬂﬁl%fé%ﬁ&gﬂf?%?&fﬁg%@%

t er pol yners i s pekdriabldygitad srpagchafim BV % sidecelFhatiodf @8 wooikrttd fican ntl ude
1- but ene, 'sob t ¥l ene, 1-pentene, 3-nethyl-1-butene, 1 hexene,

3, 4- di net ‘Bét ene, 1-heptene, 3-nethyl-1-hexene, and the |ike. Exanples

of C4-C 10 d' ”EﬁobIQqugﬁdﬂﬁléi i adireansEM b4 s%@é@h&?@f tHe$RRARAS0am of
'1, 5- hexadi ene 3 dineth hexadi ene and the ik

Example 9,

30 Figurell is a digital image of a SEM of a side elevation of the unoriented foam of

Example 10.



M nor anounts (50 percent or |ess by weight) of other sem crystalline
polynmers 15 that may be added to the high nelt strength pol ypropyl ene in

t he foamawloazmomposi tion i nclude high, nedium |ow and |i ne@ryus@yyogensity
pol yet hyl ene, fl uoropolymers, poly(lbutene), ethylene/acrylic acid

copol ynmer, ethylene/vinyl acetate copol ynmer, ethyl ene/propyl ene copol yner,
styrene/ but adi ene copol yner, ethyl ene/styrene copol yner, ethyl ene/ et hyl
acryl ate copol yigure 12enhadigie! mmgetof aiSkdlofieside etdvationntbihs osigntad ean of
styrene/e&%éle eﬁputylene/styrene (SEBS), and et hyl ene/ propyl ene/ di ene
copol yner ."M nor amounts (50 percent or |ess by weight) of anorphous
pol ymers may be added to the high nelt strength pol ypropyl ene. Suitable
. anor phous oLyners include, e.g., polystyrenes, polycarbonates,

pol yacr y| iltetaileddDeseetti®nr y| i cs, el astoners, such as styrenic 25 bl ock

copolyners, e. | < : o

~styr esyne- et hyl eg[glF @ﬁ%@gﬁgtrg‘ﬁg?’gﬁ@l‘ﬁ’l@%%’gq‘g%%ﬁ“ﬁ%P Iéese(llgé%\"aﬁ)n,tlo%g}c)ll%dgf adi ene,
pol yi sopr énmo- ped yeioll phens icen@inini sl oeighn fefobmi ek e propyins nfnosiey ngite and
dimes (e.g.,styrene-but adi ene rubber (SBR)), ethylenepropyl ene-di ne nononer
rubber, n&faferablyraibtnst 70 weight perecr Hphhas Adnellgirasth in the range of 25 to 60 cN at

| yet hyl : i f
. e

pol yvi nyl exehdihg xtans]lymet thamrghlai tim dexmepal capillayy haiih s letigth dflAdrompd st i ¢
pol yuret hanes, aromatic epoxies, anorphous polyesters, anorphous

pol yhi desl,98z§;i“§ﬂ Yy et - O cedfeeribe strgndds dhensiched glr Ganstaat ralfoMitieny| ene
WO 02/ 0U- q i i b i Vi

pol ystyr e%@‘gﬁg yﬁg‘g‘@é t%%?%%}gfﬁhﬂﬁnrgétdﬁgceﬁ?ﬂ%%lgﬁ( Pl\/l\/Ag ?31 f Egl?eitltnsglt%ggm of

el ast oner she payyrdpytendisl inshd eranef 3wl Sfethersidesatibed imMoO PRE1S20.

fl uor opol yner s,,anor.phous .pol.yvol ef i ns o] vyphenyl ene gxi de | enyl ene
oxi de pol ystyrgﬁ‘_g I%?lf%{fglgﬁﬁ%é‘%‘ﬁ?%%fﬁ&lﬁfé%ﬁipﬂ 518 ?S_ Hggrg}?égghous
conponent jsodditfic PokipedBaerde BE@Oses APiBY WithsbPPeRiPE CRScoihftOthe nfdldleBphCr ew,
doubl e-screw or tandem extrusion system may prepare the foans of the
presént i o dighixobranghvidpobymsepdendsiipes neiglemersenigpighewish terppasataieg hlt agel t
strength pro ene. pal r.s. (.and any._optional .polyners.to.form.a .propyl ene
ol yrar | bIRERIY LGP HE I A afin 3Rl HRBkuR Sud BRERb R KBERUG PL P b ng
to agent, aaritutapRitb Bg: presenoé BT RnERhiin BraticHng. Iﬁ'@ﬁﬂb@l’p?@dp@ﬂdﬂé@eﬁ;ﬁﬁjar@r essure
conditions in the extrusion systemare preferably sufficient to maintain
the. pol yriesedhataredhianshed g crisshiitksd. yehhighang]t Hispstarrdrrieryanastpanbor

di spersi o f | j ; ri nore than
300 above T U] ARbds LR IR b KBttt TR (B by

pr odexi ng 4eH$i 98B ehgyeapal) twiesh daschibeasa hiph frettrstrangth gol ypoep llerediabingiazes. 15

W hysical bl ow ent. .such QO .| d, t t pol i
i 1 al |y SR ESRE e R onkviSRO Y RPRese i rn SeargopiEne B ng
agent i s icBh@6NRICxyREN @Mﬁfn\me%g. Othee d3efil hBthbAEinBRIGE etbsP ™ WARK cBRfholite el t

m xture is cooled i'n the extruder to an exit tenperature that is ess than
30C above arthaddedite thegnelésnpralyprapylend totihgodusatbrawhingesnd(oT crostlinking 8gl)aswhi | e

the pressuyre is | nfained.at,Qr 0 i a) ., uUn t hese
conditi ongﬁqsﬁéneﬁg?a%?ﬁffﬁrghegﬁ pgg'aAQZﬁgy e@ﬁf Saf;d (s’%gf‘% @a%a!s\é;e?%g ﬁ@{’ﬂm t

M xt gy e pPABADS20 (Bowe kRt hlne Hxh nlsh@Rhio pdl Bréfgen®nby alapbe bepheamy and
expands, generating foanms with small, uniformcell sizes. [t has been found
that by addrdigtion e resst axdesaiibrg 1Bdbat .60 h &3 HaPepRAdDS Bne SHEPthsE Upridk essed
and foanme i Iv@i\@g : I W : be
required. qﬁféocﬁﬁg@mﬁ{l\%%ég’?rﬁgﬁ@@%ﬁgﬁgﬂ%ﬁrze, gﬁ%&%&t%ﬁgvﬁéﬁﬁg mi ‘of, the
pol ymer i ¢ Remkelai AlNew MTechmiery TeNpanfictrePclgproplylenwFole SheatmAtdBoaddllyand
'stabilize soon after_jt exits the die, thereby making it easier t | ~- est
cel | gr ow@chies essh Elme Nd Bilicationssled of paimigiob Resaridrensibt FHandt B¥br m
When cheny ¢ | Oy 1:S h 1 i ed to the
neat oty e pb S A b B R IO IR, eyt

pol ypr opyl ene tThednsmnalde polyipnépiyhacenay ba cognmisdd feielyhafprimaterechanmopohyener
activation tenperature of the chem gal | oW ng agent, resulti ng in
deconposi t‘%rHﬁ‘chPn%RH’éeB|°8RﬁﬂP{5wé§%‘HPg A7 B RYF REORYLCIE FROMRE SAHE Dt t he
systemare controlled to naintain substantially a single phase. The gas

formed on 6 WO 02/0()A 2 PCT/US01/ 19989
4




activation is substantially dissolved or dispersed in the nelt m xture. The
resulting single phase mxture is cooled to a tenperature no nore than 30C
above thewgahlohg tenperature of the neat polymer, while tieypsrasgwe is
mai nt ai ned at or above 2000 psi ( 13.8 MPa), by passing the m xture through
a cooling zones) in the extruder prior to the exit/shaping die. Cenerally
the chem cal blow ng agent is dry blended with the neat polynmer prior to

i nt r oduct iForthen thehfeamxblepdepylereunty emnpnises mixvimgr hispdef propytehe ei t her a
chem cal or physical bl ow ng agent,, as the |t mxture exits the extruder
Chr ough a TCFRBPRE A & cqROIVEers S5Becheties o RaPTvnt POGE s BrBYBRE APEShPbosur o
causi ng thp‘g MMd1g agent (or its deconposition products) to expand. This
.causes cell” 10 formation resulting in foam ng of the nelt nuxture. Wen the
mel t m xture edartiqudarpeussiul peorydengtcopelymeroae 88Ge abpropylehe amthonsf ortihereneat
pol ypropyl ene, the.increase in Tmof th o] r..as fhe. bl owi ng agent cones
but B haBEarot e BRSRER, Aot b wrp bRty tide Fedcl phish e AR ., 1
turn arr e%bﬁquhﬁrg&%ﬂfsrylammﬁméﬁsﬁ@ﬁ@@e@fsehb@dff@ﬁmm%lr&@ d&in&i@ﬁx’i‘% geconds

or, nost typically, a fraction of a second. This preferably results in the
15 f or mat iethylake, €del8 caplgfinnifddr4Cloidienes.nPrapglepe copayinersratyerlsainclidpen t he
exit tenperature is.no re than 30C aboy he T", of the .nea

ol ypr opy EREIVRERS SLROBHENS ] ot Sy R e SIS HEE BECACHE he

bl ow ng a o : o | I '

crystart | Sdins RAEEHE o bioRRE b S AR REe AR IS T B,
cel | so Wi t IThe GRC8REDITins ifdlede 1-YRiefdlisobutyderde, agichRfe, B-mathyBe Mitkne, 1-
Preferably, under 20 these conditions, the formation of small and uniform
cel|'s in thesensePyndimethyldtleuteng, 1depigne. 3-meliyl-dtickenes apdthatikee Examples of
excess of ove the T t nea A i : | ymeric
e al - eyt 0B e ol T Ebubng TheRRAERL robfie NrRadlh B3 "o owen,
I n additi eimehy! hexadrRee @ans eheiltkeTm  adi abatic cooling of the foam may occur

as the bl owi ng agent expands. 25 Either a physical or chem cal bl ow ng
agent may pl astYlEioz @mopnts£>0 perggit or (g8 by el glothsr semprayyigipspelymers

mat erd al . Ik bR O : & - be

P ocbhacd M pAradil i b g et e oD ot A bR

m ght be riecjude kgh, madivim oo aed hese owrdgnsiy pohyetdedaedilbabpolyes, pelyt 1-

t enperature of. the polypropylene. The | r tenperature can allow the foam
to cool ar?d‘“é’?éﬁﬂ}}il‘g‘lé?/ %?Yllc%}de‘f@%}ﬁn%roetg%{}?/ ﬁ’t“%?ce%ﬁ? PIRAERT: sol i di fication
to arrest dipné Lhe S50 erdftgrenE AUHARNE BBHdISicA B yIRER e S @pBlyaRk )
si zes. W%’ 0%85$2 %’C‘Hbysoeli 1gr989 Physincglailj b?o&/i ng yagent}g uesdeb?ul in the
present i refleienedaihylagriate gapolpees ioringers had tharmordaskigséastogners sushtadnper at ur e
and essure at i ch, the foam exi h i T i | Qw agent
my BT ne b B teROph e AR SERS) e s Ao PR SpBtTE G35
supercriti(@®bM).uid, or liquid, preferably as a supercritical fluid or

liquid, nost preferably as_a liquid., The physical blow ng_agents used w |
depend on the pYEamosatsdadgercentprdess by eight) plpmyrhouw R ¥NES maghser

factors c ' | ' ' j ol

prossur e Arar] ne b FOP SRl o b AN SRRl i P r e EREs.

pol yner i ¢ pohgseyremdss polyeatbotdtanpealybayhtsopolymetgentiss, slastonzs s, pectt angyrebigt ane
and ot her .organic materials _mag,be_used, bu@ é’son-f I armﬁgll?e, nop?-toxi C,

non- 8Zone tg _%{PP}Q@%&_%Q-OWW@ HRPBIFS SHAEH 15)e SEBERE-CH B PERutY i“?’rsg'éeét}?,_
wat er, SFGjodM éJpemé}zfF@@B§ﬁb&99utahﬁh%tﬁayim&, PASEoropHmB, @RdRRANM, air

(nitrogen and oxyden blend)’, and bl ends of these materials are preferred
because t Hdgckasapobiasdre of styrems @nd dieges (ef aweyrengrbritadiensenbldr (SBR))s ethalepe-
concerns. Ot her suitable physical bl ow agents incl yde,

