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present invention is directed to a process for producing a pol ypropyl ene
foam WoeXoarn i s useful as tape backings, thermal and PCDUSGH1V19989
insulation, low dielectric 5 substrates and as a diffuse reflector for use

i n optical applications such as conputer displays. Summary of the Invention
The present invention is directed to a process for preparing a foaned
article, the 10 process I 4 . m xi ng at | east one

hi gh nelt strength pol ypm@@mﬁﬁqﬁ%g&smﬁ owi ng agent in an
apparatus having an exit shaping orifice at a tenperature and pressure
sufficient to forma nelt m xture wherein the blowi ng agent is uniformy

di stributed ThHerpesghoimvention ipdirgrted pyi proeessifor pyduciad agqiotyprapytenedommr at ur e
of the |t. mixture at the exit of the apparatug.to, an exit tenperature
Uhat i s TS TREAS RIFH depechashioer flermal and srasatical iRsBlagPn Y diglsatric

pol y pr opyb&RResMid! a8 A rabhl I gmﬁﬂg e sufficient to
pr event poams\rll%?laﬁg) pas%ﬂ%&%fgp%s%u@gt EIS%‘?&?& e%i%t%iﬂg;lggi ng orifice
and expatispigyst he 20 mi xture to atnospheric pressure, whereby the bl ow ng
agent expands causing cell formation resulting in foamformation, and (4)
orienting said foam |In another aspect, the present invention provides a
process - i foamed article, using a foamable m xture conpri sing
a maj or ga uﬁwgﬁlﬁ%"g‘ﬁh I't-strength 25 pol ypropyl ene and a minor anmount
of second pol reScAfRIVBAIGN 18 PHRELed k8 pPoce S prepafiag b fokened ardlB, tREOUS
thernopl astic polynmer. Polynmer m xtureS conprising a high nelt-strength
polY pr opipesse comprising therstepsod: added pol ymers are also within the scope of

the invention..In another. aspec th resent .invention provides a process

for prepari ngl& SOmHiW?ﬁlszBn?WE\%qngﬁb?dmyeg?ﬁ‘!:i{)aatgcals’e% one

hi gh- el glo®idgpehiinRal apphratis v aa @it shepits BAfice af HiempbANRE bhPPressure
sufficient to form a melt mixture wherein the blowing agent is uniformly distributed

throughout the polypropylene;

15 (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
polypropylene while maintaining the melt mixture at a pressure sufficient to prevent
foaming;

(3)  passing the mixture throngh said exit shaping orifice and exposing the

20 mixture to atmospheric pressure, whereby the blowing agent expands causing cell

formation resulting in foam formation, and

@) 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:



2 2 DEC 2004 WO 02/00412 PCT/ US01/19989 Al pha-transition tenperaturke?TREC 2004
nmeans to the tenperature at which crystallite subunits of a polyner are
capabl w@bz4p3ing noved within the larger |anellar crystabriRbingegdbove this
tenperature lamellar slip can occur, and extended chain crystals form wth
the effect that the degree of crystallinity is increased as anorphous
regions of the polynmer are 5 drawn into the |anellar crystal structure.
"Smal | -cel | Alphaitrameitios témpeaivdTRid, Meadl &f e ferifdrhined ARMREL s@ﬁ%téess than
100 mcroneters (m, preferably 5 to 50 m(prior to orientafion);

" ¢l osedubupifsofaepolymar fro zapatiteof bring moved withmtthetargdrilameliar copstat ahed cel |

pat hway t hat .extend fromone.outer surface through the material to another
out er gﬁ‘?‘?"a?g@?t‘ilapefg g kln?"’l]l]érf OcCy, an Wéﬁﬁ‘fgd ainycEystals farmys avitythe nust be
achi evagfecthhi@e dR¥tee b cRRtaMiR %&S ry erials in
the nelt mx; " gxi ?&%errpg}rgat uréﬁzﬁl %H’;ﬁatgéﬁgg%rr%&%nnggﬁﬁgﬁgiﬁ%e ature
antl pr erawn éntofthd lamellaxtrystdbsterchret he final zone or zones of the extruder

and preferably ip t ?di”e; "melt solution " or "nmelt mxture" or "nmelt m x"
nmeans a mel t-%?”éﬂiﬂ’elg QL 1eans grfoamhayipe wrerege colbdimensions: of lessthani 8@ r ed

dditive ' in the mixt ' fficiently fluid

fo be. o Yl ASAAAY S5 oMM R Seradil © hmane & pol yrer that

contains Smedlos3aRe® feths 4 KhnFlat fiins sthRtBhiidlRy Recifledibs YaFparfifhye Nt &1 NS
[ b ovmd]nlé) agent s, éﬁlf% age%stcs,

no fillers, pignments or other colorants,
ant i - bl tbatextepdfgmmione ohieh surfavetthrough thetmatérilts ang@haonserisagagy; ds, antistatic

agents, 20 wltraviglet-light stabjlizing agents, or other praoperty
ng(gi fiers; "fO5H gﬁgtpp?atugtg’dﬁgaqsﬁllée FEpgiature thah must bsachifvedin e f oam

" densi tektfuSRH Prd@ls ‘ﬂ’d@é Pﬁ ki id volume of a foam
based on thefol I%ﬁ%ﬁ?%ro?rg} ; erg:f = ?ﬁg%%d%l\ﬁﬁgge PR is the density
reduction, pfexitsemperafwelhardk'fexittpyressarstimean thesteinperatiee snd preSure b e or i gi nal
mat eri al_; 2.2 004 WO 02/00412 PCT/ USQ1/ 19989 " polcﬁdi spersity" neans
the weiH® é?&lggg%é@nwmpfﬁpﬁmrmdpw@wmme &

“melt solution * or “melt mixture” or “melt mix” means a melt-blended mixture of
15 polymeric material(s), any desired additives, and blowin g agent(s) wherein the mixture is
sufficiently fluid to be processed through an extruder;

“neat polymer” means a polymer that contains small amounts of typical heat-
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:

2 | Pr =‘.1“%EJ><100%

where Py, is the density reduction, p, is the foam density, and P, is the density of

the original material;




average cell dianeter for a particular foamsanple; it is a neans pf) DEC 200%
measuring the uniformty of cell sizes in the sanple; "uniform neans that
t he cel wabze4alz stribution has a pol ydi spersity of 1.0 tBCPUS)1/19589
"spherical” neans generally rounded; it may include spherical, oval, or
circular structure; "polynmer matrix" nmeans the polyneric, or "non-cell, k"
areas of a foam "a-olefin" neans an olefin having three or nore carbon
atoms and havipoiydisperity” Ghing theupeightCavitage atll dinawteralividéd byt witdber pr oduct

of the draw ratjios in the nmachine and transverse directions, i.e = MD x CD.
Bri ef Ded¥ragsicedsiagnetenior gingtiicalar foag pample; b5k meansof g the of processes

for prep@ﬁ&&ﬂ]@%&ﬁ%{ﬁs%@gﬁ@egw according to the present invention.

Figure 3 1s a digital 1nma canning el ectron mcrograph (SEM of a
front el evat f'@ifopin”triank m&&fceﬁ)@fﬁé@iﬁﬁbmﬁmﬂi@ﬂ?b@dlspcﬁhg%f ¢.04oi20;a di gi tal
i mge of a SEM of a side elevation of the foamo Conpar ative Exanple 1. 20
Figdre 5 is a“thbgiieal] meanygensrally romdeds it smayiiaeuds sphericanol, orlercleam of
Conmparatiyve Exanple 3. Figure 6 is a digital imge of a SEM of a side

el evati ofTEf T Fhe f oam of Conparative Exanple 4. Figure 7 is a digital inage

of a SEM of a ‘gpHenedeaak? fiBam thé PElyhRAR) 6if“nba2BM Greus of 4 Fodm;gure 8 is a
digital image of "a SEM of a side el évation of the foam of Exanple 6. Figure
9 is a digitaloiclefg®’ méans aBBléfof having threeelr evoxt carbow btodseandbavingrat ed f oam of
Exanple 9. Figure 10 is a digital inmge of a SEM of a side elevation of the
oriented foantoH=(HefP¥R 9. 30 Figurel 1 is a digital inmage of a SEMof a

Soofy epeval’ Ofyh 46 14AS* kBl ifle bRAT Y md A afios B mSmifhifieafP 412 2 2 DEC

2004 PCT/ USO1/
transverse directions, i.e = MD x CD.

Brief Description of the Figures
Figures 1 and 2 are schematics of processes for preparing the foams prepared
15 according to the present invention.
Figure 3 is a digital image of a scanning electron micrograph (SEM) of a front
elevation of the foam of Comparative Example 1.
Figure 4 is a digital image of a SEM of a side elevation of the foam of
Comparative Example 1.
20 Figure 5 is a digital image of a SEM of a side elevation of the foam of
Comparative Example 3. '
Figure 6 is a digital image of a SEM of a side elevation of the foam of
Comparative Example 4.
Figure 7 is a digital image of a SEM of a side elevation of the foam of Example 5.
25 Figure 8 is a digital image of a SEM of a side elevation of the foam of Example 6.
Figure 9 is a digital image of a SEM of a side elevation of the unoriented foam of
Example 9.
Figure 10 is a digital image of a SEM of a side elevation of the oriented foam of
Example 9.
30 Figure11 is a digital image of a SEM of a side elevation of the unoriented foam of
Example 10.



Figure 12 is a digital image of a SEM of a side el evation of the Oﬁifﬁtﬁd
foam of Exanple 10. Detail ed Description 5 The high nelt strength 2004
pol ypr om0 emaitesef ul in the present invention includes |pgmagsoptighgeopol yners .
cont ai ni ng 50 wei ght percent or nore propyl ene nononmer units, preferably at
| east 70 wei ght percent, and has a nelt strength in the range of 25 to 60 cN
at  190C. Melt strength may be conveniently neasured using an extensional
rheonet er by Figwerl2ds agligited inageyofer SEMr afiagtidesel@vationof dhaomémed foami of ar y

havi ng a%{aﬁlpgt P@of 41.9 mmat 10 190C and at a rate of 0.030 cc/see; the
strand i h*%tretched at a constant rate while neasuring the force to
stretch at a particular elongation. Preferably the nelt strength of the

pol ypropylene is in the range of 30 to 55 cN, as described in WD 99/61520.
The nel tDetailehBeseription near or strai ght chain polynmers, such as conventional
I sotactic pol erI\]/I ene, decreases rapidly with tenperature. In contrast,

t he® mel t streﬁ%tlﬁg meligtrepgthinolynserylencause B iy theqrgseahimyentdensinoludeddecr ease

i dly i | | lieved that the differ '
ol 1 st 1 ah SRRSOl condinip B AT e Ror B b e MontmrmResence. o
| ong ch 'r&eﬂb@ﬁm&mvokmémlpeﬂﬁhuaﬁ@nw @ﬂﬂltrsﬁﬁﬁ%ﬁ iR rah ﬁngzs%%‘ocﬁ@e

branched or crosslinked. Such high nmelt strength polypropylenes nmay
pr epar ed ByC.eki strengih maydd gpnkendontly measueedausing Reéxtensional oepnizeer igde t o

e R O

| rnadi ati199°C @hd bi A of0.0B0 LEER; | tgéteb ' f. Qher

useful nethods incl ude those in’\t/awéisg[hanggn}%%%%l S %Q%H%H‘{{S&B@Em ten

pol ypr opy¢aspang thei forcedd stretch abapiniticglanelohgation: oBreférallynle mieltitraggth bhose
escribed.in.U S 4,714 36466 é{wbad’ et al.) and

Vrr\zt ggdgdg%%‘é’af%}ﬁf\?és iy the range qﬂgé% %rggﬁ()éﬁl%\%ggf{%“’%? B¥9%he may al so be
prepar ed by i et Jréifiin Of 1ihdie of S5AiBnAbafiGRAIHERISICR cBnveriBin 036

(Denicola et al.). Stil1 other usefu I'n ornmng a bipolar
ol ecul asotagticgrlyptopylend) decteasea sapidlyowitlh ethperatirel .In cHtidst) the MeliawedgBhnol ogy

T f act. Pol | F Sheet And Bi axi al | Oiented F Fi |

VT Publ SOENE el BEVRRAYsars deesaat terresn Faman iR IpRmEodsis0 and |

U.S. 4, 940eAR9 beﬁue%qasvtﬂgdgmed&@ﬁ;mj eﬁ&@gﬁdf&t&%wamx thrgere”%- The
e conpri seotl SO y O bty

f oamabl e” pol ypropyl ene may propyl ené spoI ymer or
nmay conmatirdutablectortbe prosendeafilong dfdinbiémchingroUsefpl polypopgleie iidrareont ent . 4
2 2 DEC 2004 . .
ose that are branched or crosslinked. Such high melt strength polypropylenes may be
prepared by methods generally known in the art. Reference may be made to U.S.

20 4,916,198 (Scheve et al) which describes a high melt strength polypropylene having a

chain-hardening elongational viscosity prepared by irradiation of linear propylene in a
controlled oxygen environment. Other useful methods include those in which compounds
are added to the molten polypropylene to introduce branching and/or crosslinking such as
those methods described in U.S. 4,714,716 (Park), WO 99/36466 (Moad, et al.) and WO
25 00/00520 (Borve et al.). High melt strength polypropylene may also be prepared by
irradiation of the resin as described in U.S. 5,605,936 (Denicola et al.). Still other useful
methods include forming a bipola; molecular weight distribution as described in J.I.
Raukola, A New Technology To Manufacture Polypropylene Foam Sheet And Biaxially
Oriented Foam Film, VTT Publications 361, Technical Research Center of Finland, 1998
30 and in U.S. 4,940,736 (Alteepping and Nebe), incorporated herein by reference.
The foamable polypropylene may be comprised solely of propylene homopolymer

Or may comprise a copolymer having 50 wt% or more propylene' monomer content.



WO 02/ 00412 PCT/ USQL1/ 19989 Further, the foanable propyl ene may conpri Qe[]a: 2004
m xture or blend of propyl ene hom)pol ynmers or copolynmers with a hony o

copol ymap @tdoer? t han propyl ene hono- or copol yners. ParPCﬁ'UBWlI!’%%seful
propyl ene copol yners are those of propylene and one or nore 5

non- propyl eni ¢ nonomers. Propyl ene copol yners include random bl ock, and
grafted copol ymers of propyl ene and ol efin nonomers sel ect ed fromthe group
consi st iFugthef, theefolapiabhqqrop'ﬁe@nay od:mpmma mmummr@i@dﬂfmnwlemr opyl ene
copolynmers may al so |nclude r nmers of rop e and ol.efi ns_sel ect ed
£ o  neboagRlymaksh or CoaMmE il Lol dseoBp ¥ i BERRYIERE BT R Lot et
of such C%f’%@m YdTers is preferably | ess t han 45 w% 10 The C3-C8 a-ol efins

i ncl ude ene, isobutylene, 1-pentene, 3-nethyl-I|-butene, 1- hexene,

3, 4- di met hy| -Pdrtiedlafle nsefullpropylesseopo B,m*khlsclthoée eﬂpwpzyime andcnt loemork e.

Exanpl es of C4-Cl0 di enes jnclude but adi_ene, ent adi en | soprene,
1, 55 hex AfNCPFOPYIONIg MENAMATSHy roaglﬁaa VIRPRS 1nqiude méom lqek. a5 (50

h b
Dt « PRlyERT Y rUpYES puf beflb AEfmoRER] SlechiPtrbanlife %é%%ﬁsm%o%n:)ogf tion
i ncl ude dhoBe, CBUCR B oldfiis %ﬂ&'Chl@ﬁﬁdlch&WFi@@ﬁéﬁé’ {tedrd vla9 8o include

fl uoropol yners, poly(l- butene), ethylene/acryllc acid copolyner
et hyl enedehpdllyﬂmeprﬁi@lmmﬂmreﬂne'sdslydtedlﬁbmmp)grmpa:mmpnhg/uﬁB—CS o~
st yrene/ but adi ene copol yner, ethylene/styrene copol et hyl ene/ et hyl

acryl at eolcﬁps; wxmn thmﬁﬂeﬁrscmtto swahdprpelymers & m%’qs#y dess thep 4a9vt%o
st yrenel ene I ene rene (S d et h | ene/.di ene
ﬁ é@l@\?‘_&ﬁv‘%!m ‘Jécn(‘Ea@Eg‘@;"@B tf%esg ME%HF €.df anor phous
poI yner sy h e 0 ¥l e bl e
anor phousfg%%)6 ers %%g‘ i%g{clﬂg.l h&ﬂe pé?yst y leg'gtszﬁmQ ycaggonaggasmﬁ& 5
pol yacr yCHL.(SIO diednesrmtlhdsl,\szmﬁlctfeL a,ﬂtmmtbcnesmopreas, 155-hexadiene 253bl ock
copol ymer ., Styrene-isoprene-styrene (SIS),
styrene- é@ﬁﬁhﬂ%&ﬁﬁh@”}q alhe fike.e ne bI ock copol yners (SEBS) pol ybut adi ene,

i cnes (e o VoGP REORP BicERFeen) BLERD gD o o RERIHR A ot g0 1

monger  fHabRag beadied & the tiphahelt ﬁfdhg&ﬁplﬂmbpplﬁhe irethe dbaaible composmon
pol yet hyl ene-terephthal ate (PETG . O her, exanples of anor phous poyémars

i nci ude, inshude highy mestiya; meﬂh‘}qﬂéﬁ% PelysEyianer guoregtp YRERy PAYAr ohexane,

o omat 1 & DRSuk} HeSteqRBetiHisitia copblyer EnyibhTURE AR Bk ot 0 hanes.
acryl oni hfuyn@ekpﬁpﬂmmimmy:eﬁaﬁmaebmmﬂ, pHyjemesstytérertepolymer,

ethylene/ethyl acrylate copolymer, ionomers and thermoplastic elastomers such as

20 styrene/ethylene/butylene/styrene (SEBS), and ethylene/propylene/diene copolymer