-hydr of | uorpd8%ﬁﬁlb% IBE%&W?gﬁEJIW@%PBﬁ”B%NP%%@} %rf?sprt’ﬂ%?'ﬁ)ﬁuggﬁd fully- or
partial |y folyanylamd-eepdiitgdts (PEEG Curhdrexhmbles of RGoaMen! folgmersandage, . t he
pol ymer at a tenperature bel ow that of the deconposition tenperature of the
‘bl owdtg aghystyrarrtpelyethylese capolymarsdpelyvinyichelopeappsiolyasedonitrile.qiohyvinyl

t enper at ur £10 i.nt.r o Lon to_t . er Lhg.agent is
then m xeap%g‘gnd&f {sﬁe%l%%%l? §et1c| I?OLff r?tglﬁ% Yot Hl%ﬁg)é%#gsﬁ%?noﬁgl%ﬁ%@%%%s ed form
above t he damdrphésmReyahides aofyldoigilepbhiddienpylyame (ABS) chsdlgwetshgol atenykhe on
tenperature of the 30 chem cal blow ng agent. Once di spersed, the chem cal
bl owi ng agent may be activated by heating the m xture to a tenperature
above its deconposition tenperature of $he agent. Deconposition of the

bl owi ng agent |iberates gas, such as N2, C02 and/or H20, yet cell formation
is restrained by the tenperature and pressure of the system Useful

chenucal bl ow ng agents typically deconpose at a tenperature of |40C or
above. 25 Exanples of such materials include synthetic azo-, carbonate-,



the extruder . The polyners, additives, and blow ng agent are nmelt-mxed in
first extruder 14. The physical blowing agent is typically introduced by

i njectionwgio@pe | ntermedi ate stage of extruder 14 by meapsr/o§oifibogod

handl i ng equi prrent 16. The purpose of the nelt-m xing 20 step is to prepare
a foamabl e, extrudabl e conposition in which the bl ow ng agent and ot her
additives, to the extent present, are distributed honbgeneously throughout
t he nol t eroxpisl allogs,ibdghhmact pdlystPeae.ifol wstyrpes eapohuners el yethylmetimcydatect ed

to achiev h nmogeneous distribution based upo he properties and
char act or (BH8) JRPHERE 2R EiaE, poB dbe By DD Sas BR oo edQLaho R

oper at i ng fAREopIYherd) BESYhEOS ﬂdﬁycﬂ&lﬂs&lﬁﬂypﬂ&ylﬁﬂ@@kfﬂepﬁ)@@le‘h?fehb ekiet- to
.prevent the bl ow ng agent from expanding in the extruder. The operating

t enper at urbelystyrensealloysr cepalymers spfaingngod least precamaerphews pspnongpfdasst sof t en

all of the_pol. pn the melt m xture. Next, the nelt mx is fed to a
_secon% exﬁ?‘ggjégg@@%?t'ypi cally a single screw extruder) by neans of conduit

18. Extruder 2Qd sxtg8RAIHbtass QEiag alsRgldicrémdbiubleodttet 6r Binderd@xgasieny speed,
screw |l ength, pressure, and tenperatur e?{ sel ected to achieve optinmum
m xi ng, arfisEH REeprepHe thy hams@! Sgaresephingentian. gHus pseepss dpel vesonixing engl | y

has a decr [.0¢; - ] ile
wherein t F?Z?l?der nglegrhal%%lE%@%gg—?%ljgp%lag?@g}rrl{g%ﬁ &(ggﬁz%ét\%ﬁ? Fﬁ‘%&%ﬁ%‘g t{)) E@HH%I t

sol uti on tpeopyienedmdymerchlend)twittenplewaigiagent, Atg. tayghysical orachemidal Biowingler 20,

t he foamabl e, extrudabl e_conposjtion i$i“ netered into die 22 which has a
shapithg/ exdgenipft lpe(ggngéq 8’.”,’“ mel FHYVE The fdnpegitpte %iidel’,re%l”es‘}?%’é’&nﬁlr‘p@%f ile
die). The i & hi j ol . i ' :

Subsi ant i T e e e al relohadtl SufeichSoRLAH GLPRL bl iRy aha plowine
at the exiagentempdoatagencoufiselutieh at dispdryiohi frefenablysthegolymdricmatetialader 20

and die 22 preyents cel| formation and foam ng of the nmelt m x conposition
in the ext!Ptd at&wdnaa‘eéila@% & Hhoys Sirreeline fapeseart ol iBoAC PRIYBFIPYITE si ze,
exit tenpeabiy on&iH%‘dQﬂaaﬁgsﬁg?}E GOBCERE 8 hhPom B/ &lalf dag AL e, pol ymer 10
viscosity, screw speed and pol yner type. Exit pressure is typically

cont1®l | ed by aVpess phgsitdhbloieg agdnt,isoeh 83 €6, ibused cthe nedtpolymeer adjnirstliyd by

altering the exit te ratyre, blow n ent concentration, .and her
Sar Labl os MEBRE A De e R o 1 PPl GOV nEgsa! s Mt Gt ons o
exit presyih@wiinixBe wANBRShok@ HotyrhérSanditBe g1tk RGN dobRAdh theSexthiali NY

orifice, it is exposed to anbient pressure. Thewgressure drop causes the
bl owi ng agemnn ckib teBpesxtpreribiat is éeselthay 30C glave the meltingdemperobne ofithe eaty pi cal | y

auenened. s BOHENAEE) LTRRRLES, BRURULLS, ATl 08 iy oP one

pr ef es abl yWMPgs &ntibahedevddndiohs thetpelEnerAtowing deoireihis ABirgld plas€XAb shd he
die and i s exposed to anbient pressure. The shape of the die exit orifice
di ctat es t'RE BRHPE Resses shrepgythegxijghaning disrthe mepadpidly fpaps ped prsdded,

i ncl udi ng n&&ﬁﬁ%%ﬁﬁ&&vﬁﬁ‘?ﬁhﬂ, dn%hH‘éélﬁ‘gilzés!?_?ﬁﬁaé o fbuﬂattﬁa?'b?%ﬁdip%%f' les, a
tube, a rope, ett. I'n general, as the OW Nng agent separates omthe nelt
m xt ure, ighysiphlddownigzigant, dfefpetipropyléreanpoby prectssedraddfoamed deenpastigeand
the extensiongl viscosity of the polyneric.mgterial increases. The .

Vi scosi ty GROAEARY IPWer AR olsL e Bl b eavies. [hlomink #Renreay pLRNeIgE 25 ¢ he
choi g¢ of foapkEané 1‘%6{, %é’ﬁcﬁ’ﬁn&% mARKLEC THE | RbdritBfp At OBISal MO AR to
stringent than for afforphous polynmers. As the tenperature of the polyneric

mat eri al ajpr aalcdigslitd@®on aifteOft ekifethadad, theedbymaikiag i chsieORSrefcH grdweouUs,
the cells cannot as easi I%/ eX{)and or coal esce. As the foamnaterial cools
further, iandsgplesrepsewhile therellyagsmallesHylyaorsruniieEmexit shaping orifice of

die 22. 30 Fi i i j Si 0 that
can be used to nopge chutiEh AbRR ARG L e RGN 0 BRI Blgiaf 0 (N
preferred piynasmital hemed wid tempbrrire abovel thail R@f dgepul gpropylend 1o ehsurew

extruder 44 (as depict edf) may be used tQ forma nelt . .
: 30 intirnate mixing and further heated to the activation temperature of the chemical blowing

agent, resulting in decomposition of the blowing agent. The temperature and pressure of

the system are controlled to maintain substantially a single phase. The gas formed on



WO 02/ 0U-412 PCT/USO1 / 19989 m xture of the pol ypropyl ene and bl ow ng
agent, although it will be understood that a single screw extruder nay al so
be used. Waa:meligpropyl ene is introduced into zone 1 of exgerdsui/14989by
means of hopper 42. Chemi cal bl ow ng agents are typically added with the
pol ymer but may be added further downstream A physical bl ow ng agent may
be added using fluid handling nmeans 46 at a |ocation downstreamfroma

poi nt at whiicdionhiesysiaptelly tiasolvel eralispeviednin thephels misturen| Thve meplamesingles

used, the extruder 44 e operated with er.al | ecr easi ng

t enper at urpgas& ?‘FS.IS ‘f(f%q%;d @Wetr?%@ﬁﬁahgf’ B8Ry ﬁﬁ’gﬁb {:@Lﬁg"e@? &ﬁm?gnt er nedi at e
zone is gQé}ﬁ{)@Jadu)/e SBthBheatiRWmMdr, Ahile RVRtRdre!is FR@itaihbd 8t Sribble 260 psi 0
.initiate |0 the chem cal blow ng agent, followed by subsequent cool er
zones. Thél3.8Babyipesstfg thhvmixtnre thequgh oreeeling roneks e ieraxgiaderpyior ththe
suffigcient el h I opylen . vi de ne. melt mxture
vi'th $ho 5rSRPHERE glenBeRalP IR BRHRL 1L R ARTREE I ot

achi eve t hplesipiee teiiioddetiod 16hd extRidpg kadHidstin abixiMg oppengl e st age
extrusion process, as conpared to using a tandem process, to 15 produce a
homogeneous f oaniBledher aghemmical egphysica! Rlowing agend a8 the ekt meixusyeXilsghe an

operating 1 S§t | “ ssur a
over a shg?(ﬁg?&é@thg%gesﬁ%og g%hlﬁ gs{écpggé;lut?)? %%@E%%ﬂg{@%@%@%ﬁ? xic"ﬁ]ré ely the
first hal fcanding the tdawingdeentgor Rndemynposivien produnt) enekpandv Ehisrguset eglent s

whi ch knead the pol yner and nove jt t| uqugh t he extruder. The second half
of tHe scriewnstop resldngindopmpg ofhe meltinpigtuse- Saer heapelt wixtiue eXHe pol yner
mat eri al ' [ ' Ll e i.ng.. As

I e" e ShRAL 1% BPRD ALE BoRPARaShEPHS ol koML AR

t enper at urgg bf ol Endeasshd bloGighigehOcqn@vieinbf tHeeohitiowichgsed ¢8BtaliAad6h of
causing cell formation in the extruder. The operating tenperature is

pr ef er abl yhespélypwipglene twhink it turhargstd thegrowthtaad icahlsscee oftthe fattheellsast zone

f. .t.h t.rud . f | t t t hat wi.ll bri
he ext r ugHEHR SeroPR e iast PERBLY o BrohAl "eRe B kPl ahtle bt et ler |t he
foamppl e, rErehdtibaltlsehalUNRA5IthiRNoids iNBle§oBEndrit Barifl, Wikd thawting a shaping

exit orifice. The foamis generated in the sane manner as with the tandem
syst em 30emheratiroisinogmargshan 3@cahove tie Dnef thexiat nolywsepiiene, thedxésnsiontlenper

ature can have a significant effect on the properties of the.result.i
Foane § o bR e pale MerSises f: F Dlowi AR EbpEs S o iR g B |
general, té@@%@@ﬁéﬁﬁ&@%@ﬁﬁﬁﬁ@ "Ik RctobdBrd¥Pite Wi thon®coRlesce¥@ H2EQ0- 412

PCT/U S01 /T and sneller, the cell sizes of the foaned material. This
i s becausdoam celiswithmderondsiopanest (ymeally, héraghiorcolki sacand.Hrefeedis ynder hi gher,

yi el di ng r I 0 . i t he terl al Iy n.,hor mal
Lt b1 on pEYSenERohs, B M duior e SN AFORR L B o hot MR AR O
pol ymeri ¢ craiisr Wakn eRit shysestufed arssinwixtdss SB01C abuviefty Tyl the fdaz @slyrden,

general, as the nmelt mxture exits the die, it is preferable to have a
| ar ge pr eswoling df dip polyeneric reatorial mlastakie bmgek eesplting it menswifotmamagestad

relatively high pressyre until it exits the die helps formuniform cell
Fres  varsil ey T8 Ao N e dair S o B conBE of fhe Briut ey

anbi ent pr re c lso gontribute to the quick foam ng of a nelt

m xt ure. fﬁ%g#’g’\}\% gﬁn%e)t?papgf" fornung a foamwith uniformcells wll depend
on the criti calEitfer pphgsitdl@r eherhizal BlboWggeagany phefidig:, 1ee towdrthgepemdl ,
for the high nelt strength pol ypropyl ene useful 1n the invention, the | ower
exi t pressiyd, the potyniayic hatenainWidcthe pddibiby ofiabfooving egdnlt ghe snelippixtxe mayel y 7

MP. 100 i), f bly 10 MP 1500, I f bl v MP.
(2000 poi e PrrEsbanddofmed pi Cupodubencpasic b bitodenthal oy e mieft be -
"t enper at urggnifdidait BsoRdc M AInATEOHrocREE PEIbR thO DRIt tEiaP&YSRIe 8fthany gi ven

tenperature 15 and pressure, there is a blow ng agent concentration at and
above whi gielymwbydespells loyenienipeiatere cas ell e dlaauvemt theoplodngratabilinedd pregeach

"supersaturated with. bl ow ng.agent and t ase systemis forned. .The
opt dim e toipehsh it SoRg s e 2Bh duh AR R SRR e oRelftndt T on
for a partheelmiformlctli Qizgé.ure will depend on a nunmber of factors such as
the type and anount 20 of polyners) used; the physical properties of the
pol ymers, including viscosity; the nmutual solubility of the polyners) and
t he bl ow ng agent; the type and anmount of additives used; the thickness of
the foamto be produced; the desired density and cell size; whether the
foamw || be coextruded with another foam or an unfoaned material; and the
die gap and die orifice design.