(EPDM).
Minor amounts (50 percent or less by weight) of amorphous polymers may be

added to the high melt strength polypropylene. Suitable amorphous polymers include, e.g.,
polystyrenes, polycarbonates, polyacrylics, polymethacrylics, elastomers, such as styrenic

25 block copolymers, e.g., styrene-isoprene-styrene (SIS), styrene-ethylene/butylene-styrene
block copolymers (SEBS), polybutadiene, polyisoprene, polychloroprene, random and
block copolymers of styrene and dienes (e.g.,styrene-butadiene rubber (SBRY)), ethylene-
propylene-diene monomer rubber, natural rubber, ethylene propylene rubber,
polyethylene-terephthalate (PETG). Other examples of amorphous polymers include, e.g.,

30 polystyrene-polyethylene copolymers, polyvinylcyclohexane, polyacrylonitrile, polyvinyl
chloride, thermoplastic polyurethanes, aromatic epoxies, amorphous polyesters,

amorphous polyamides, acrylonitrile-butadiene-styrene (ABS) copolymers, polyphenylene
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pol ystyrene, polystyrene copol yners, polynethyl nethacryl ate (P ,

fl uori nepad/oediast omers, pol ydi met hyl sil oxane, pol yet herpdgg6f196¢80" Phous

fl uor opol yners, anorphous pol yol efins, pol yphenyl ene oxi de, poryphenylene

oxi de - polystyrene alloys, copolyners containing at |east one anorphous
conponent, and 5 m xtures thereof. An extrusion process using a

si ngl e- s¥idewlloyi highdmpacepolystytene,doilyseyrtncupolymery, obymétaylmprieRafiget he foans
el ot PNER. Barien elsstorssne olicimeibul Glospes, BaEFibeBRRS: Enomhow m 8
propyl efg Witkirs thgﬁﬂ | oM . sical, or chem cal
bl owi ng 1%ﬁggent . an e%ﬁ@@%ﬂsb&#@ ér%g&'@ : %X%C?POJMQ%P%%@F(& ure and

pr essur polystydineiatiogs, i copidhymere xontainingat da:8t 648 @nGrphéef @ahynsadd i cient to

mai_nt ai n.t he pol ric material and blowi ng agent as a honobgeneous sol ution
or 2di spm.th@g‘gerably, the polymeric materials are foaned at no nore

th 30C ab .5 he. neat po ro ene thereb
b oduci g de it SUSHER rrbois hARR oMt Gt doiBle SRty B iRk epn o1 res. 35
When a pysyexh oedy prbpuse e R8I t0f thlisiBseatintbRidnS ’I"Jﬁ@?:gcésj_%ﬁ%% % e S

initially maintained above the nelting tenperatu oW ng
agent | Sf merekigh melbstrengtirpropylone polyweas (and any dptional podymensity fierm and t he nel t

306 abobioPyRES pEa Pt SHbL BPking Sechl e phSERI b el bowing + 300y
whiol €t hgenty ddientng f foRinY MER ftdxtibe. The @éﬁ?ﬁﬁaﬁ&%d&?&sﬁé}oﬁdﬁg%&& Under

these conditions the pol ymer/bl owi ng agent” renains "a sin t he
mel t i SEERSIOHESay agepr ly siffigient toshaipiaingthel ipelyniesicnedterial apd dlowihgans and

expands ing foans, Wwth small., upiformcell sizes. It has been found
t hat bya%\e&'g?ggﬁlgﬁwﬁ%)??‘éé?mﬁnfnbw Bt ‘T’F@%oﬁ’&ﬁp TiCBatgHYIs B processed
and f oarsened at hHGedhal SFC HRA nﬁ:% n%g@,{e%% ' lgat be

requi red. The bl owi ng agent mayép as??%ggée, 1. €. ?%1%&@%%@% of , the
pol ymer therebot produding désirablepropdriegeaich asinsiferanarl/dramdlhellf@ag to  cool and
stgbilize so after i it,s the die, thereby nmaking it easier to arrest

t
cel’l growth Dc%ﬁ‘i“é“’i‘@éﬁ 1k pEct el ast0q ipsed sthe neas pobmeer isimdtialky f or m

When a ﬁiﬁ&ﬁé&a@é@%@%&ﬁﬁ%{e InSrddGe IPMI s _added to the
neat pol ymer, m xed, heate %ﬂgég te'?rp‘ISheeHa}ﬁair%e a %&%ﬁﬂﬁmg&e&ﬁ%
pol ypr optheowise nuxed)swithe tHR0molrdni pudymaemandithgmehahikturé Reboledah a8 dxerubbe
activat'%on te{rperat retgf the ghhergig | bl owi ng_ .

O an exit temperature that is less than 30°C above the melting temperature of the neat

polymer (T < Tr, + 30°C) while the pressure is maintained at or above 2000 psi (13.8

20 MPa). Under these conditions the polymer/blowing agent remains a single phase. As the
melt mixture passes through the exit/shaping die the melt rapidly foams and expands,
generating foams with small, uniform cell sizes. It has been found that by adding a
physical blowing agent, the polypropylene may be processed and foamed at temperatures
considerably lower than otherwise might be required. The blowing agent may plasticize,

25 i.e., lower the Tpy, of, the polymeric material. The lower temperature can allow the foam to
cool and stabilize soon afier it exits the die, thereby méking it easier to arrest cell growth
and coalescence while the cells are smaller and more uniform.

When a chemical blowing agent is used, the blowing agent is added to the neat
polymer, mixed, heated to a temperature above the Ty, of the polypropylene to ensure

30 intimate 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




agent, resulting in deconposition of the bl ow ng agent. The t enper ptu amll
pressure of the systemare controlled to maintain substantially a’si e
phase. woenzgasi2f orned on 6 2 2 DEC 2004 WO 02/ 00412 PCT/RIXDI$0189%9
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 the nelting _ tenperature of the neat polymer, while the pressure is

mai nt ai Redvationds sesansiallp disselyed ox dispegserin fhe melt prixres gTherveswiting singlet hr ough

a cooli 0 LN the exiruder prior o xi tfshapi.ng die. Cenerally
t he che%%%ﬁo‘gﬁgﬁ afegpgwmglngﬁ%oé‘é%hﬁ] eﬁﬁmﬁ%@?mﬁﬁ’?@m prior to

i ntr oduGémpétatufe bNthc Behy piflPiner, WEB tiRSpredius T maintainBd RO aboV¥ 2B0Rpsi her a

chem cal or physical blowng agent, as the nelt mxture exits the extruder

t hr ough (33.8°dBa)nby passing the muxtpthsanghtacooling ronsls) io wer eximdosprinetd thepr essur e
causing t bl.owi,n en oritsﬁg onposi tion, products)..to expand. This
iR o el{onaniRE s SRPEY (B chefrick) SRTREABAT: & G WMo it B Sy o winon t he
nelt m ' SHREIRt ' q&ﬁﬁgﬂ e Tm of the neat
pol ypr o%lsen r,eﬁ%dﬁéél ncr egggﬁﬁ)nthé%ﬁlud% St ﬁde&\ggl:iyrrer sgplﬁﬁg bl owi ng agent
comes out of With esthbria chemicalus physical blowihg agdritoas thé melthmixpot gxitsathy | ene,
which in turn arrests_the %EO\Mh and coal escense of the foamcells wthin

seconds S¥ruderfarough s shaping die, 1trip gxosethtoghe puch dwer atmasphese pressWp | v resul ts

Ttk _ el _ ; . . . {orial.
hen ¢ et B LIRS o Pldr 18 Rcdtbds G KSR S et iR AISTRlE o °C
pohy pr opipimston febaltiax ie foaindngbf the nsetiagixtoyre OWheR eheratly fiktuid¥xiteases as t he

bl owi ng agent cones out of the solution and the polypropylene rapidly
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foam cells within seconds or, most typically, a fraction of a second. Preferably, under
20 these conditions, the formation of small and uniform cells in the polymeric material

occurs. When exit temperatures are in excess of 30°C above the Ty, of the neat polymer,
cooling of the polymeric material may take longer, resulting in non-uniform, unarrested
cell growth. In addition to the increase in Tpy,, adiabatic cooling of the foam may occur as
the blowing agent expands.