25 The present invention provides foans having average cell sizes |ess than
100 mcroneters, and advantageously nay provide foans havi ng average cell
sizes | esywgdan420 mcroneters. Additionally the foans propomeshi@yse a

cl osed cell content of 70 percent or greater. As result of extrusion, the
cells may be elongated in the machine direction. In order to optinuze the
physi cal properties of the foam the polynmer chains need to 30 be oriented
al ong at | east Rhysicabhplowirgxagensmseakinathy presput imegntibn mdydre dny matemals gt al ong

t ' bi axial). The d f ecul i ti.0n,.] |

def i net byt haaeitan e hperafiis E5 BSee b ER HtopRe i ik A ohit ARG ne

original I6@ing agdm maye lobcdd] 2o Plajéctéalihicl9 B81yReR dte@Nadhizgasl a Or eat er
y

-crystallinity i's inparted to the polypropyl ene conponent of the foam and
t he di mensipersriti¢al fhwed,fopdigrisepieseralisiage sumsrplitteal flowl ordiguids enastipigferably as

directions X and..y. ro ional to the dearee .,of orientation i.n.the
mchihe. i T pRTEP blostiE ednf 0ol wifl 65 n B¢ bSbeiesdthem i e
to the pl asgiledg tdam 468, OaERIFASors Ubsdid@ned Bl dhvoding a SBWnaagd@ard ey be
nmoderately | ess than) the cross-sectional dinension of the cell prior to
ori ent at i dAXiCithevapenpriessuemBrofids, casei of hrndlings and solebibbewith traard todbe t he
integrit A i i : | i i ne
ondr or 1 Ry mERM R Pt b SRER SHEE O, bllabd S IRED O
that substapiniainateziatd mgy be ufadabmaivhafliromalit, idnetok2, sombionealeplefingse i s

avoided and foamintegrity is maintained. The foamis particularl %F
vul né? abl PlPYingagents §uch-as qarbantipride.gHiragemn Watst axdits BitFUE OKide) yeen.ihelinpe

orientation . tenperatyre is too Jow or the orientation . ratjo i s/are,
excess, velPbl e sufLfaten (e itsn and G B e che o WSS et B en
the glass 4 Bf&é&éﬂbc&%ﬁﬁé}aéﬂé%@sié’ﬂg u%&?e.é??ﬂeﬁ)ef‘&nﬁiﬁﬂﬁﬁh?aﬁ Hﬁ&sa‘?@ty%ﬁce@ﬁs@t
pol ypropyl ene. Preferably, the orientation tenper ature i1s abové 15 the

al pha t r ar@ihes pritablemiysiatilewbig aghets macdudep elgy nigsrdrofBups bearkonsd HEC)r e
condition ermt ti mum orj tion.in the X and Y.dir i ons wit hout

| oss of fgtﬁﬁchmoéﬁﬁﬁg?rwar x%@@df‘ ! fylly- ﬁ%\gmgﬁlgynﬂ‘f‘%ﬂﬂ%cfﬁig?s'ori enting the
foam reduces the densi of the foa hus enabling the production of .| ower
density Toams (HERTAREDIGKEAFR AT ATOR] ThISRONER LR CSTReT U Dolg s 8F 6006
reduct i on tha de@ngidsitiddasmpaamrOBEBE beAving ABER, dndl e BPidANdGHEGRL thd Mt to
the anmount of Dbl ow ng agent that can be Used to prepare foans, particularly
cheni cal podwneigfeed atmosm: thapelagng prientodpgediiction e thaatrndert ke Plomumagentat ri x
on deconpasi;tion. The . nstant .inventjgn ovi des_t he additional, benefits to
Che 1 oaned® i Bt e LR sVl S Bl er g A R e B ot e £

i nsul at i onmgir epickiteR, of Jhepd19propyilché iRt BEIOH, the a&B/afibn taipel @G WTitng,

enhanced diffuse reflectivity, reduced 25 dielectric constant, controlled
t ear 8B | i tGpenyier] Plavriag aeentt @pes) digpestedethg chemicabblapingnecpapy be agtivated by

orientati %a@%ﬁh%%ﬂx%ur@'i&a teﬁxfg}e‘f‘&thfé va@lt?ﬂ@éogh{&a%i%ﬁ%ﬁg}?&%tl%ﬁlég 'h%e%ait.”Ct

boundari es. s are generally coplanar wt surfac t he

foam w t hDemngrosadoafithe blbheinppagehniébeiaes gasdsiichan N CE® {ndfordiy@ctet oelb
(directions of orientation). The sizes of the cells are uniform and
propor t i onfermationcis messrainedtbydhe winpsrabwiersgd aepsaure of dersystieon Usefut epgicilons and

degree of .qrientation. .T rcent age .of cl osed s d not change
Si gni fi can@?‘ym&atgg?tsg ngﬂfya el%gn%\oléﬁse% e éraﬁllr%ﬂf @ {josrtagg‘riegt h ]
ol ropyl ene. I.n contrast, orientation of canventional pol r | ene foam
PesubTs in cel | FCBPPERSESIERIOHETA MEIUHE RbeHS teo-ygorpaiags. aptydraride:

PCT/ US01/ 1998 noRRMes! ifEuAin3GzbiMea6h ek 288dR{obalosadice! | s. Cel | size,
distribution and anount 1n the foammatrix nay be "determ ned by techni ques

such as scemaereguiésrdydraient draxgberrpne bwlfartyésemicerparidg, rstodyeneshiéorfydam i s
stretched s'egﬁ:[cgﬁ)a%%, Ia@ﬁm‘? szzro%?é[alrlgjo@cy?art]g @y-d?rgethyl-N,N’—dinitrosoterephthalamjde
and trihydrazino triazine. Specific examples of these materials are Celogen OT (4,4'

30 oxybis (benzenesulfonylhydrazide), Hydrocerol BIF (preparations of carbonate



simul taneously or sequentially stretched in the transverse direction. Wen
first stretched in the machine direction, the individual fibrils of the
spher ul i tws @fooiine pol ypropyl ene are drawn substantially parmab$mliodse t he
machi ne direction (direction of orientation) of the filmand in the plane
of the film The oriented fibrils can be visualized as having a rope-Ilike
appear ance. Subsequent or further orientation of the filmin the transverse

di rect i on ceBdgPRds and pobiserhomicacidsh ElogacA % (azodicgrboagaids) prd Celegen RAdpof
the film w.th I 1 (o] ations along the X Y and internedi ate axes,
dependi ngt%“ﬁg?%éﬁ%égg%m%&%ﬁégnt ation in the machine and transverse
directions. Thdstaheiuabbhigoseididehvinsopoeraiiatethe féanhdhle Selg@et Mexture is

.crystallinity of the polyner matrjx and the void volume of the foam It has
been foun®hpieatto Jieldp feam Baving & rr1eontang Hy $Xcerf| 1 % mioin prsderalaly dn prcess
strengt h, 1 i G d : ﬂ@gﬁ :
~unor r%nt eé)??g%ﬁég. E@ﬁ%réfgﬁ]ﬁﬁgyﬁ%du%ﬁ’%x}’(ﬂél ltl;f/e‘)x%%?grrfl% e g%&, r g??%ﬁg’ tlhgt
mut ual | y péitheenedi pollymer]di 1@ Genanllpf graatteivprraid centahosdicthithe dbgh density,

transition tenperature and bel ow the nelting tenperature of the

pol ypr opyIV&ight aad material ¢osts fy spbseaiens e8d pgsSched in one direction first and
then in a seco L i I L fo I - chi ng
may be. effect rergg"g% 1;?%&%% Spdgtlal?@(?:lﬂigdr’lussﬁnl %F%agﬁelgu@ ym?w%\gs\sélﬁrt %8@‘% ?H ©

bi axi al orfbams af theprdssntdesdntied, andtis a prefemédpmbtss foroussiwith 4 pinsmabblpwing ent
the foam rath han sequentially orient the foam al the t maj or
axes 0 |t HEEOD AEORB AL RSttt ARV TRHE ST 5P AAS Ar L RO IOBRe ST o
greater denpg dirul@iMChhOReRSaniRlohv@® thdPsIMREc RISt AhefoPRELHd BfelbCh as
tensile strength as conpared to seduential biaxial orientation. _

Si nul t aneaw’y bsi added ko ettiusier 34 invanyadosvenpemvipaes Ad8itives areitypmcallypidded wtdi | e
tear properties. Advant Qusl Lol taneous orientation. orovides.an

or tent eq” PoRSTet ERPER AR st Rl SN BriRianE R PR s FRI ey eng
of the foamailiauid® sep@sstichl Feed, liOMmjdcledMealihe eRA%F B filteexi@ids), |Busortangt h in
the machine direction. Miltilayer articles conprising the sinmultaneous

bi axtal | y copdidapeid theaxirides the Blowing pgant isHEpPiselbp@ aofupeisaticahstate wbie iBo 1 n a
typi cal S%H%’&R}'d%{ orientation process, the filmis stretched first in the
direction of extrusion over a set of rotating rollers is then stretched in
t he direction tTlenmeiwnae, dddgivet,andblowiagageait age inehirriked ppfrsadittider 14.
Alternatively, fo may be stretched in both the 14 WQ 02100, 11 Z PCT/ U
S01 / 199 ew&lyﬂpjﬂﬁ%wgﬁgawg@@fpéfeﬂaimt_émc%éy iHHeckiopshtare HipRearifsSagioans
TRy be SUIdtbeiagiend e dPobil Mnifh! kARSman1e. Shelduliie bPiRImALAtkinaL i O
(MD x CD). Cenerally“greater orientation iIs achievable using foans of small
cel | 2&i ze;stdpaatspiepsic ndoamhble sixtrudafle gompostion inanhith hetilewmgegentsindr e not

readi ly ori.ented. .nor han, 20 tines il.e fopans havin cell sjize of 50
nucr orrgt eroéhecSraﬁ&lélé’gs’g%{hec?xbeg?glfef’%{%’cﬂg ISHHPYE 1?58%%"58'0‘%5 ugh?‘ét\/f}“? atio. In
addi tion faae puljhefdmblerial 8padac 6fdrhtiSd dhdaidiis Rird selcRALtE ackiBRSiueR
strength and elongation to break after stretching. The tenperature of the
pol yner f dwmagarsong distrébutiondraseskunonithe piopeities ard qgaj@trwrﬁgys ot thp paiticBlét s f oam
roperties, [ 2 ;" iLent ation. [.S: 1 i to
gi r gct i on.” G gl‘r?llf) gib E:Pc{)]ﬁ p%%%}%;éard a?%er gﬁerrr%,h gggél dé’e%ﬁﬁ:&%%dg% ”L%‘t{u%gr ﬁ%‘%&r ature of
heat esl r olsufficiént oy pielentabelblomaing sfent frdimcexpamtifg Jythe exguderb¥he operatiid | anps,

as is known in the art. A conbipnation of. ter‘rPerature control nethods nmay be
utilized. t§9BeRRNE Wnthe pxievdesdd shodld bp spfiicisnblommgit ardior sofiep alloftheng t he foam
and ruptury ; ientation is generally conducted at

t enperatu g%%%%@%n?ﬁ%ﬂn&tg@é transition tenperature and the 15 nelting

t enper at ure of Néxe, theateltpoixyip faliplaseeondorx tmtiebypidd3-d sifgle sgeef erably 110
"140C. A secon ientation, in irection perpendicular to the first

o 1 ent at | GG B Hrag: oapndvnal Ditpekhel lgr Rl cr Bl onaoutt e Ee on i s
.genesa@l |y 31l 4REd, (sBreW lehb@NBlessuld1aRd (i RTRG SALMES (PichidVe oplifnfin
orientation. After the foam has been stretched it may be further processed.
For exanplmixinghen®w Keenthatelpwire apentialsetition. kstndge0 tpyicalibhasctdearpasing f oam
to a tenperature sufficient to further crystallize the pol ypropyl ene while
restraining the foam against retraction in both directions of stretching.
The final thickness of the foamw ||l be determned in part by the extrusion
t hi ckness, the degree of orientation, and any additional processing. The
present invention 25 provides thinner ffans than are generally achievable
by prior art processes. Mdst foans are limted in thickness by the cell
size. In the present invention, the small cell sizes (<50 microneters) in
conbination with the orientation allows the thickness of 2 to 100 mls
(0.05 to 0.25 mm or less, and foanms of 10 to 80 mls (0.025 to 0.2 nm are

o o o ~NN =l o "



15 WO (12/(10.1 | 2 PCT/USOL/1 1989 fromthat of the foam while stil
obtaining the desired structures and cell sizes. It would be expected that
exposi ng woa2feesrn t o an adj acent hot polymer as it is extrrcedsoinbggot cause
the foamcells, especially those in direct contact with the hotter

material, to continue to grow and coal esce beyond their desired sizes or

m ght cause the foamnmaterial to nelt or collapse. The coexri-usion process
of the preesmperajupe/profilowhemain the tamspedatuns afdheelast Zopaor rertes ikl [bring iy ingitng t wo
| ayers or re. A.layered naterial or article may be produced by equi pping
die 22 or Sgglt’\ﬂlf‘tt%th&rﬁé&ﬁ#%ﬁeﬁ‘cpgmf‘@%d bl ock, e.g., a nultilayer feedbl ock,

or by using a mdthé eXiaBRdoLExtAdbL 20, iR oh@hBledé:@n B cBmpBsidoh aNBEtere@ne di e
avai lable fromto Cloeren, Orange, Texas. Materials or articles having

mul ti pl e ddjoatieA? whithrhas aypbaping/gyit befiee degwian antwanradaylérdie.coshanedi ng t he

comprt se dReTs o tae by QB e Bt Bat A E b AR I
case, eachamxtertpabine fptheldseoneidfekuadan 20t he, diithhexiBletnpsiat@sgThe
pol ypr opyl ene foamable material, may be processed using one of the

above- desdelahiudly dighrpisssyre withinsagudss 2ed dlim2hpreyens sellfosmatipnagdipaming
different jnle = I . . i Lfol i d are
or ougnt t S st Bl ofpblilion AYEE e aiBa b, BBt Blichubiy it A7 712
sanme mannesrifies sikesexit leapepnoe oHlbwingtadgenterohtsisiadon odpraSlowrae, pollytner | ayer
process can al so be used to _extrude the foamof this invention wth other

t ypedO of mHICEPitRISered) spred and pelyimss turst EXitRressEres yPicphlysopaalledten a

mul ti-|ayefy: ighe.k catd dnd S I jacent
Tayers e uRng it di GriiEe QLG HEER dld b ByEPHEIRAR G b BIEALL

i nt er | ayerblewingsigent. cob@rtratibe, amdlothelr aypeabler Redh@ng tepidesd shadit osifice sylkr and
a filmlayer n.one or both surfaces), greater.degrees of orientatian,

npr oved (EHERITE IRGBEF B i A R GRS o cait S Ata hstiet K GO SRR« h
singl e | aygfick ORM exipbseitb AGHMnt pA%EHE. Phe gﬁ%ﬁfré a}c% @hsesieebBHidPagent to
substantially different tenperatures, a 25 die can be used that ﬁ%ernally

i sol at es tdxpantl, idadingrip col fenniatios. Foum 24 jsuspicplty arenthed, hei browghttorag t he di e,
for exanple the dig disclased.in Fiqure 4 of. U S Pat.. No..5 599.607,.