25 Either a physical or chemical blowing agent may plasticize, i.e., lower the Ty and

Tg of, the polymeric material. With the addition of a blowing agent, the melt mixture may

be processed and foamed at temperatures considerably lower than otherwise might be

required, and in some cases may be processed below the melt temperature of the

polypropylene. The lower temperature can allow the foam to cool and stabilize (i.e., reach
30 a point of sufficient solidification to arrest further cell growth and produce smaller and

more uniform cell sizes.
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is then mixed to distribute it throughout the polymer in undecomposed form, above the

melt temperature of the polypropylene, but below the activation temperature of the _

20 chemical blowing agent. Once dispersed, the chemical blowing agent may be activated by
heating the mixture to a temperature above its decomposition temperature of the agent.
Decomposition of the blowing agent liberates gas, such as Ng, COy and/or H»O, yet cell

formation is restrained by the temperature and pressure of the system. Useful chemical

blowing agents typically decompose at a temperature of 140°C or above.

25 Examples of such materials include synthetic azo-, carbonate-, and hydrazide-
based molecules, including azodicarbonamide, azodiisobutyronitrile,
benzenesulfonhydrazide, 4,4-oxybenzene sulfonyi-semicarbazide, p-toluene sulfonyl
semi-carbazide, barium azodicarboxylate, N,N’-dimethyl-N,N’-dinitrosoterephthalamide
and trihydrazino triazine. Specific examples of these materials are Celogen OT (4,4'

30 oxybis (benzenesulfonylhydrazide), Hydrocerol BIF (preparations of carbonate
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agent f rPH Fﬁ%@ﬁ%l@%iﬂéﬂ'aéeg? is%i&ﬂﬂ?i&xtroﬁh%d%%ﬁ&ﬁ&gat some intermediate stage
of extruder 14 by means of fluid handling equipment 16. The purpose of the melt-mixing

20 step is to prepare a foamable, extrudable composition in which the blowing agent and
other additives, to the extent present, are distributed homogeneously throughout the
molten polymeric material. Specific operating conditions are selected to achieve such
homogeneous distribution based upon the properties and characteristics of the particular
compositioﬁ being processed. The operating and exit pressures in extruder 14 should be

25 sufficient to prevent the blowing agent from expanding in the extruder. The operating
temperature in the extruder 14 should be sufficient to melt and/or soften all of the
polymers in the melt mixture.

Next, the melt mix is fed to a second extruder 20 (typically a single screw
extruder) by means of conduit 18. Extruder 20 is generally operated at conditions (e.g.,
30 screw speed, screw length, pressure, and temperature) selected to achieve optimum

mixing, and to keep the blowing agent in solution. Extruder 20 typically has a decreasing
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exit, more typically and preferably less than two centimeters, as the foamable material

exits the die and is exposed to ambient pressure.

The shape of the die exit orifice dictates the shape of foam 24. A variety of shapes
20 may be produced, including a continuous sheet, including sheets with patterned profiles, a
tube, a rope, etc.

In general, as the blowing agent separates from the melt mixture, its plasticizing
effect on the polymeric material decreases and the extensional viscosity of the polymeric
material increases. The viscosity increase is much sharper at the Ty, than at the Tg, making

25 the choice of foaming temperatures for semicrystalline polymers much more strin gent than
for amorphous polymers. As the temperature of the polymeric material approaches the Tp,
of the neat polymer and becomes more viscous, the cells cannot as easily expand or
coalesce. As the foam material cools further, it solidifies in the general shape of the exit
shaping orifice of die 22.

30 Figure 2 jllustrates a single stage extrusion apparatus 40 that can be used to make
the foams of the present invention, and is the preferred process for use with chemical

blowing agents. A twin screw extruder 44 (as depicted) may be used to form a melt
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agent into a honogeneous mi xture while cooling.
distance. To achieve a suitable melt mix, approximately the first half of the extruder

screw may have mixing and conveying elements which knead the polymer and move it
through the extruder. The second half of the screw may have distributive mixing elements

20 to mix the polymer material and blowing agent into a homogeneous mixture while
cooling,

As with the tandem process, the operating and exit pressures (and temperatures)
should be sufficient to prevent the blowing agent from causing cell formation in the
extruder. The operating temperature is preferably sufficient to meit the polymer materials,

25 while the last zone or zones of the extruder are preferably at a temperature that will bring
the extrudate to the exit temperature.

At the exit end of the extruder, the foamable, extrudable composition is metered
into a die 48 having a shaping exit orifice. The foam is generated in the same manner 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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The optimum exit temperature, exit pressure, and blowing agent concentration for
a particular melt mixture will depend on a number of factors such as the type and amount.
20 of polymer(s) used; the physical properties of the polymers, including viscosity; the
mutual solubility of the polymer(s) and the blowing agent; the type and amount of
additives used; the thickness of the foam to be produced; the desired density and cell size;
whether the foam will be coextruded with another foam or an unfoamed material; and the
die gap and die orifice design.
25 The present invention provides foarms having average cell sizes less than 100
micrometers, and advantageously may provide foams having average cell sizes less than
50 micrometers. Additionally the foams produced have a closed cell content of 70 percent
or greater.  As result of extrusion, the cells may be elongated in the machine direction.
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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f o#m remahmmu'sphadess avmdalit;dfnhm mmgntyasn:(amtalm 'Bhefuademqiaﬁicyld:@ss t han)
t he crossy g; i onal .di rre sion of the cell EI’I or to orientation. The

3C0ndItIO‘ﬂ%n °E9rtF%‘FH%FP FRRIIE Of Fyeiatastiephit fajfure Hdhe aHenialion, of the foamis
mai Nt ai RggnerkidSisBE hw bi Bk CRkRE oM i F}ﬁg@{r@'e s SN, q{lﬁﬁ ﬂ@@@jﬁst ant i al

dlrectlons the “orientation tenperat I'S c osen suc
tearing foamfis aeged aita tomperfaturt betivden tiet glaps dransifiba ssenpevatavecindable metim‘goam

integrit |s rraln ned. amis particularly .vulnerable to tearing,
cel gr u @f/&‘ﬁ @&H‘B@ﬁ?@ fPa"P@Eﬁbiay’ e‘?"!ﬁ? Tagie is; rat u?e i s
togs | ow (gg afpﬁﬁn‘%élﬁéfﬁ & fhtﬁ:etorg{éab %gﬁ isa? ?Mremoaﬁmoﬁe ly the

foamis oriéented at at rrperatu s transition tenperature
and the omimumgncmtemremathelﬁeandeﬁirectrmawmhomylpsaxpf)tbmnenteamqt erably, the

orientation t er at bove t he. al transition tepperature of the
neat pol yner. %@H“F‘glﬁp :h&i EB?fgﬁhﬁmhgﬁafﬁff” re&uccsthe ity o the

foam, thus enabling the production of lower density foams than are achievable using

blowing agents alone. Up to a 60% reduction in density has been observed. There is a

20 practical limit to the amount of blowing agent that can be used to prepare foams,
particularly chemical blowing agents that leave an organic residue in the polymer matrix
on decomposition. The instant invention provides the additional benefits to the foamed
article such as lower manufacturing and materials costs, better insulation properties,
greater surface area, ease of manufacturing, enhanced diffuse reflectivity, reduced

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
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anount i e f.oammatrix be determ ned by techni ques such as scanni ng
el ectronﬁégpgg%ﬁﬁpgn%ﬁnﬁvﬁ’é“%mqsng step, the foamis stretched in the

ctron ! . . _. nLn
machi ne di r ecrh®greiftingB¥ndiGonsSirehd2R 8O R gfheé‘?fwnﬁjt}%gﬁ%%ﬁ?ﬁ@ﬁil ed in

the transverse direction. Wen first stretche rection,
t he i ndi MpERaAndithey vpidsvobime hfthefbamult haebeenf fonidthaniry gricnpsd foam e dr awn

subst ant j.al. raklel to the machine direction (djrection of orientation)
of "the 1 PPuTaR cHneied Erdle SugRER, EVen i< migNeiy o waid puREiczan e

vi gsal | zasinpiwed@MintticateddBAns.| kK€ appearance. Subsequent or further
orientation of the filmin the transverse direction results in

reori ent at i onThg faapempy be biaxiallyerientsdbyt steeteHingiin mbtunte pérpbmdicalat h var yi ng
10 popul gti l.ong the X Y and internediate axes, dependi ng on the degree
of ori gn@gﬁﬁgﬁs &i anteﬁggragygsﬁpﬂwée &ﬁﬁ@%&’é@ﬁ“ﬁ?ﬁ@ﬁ ﬂﬁg?ef%&‘wlﬁéhi ng
condi ti ommpafure b8 485 pd]l PpropFleB@ BeneAlys s H1a] fsistbicedin dnb irBOof Bt 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 simuitaneous 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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tines. t PRI of TRRG Y oCif ' Gha s U BT Tog Rt ot
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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
(.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

coe}xtruded with materials having substantially higher or lower processing temperatures
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mul tilayer articles c rising.at _least o hi gh nel, rength foam | ayer.
The foarrgelﬂadf‘ Wéihpé@@ggfa? ﬁ%ﬁ?ﬁ%@?&&mﬁ@rﬁ&%ﬁ%@wm s efi Benaying
subst ant | ar | %EF'Q;EJI 004 WO
02/ 00412b§%¢%%85%{ %°%s?ﬁ%€so ﬁ]%te oam %ﬁ@%ﬁgﬁlégggm%ng t he
desired swshucaseamchrstradable matzsal, including the highemelt steertgtin polypdopebeposi ng t he

foamto an adjacent. hot lyner as it is extruded, ,m ght, cause the foam
ol s, e haithf npleriabinaf Re HiopEws uaine ik Of fe RODYR:Affotibed exiasERmRthods
Congsi NUE wheRigHRY ARtreOALI8LR &ﬁ%ﬁﬁ%&%@bﬁ 2 SRS NHr ﬁaﬁﬁce,ror@lﬂm cause the

foammaterial to nmelt 5 or collapse. e coextrusi'on process of the present
i nvent i omanifplddieanschre browghietogethersprior taexiting khecdiepThe laygrstfoam imyer s or

more. A |g§l¥eer£1'f39 thréaspal(:ar{clnﬂnngrr asaéetsclrnctle% above Po?‘ tRe g}?éju‘%leo% p%ccss. The multi-layer

process can also be used to extrude the foam of this invention with other types of materials

such as thermoplastic films and adhesives. When a multi-layered article is produced, it is
20 preferable to form adjacent layers using materials having similar viscosities and which
provide interlayer adhesion. When the multilayer article comprises a foam layer and a
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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substantially different tenperatures, a 25 die can be use
i s&f at e OBHRE eRatade rAfantageanslyIwhenmsing § biexially prientedfoatmifithepiesémg  t he di e,

for exa : i ' | hqure 4 of .U S. Pat. No 5 599, 602,

i ncor poﬁéﬁgﬂ%gﬁg?%@ﬁ%@wﬂgﬂ{@ﬁmﬁm ™A he 5esily|tomy in sithertbeiat i ve ef fect s
of cont domgimdirtabher ghisiversedirectigal eri al s such as nelting or collapsing the
foam or causing continued cell expansion coal escense. 30 Miultilayer foam
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16 02/.00412 2 DEC 2004 = PCT/USO1/ 19989 Useful | am nated constructions

i né%l\gde%?tﬁéélmt ass‘f’agﬁblﬁﬂu%ﬁ“ﬁp aetivated, ang water-agtivated

t her nopl z@iédivest Thése! adM&ivedr aﬁbéﬁgfa]' hed i ; er. Qher
techni ques that can be usedc I ncl ude e@%ﬁ%ﬁon Ié‘loa |n%&§‘rn\s Wﬁ%&dﬁ%n

coext r usioaung bhmethads sucheasaevdreeirdlly khifSovétabll, flavure, WROwdafid rdd)Geamegy at ed by
refer encl&ifem %jrrﬁlkite! ﬂcﬁyneﬁt g&;[t{n%lsgch 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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5 may be oriented as previously described. Oiented foans are esped @CPE{: 2004
useful as tape backings or straps to yield an extrenely strong tape due to
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sol vent coated, or |ike adhesive suitable for application to filns. Either
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bl ock0 po ?ﬁié:?gtaggg]ﬁﬂilscss bﬁ% %’s@g%rﬁlene %%E t"‘{ﬂ’grfvm{f%g Etyrene bI ock
Iopol yeieass whehliy bead fonopy | ene di ene polyners, and 25 styrene but adi ene
polyner pql y-al pha-ol efin; anorphous polyol efin; silicone; ethylene-

cont ai ni ng Wiz, the seleass conting moﬁlmlsmeldthﬁtc@mmtlhlylmﬂl theat e, and

vi ny1 Ao ion BB Kl Getlhe BRNA S Sornif ohlns BB=Ycf s Bibege. ©"° ™

Addi t ivansfeiryd td the adhdses coagposition. cont ai n addi tives such as tackifi ers,
pl asticizers, fillers, antioxidants, stabilizers, pi gmants 30 diffusing

particl es, Reléab L¥Rig BRtoSIBbNERIrThe 1R er%@f!ﬁ%eswes Béhel O the

present invention can be pressure sensitil essuré sensitive -
Hdhesialled, aflonehemida) comstiruentst orcmnbmmqmmathﬁmlmﬂmmnuﬂgc&n@)ﬂaﬁc 2004 WO
02/ 00412 .RPCT/ US01/ 19989 be, adhir etg to a surf y appli catlon of , at nost,
i ght TRy &FicH5e £0aliRECompasitioas Tor Bé%‘@f‘??ﬁ‘rn& fs B CONININES ur e sensiti ve

adhesipoBmétBsubE aé SUBshe! golREM QP SifibSheYolyureas and silicone
polyurethane/ureas, such as those described in U.S. Patent Nos. 5,214,119, 5,290,615,
5,750,630, and 5,356,706, and silicone acrylate grafted copolymers described in U.S.

20 Patent Nos. 5,032,460, 5,202,190, and 4,728,571. Other useful release coating
compositions include fluorochemical containing polymers such as those described in U.S.
Patent No. 3,318,852, and polymers containing long alkyl side chains such as polyvinyl N-
alkyl carbamates (e.g., polyvinyl N-octadecyl carbamates) as described in U.S. Patent No.
2,532,011, 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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Pol yner Science and Engineering, Vol. 13, Wley-Interscience Publi sie? JENI04
York, 1988). Additional description of useful pressure sensitive adhesives
may be WOUW@M1d 5 Encycl opedia of Pol ymer Science and To€mAiN0ng9989 Vol . 1,

I nterscience Publishers (New York, 1964). Wen a pressure sensitive
adhesive is coated onto one side of the backing and a release coating (a
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of taped el yer 1} {odb$ backing layery |Alse ihe telrasopilopeiticabf therbatkingent s,  or
conpi nat,| . 16 I.nparti C onent. Useful. release coatin
corrr%osi %?%Eimﬁglfﬂcpﬁsgéﬁ 14 aﬁi%ibggﬁﬁ@?@gg a@ﬁ%‘ﬁ%‘r“f@[’&@{ﬁ 'é’lar‘fh?ﬁe d mers, sgc h
as si || aawindublapadiozistiod] CFhe reiohiogerlel HInE BciaAEical ﬁgalﬁgﬁnﬁﬁeﬂlgg_apg{yﬁdq 110

pol yur et hane/ ureas, such as those described in
5, 290, 6830w surfamEneHY, cOmMpPYSHioBSPIMIG, cortia distharge) dlamerydaahentgr af t ed

copol y escribed in. U S. .20 Patent Nos. 5,032,460, 5,202,190, and
4,728,5 é‘.fgh%lﬁg’rﬂ%ggﬁﬂndrc P@é‘?&oﬁ%ati ng conpositions include fluorochenical
contai ning polyners such as those described in U S. Patent No. 3,318, 852,

and pol yners containing |long al kyl side chains such as pol yvinyl N alkyl
calbanma LES pol yvinyl N-octadecyl carbamates) as described in U.S.

Pat ent bf%t 532,011, and copol yners contai ni ng hi gher al kyl acryl ates
(e.0., Uctla%é@?&acryl ate or 25 behenyl acrylate), such as those descri bed

in US. Patent No. 2,607,711, or alkyl nethacrylates (e.g., stearyl
met hacr such as those described in U S Patent Nos. 3,502,497 and
4, 241, 1aamiPensty +(AS EVINI9286)e chai n i ncl udes from about 16 to 22 carbon

atons. These 0eI ease ‘%ol%_mars We bl iafc%ed wi th each other and w.th
therrmsetting% ATPlgS WP Chta UR X121 1O $RSFiReRs apd Ppigbed opg high m t he
r elease pesidiod 8al SREROGIIIHIO R Molel RG4S HoR: ) | & y be used in
the rel ease coating conpositi ones such as fl}dlefdegr?g?ﬁ%g' ?egﬁﬁgg’imo4 WO
02/ 0041 Bveitzeylush [Fiegademe of eashtsempleewss otgaiagkbby meastrimgabé tpssafdivdteer s,
stabilizgr nti-oxi dants, CEQss-linkin

d‘i”‘spfz’lcaad?l at room temperature ?ESd t 158). Assuming t%e density of water at 25°C to be 1

g/em’, the volume of each sample was calculated using Archimedes principle. The density

of the foam was obtained by the quotient of the mass and volume. Accuracy of this

20 measurement is +0.01 g/cm’.