| ncor por at BEPHg S PP Be Tamth o ROy PR cRr oKi8R Tep K ke S RIEE PO B2 EHS ect s
of contactjng ' i : in I ' t he
f oam or caél}gti Wg?&gtgﬁ{c%ggéﬁﬁ%rgﬁﬁlgg pl)é;s%zl?a%#g’? ocgﬁ%lggdg%]sé g?thggo%ﬁﬁlﬁﬁ%eggl f oam
articl es cexits dhesdie bed prexpageedo nbicanpreadurelg pol ymer or nonpol yner |ayers to
a foamcore, or_by layering extruded foans as_they exit their respective
Shapi ng or i i col® fippdon e s s A ieishepnfdRamtcn Vé‘é‘e%Yrﬂfa?gPIéeéi ve.
16 540 02063 gaRSH WSAMAOIB BBk ANk RAEORSIHSALARA pritebuide t he
high nmelt strength pol ypropyl ene foamlayer wth a thernoplastic filmlayer
or a scrinubaygppe stlch as a non-woven |ayer. O her techniques that can be

used include extrusion _cqoating. and inclusion coextrusion, which.is.
described in 0.8 £paral KB a0l e o lRisR Bof O E P Blire i b trine

mul ti | ayerefidct big it poiymde Bhieanl &dreasesRihe hosidtnsichab ekt deag of MBeipiymetid oans
ai ~e especially useful as tape backings or straps to yield an extrenely
strong t apaagidl ingeasse HiegrsoosiuingEeashiy muhsihppes ptythe dnihasf at theT piielingr

mat ri,x. - | . [ c i

convani i ondr JFE ofReltidERpaRRLL by shiErs et Bl TR pilshth 2R han
appl i cat i ofor hmofphbli® polkirietie Asalie feaipbrasure badrpdymeic Metetialbippebaches the Ty,
Advant ageousl y, when using a biaxially oriented foam of the present

i nvent i on, ofttheneut helyimee atd pemmEs epae etcouse thefaetscampt becasdy expantorn i n
either the |ongitudjnal or transverse directiqQn..Many types of hesi ves
can be us et Adhe Brepbhalehl SRR BEnfot ke hPE gehsRiees pRE SR
transf er - coapiad otificedt aleipns, sol vent-coated formul ations, water-based, and
15 latex fornulations, as well as |amnating, thernally-activated, and

wat eBOact i vat edFigeisekillusisatestheisgle stige skiessorc appapusehibpiechntip useh ipahekonal

t echni ques h ol vent _coatin hod revensg .t ,

kni f e- over tih? g‘?q%}s %ﬁg‘?/ Brreé?nq\}\ﬁl e % uaﬁg l%Qr/tcl)lg% E%}?%gq ﬁrtré’é&l% ?]';S}f %S %c‘)'\r?l Eha‘ﬁlrenﬁ%lf e,

hot - el t clawinptage@hAa®in e kofrudet Ul i( edepddd msay HeQlskd GORTRISmelt
extrusion coaters, at appropriate coating weights. 20 Exanpl es of adhesives
useful in the invention include those based on general conpositions of

pol yacryl ate; polyvinyl ether; dime-conbtaining rubber such as natural
rubber, polyisoprene, and polyi sobutyl ene; pol ychl oroprene; butyl rubber;
but adi eneacrylonitrile polyner; thernoplastic elastoner; block copol yners
such as styrene-isoprene and styrene-isoprene-styrené bl ock copol yners,

et hyl ene- propyl ene-di me pol yners, and



25 styrene-but adi ene pol yner; poly-al pha-ol efin; anorphous pol yol efin;
silicone; ethylene containing copolyner such as ethylene vinyl acetate,

et hyl acr wmdsosand et hyl met hacryl ate; pol yuret hane; pol yeai/deo/©pdxy;

pol yvi nyl pyrrol i done and vi nyl pyrrolidone copol yners; polyesters; and

m xtures of the above. Additionally, the adhesives can contain additives
such as tackifiers, plasticizers, fillers, antioxidants, stabilizer s,

pi gnent s, mB@ue bf tln@im@’ppap}tlénﬁl @si,blc‘uingtaigmtsaltfmmahs'wmebﬁmdetsmduhdt@dhesi ves

ding to.th ' Pt dh
B essur o SRl FroHb R AR rBeh o sfinips SPIPRERY PAT i R b U A b can
17 WO Cb%(ﬂ%ﬂ%ﬁﬁﬂdd%ﬁ%ﬁg&% OBeRAEIBH il Oagen ki many ad@ddl Wiz kHheoN

.of , at nost, q finger pressure. A general description of useful
1

pressure sr@ilﬁsm@ H@dﬁ’ésﬁdd@@quﬁl?r BewRyIgAEL. Amlﬁzmyhbl@w@m aegentfmﬁaobeyn@ed

Sci engce an n [s

~Yo|rk 5(:’198 ngggld{l"g ?‘gcﬁ{z’al rg% %66% %gonc %)%Il] gé‘g%‘afe%prtgé@ufpg"ge%?gh J|il'\3féé SI ves
may be fomaglmeme&ncycl opedi a of Polyner Science and Technol og~~, Vol. 1,

I nterscience Publishers (New York, |964). \Wen a pressure sensitive
adhesive is cané@P aRhysie blayigs aéﬂttlfh\éseéa@ﬁPﬁ@u%éﬁnﬁ%t?%éat%ﬂithﬁg (a

| ow adheS| i i opposi te.
side to aI géérrégsar%fa‘ pe a?l%rgp (gfhan\?\%%%{ #ﬁr}om i seggg%éﬁ&%ﬂaﬁh inaroll
or lo rel aa&ﬁnwhete zofie i generallgmmintdined atitid ¢levael] tehiperatak eaffizienoad initipte
conposition shoulgl\}:ge conpati g%le wi th the adhesive corrpgi,gl tion and

degr d¥e t HBe apneis O‘ﬁ}“(gp?@r"{l‘i logyedihyesu %F}Sléenté:GEW 4095y 1He ISP pthresy é};‘? ed
to the ad | ayer
of tapes ng‘/fa?lﬁ% %?grllel %@gggﬂﬁgg%g%ﬂﬁ?’%dtw uor ocﬁgl!rzn&@ egég{l)nn&é}%y i&éﬁt s, or
conbi nat i drsnagsnousenelelnsanee wnbﬁretblngmgcagpmm @he findlswohalor zaies @f hecaarnileny
conposi tions for the | H% csul‘sq?in i nal ude, silicone containing polynmers, such

as silicorfs® B e |FEYfiRe FEI {RRELUUENG si | i cone
| h / b. 14, 119,
pol yur et hane/ LR o SHED she LhORTfBRELDRConbabbdlo BN ds prote 1

356, 706, and silicone acrylate graft
copoliymer sprdéer hwmbgeneQmSSOam@MPmleime Nguiressnideg ABlrasitpome @0 anand
4,728, 571. ertler usef | de coa nqgutgt r’rB t| ons |nScI.uge Blsggrochem cal
cont ai ni ng’}5tt Vﬁé‘?’gp%‘ﬂ@ﬁe £ I?rﬁ%%]é d’e@’c  HeYPFR uff’? DSV O Y 2 S3°% g S50,

and pol ynedistag@NtR) dvhitgre langailk kst mixd Qp;&b@hﬁtﬁelﬁ mawfnasmpnbwé Bytrudsal Kyl
carbamates (e.g., polyvinyl N octadec carbamat es) _ as descrl bed in U S.
Pat ent No.SCIEVSERY Bave MHAE appEriMeRg %%mnéfr Whis§ knpethibe palymar apg mAvg ks

: t I t bed
(55 & CEAPHERH PO ol S PRIF e S oy G 5 e v
met haci yl abepixshepolgmet mamlaumai:blobfmg agenunfb a E’ahegmlebmsmmulﬁﬁﬂnktw and

4,241, 198, V\/i]ere the al kyl side chain includes fromabout 16 to 22 carbon
atoms. TheS¥'P&l ease pol ymers can be bl ended with each other and with

thernosetting 3fq cv%'tﬂéta%eﬁlfb%&@p'tﬁééﬂe‘fatmgl a%feseﬁ kG0 a)ﬁa%ﬁ%érgtutég§ m t he
rel ease coat|ng conposli tion. dition, other additives na e used

the rel easﬁloukddla Sru@fmomogletvmtrtbe blmhnagcemt floer cusing cell\fw)m_@b(l ipthe]12
PCT/ USCOL/ 19 ment s ttin ent s iscasi.ty nmodifiers, stabil £rs,
2t - oxi dartignel TR R Eg B rera i SO N TR eyl B e
to the tap@hﬂﬂh@mas@zoxww@hés b0tht BLERS arestiBREdbIEal D¢ eipentire $hadwill Brihfe
backing | a % Al so, the rel ease properties of the backl ng 5 can be

eRx

nmodi fied s wradete foribe PYiE KADRRFIHWE- t he adhesi ve cooperate to achi eve
desi red unwi nd EhALAGHER 3B Thg, HEIEARGIIARSRINESAbosG Rackleg can

be nodified by ap yin coron
di schar ge, intd 20#® 481tR@inFendhaping exit orifice. The foam is generated in the same mannex as

with the tandem system.
30 The blowing agent concentrations, exit pressure, and exit temperature can have a
significant effect on the properties of the resulting foams including foam density, cell size,

and distribution of cell sizes. In general, the lower the exit temperature, the more uniform,
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rougheni ng, etching, and conbinations. 1 o EXAMPLES Test Met hods Foam
Density (ASTM D792-86) Foam sanples were cut into 12.5 nmx 12.5 mm

speci nenswaneb/ovgizghed on a high 15 precision bal ance avai | por/es@gioddpdel
AR45 from Mettl es-Tol edo, Geifensee, Switzerland. The vol unme of each
sanpl e was obtai ned by neasuring the mass of water displaced at room
tenperature (25 1 C). Assumng the density of water at 25C to be 1 g/cn8B,
t he vol unmandfsmaleth thearell sizesms thedloembd tratbrias i Tigs lbetause delower exiti pl e. The

Accur acy OPPRRLg RER el ioeedit et chiafhia ool o 0 Sy

el ectron mhEehRREAPN 19R%r (8h Fx@frﬁﬁ%x&ﬁsi@h kerﬁh;{b?atflf@mﬁ RTRAES (1147 1306C AbSFAMB! NI
.el ectron mcroscope avail abl e as nodel JSM 35C from JEOL USA, Inc., 25

Peabody, N, ofohe naitedlaerts matridl) pioducesfoarna mithemalene fomegdlr ewksby freezi ng
inliguid nitrogen for 2-5 nunutes and fracturing.. A thi al I adi umgal d
coatifg s evaABararEh s8I HeT BaApraee et e Ebliodere & 1Ogr PRRETE The
di anet er s @bp bk of PO ERAME, WREFINIRAS sH1@brLkR Ianelatibély Bidh fradsuRRMtiritexagr aphs
and UTHSCSA 1mage Tool for Wndows Software (Version 1.28, University of
Texas, Sarth@\diedeins,to TernauliforTheslidizare Maistapiingy krge3press0ee drop bstwesn ghe

measured and recorded. The average cel |l dinension was .calcul ated ing the

mage. Tool NuaFEATe dd pepich s 57 Gk 59 RTRAR G A BheRprd dmelt "9

PCT/ USOL/ 18388 MPRE &30 & UmiP RISk S S fBAm b6 UrRANE cARE KilMBGSaHd thdlcdRnasi | e

node at approxi mately 23C usi ng an Instron Testi ng Devi ce (I nstron Corp.,
§1 e

Cant &h, Mayesstigeofdhmploaingiegent peipg vseshdigenwak fordhe bghmedngdreBgo humi dity

f d . ] i i i
testing r SSEmoRARATRf I RSyl e TG AR B EP R o Be Py,
speci mens wafdrmRaBiisefpxiimaeBOT Nt (1600 Hdi)) preféraply MagPH$EID0asOUmdrd he

non-testing region of th)e dogbone to &rsovi de better grip in the clip. The
sanpl es wdreferabdy #hMRa AR psie Fhg ynalisst cedl sizes ppay be nipdwaed phlawext and t he

st xess wa : 1 i.ORy
Ceport od. OTE AR uthifh bihg Ao Lo R ARk oV Ady KR S B e
(PF81siTM auldpresshire Ndietehis Arbdowing agémtconcdfifdation gt amd, abbie wihichtpolydispersity

. ; o . . :
(R G 50T WY iFretse e BRe bt By BC SBIvA SubeHihicied 45 TP Bfersphnd & o o0
I nternati giiake SR is BA¥ALT T, NJ) was prepared in a 1.25" (3.2 cm) single
screw extruder (Killion Extruders Div. of Davis-Standard Coi p., Cedar
Grove, NJ) equiDpeeptishurh exit Saupasaiugs, Ayt pressuagand blawngagao coprentradorafor
e o o el SRS 8788 b o e b SRSV e 0
t hroggh a dfpoBener{s)amed]ite: fHyxicalisiopertieh estht polymetg idlgdifly vidosil) thand t he
resulting foam sheet was cooled on a chronme cast roll at 150F (65.5C), then
col | ect ed mvtual splelliypfdhepolymsr(py andrihe oavingagentidBe e ead amaudpdque, and

had & donsiditol ubc Radl 2 idiorltN %8 phlafled fiesfiSa UMD b8 oBh B3 3

and 4, cel 0 oam were sli ngated 1 n t rrection
(MD) and rwingkerithe foaar wijebdtomnsdehwithtanstber oAmardn 2@ amed maenidy ald the
greater tg{?n 100 ~.tm._Sinultaneous biaxial orientation of the 25 foam
(3.5x by FU8RHP anql die|ozifiGe tB8%-scal e batch orienter at approximtely |35 -

| 40C,provi ded argd hrgdny in\/éhtfiédjﬁl%lviﬁeE edanfOlav iy FREBE all siobd Bsngiengo ty of
0.37 g/cc. Exanple 2 (Conparative} A foam sarple was prepared from a | ower

mel t st renyichometetsaand alvaolageprushyineyn pri@adeHfannmbadngevaragd el sifes less than
nas m xed Tisromleity Al uRe AR P UREy b (B DieppChppt ool ™
_Florence, dt¥redtér. ARV dXtra¥oRythbREW haPhe Si0ALIEAINAB AlHcHRe @lreMidig agent
In order to optimize the physical properties of the foam, the polymer chains need to
30 be oriented along at least one major axis (uniaxial), and may further be oriented along two
major axes (biaxial). The degree of molecular orientation is generally defined by the draw

ratio, that is, the ratio of the final length to the original length.
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20 WO 02J00. 112 PCTJU S111119989 (FML307HTM avail abl e from Anpacet Co.,
C ncinnati, OH). Tenperature and pressure profiles and casting conditions
wer e essewg @doyi2i dentical to those described in Exanpl e lpcT/iicoweessl t ant
yel | owi sh opaque foam had a thickness of 0.7 nmand a density of 0.66 g/cc.
Si nul t aneous biaxial orientation of the foam (4x by 4x) in a

| aboratory-scale batch 5 orienter at approximately 135 - | 40C provi ded a
much | ess opaquépareereantaionygrehtencryetallinity ipfmigreg ttgthc(polssirgwlérimnpomemtl

N ft t t 5x by 2.5x, th
F oam tens e R b piniins s PG ram ec T Pnge JaPIcHhoclls Ko Mty cr 0 or
hi gh nelt dleb@aath an@lyy pfdmytwapto(tﬁ’gﬁég}éf%f S tadl c’shtiﬁ th@h%ﬁn@imdﬁMnl%}Zé‘rr hs

.chem cal bl ow ng agent was prepared in a 2.5 inch (6 cm single screw
ext ruder (dmvlil@n sepavdiaeky) Peqmqspi@ucwrﬂﬁ nwrsakioghe Blangbfethgtfa@e repaBw at 45

rpmand a e profile m127 C...The.exi t temperature
whs 8o LOTRRAY S oF mel Bty Rl 1 rons oS ) bl S

ext ruded tdﬁnm@m Miot %o dasnthsm di e 15 (Extrusion Dies Inc., Canfield, OH)
and the resulting foam sheet was cooled on a chronme cast roll at 18C, then

collected at a Wé‘\ﬁnﬂ%)és £ ogiepalpp arcphesenoiish il the ineasin of the f@nsk g/ cc at
a thi Ckne%ﬁmﬁtfam%dg §JP&¥‘M b th Eﬁ'&gnacﬁ{ne%ﬁh)o? tr%flsvteﬁ% d{xr%?{%r\%w%lg
y 100°- 150 p, m

noti ceably el ongated in the frechr e di Tec I'on, approximte

and | ar ge driengeioe tahperamasis chowgn 60ch Bat substantial @Annétdrﬁmgmnﬁho@bf et i ng
this lowdensity, large cell foamwere 20 unsuccessful. Exanple

( Conffr at iSPBYNUAYE PRATCE AYRidebandcoampne sty ia Saripaad. e“dhqﬁ,qaﬁglsmawuhar% by

e L R

f oam was e resu oam y of 0. 60
g/ cc and demperatanessooiow odGe mnentasiors tuvias) istarBiegeestivelydligts Géndr:tilzy theam wer e

non- unlfortmln si.ze and shape, were not evenly distributed d fured
appr oxi mat'&fs} l%ﬁueni%fgat& tﬁ{nipgragpcz etwegn s &ass téﬁmﬂo? Eféﬁlﬁe\ﬂﬂgmpar"g

descri bed tbRp&saRPbeihd me@?&fo@ﬁﬁoﬂ}hé{e tli?é’fe%'l# tﬁe%mﬁﬁﬁfoﬂrt&n}ﬁﬁﬁtulr@%'bgde to 141
C, creating an exit pressure of he foam was drawn at 3.1 m mn.

The Unor i &he alghs Uamﬁltlcgh@merarmrspé themeahladyraeld Sneli teynpsfat@re@@nditions paithita

uni 1 or m oi PLmua BRIt & AR Lttt SO OB Gbae=Bhelinn ot 1300 by

3.5X stretchi ngua g&&t@dlwhhﬁl@eeﬂlfblﬁﬁiﬂh@ﬂbrwﬁtlﬁgt@ folitreduces thel @Agthofahé ent er
(LO followed by 3X stretching in the transverse direction in a tenser oven

at about 12w, thithenaliing fheprodetioned dowe sasityofopmy éhan are pdlievablrysétigt h at
break of Q% a%@ﬁt?la%né g %(PE b0 txe%] ﬁ)o 1198%&61%5%)3% tJB‘EeNPd a"fger@tl%] ns' le

strength at apro I mate ongation in
The o ent;eabtfcehllmnhadtm ahensi bﬁ/bloﬁvn{g a@ngmamanaealmmlﬁeparécﬁ@amwvas prepar ed

f hi gh h.pol | Mont el | PF814TM. |0 3%
ki gt EVEROAE BB BRSPS VAo ERTE BSFROp Fe ROV TIBREN,
extruder QpefeRbM os?ihol?ZrHeHHétathﬁveh%Pﬁf@‘idérs%@Jd&ﬁtﬁdn%l bdhetifi@o®itd fodfRE Was

from160 to 235 to 180C (I 75C exit tenperature), creating an exit pressure
of 13.8 MRaticlaechms|lowes memlfp@uxyn@and/mtemksrcgsts:,daetthlr ma@hu@n ppemies,oam di e

and Lo MBS TLETeR BRES AR A B R AR R ety eyt 7T
25 dielectric constant, controlled tearability and increased tensile strength on a weight basis.
After orientation the cells are relatively planar in shape and have distinct
boundaries. Cells are generally coplanar with the major surfaces of the foam, with major
axes in the machine (X) and transverse (Y) directions (directions of orientation). The sizes
of the cells are uniform and proportional to concentration of blowing agent, extrusion
30 conditions and degree of orientation. The percentage of closed cells does not change
significantly after orientation when using high melt strength polypropylene. In contrast,

orientation of conventional polypropylene foam results in cell collapse and tearing of the

13



15 The resulting foam shown in Fig. 8, had a density of 0.56 g/cc and a
thickness of 0.7 mm with cells that were uniformin size (30 - 50 Vim and
si gni fi capid sp/@li@ngated in the MD. The foam was subject ed pEr/os01206t i on of
three types: sequential biaxial, sinmultaneous biaxial, and uniaxial.
Properties of the foans resulting fromequal sinultaneous biaxial and

uni axi al draw are shown in Table 1. In the Table, draw ratios are 20
reported deamoedicimy the p(eTCtB)l;agc af closedt eallsaLCalhszg ﬁiﬁdﬂimtioalfan@ emoxniGb)the Tabl e

1. Sanpl e rrul t neous XI al. it [ ccSanpl eUniaxi al _TDdensity,
g/ cc6- 110 DALHX BEY. bf Gﬁg’d 5 CTinigties 8uchuds SRnating efedion migOSORY-050. 436.
512.250. 276- 10619t1§’e8&1e§12ﬁ %éz@ the fo418 iPatciche e iadchiRadiFecAbn hitemay B8 ENt

.invention exhibit the unusual property of decreased density with 1ncreased

draw or orsiawnitanepesty oFssausntiadly sietched tridie Frans;@rsetd@leatlmrg 2WhemnGrg syreroherd] 2
PCT/ USOL/ 19 en si a her re
.greatLgSr déﬂgl?etr?gc;hé%euc{ G tﬂg rcg‘\flxlnﬁﬁﬁsﬁbﬁb éﬂtﬁ g‘hﬁ o%tﬁggol\yéropty 8§g ¥ t he

density i sirgwgBidstap@ally padaDyieo tﬁmmlﬁﬁtﬁ&r&hoh k\@iré&qu oP¥riénthtion) o8 (el fanDf
Conpar ative Exanple 2, the mechani cal E erties_are inproved. The

densi ti es af in Slfrﬁlmfrﬁfltb%ﬁbn 1 Theypdemed fibrijsican be yisualirgd@s pavige agopeslike
respectiv p 2., _
Tabre o Sambrua DR bRetior tueHoEhltn bPRETUAR ROy LA, dB8En%,

el ongati orramttsexmseohen&tmlessthelfmilﬁé)gmﬁn@tﬂeq)latercﬁlthm filth, edicngayingn6- 4Si m 3 X
35.0424. 8306- 0Uni 5 x 111261. 4106-11%eq 3 x 3.56, 5374, 7246-125im 4 x

46. 4386, 0Z9Plakpes Alppg thehdotny ipfeaRedipte ke FERATIAHIE Qhihe degiise g5 prgntation

orientatiq 9} al orientation: MD followed by CD The
i 2§&ﬁn aREas x’sé‘h DI RKL.

dat a of Ta tenS| e strength increases slightly as degree of
orientation i ndl’mmhn@ conkditmne ereschosaxtoahcrease ¢lmd atystalhingty @f ttebg®lgmeror e

i sotropic foam than u i entation i,axi al |

oriented fBYRE aaagh qmlgé‘o % %dlt"er ﬁ’%gt%?’ﬁ?%@uﬂatt%ﬂlSHE%%@?%I%L?\%ti ceably
weaker in sﬁé}ﬁﬁ@inﬂ?%nﬂéﬂc%ékén@ﬂe stilélgﬁ%(%(ral ®itk 2 FOBIPI VRS vOdeRAlcREwASH

described in Exanple 6, except that 6% by wei ght ot FML307H bl owi ng agent

was Used, q@ﬂmmtngmbnmdﬁmmsng a | ower density, 0.43 g/cc, and greater
t hi ckness, 0.9 d to either \?ﬁ‘? P’l taneﬁus bi axi al 20

e o or TR toaapdOpThitRan T SREMER B st Qebink M fulic pe R tictisr

directions at a temperature above the alpha transition temperature and below the melting
temperature of the polypropylene. Generally, the film is stretched in one direction first and
then in a second direction perpendicular to the first. However, stretching may be effected

20 in both directions simultaneously if desired. If biaxial orientation is desired, it is preferable
to simultaneously orient the foam, rather than sequentially orient the foam along the two
major axes. It has been found that simultaneous biaxial orientation provides greater
density reduction as well as improved physical properties such as tensile strength as
compared to sequential biaxial orientation. Simultaneous biaxial orientation also provides

25 more isotropic tensile tear properties. Advantageously, simultaneous orientation provides
an oriented high melt strength polypropylene foam wherein the tensile strength of the
foam in the cross direction is within 30% of the tensile strength in the machine direction.
Multilayer articles comprising the simultaneous biaxially oriented foam are also within the
scope of the invention.

30 In a typical sequential orientation process, the film is stretched first in the direction
of extrusion over a set of rotating rollers is then stretched in the direction transverse

thereto by means of a tenter apparatus. Alternatively, foams may be stretched in both the
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Tabl e 3 Sanpl eSi nul t aneous Bi axi al TDdensity, g/cc ~Sanple ~Uniaxial TD
~density, g/cc7-110.437-110.43 23 WD 02/ UU- 412 PCT/ U SO1 119989

7-240. 27 Tw&32/08918- 36. 250. 257-93. 8 PCT/US01/19989
1 0.297-490. 197-104. 50. 327-512. 250. 177- 11S. 50. 347-6160. 177-720. 250. 16 The

data of Table 3 show that, while foam density reaches an apparent m ni num
due to uniaxial orientation, no mninmumwas reached due to biaxi al
ori ent at i onachifgeand tranaverbemdiceationsint 4 estephppasatys.t FeamOmay b¢ steetehediin ohegr f r om

t he use of_chem cal bl ow ng agen acti ed ri extrusion). are ver
are. but badh arsions § SEh ARSI Eeh Ao IABE 6PY; RateRlk etshist BtiolAten &
proper ti esichRWatl¥Rsih® doEmPs R EE10Yze; Rl ek @il il of ha Ve e

obt ai ned, shown in Table 4. The density of foam sanple 7-12 was 0.37 g/cc.