Foam Cell Size
Scanning electron microscopy was performed on all the foam samples using a
scanning electron microscope available as model JSM-35C from JEOL USA, Inc.,

25 Peabody, MA, operated at 5 and 10 kV. The samples were prepared by freezing in liquid
nitrogen for 2-5 minutes and fractuting. A thin palladium-gold coating was evaporated on
the samples to develop a conductive surface. The diameters of the foam cells were
measured using the digital SEM micrographs and UTHSCSA Image Tool for Windows
Software (Version 1.28, University of Texas, San Antonio, Texas). The diameters of over

30 100 cells were measured and recorded. The average cell dimension was calculated using
the Image Tool Software.
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agents. Nunerous other |ayers can be added to the tape, such as prj @e@@ﬁtﬁ][}#
I ncrease adhesive | ayer adhesion to the backing |layer. Al so, the rel ease

pr oper tWe®2e6412 he backing 5 can be nodified such that theesiigeand t he
adhesi ve cooperate to achieve desired unw nd characteristics. The rel ease
properties of the backing can be nodified by applying a |ow surface energy
conposition, primng, corona discharge, flame treatnment, roughening,

et chi ngMeghanieal propeatissons. 10 EXAMPLES Test Met hods Foam Density(ASTM

D792-86) F | ipto 12.5 2.5 I ' d i ghed
on a high - 1ISEARREPRPasrscolne R P R o o om O
Met t | ' |t ; ;

obt ai nod iy el 27 BRE R0 Tnsty PR Pvict LR £ o MR T i e (25

10) . Assamplegwtiefidesthiditioned ar@3%€ ard 5% GuinidiBefor rw@ 8§58 THeREmYRE \Wege 0f each
sanpl e was cal cul ated using Archi medes principle. The density “of the foam

wad obt Hheadapdsysinge dagbone dic with & kesting segiomdimenkioneof 264 omac.3ptmi dnds 20
[cnB. F Cell Size S ' t '

por 1 or il thickdisf of fre o8 ient W3R nisaued f CrecSRlET A Shrdane wes Wb r oscope

avai | abbung et tedily afon dfemR dégdont’ 3 robi&é-beﬂ%;?ﬁl]bcﬁéi}fﬁ%wfhe operated at

5 and 10 kV. The sanpl'es "were prepared freezin n11qui nitrogen for
2-5 mi neampleswdreitested atrtensjle rates lof BS dainl/enin untilffailure aad thegregewacvapor at ed on

the sanples to deyel gp a.conductive surface. The diapeters of the foamcells
wer e g&&ﬁﬁ@ﬁ%ﬁ?ﬁ“&%BféPﬂﬁ%m EY@rRgec ApreParefl- UTHSCSA | mage Tool for
Widows Software (Version 1.28, University of Texas, San Antonio, Texas).
The di aneters of over 30 100 cells were nmeasured and recorded. The average
cel | di Esamplenl was cal cul ated using the Inmage Tool Software. 19 2 2 DEC

2004 WO 02/0Q412, PCT/ USO01/.19989 Mechani cal properties Mechani cal properties
of the foam%@%’é% ?éé‘gﬁﬁn pylene(BESA4TMrMentell Morthysi ng an

| nst r on ATfitida e DEW Gt E; RelCRBH- of abfdkBRatell™ to 4@ 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 15.2¢m 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 um. 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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sanples were first conditioned at 23C and 50% hunidity for two dayd.? DRE 200%
sanples were 5 then nade using a dogbone die with a testing region

- di mensi WRL2E9412 54 cm x 0.32 cmand the thickness of tRCEYWIMEAHS was
measured and recorded. 3Mfiber tape was used around the non-testing region
of the dogbone to provide better grip in the clip. The sanples were tested

at tensi of 25 4. cmmn untjl failure d _the stress was neasured
as a fu@ilg@}ﬁlf%"éy é%?%%é?ﬁé?@@%%aﬂa r sEIcERlure and pressiiee 1 A
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and 2% [Bhe respltapityelowshaipaguectolanbhadvi thipkaeps of 0(/Rbfo &dTd-Hensity 6f G.66¢/cd/ sodi um
bi carbonat e m xtur.e 15 from Reed nternati onal Corp., Keyport was
preparegu{lﬁt@cﬁ‘?%‘"“(’g‘?‘?‘ﬁﬁmﬁf @aﬂs@#&mﬁmﬁé@p&w&%@ha truélers Di v.
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otage. s CHNELEWpfrodBhlbely O 0L SR muBOMSL BRI e SR O 1800

The exi derisityiof 0a62Ug/6c. BignifRakt celllc@RlhRIvADbENVEd MQ@THNALB. Whef MPa.  The
melt m xture was _extruded through a 15.2cmfoamdie (Extrusion D es Inc.,

Canf i el @rented e43.55hH 2356 thedfonmtdensity wand.Shekt. was cool ed on a chronme cast
roll at 150F (65.5C), then collected at a drawrate of 1.5 mim n. The foam
was white and opaque, and had a density of 0.56 g/cc at a thickness of 0.6
nm As Qiﬁﬂﬂld?((‘f&rﬂﬁara&h%nd 4, cells of the foamwere slightly elongated in
the machine direction ( _and range in average di nension between 50 and
20 m gener & mpltgnizture of highmelOarepgth Wilypropderec@ES biMYiand 36 byewtighi on of
the 25 f 3. in a | aboratory-scal g _hatch orienter at

appr oxi r?g?gléﬁ'ié? -QH%%%IB?VBW ¥l ‘é{a‘%PrFB% ,m%i&'fsflﬂ%lb&p ¢18} YIBBIE STEWmat er i al
W th a eemeder Devis-Stabiap)equippsd Witht SaxtdaNmRA¢ saby e was

pr epar ed fromﬂ; | ower mel)t%qstrength I sotactic po yﬁ%@ﬁgﬁgﬁg@%avi ng a

mel t f| dempsiratargprofilenroml 12720 206 fo 204°M TheRRR 3etdpdvhtufs was 188°C, ciotidgas, TX).

The polyner. was m xed in.a 2ommdiapeter twn screw extruder (Berstorff
Cor p. , FB‘F@FF@@'}&@'OJ{}[PSO%?‘BH | Rturg WS exindpgk thiough 229 4say de

o1 94 19 BRBMoried 1o CEAARONOAPHO0M LR GTAISOM 1SR8RO

avai | abl'e from Anpacet Co., ‘G nci nnat nperature an
prof i | esasimel] stk thenaotledted aisa dvawerarssf Srthvinginl Yhe fhani haaad density O3 S7

descri beg;i in Ex_ag;l e 1. .
cc at a thickniess of 0.9 mm. As shown in Fig. 5, cells of the foam were noticeably
elongated in the machine direction, approximately 100 — 150 pm, and large in general,
measuring 60 -80 pm 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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The resultant yell owi sh opaque foam had a thickness of 0.7 nm and pzmimﬂq
of 0.66 g/cc. Sinultaneous biaxial orientation of the foam (4x by 4x)-Tn a
| abor at W@ e¥eEl2: batch 5 orienter at approxi mately 135 - p¢0@sSpr/oessied a nuch
| ess opaque material with a density of 0.62 g/cc. Significant cell collapse
was observed after orientation. Wien oriented at 2.5x by 2.5x, the foam
density was_0.54 g/cc. Exanple 3 (Corrparativ/gé 10 A nelt mixture of high

mel t st reinhd FBoWithcelly plamifonprizesapproximatedy 80y S0elmh The foanFwas oefted
hem cal _hl.ow .in.a 2.5 i.nch (6.3 i ngl
ot r ucier 0k B9 IR el i B Therbigeltireatem pain At el Hngdomemtarn o 45

d .1 e frol . 4C. it t
e 15O} EIBEERbY S Bdingin O adibrob Yie(or B it Pl Bl MRS =
ext r udedThd\oxietged foadbwAS fouh@ vhaliesa thhsilerptich pthi 20 Brdak ¥F apfteximAzay s Gkeki OH)

and the resulting foam sheet was cooled on a chrome cast roll at T8C, then
col Pect edt Z% glongatien imthe MD anda tensile Stremgthoatbréakcofappmxdnatyglydt.1 Bpdat g/ cc at

a thickn .10f 0.9. own in Fig..5 cells he foam were
noti ceab %‘P"&?ﬁa?é"d%ﬁ-h %%W‘%F%&}@g‘ﬁ&ﬂﬂ%ﬁgf’%% ely 100 - 150 m
and large in general, neasuring 60 --80 pmin CD. Attenpts at orienting

this lowdensity, large cell foamwere 20 unsuccessful. Exanple 4
( Conpar aEkamplehe procedure of Exanple 3 was repeated using only 1 % by