Tabl e 4 SamsTEwieERtERIGaMDN wiestadanpyettans?( dimes, tvdhiksi foamphawng b celd size 6§ |

KOs : 0 ‘ . 0o . | . e .
B uoh, %A RE of R TR R RET E81d S5 BT R B¢ 1 Ty gfidn
orientati qoatlivith sufalllaxieslge @Ell 12t @khibi gldaterdéisile efrenigdib bid dloffu@ontth Bicaki N

conparison to the data of Table 2, foanms with an initial |ower density
showed gerfdeBPISICHiBger tensile stress properties. 15 Exanple 8 A nelt

m XL ur e const stiidefibeiAt BY sl ¥t Qball BRTBId 68 68004 NG WRGRYG o e

(Montell PF814 y wel a netallocenée-po

semi cryst altdp afeecpdoytprypertied. Gehymatly ahe fiex peaikyaron §tEp daigeddind2fe DuPont
Dow El astoprers LLC, W| m ngton, DE), and 3% by wei ?ht chem cal bl ow ng
agent0 ( FMAESPn. fienirtondpapetatiro play besonwolissrby e Fempesptareseiheaied kolis fer

operated ajy §¢ aflcﬂﬂbﬁwof th%%& @H&}g{r],aé ¢! r@, ffi%%?éd' lngg%g]ég'ﬁlm%\%rﬁlingtﬁé gltrt].gA 162C (

174C exit tenperature e result7hg foam was 24 WO
02/ 00A 2 RoHUiiSEDh DY &B8pdratireacchénod ivethodf nhyHe wiliced. Eowllomasn afiseatioad t o be

much softer and nore pliahle than evi o unbl ended f oang .as descri bed,
For " exanmpl EMOPHUES By esed Indgarbaeal Fain S HUTRE Shath CoBF erkiguetR oy | al s
gave fil megeRaMii)@oRIRRAN 4t it@Bp SRR YeRvekah€ glass tHARitHANSInp¥rafie hiRpyResanpl e
8-2 was 0.4l g/cc. 5 Table 5 SanpleOientationVD tensileMD tensileCD

t ensil¥ eCD melfing tessperatyes, ofikhe heat palypropydane eerat akpidi 1d0r IF0FC, preferably 110-
Loel onget| ORetoRSel ANt ok o BAPRFNAR A MY ottt 722,
of Tabl e Hesied. e tanpat@ee b0suchaéconll ofieflatorist @n&lalwsinhiddr td 02 % her than
the temperature of the first orientation.
After the foam has been stretched it may be further processed. For example, the
20 foam may be annealed or heat-set by subjecting the foam to a temperature sufficient to
further crystallize the polypropylene while restraining the foam against retraction in both
directions of stretching.
The final thickness of the foam will be determined in part by the extrusion
thickness, the degree of orientation, and any additional processing. The present invention
25 provides thinner foams than are generally achievable by prior art processes. Most foams
are limited in thickness by the cell size. In the present invention, the small cell sizes (<50
micrometers) in combination with the orientation allows the thickness of 2 to 100 mils
(0.05 to 0.25 mm) or less, and foams of 10 to 80 mils (0.025 to 0.2 mm) are readily
prepared.
30 The present invention may be used to produce multilayer articles comprising at
least one high melt strength foam layer. The foams of the present invention may be

coextruded with materials having substantially higher or lower processing temperatures
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prepared from pol yner bl ends show significantly |ower tensile properties
than those fromto honbgeneous conpositions. Exanple 9 A nelt m xture

i denti cal wigy2@omposition to that described in Exanple 8 wascpuspavssd in a
Davi s- Standard 2.5" (6.3 cn) single screw extruder operated at 40 rpmw th
15 a tenperature profile of froml|27 to 216 to 204C ( 175C exit
tenperature) creating an exit pressure of 13.8 MPa. Extrusion throu%h a
25. 4 cm f dzam dhas ophedoamcwhiderstilt elfrining the dpsiredetiuetyrespad celd sizes 1t werldr aw

(i ckness, Senhit BaP QU Raios AR @lao dePSe s pAGRRLRY i Prduet et o

foam showaig Bifdmh b1l bdpecially aRpRe axditdt edbntadOvith HE hpttéd miteHhlZ® dohdhudr e
slightly elongated in 20 the MD. The foam was oriented continuously as
descri bed tPErax anprealescabeyondgheir desired sizgs phaigibcpwse|thgiogmpmatprightoimelt he
CD. Fg gur eor%g i &Rresents a m crograph of the oriented foam show ng

.el ongated Ce }spl'n the MD (bottomto top) after orientation. The oriented

f oam had densi tPheafoeRirbfogprreand tige proscakiesstiaf mly be o¥ad tBrapentfogs of the
foam are 25 presented in Table 6. Table 6 25 WD 02/ 00,112 PCT/ US01/ 19989
Sanpl eOr i SAMSHALERIMDTISEESMOdRISTE @HEPTce dblaygiedimalelios gHiqlemay g groduced by

kpsi strai sk / aShihal 9 I opgat,i A 42.521
Seq = sequ e 2 S e B B B I ok P i o
can be conpargedmubi-vieder prds-emingfdld die Bxadng &£3-kayeo vatealie avwltabke ffamam of this

parti cul ar_pbl end has tensile properties essentially identical to those of
pur e'Pol yprioprieHEngecHies r iat“ﬁ%sfhﬁvﬁbg @fdt'@i‘/ﬁ %‘gacFBhﬁ’iaF’r}aﬁW ¥y anpl e

i s hi gher g hamdDath ffim Hgflgrs(?:'bhﬁ)?fsﬁ% thOSMObr dreeraRl ﬁfaéri(aﬁ: Péarh QrtiQ}deﬂ'éfQ{eCC)-

Exanple 10 A foam mater| was “prepared havi ng non-foam coextrude
pol yneri ¢ mkiensinyentgacinay compmasseonefor e irdemor afdfoelektenibx foanelapdr(4811® % by

wei ght hi gh |t strength ol apyl ene ntell PF814T 48. 9% by
wei gnt 1 sl Aietsep g Bk ARe0eER8 MR EL el sts g PoNSr R E hen cal
bl owi ng a%ﬂhaﬁlEm&leT?] ¥ eProRaseRdising cheldfthd HdveidedrDes ex@WiAinbdas
operated at 80 rpmwith a tenperature profile of from171 to 221 to 185C

(exi 85 t enpeheseinmeelpoupcyres ereched 4 differens xilets op agnultidapgr feglbbookper mpltisi ngl e
t ski. | i . ' 3 t ruded
cach Tace N8 ic, 301 BE W APIRAPLGS Bt HiE T MychERaaret (UTCL, ©°

extruder ogp@ealledhadande/hainagdekcABSabovbdorf thaexti®didn pioxtssr Ehavasltiebayeruded
through a 15 cmfoamdie, chilled on a chrone cast roll at 46C and
col | ect ed RIPCesS GRhNsnBe pepddo sxirpdesthgforup of upimyeating with ghsy Yerstrmesigh

having a thig lﬁg‘&ﬁﬁngﬁlﬁ&gﬂfﬁﬁﬁnﬁgﬁh j\%@.”@’ihE?{ g%fg}lﬁg r& aﬁﬁcleé‘T géoﬁﬁ&%f AR of

the foamis shown | ich cel pr oxi mat 50 - 100 p.m
si ze2ar e sweferablotoFequendiacalt 1&oyexs dsitg suafealalsdavagtsanilarvifoosities andowhichO

];:Iogl 0\1\2?1 Eﬁég%ﬁggrﬁgﬁ%}%‘g ia%]gr}a%g{n(.) \ %10@1,3:Elaqulfz}iagrgarﬁélg\c/:icn(1j1%gsetshaefo];r?1 5?/6% rz]u(l) a in
film layer (on one or both surfaces), greater degrees of orientation, improved tensile
properties, and smaller cell size are possible than with single layer foam.

If adjacent layers of materials are heated to substantially different temperatures, a
25 die can be used that thermally isolates the different materials until just prior to their exiting
the die, for example the die disclosed in Figure 4 of U.S. Pat. No. 5,599,602, incorporated
by reference. This can diminish or eliminate negative effects of contacting the different
materials such as melting or collapsing the foam or causing continued cell expansion
coalescense.
30 Multilayer foam articles can also be prepared by laminating polymer or
nonpolymer layers to a foam core, or by layering extruded foams as they exit their

respective shaping orifices, with the use of some affixing means such as an adhesive.
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t hi ckness of 0.28 mm Sequential 5 x 5 biaxial orientation provided a foam
havi ng the properties shown in Table 7. Table 7 Sanpl eOrientati onMD

t ensi | eMDwigegiok2CD tensil eCD tensil estress, kpsistrain, Y%str/es6/19989

kpsi strain, %l ongationelongation 26 WO 02/00-112 PCT/ US01 /19989 10-1
Seq4x3 7.0 22 4.0 15 Seq = sequential biaxial orientation: MD foll owed by
CD The coextruded, oriented foans of this Exanple can be conpared to the
non- coext rUseda lamiimedfcoﬁs(fampiloes Bl,clvslh@hﬁ mgh miedit strehgthqotypronded fhamdayener e
stronger, t ensi tress at break, e en tg)gl?%h the

Soent PodedVin S Hernnaafic bl Bhel SRR RYES SRS AT pud if

prepar ed hatinighed @it Eoaba u@aeﬂélﬁw@aru@@hmﬁ%cwkmalﬁs@ﬁ cE&G sl %ﬁi‘cﬁ 19f the
foam A nelt m xture of 98% ht hi t stren%th pol propyl ene

(Mont el | PEiegaribpr)in k3 Eat.2¥g. @Xm%htnceﬁeﬁat@chby pifergneRy agemltﬂamer(amﬂeom)
was pg eparrﬁ%, B{oﬁ‘en@éd @Br?%oﬁélﬁ?fl@cn%%” screw extruder operated at 84 rpm
ra

Wthatenp ur e profi rom1l180 to 230 to 150C (exit tenperature

167C) to creat eOfightexfdan3ragsespecialdy udetdl Basipe Ackinggbestepponiertanski n of
i sotactic polypropylene (Fina PP3571TM_ was _ coextruded on each face of the

f oam mel t SHIRMGHESUORE fRgriiedp tltevmofwwﬂgluseawaﬁlée stroggthegfdhopolymiep glaiis cr ew
extruders Qpgl ﬂge%%s%ttiljpgzjbda%?ﬁufgéle fﬂﬂ%%ﬁ%ﬁ&%& \&Eﬂhyany%gﬁve%ﬁoﬁﬁg& mbfe foam

melt m xture was extr ree-laye oeren , chilled on
a chronme cabtent cdatedabr Bke ﬂdtﬁsxaadultxblld mepphcatlomtcﬂﬁbm rE;theabeb@lh stcfdcen? n>i n

to provide a oam confraction having a thickness of mnm and a density of
0. 6319/ cc. ™A b eeash Featace oSy, QUi USing i pHAY el%qﬁ%& foavfn ®itg° Prescix cept

the cell slhzeﬁlohame%dﬁés%té% ﬂ% erc?fher?c@roﬁ‘l fﬁg& B@ess@lxﬁoé ift eftn&@ hd axi al

orientation (Berstorff LISI of t oam construction provided a
f oam havi ngngitudare ot ramsveBe Birg¢tom. and a t hi ckness of 0.13 mmw th the
properties shown in Table 8. Table 8 SanpleOientationMD tensilelVD

tensi | eCD t ensi Me@Pxyipensi ddhstivessan HeRasd. Mierndhé@te @mdncliMRalkdtmadlncoated

%l ongati onel ongati onl11-1S inmo 5.4 x 674 N mm 5768 N mi' 43 25 The
coext T uded OBy ARRR HARSeRSalse tpppuaggasnileesRatsd frgmbioRs. Wt prsed, and

coexyk Udeqa{cQWnﬁflat@iﬁml WellL 122 Cg,gth&hﬁé Lhevatefuiangausbh@xi al |y
oriented foans (12/00-412 PCT/ USO1 9989 have a nore bal anced set

of proper tadéasswen; ﬁ‘hﬁetadbesdvetsean beappliedrbyamdv¢ntonal tbtten@emﬂlmhaemlsctry
oriented &R no HIO%S suc q’l asc%re]éélgeerr ?lbl(leel 8\‘95%0 hgrlla\l?uliggwue wound rod, floating
knife or air knlfe, hot-melt coating such as; by slot orifice coaters, roll coaters or extrusion

coaters, at appropriate coating weights.

20 Examples of adhesives useful in the invention include those based on general
compositions of polyacrylate; polyvinyl ether; diene-containing rubber such as natural
rubber, polyisoprene, and polyisobutylene; polychloroprene; butyl rubber; butadiene-
acrylonitrile polymer; thermoplastic elastomer; block copolymers such as styrene-isoprene
and styrene-isoprene-styrene block copolymers, ethylene-propylene-diene polymers, and

25 styrene-butadiene polymer; poly-alpha-olefin; amorphous polyolefin; silicone; ethylene-
containing copolymer such as ethylene vinyl acetate, ethylacrylate, and ethyl
methacrylate; polyurethane; polyamide; epoxy; polyvinylpyrrolidone and vinylpyrrolidone
copolymers; polyesters; and mixtures of the above. Additionally, the adhesives can
contain additives such as tackifiers, plasticizers, fillers, antioxidants, stabilizers, pigments,

30 diffusing particles, curatives, and solvents.

Useful adhesives according to the present invention can be pressure sensitive

adhesives. Pressure sensitive adhesives are normally tacky at room temperature and can
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WO U2/ UU-t12 Cains: PCT/U S111 /19989 1. A nethod for making a foaned
article conprising: ( 1) mxing at |least one high nelt strength

pol ypr opywenenand at | east one 5 bl owi ng agent in an apparmtusstayesag an
exit shaping orifice at a tenperature and pressure sufficient to forma
melt m xture wherein the blowng agent is uniformy distributed throughout

t he pol ypropyl ene; (2) reducing the tenperature of the nelt m xture at the
exit of tIbeadpgrad s usurfagedny apprlication mbeat amast.dighhfingaérpressuraodegangeas 30C above

the melt t erature of the neat .lo | ypropyl ene whjl e naintaj.ni pg the
el t i xt GPerio Of FeQul e et Ehe g bRt B iR Toll OB o T e
m xture tEodped Sidnde axd Ensiafti}) VoL 13, PeileEte¥he PablisR rdINew Y81k, 0

. at nospheric gressu_r_e, wher eby the bl owi ng agent expands causing cell

f or mat i on 1988kl Addifonal despaiptipe phatal@rpressie seBsifing adiesiznt may be pundiipam 2.
The pyoce | 1.0 saj LS, QFlient L1 such
that e dledeipfedy B PAVBEt 88 STR TRAINE, NICT RSB rEAMs R8T o
claim2 whesr] Iv6gai d orientation is at or above the al pha transition

t enper ature and_bel ow t he mslt_,tenl)er,at,ure of the pol_cépr opyl ene. 4. The
process of cl ai¥Pan ARESEITR Syritiyeddnesivaisicapted enigring,sidg of thbaskingraddy ocess
of claim ret s i i 1 Q0. | Raxlal & [ of .claim5
wherei n sarear amnSf Exaegh btk i BT Aing B ool S8 fthe o B m 1
wher ei n saipgositeglidente| allost the pgtiham cdpepo apyliehfomdtsplfivdes waind dmw rolaod

copol ymers cont ai ni.ng 50 wei ght percent or nore propyl ene nonomer units,
and Havi ndelsaiserend 2AgRgdH™n the range of 25 to 60 cN at 190C. 29 WD
02/0Q 112 PCT/ WGRI L9983, e LTRSS | oMb RIpABR Wl ¢

pol ypr opyl ene co%éyners’a?égig%leecte ‘fsorrgéﬁsgtgﬁd%l})n \gglgoc ) énl gra ?ed

copol yner sidbésipr apypesiieonamd nandegradd the iadhaselegquopmitiés afithe tape gruohips bphsingt i ng
of C3-C8 a-oll(%ti nf @gddgd-.cw dines. 5 9. The process of claim1 Werein
sai d mi xt (PESIEGR G Le ey RAMRPSYBnt and a bl end of a major anount of a
high melt strength pol ypropyl ene and a nunor anount of a sem crystalline or
anor phous pol yr%lt?aSie?atmecoam%@@gS&rt@ Lk lﬂywpért@eﬁn@ailepleéa%lﬁ%ﬁ%g step
CoNpi4 ses T 4 ' Kl fsS iBAESRYS Sete RAD i bktigl bt HeRY) -
11. The process 01%29%' a%%gmﬁgﬁﬁ ggtlﬁo olri entati onrelés atnﬁfdetésggggggpx. 12.
The pr ocedssedi! releadermodtingheomepasitanis dorthe @nteatiowmciwle 3iliconSCorttanmlg dr aw

ratio. 15 13. Thg%&ﬁ'oce s of il ai 51 1 anrei n@;i d bl gwiln agent is selected
from physifAHP gs %EB%?H%FO YHCTORRS: Bdfons HELGERTET"94. The process
of clai m 131fuéthRyueATRAdSisNBodeRs@IRA iR S/ Yk NG, 4,901, 1 BITBE0Blgise of 20
the nelt m xture to a tenper attire sufficient to activate said chen cal

bl owi ng adefit0.¢30, and §.356.76p andyiliceae adikatpgretied sopslyra¢raidpsctibapsar Eisa sai d

f oam, ¢ OMPIY 563 NEQ7S 85> S6FIRH 1B00OREML 554 591 POLSE u{ GOt ablign. 25 16. The
procéss of Clai h 17" WHEY e1'n> 54t d f oam prior to ofientation, Nds an average
cel | di mensiposiobndShchide fluskichemical cdmsifingpdlyrierswhdh dsalyese dasdriveti én U.S.
conprisin | east. _one oriented high nmelt strength 30,po|13é ropyl ene foam

| ayer. 309921%{,%1\@.2%.(31@,%, PEPOLSESES $OYBG LS Ong REKY f'_ﬂ% Faidporch at peIEgt Ne | ai m
L7 Turt Ner i TibadtaRy @k, bSRTInyPREAIRLIRkGS ) bl biBCHiBYEH U SOParkiiNo.

mul til ayer erern m'|'ayer conpri ses
pol ypr opy|%5#,011, and copolymers containing higher alkyl acrylates (e.g., octadecyl acrylate or

25 behenyl acrylate), such as those described in U.S. Patent No. 2,607,711, or alkyl
methacrylates (e.g., stearyl methacrylate) such as those described in U.S. Patent Nos.
3,502,497 and 4,241,198, where the alkyl side chain includes from about 16 to 22 carbon

atoms.

These release polymers can be blended with each other and with thermosetting
30 resins or thermoplastic film forming polymers to form the release coating composition. In

addition, other additives may be used in the release coating compositions such as fillers,
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20. The nmultilayer article of claim217 further conprising an adhesive
| ayer. 21. An oriented high nelt strength pol ypropyl ene foam wherein the
tensil e stwemngilm20of 1o the foamin the cross direction is reT/bsen/®0 of the
tensile strength in the machine direction. 22. A nultilayer article
conprising the foamof claim?21. 15 23. The multilayer ar ticle of claim22
further conprising an adhesive |ayer. 24. A foaned article prepared by the
process ofplgmariltm Wettigg agemts; viscositynpdigies, stajadizers pai-oxidatsrnd cmss-linking
LL. A3L. AF f?t A3L A3L. A3L. A3L. A L. AFL. A3" . A L. AF . A3L. A

A3L. A3 &R A L .AF.Lng) e)m3 ? O
U | wr nhc“ﬂ cal craﬂlmedo@abca} ra@zbfs&laﬂl @aha@dmta]tﬁ@iapa,] sual eapiaésad arlesd cal caj ca]
.ca] ca] ca] ca] ca] ca] ca] ca] ca]{aa ca]cRal.

KO| : &), 8b/2 vsqv@@m @&F&lay qt@apelapgéayca] Alspctlip selense prensyiées]of vy bagkiwg] ca] ca

&) ool ba) carRip CARRAERA RGN bR i Bt RO o R ) e e
ca] Ca] Ca] C(ﬁ]]vﬁﬁtl el@dl @c&ér@ﬁﬁs The release properties of the backing can be modified by applying
=HEE (=" NT T KSR A&E( X( T ((zupkf al V\]cailca] cal] ca] ca] ca] ca]ca] ca] ca]ca

]+ iﬁl ia] ca] %lawcalf@awceawaquaa?%taqrbapaa%ma{%m chpgs) Rapeurataret) caj cal () ))
roy%}beginfiftfg%&%dﬁoﬂtggi%oé}g{ vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] caV] c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]ca] ca]ca] ca! 666
688H9998

; =c=31 ) @@WAC DEE9GGEHOI ~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca]
ca] cal] ca]pal sehisqy] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! 0l pJJJ
JAKTKKL8MVMIOOOPNPPQXx RR&SDSSS>TTTTU>UUUCV| wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] cal ca] cal] ca] ca] ca] ca]ca] ca] ca] cal] ca]ca]c
a! CVW\WV 20ZZZT[.0[ | \ AR apaa' bbbcf cc| wmhc”Y] c] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca
] ca] ca! cef eoeef pafahd mﬂ;ﬂ@ﬁwaté%h@m hd 5rmdnd (N&QmR BRlcaALN MRS Y dHelical £rbral ca
] ca] ca] ca] ca] ca] ca] cajca]c ]]@ ca] ca] cal] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca}c

a] cajl&a] cafrecisiqy be n@ﬁ?@\\kﬂ@h Do sy Mardqri Bqledai Creifensee,

SLval oo g eahothe sl eRlaqlanl aalselarboal b sl Gehaal Al aat oal cal

| wr mhe] X] ] d@?h@aal ﬁﬁirﬁﬁﬂlﬁﬂ:]r&ﬂﬂeqai eﬂl]"@;t] aaddnsia} e deakiepdCritepdaPCad balical ca
a

] ca] ca] ca] C ca] caj ca] ca] ca] ca] cal

f: VWkcdo/ 7 Fw ]n]e] ap@aqa@mlwp&aqlad}l@d]uaagéawg]eéaq pracpipcdpe dprsipcal c
* N\ b\
ool ol a5 L MM OB Bl

] ca] ea] ca] madserdntal m&(}:al /[ci’nBK>J|V( 31Xer | wr mhc] V\I] cha] c”a] ca] ca] ca] ca] ca] ca]

ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

I*}. FIl bhv3$' 1| &-3=Uvql gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
E/\]%I: } | A UJj bu@. 17;

Ii\all\]]’ \(/:v?]rrgg] 5 FCHfLS Z%Zuciafiafgafiafgfcg] gg] gg] gg] gg] gg] cal] c;] calcalca]calc

a] ca] ca] ca] ca)] c$danaidpeidcteh aatratan] was A fobnkd oh b sl fonmhamyldsJusinglaca) cal ca
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5 then made using a dogbone die with a testing region dimensions of 2.54 cm x 0.32 cm and
the thickness of the specimens was measured and recorded. 3M fiber tape was used
around the non-testing region of the dogbone to provide better grip in the clip. The
samples were tested at tensile rates of 25.4 cm/min until failure and the stress was
measured as a function of elongation. Average values are reported.
10
Example 1
A melt mixture of high melt strength polypropylene (PF814™, Montell North
America, Inc., Wilmington, DE; melt flow of approximately 2 to 4 dg/min.) and 2% by
weight of a chemical blowing agent (RIC-50™, citric acid/sodium bicarbonate mixture
15 from Reedy International Corp., Keyport, NJ) was prepared in a 1.25” (3.2 cm) single
screw extruder (Killion Extruders Div. of Davis-Standard Corp., Cedar Grove, NJ)
equipped with a Saxton single stage screw at 40 rpm and a temperature profile from 160 to
221 to 182°C. The exit temperature was 180°C, creating an exit pressure of 13.8 MPa.
The melt mixture was extruded through a 15.2cm foam die (Extrusion Dies Inc., Canfield,
20 OH) and the resulting foam sheet was cooled on a chrome cast roll at 150°F (65.5°C), then
collected at a draw rate of 1.5 m/min. The foam was white and opaque, and had a density
of 0.56 g/cc at a thickness of 0.6 mm. As shown in Figs. 3 and 4, cells of the foam were
slightly elongated in the machine direction (MD) and range in average dimension between
50 and 200 pum, generally greater than 100 jim. Simultaneous biaxial orientation of the
25 foam (3.5x by 3.5x) in a laboratory-scale batch orienter at approximately 135 - 140°C

provided a silvery, diffusely reflective material with a density of 0.37 g/cc.

Example 2 (Comparative)
A foam sample was prepared from a lower melt strength isotactic polypropylene
30 having a melt flow of approximately 2 to 4 dg/min (PP3374™, Fina Inc., Dallas, TX).
The polymer was mixed in a 25mm diameter twin screw extruder (Berstorff Corp.,

Florence, KY) at 80 rpm with 2% by weight of azodicarbonamide blowing agent
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9109 % () - 3' 3" Yomek mixtureagidneh peth polypropylene (PF814™) and 3% by weight
of FM1307H™ chemical blowing agent was prepared in a 2.5 inch (6.3 cm) single screw
extruder (Davis-Standard) equipped with a Saxton single stage screw at 45 rpm and a
temperature profile from 127 to 216 to 204°C. The exit temperature was 188°C, creating
an exit pressure of 9.0 MPa. The melt mixture was extruded through a 25.4cm foam die

15 (Extrusion Dies Inc., Canfield, OH) and the resulting foam sheet was cooled on a chrome

cast roll at 18°C, then collected at a draw rate of 9 m/min. The foam had a density of 0.37
g/cc at a thickness of 0.9 mm. As shown in Fig. 5, cells of the foam were noticeably
elongated in the machine direction, approximately 100 — 150 um, and large in general,
measuring 60 -80 um in CD. Attempts at orienting this low-density, large cell foam were

20 unsuccessful,

Example 4 (Comparative)
The procedure of Example 3 was repeated using only 1% by weight chemical
blowing agent, in an attempt to increase foam density. The foam was drawn at 4.5 m/min.
25 The resulting foam had a density of 0.60 g/cc and a thickness of 1.13 mm. As shown in
Fig. 6, cells of the foam were non-uniform in size and shape, were not evenly distributed,

and measured approximately 60 —100 pm in size.

Example 5
30 A foam was prepared as described in Example 3, except that the exit temperature
was lowered to 141°C, creating an exit pressure of 12.4 MPa. The foam was drawn at 3.1

m/min. The unoriented foam, shown in Fig. 7, had a density of 0.68 g/cc and a thickness
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A foam was prepared from high melt strength polypropylene (Montell PF814T™)

10 using 3% by weight FM1307H chemical blowing agent in a 25 mm Berstorff twin screw
extruder operated at 82 rpm. The temperature profile in the extruder was from 160 to 235
to 180°C (175°C exit temperature), creating an exit pressure of 13.8 MPa. The melt mixed
polymer was extruded through a 15 cm foam die and the extrudate was nipped between
two chrome cast rolls, each at 77°C, at 276 kPa, then collected at a draw rate of 3 m/min.

15 The resulting foam, shown in Fig. 8, had a density of 0.56 g/cc and a thickness of 0.7 mm,
with cells that were uniform in size (30 — 50 pm) and significantly elongated in the MD.

The foam was subjected to orientation of three types: sequential biaxial,
simultaneous biaxial, and uniaxial. Properties of the foams resulting from equal
simultaneous biaxial and uniaxial draw are shown in Table 1. In the Table, draw ratios are

20 reported as Total Draw (TD), calculated as the product of (MD x CD).