Foam s i an: BAV AR Hopuhigh Sel G R RS STSOP PR MOURLEFS A 0 60
/ d ' : misl ' | :
on uni { ok P SRR EME R B iRl CROAT: Atnl it 2 ek Btor el Ent 80 T 0 ©

appr oxi nexteider 6peratedGt 82 irpm.s The tenhpenatplecprofildGn Ahd @amdepwapfropalcido 235

described in., 3, except that the exjt tenperature was |lowered to
141C, cr Iéhﬁbn? @ﬁgﬁﬁﬁ [P EANIE), Sreating an i pressre 0 338 MPBa.dThevmelttmized

2 1 cknBoy 8 9sS Bk AREneRA ok Bt SRR R 1l |

of uni f otwi shrote ABEIONY, daBk & 77°80at 276kHa, then EHBedtQPAD aVkiﬁrﬁw%ﬂcﬁleE‘iﬂlmiﬁ.t 130C

by 3.5X stretching in the nachine direction using a nulti-ro | ength )
or i ¥nt er The resplting foame shawn i3 Fig 18, bad hidensityrofO:E g/caand 2 thickndss .7 mmj n a

tenter OV c%hs ﬁlba? %ereléxggim 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
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The oriented foamwas found to have a tensile strength at break of
approximately 5.0 kpsi 5 at 27% el ongation in the MD and a tensile
at br eaW2/0813r oxi mately 2.1 kpsi
oriented foam had a density of 0.46 g/cc.
high nmelt strength pol ypropyl ene (Montell

bl ow ng agent

FML307H chem cal

at

12% el ongati on i rP@HBSOTR998Phe

PF814TM
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e of,
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3.8 MPa.
e
th cells

wer e un| rm in size (30 - 50 m and significantly elongated in the MD.
foam ] ect ed to orientation of three types: sequential biaxial,
Zlqﬂ‘él el (Ao of B bab A Bl AR W EBIEY (O T Table 1 i the
Table, draw ratios are 20 reported Rle®tal Draw (TD), cal cul ated as the
product ef—(M x CD) . Table Sipultaneous density
g/ ccSanp e §mpls al Hon y MDD tepsiby 61 M tepsile - (1 2D sw6ild 110 G tensile
6512, 25b. 276- 1060, 38 6. 620. 32% St QAR ov PREES Fshns SFERH® pf csent
i nvention exhibit |the unusugl property @fong gygg,:{eased densi %ﬁgaaoﬁn:reased
dr aw or ientatigon Foans dan withstdnd Iaraer total 22 2 2 C 2004 WO
02/ 00412| PCT$-4S01/| 1 BB ¥BaW whehOsi mll t anddus bi axi 48l y dr awn30and,
t her ef or ¢ gbgatt:i' o'ﬁ'*gi“:}(')l' Feduci‘icn & 26 14 0
6-11 Seq3x3.5 6.5 37 4.7 24
6-12 Sim4 x4 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/cc,
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
Biaxjal TD
7-1 1 043 7-1 1 043
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drawi ng. Note for Sanple 6-4 even though the density is si gnlflcan gyntew?ﬁu‘l
than that of the 2.5x by 2.5 x sanple of Conparative Exanple 2,
mechani ¥ 02dferties are inproved. The densities of foa'lrll‘ﬂﬂ;nulﬂ!ssaG 11 and .
6-12 were 0.24 and 0.22 g/cc, 5 respectively. Properties of the oriented
foans are shown in Table 2. Table 2 M) tensile MD tensile CD tensile CD
tensile~SanpleCrientationstress, kpsjistrain, %stress, kpsistrain, %
el ongat| orfef ongat i on %- 4Si m[3 x B/ 0424 828 6-loUni 53x 111761 4B |
6-118eg3;\§. 565374 —F24—6—1ASHR-4—4614336-028-Si-m —simult aneous hi axi al
n

orientafi Uni = §%axial Jori dW3ti o 1?)‘9Seq = seduential| bi D%

orientgtrens MD TOl d by CD datw :WW
strengtlh_i ncreases sﬁl\ghtly as (?qe'g)ree (’qu ntati oM i ncrelases

Si nul t agnedqus bj axi al2.0fi ent gti orp.pr ovi desy #1 oy e Tsafgopi c [foany 3jhan| does

sequentlial—biaxial orientatilon lniaxiblly orilented foans are quite s{rong

in the | nechi ne di redéi on arl[d arklhoti teably weaker in the [cross di rert I on.
excent

15 Exa |e7 ans prefjareg-ps—deser+bedHA—Exanple—61-except—that 6%
by wei ght 1 FI\/[LBO%IZSI ow g adgemM was used, jproducing fo s having a | ower
density, 0.43 g/cc, and greater thickness, 0.9 mmr The foamwas—subject ed

to either simultaneous biaxial. 20 orientation or uniaxial orientation.

Resul ts are sTHoaata of Talile 8 sBow Thit| while feunip HexSityrtAchee a1/ Spparent 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

5 (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 | MD tensile | CDtensile | CD tensile

stress, kpsi strain, % stress, kpsi strain, %

elongation elongation
74 Sim3x3 35 25 28 20
7-12 Uni4x1 45 26 09 10

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.

15 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
20 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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~density, g/ccSanpl eUni axial TDdensity, g/cc Biaxial TD 7-110.437- %lé) z[}_::E iﬁ
2 2 DEC 2004 WO 02/00412 PCT/ USOL/ 19989 7-240.277-830. 29 D 04
© 7-36. 250 @09, 80. 29 7-490. 197- 104. 50. 32 7-512. 250. 177- p¢HUSA/PY897- 6160. 17
7-720. 250. 16 The data of Table 3 show that, while foam density reaches an
apparent mninmum due to uniaxial orientation, no m ninumwas reached due to
bi axi al,, orientation. Foans that have densities of |less than 0.2 g/cc

resul ti rgdrdsasitnf 4,36 sise. andewascehsenied ip hemagh softergnd amare phiahdeitidur i ng

ext r usi : u [ asi | chigved by the nethod of the
inventica}jr?\‘.lw%ﬁ]sn:ﬁ%n&ﬁ‘?g%er %e%es%%cﬁéﬁg’ﬂ@baﬂgﬁgby the method of this
exanpl e wer e Ondiitationest, the kitiedi, Blehadd Ratérialbpavé Anad hwitd plopales BRE 7- 12
was 0.37 g/cc. Table 4 10 Sim = simnultaneous bi axi al -or?e tation Uni =
uni axi almg'@bbrﬁ- akheglensitvpf foem sample B & we @.4hgicceMVD tensi | eCD tensil eCD
tengile stress, kpsistrain, %tress, si.strain, % el ongati onel ongati on
7-45i m 3_x_33.5252.820 7-12Uni 4 x 142%580.910 The data of Table 4 show
that, in Suiigdei FoMricatdtidd dRINMDAESIRD! LaR% I@é@_ﬁ. wer
density [showed generally | ower tengsitlﬁe g@etgs pr()pgﬁ‘%&%%g 15 arrﬁ'\ee 8 A
melt m xture conpisting of 6f%tteys,kpsigit strhinhPgh | nettess, kipsiefgtstraipp By priopyl ene
(Montel || PFB14T"), 30% by we|ght of a metall oceng-pol yneri zed

semicrysft al | i ne elongation elongation
g8-1 Sim 3.5x 3.5 4.0 32 2.8 18
8-2 UniSx1 6.7 25 . 0.77 23

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 pm 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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of 13.8 @@%&%’E’%@%@@P&%ﬁ%&ﬂﬁ@%ﬁ%%m die onto a chrone cast roll

chill ed m n) produced a foam of 0.66
g/cc density and 1.1 mmthickness. Figure 9 represents an el ectron

m crograﬁg of the unoriented foam showing uniformcells of approximtely
30 - 50 Hxampkille that are slightly elongated in 20 the MD.

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
‘ 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

10

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 collected 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 gfcc. A micrograph of
the foam is shown in Fig. 11, in which cells of approximately 50 — 100 um size are seen.