Table 1.
Sample | Simultaneous | density, g/cc | Sample Uniaxial TD | density, g/cc
Biaxial TD
6-1 1 0.56 6-1 1 0.56
6-2 4 0.38 6-7 3.5 0.49
6-3 6.25 0.36 6-8 4 0.48
6-4 9 0.31 6-9 5 0.43
6-5 12.25 0.27 6-10 6 0.38
6-6 20.25 0.25

The data show that foams of the present invention exhibit the unusual property of

decreased density with increased draw or orientation. Foams can withstand larger total

22



Y5$10%& () - YY4: 109%&' () - Y2M 10%& ()-3 0  109%&' ()- Yf/
109 () - F- $109%&' () - hmhhhhhhhhbC 10(1 "  109%&' ()- 10%& ()- 10 10
10<10%&' (WO &Doedk0%&' ()-174"109% ()-hGjI[| mdEbC PCT/US01/19989
10( F#109%&' () - 3SY" 109%& () - F! 109&' () - 3&Y" 10%&’ () -
109 ()-3"10%& () - ndn| nn&~opdEbC 10(Fs' "10%&' ()-3% 10%& ()- F9$! 109%&' () -
"109%& ()-F! 10%& ()-Fl!10%& () - ppl qqqPrr dEbC 10( F639%40%&' () -
| 41098 () <dv@y s s{hulbane i sIially diate), ad@hdryfobs, #1ReR' dedsity reduction on
SPsSsTsUsVscsrsbC 10(Y" 1 09% 10, ..
10<10%& ()ds 980 PR} §0r@?@ fog‘ﬁ(%?n ?‘?&gﬁmﬁ%é signifierntlyd @y thansihat of
10% & () - ?th§i(3)(‘(13§‘2(§xs§ﬂi Pé(d%d&lg?af atikd Wdindple 3 4 rffeéhe(n)ica‘i' XKYYAEDC 10(3&$
,10% & ()-3"10% & ( 0% & Y@O% & () -3510% & (
"10% & ()-lmpFl{\{eflx[I]hd Ebmsm@(ﬁ;foaxm@%glceﬁ Elﬂnﬂ.(ﬁ%@& V@re Of%la@@l@&Z(Q/cc
-$10% & ().-3° ‘%’83?/(&' ()- %B10%& ()-]|}d}}~~~~~ dYNC 10( 10( 10(
.10(y<10% &{‘*S(P)‘:C 10% & ()-F7M 10% & ()-35"10% & () - FY4@ 10% & () -
~~~7SdEYNC 10( I?rbﬂ&?/l’@s 61 the 3ridR¥EfdalnsHre #Hn {n) Fable 2.
“1109&' ()-Y'L109%& ()- 109%& () - S*~dEYNC 10( F10% ()-F 109%& ()- Ff 109&' () -
 109%&' () -3, S109%& () 3$109&' () - @GdEYNC laple 2

LV 10%: (SRR Tt (i i O b T e e e Y
stress, kpsi strain, % stress, kpsi strain, %
elongation elongation
6-4 Sim3x3 5.0 42 4.8 30
6-9 UniSx1 11 26 1.4 10
6-11 Seq3x3.5 6.5 37 4.7 24
6-12 Sim4 x 4 6.4 33 6.0 28

Sim = simultaneous biaxial orientation
Uni = uniaxial orientation

10 Seq = sequential biaxial orientation: MD followed by CD

The data of Table 2 show that tensile strength increases slightly as degree of
orientation increases. Simultaneous biaxial orientation provides a more isotropic foam
than does sequential biaxial orientation. Uniaxially oriented foams are quite strong in the

machine direction and are noticeably weaker in the cross direction.

15
Example 7
Foams were prepared as described in Example 6, except that 6% by weight of
FM1307H blowing agent was used, producing foams having a lower density, 0.43 g/ce,
and greater thickness, 0.9 mm. The foam was subjected to either simultaneous biaxial
20 orientation or uniaxial orientation. Results are shown in Table 3.
Table 3
Sample Simultaneous density, g/cc | Sample Uniaxial TD density, g/cc
Biaxial TD
7-1 1 0.43 7-1 1 0.43
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The data of Table 3 show that, while foam density reaches an apparent minimum

due to uniaxial orientation, no minimum was reached due to biaxial orientation. Foams

that have densities of less than 0.2 g/cc resulting from the use of chemical blowing agents

(activated during extrusion) are very rare, but were easily achieved by the method of the

invention.

Tensile properties for two foams prepared by the method of this example were

obtained, shown in Table 4. The density of foam sample 7-12 was 0.37 g/cc.
Table 4

Sample

Orientation

MD tensile

stress, kpsi

MD tensile
strain, %

elongation

CD tensile

stress, kpsi

CD tensile
strain, %

elongation

7-4

Sim3x3

3.5

25

2.8

20

7-12

Unid4x1

4.5

26

0.9

10

Sim = simultaneous biaxial orientation

Uni = uniaxial orientation

The data of Table 4 show that, in comparison to the data of Table 2, foams with an

initial lower density showed generally lower tensile stress properties.

Example 8

A melt mixture consisting of 67% by weight of high melt strength polypropylene

(Montell PF814™) 30% by weight of a metallocene-polymerized semicrystalline

polyethylene/polyoctene copolymer (Engage™ 8200, DuPont Dow Elastomers LLC,

Wilmington, DE), and 3% by weight chemical blowing agent (FM1307H) was prepared in

a 25 mm Berstorrf twin screw extruder operated at 82 rpm with a temperature profile from

160 to 235 to 162°C (174°C exit temperature). The resulting foam was 0.75 mm thick and
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Sim = simultaneous biaxial orientation

Uni = uniaxial orientation

The data of Table 5 can be compared to that of Table 2 to show that foams
prepared from polymer blends show significantly lower tensile properties than those from

10 homogeneous compositions.

Example 9

A melt mixture identical in composition to that described in Example 8 was

prepared in a Davis-Standard 2.5” (6.3 cm) single screw extruder operated at 40 rpm with
15 a temperature profile of from 127 to 216 to 204°C (175°C exit temperature) creating an

exit pressure of 13.8 MPa. Extrusion through a 25.4 cm foam die onto a chrome cast roll

chilled to 49°C (collection draw rate of 3 m/min) produced a foam of 0.66 g/cc density and

1.1 mm thickness. Figure 9 represents an electron micrograph of the unoriented foam,

showing uniform cells of approximately 30 — 50 um in size that are slightly elongated in
20 the MD.

The foam was oriented continuously as described in Example 5 at a rate of 3x in
the MD followed by 2.3x in the CD. Figure 10 represents a micrograph of the oriented
foam, showing elongated cells in the MD (bottom to top) after orientation. The oriented
foam had density of 0.56 g/cc and a thickness of 0.1 mm. Properties of the foam are

25 presented in Table 6.
Table 6
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Seq = sequential biaxial orientation: MD followed by CD

The data of Table 6 can be compared to those presented in Example 5 to show that
a foam of this particular blend has tensile properties essentially identical to those of pure
polypropylene because the density of the oriented foam in this Example is higher than that

of the oriented foam of Example 5 (0.56 to 0.47 g/cc).

Example 10
A foam material was prepared having non-foam, coextruded polymeric skins on

each surface of the foam. A melt mixture of 48.9% by weight high melt strength
10 polypropylene (Montell PF814™), 48.9% by weight isotactic polypropylene (Fina
PP3374™) and 2.2% by weight chemical blowing agent (FM1307H) was prepared in a
Killion single screw extruder operated at 80 rpm with a temperature profile of from 171 to
221 to 185°C (exit temperature 204°C) to create an exit pressure of 18.6 MPa. A single-
component skin of isotactic polypropylene (Fina PP3374™) was coextruded on each face
15 of the foam melt mixture by means of a Killion single screw extruder operated at 171 rpm
and 243°C. The foam melt mixture was extruded through a 15 cm foam die, chilled on a
chrome cast roll at 46°C and coliected at a drawing rate of 0.6 m/min to provide a foam
construction having a thickness of 2.13 mm and a density of 0.53 g/cc. A micrograph of
the foam is shown in Fig. 11, in which cells of approximately 50 — 100 pm size are seen.
20 Sequential 5 x 5 biaxial orientation (multi-roll LO followed by tenter) of the foam
construction provided the foam shown in Fig. 12, having a density of 0.45 g/cc and a
thickness of 0.28 mm. Sequential 5 x 5 biaxial orientation provided a foam having the

properties shown in Table 7.

Table 7
Sample Orientation MD tensile | MD tensile | CD tensile | CD tensile
stress, kpsi strain, % stress, kpsi strain, %
elongation elongation
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The coextruded, oriented foams of this Example can be compared to the

&10%

non-coextruded foam of Example 5, showing that the coextruded foams were stronger, i.e.,

had a higher tensile stress at break, even though the coextruded foams had larger cell sizes.

Example 11

A foam material was prepared having non-foam, coextruded polymeric skins on
each surface of the foam. A melt mixture of 98% by weight high melt strength
polypropylene (Montell PF814™) and 2.2% by weight chemical blowing agent
(FM1307H) was prepared in a 65 mm Berstorff twin screw extruder operated at 84 rpm
with a temperature profile of from 180 to 230 to 150°C (exit temperature 167°C) to create
an exit pressure of 116 bar. A single-component skin of isotactic polypropylene (Fina
PP3571™) was coextruded on each face of the foam melt mixture by means of two Davis
Standard 2.5” and 2 “ single screw extruders operated at 41 and 75 rpm, respectively, and
240°C. The foam melt mixture was extruded through a 14” three-layer Cloeren die,
chilled on a chrome cast roll at 20.1°C and collected at a drawing rate of 3.1 m/min to
provide a foam contruction having a thickness of 2.6 mm and a density of 0.63 g/cc. A
micrograph of the foam is similar to that of Fig. 11 except the cell sizes range from 30 —
50 pm.

Simultaneous 5.4 x 6 biaxial orientation (Berstorff LISIM tenter) of the foam
construction provided a foam having a density of 0.5 g/cc and a thickness of 0.13 mm with

the properties shown in Table 8.

Table 8
Sample Orientation MD tensile | MD tensile | CD tensile | CD tensile
stress, MPa strain, % stress, MPa strain, %
elongation elongation
11-1 Simo54x6 | 74 N/mm® 57 68 N/mm” 43

The coextruded, oriented foams of this Example can be compared to the

coextruded foam of Example 10, showing that the simultaneous biaxially oriented foams
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have a more balanced set of properties in the two directions. In addition, the

simultaneously oriented samples exhibited considerably lower shrinkage.
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XIaA10% & ()-C10% & ()-0S3v4 1C110% & ()-C10% & ()-/KI X1 C10%
& ()-d10% & ()-C10% & ()-4vud 1Cd10% & ()-/KI XIC10% & ()-C10%
& ()-C 1060 o2bof1e- C1 10% & ()-,{.|[:vW4 1C 33y& 10%0& ()PCBESH14088K () -
3 SHI0WPR ()- 3F9! 10%P& ()- 3310%P& ()- 3F10%N& ()-.rur|[:vW4 1C 3F90
10%0&' ()- 3F. & 10%0& ()- 3 -yl0%P& ()- 3FY+ 109K ()- 3F) 10%A9& ()- 33
(YI0%90&' () -r~">vU4 1C 4#10%09& () - 4#109909& () - 4#10%09& () - 4#10%9A09& () -
35310%J%& {l§ims: 33110%09& () - 0S3vU4
14#10%909& () - 4#10989& () - %6 K+#4#109 &' () - 4#10%9 &K' () - 4#10%1& () -
$&+, - AvU4
14#10%0%& 1( ) - | K trfethld ol faaking 440 Erticle DRIMANE () - 4#10%9& () - - 0123@UW
V6 1"10% % ()- "109%%& ()- 3F" 10%%& ()- 3s10%%& ()-10U%d0Uvd0oU%
3f <10%0&' () - Wl bghlmugingat deasbogekgsh melt/skengthpodymeoryjene and at least one
5 blowing agent in an apparatus having an exit shaping orifice at a temperature and pressure
sufficient to form a melt mixture wherein the blowing agent is uniformly distributed
throughout the polypropylene;
(2)  reducing the temperature of the melt mixture at the exit of the apparatus to
an exit temperature that is no more than 30°C above the melt temperature of the neat
10 polypropylene while maintaining the melt mixture at a pressure sufficient to prevent
foaming;
(3) passing the mixture through said exit shaping orifice and exposing the
mixture to atmospheric pressure, whereby the blowing agent expands causing cell
formation resulting in foam formation, and

15 4) orienting said foam.

2. The process of claim 1 wherein said foam is oriented under conditions such that

the density of the extruded foam is decreased.

20 3. The process of claim 2 wherein said orientation is at or above the alpha transition

temperature and below the melt temperature of the polypropylene.

4. The process of claim | wherein said orientation is uniaxial.
25 5. The process of claim 1 wherein said orientation is biaxial.

6. The process of claim 5 wherein said orientation is simultaneous biaxial.

7. The process of claim 1 wherein said high melt-strength polypropylene comprises
30 homo- and copolymers containing 50 weight percent or more propylene monomer units,

and having a melt strength in the range of 25 to 60 cN at 190°C.
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blowing agents and chemical blowing agents.

14.  The process of claim 13 further comprising the step of elevating the temperature of
20 the melt mixture to a temperature sufficient to activate said chemical blowing agent prior

to step (2).

15.  The process of claim 1 wherein said foam comprises 70% or greater closed cells

prior to orientation.

25
16.  The process of claim 1 wherein said foam, prior to orientation, has an average cell
dimension of 50 micrometers or less.
17. A multilayer article comprising at least one oriented high melt strength

30 polypropylene foam layer.
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