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

20

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 | MDtensile | CDiensile | CD tensile
stress, kpsi strain, % stress, kpsi strain, %
elongation elongation

26




The foam was oriented continuously as described in Exanple 5 at a gagg ﬁf 2@(.
in the MD followed by 2.3x in the CD. Figure 10 represents a m crogr E 0
the ori ¥ &HWHLam showi ng el ongated cells in the MD ( bRET/EHI189890p) after
orientation. The oriented foam had density of 0.56 g/cc and a thickness of
0.1 mm Properties of the foamare 25 presented in Table 6. Table 6 25 2 2

DEC 2004‘—Seq—ﬁ: seguept--p—biadal—or--ertation—M)-f ol l owed— ata of
Table 6 ¢aniBd conpa$ﬂ1‘rl‘§ t Hose —f)geserted 4 Exanpl e*8 to [showlfhat | a foam

of this gggTl o Jaricy STATS 1 A ssentTarty Tdenticat to
those of p réﬁhl%%h?g?lg%% ene%@gaﬁgfﬁ{?ﬁgﬁs@?y of the oriented foamin
this Exanple is higher tha ?hat Fféttmc thF ord.ented foam of EX gﬁhe 5 (0.56
to 0.47 gl/cc). Exa%eémﬁ%]%e oSO I8 P §F8Y %R}P%“ﬁ 0¢ oam

coext r udagneobitrkd ok bNExafple SagHbwitg fRAE he@bekiRich 384ths &) L xgure of
48. 9% by wei gglt hi gh nelt siﬁrﬂ%ﬁgth 10 pol ypreopyl ene (meeﬂrs%g%gaﬁf ©48.9%

by wei ghthad 8 bigher teasilestess adyeakn evenrthough thpeeaximided frwmhoha@dadgyr cudl sitxs.

cherg cal bl owi ng agent (FML307H) was prepared in a Killion single screw
extruder operated at 80 rpmwith a tenperature profile of from171 to 221
to 185C [Eumpld Enperature 204C) to create an exit pressure of 18.6 MPa. A
si ngl e- conponent skin of isotactic polypropyl ene (Fina PP3374TM was
coext ruded on fefraim matesiall Wasprepired hawing nen-foam,coextendey potyamesicaking oi | | i on

[ | t t t 171 d.243C. T f It m xt
vne Cext - SRS B RS A mel Bixeifeof 4% by Bl bigh el sr@ethet 1ol |t 46C
and col | pelyptoylent (MAMITBFS A7) £id 226 Hwaghtt&eaﬁ&yig;;&gvciﬁg 4@ construct ion

havi ng a thickness of 2.13 nmand a density of 0.53 : crograph of
t hel® oam(FM1383hwan prepared in a 65 mmBerstorfitwin saewappmderiopatatddyat 88 rpm100 pm

size are _sgen. 20 Sequenti al. .5 X bi_gxi a lentation (multi-roll LO

fol | owed “ﬂ@l‘i@H’rP&F‘} (Pt B 2 1@&!?3%6‘65?@’# %mwmaé%lé?ogmw in

Fig. 12, 2haYitPesBud&t116 BaOf A Gin i "‘%‘W ,ie%fgp

Sequential 5 E&SS bi axi al orient g?ﬁgfnﬁ%rng@% edoggéoam a |§%q? e “properties

shown i n PP3BTE™) was goexinide\on @2¢t0fadd of thETodusailt ifiiBde by means of two Davis
Standard 2.5” and 2 * single screw extruders operated at 41 and 75 rpm, respectively, and

15 240°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.

20 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 | CDtensile | CD tensile

stress, MPa strain, % stress, MPa strain, %

elongation elongation
11-1 Simo54x6 | 74 N/mm’ 57 68 N/mm” 43
25 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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Sampl eOrientati onMD tensileMD tensil eCD tensileCD tensile st re552 DEC 2004
kpsistrain, %tress, kpsistrain, % elongationelongation 9-1Seq 3 x2

2. 34. @/@312 Sanpl eOri entati onVD tensil eMD tensil eCD tpenaisoeidoss ensi | e
stress, kpsistrain, %tress, kpsistrain, % elongationelongation 26 2 2 DEC
2004 WO 02/00412 10-1 Seq = sequential biaxial orientation: M followed by
CD 4.0 PCT/USOL/ 19989 15 The coextruded, oriented foans of this Exanple can
be cormﬁ@dmmb@lﬁ@CﬂdlSﬁﬁOépmpmmm&fedwmmcMad&nOBMW ng that the
coextrude foags wer e stroi‘ueg h| gher. tensile stress at break,
even t SeRted SR 8&“‘?‘ o7t losysr sbriskage. 5 Exanple 11 A foam
mat eri al was prepared having non-foam coextruded pol yneric skins on each
surface of the foam A nelt m xture of 98% by weight high nelt strength

pol ypropyl ene (Montell PF814TM and 2.2% by wei ght chem cal bl owi ng agent 10
(FML307H) was prepared in a 65 mmBerstorff twin screw extruder operated at
84 rpm with a tenperature profile of from180 to 230 to 150C (exit
tenperature 167C) to create an exit pressure of 116 bar. A single-conponent
skin of isotactic pol ypropylene (Fina PP3571TM was coextruded on each face
of the foamnelt m xture by nmeans of two Davis Standard 2.5" and 2 " single
screw extruders operated at 41 and 75 rpm respectively, and 15 240C. The
foamnmelt m xture was extruded through a 14" three-layer C oeren die,
chilled on a chronme cast roll at 20.1 C and collected at a drawi ng rate of
3.1 mMmn to provide a foamcontruction having a thickness of 2.6 nmand a
density of 0.63 g/cc. A mcrograph of the foamis simlar to that of Fig.
11 except the cell sizes range from30 - 50 p.m
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20 Sinultaneous 5.4 x 6 biaxial orientation (Berstorff LISIMtenter) of the
f oam construction provided a foam having a density of 0.5 g/cc and ADEC 2004
t hi ckness of 0.13 mMmwith the properties shown in Table 8. Table 8

Sampl eOrientationMD tensileMVD tensil eCD tensileCD tensile stress, MPastrain,
Ystress, ¢ gkrain, % elongationelongation 11-1Sino 5.4 x 674 N nmb768

N mR43 25 The coextruded, oriented foans of this Exanple can be conpared to
the coextruded foam of Exanple 10, showi ng that the sinultaneous biaxially
oriented, foang 2 4. x 3 7..0 22 2 2 DEC 2004. . WO 02/ 00412 PCT/ USO / 19989
have a nbre ggwgé@ggggg*"@ﬁ"8?83%6??@?ﬁq¥%?ﬂ?W5W$directions. In addition
the sinul t an@pus| mixirg a kag dnskipphels stexfth polypdpaemsind arledsl ohe bWz shri nkage.
28 2 2 DEC 2004 CLAIMS: 1. A nethod far nakin% an orjented foanef article
conpri si HRG™ 1 1) 2APPIRIUS §2 408 4neRt Shapig ofifict AdqmipCef e gt SHEEPY lene and at

| east onprhl Owe GniR@ENWhirBinafle BRPAAARLA RAMIREMBNifNbilted RARighG: @hd 1 ce at a
tenperature and pressure sufficient to forma nelt m xture wherein the

bl owi ng BRJBRePYIe®euni forndy distributed throughout the pol ypropyl ene; (2)
reduci ng the npe ] ) s @I f paratus to
an exit Lenpgﬁatu?g&#%QPQ%gﬁﬁgmﬁﬁ#gwgkgﬁﬁé%T%#éC%Sg%§ﬁ%aﬁgr%ﬂséﬁgerature of
t he neat exitpésimperabing |teat ais \itei merendliant WPGriahevet e melt ttempexatune eofathe aneprr essur e of
at | east %clﬁ%fral@pgtléﬂe W&ﬂgmintaiﬁiggﬁgg&lt rﬁ&)ureoﬁsdsﬂr&gurg Q? al%;ﬁ WiBa Fokﬁr%ﬁp said exit

shapi ng e and exposl n
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 to produce a foam having an average cell size less than 100
micrometers; and

(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.

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

temperatute and below the melt temperature of the polypropylene.

4. The process of claim 1 wherein said orientation is uniaxial.

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 6, wherein the tensile strength of the produced foam in the cross

direction is within 30% of the tensile strength in the machine direction.

8. The process of claim 1 wherein said high melt-strength polypropylene comprises
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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m xture to atnospheric pressure, whereby the bl ow ng agent expands Ei n?
cell formation resulting in foamformation to produce a foam havi%éaﬁ C 004
average cell size less than 100 mcroneters; and (4) orienting said foam

2. The process of claim1l wherein said foamis oriented under conditions
such th th [ : ' ased. 3. e process of
claim Za%{/ner ghﬁd@gfés %fr Q‘éﬁ}[ gﬁ hgfr%ﬁr{ %@@&1&@8@6@3&9@@% Bﬁaseféftﬁggrio on

t enper at wnémahkbckeand gratthé copelymetserfpmpalenr andah atdidinpeleytpd brpyiltiengoupd. The
process of .cl ai er,el.n saj i,entation is uniaxial. 5. The process of
claiml %ﬁ'%'gtén r?%g’égnaé?i?fé"ﬁtaaﬁlbgﬁﬁpSICB?Saxi al. 6. The process of claim5b
wherein said orientation is sinultaneous biaxial. 7. The process of claim6®,
wher ei n e tensile strength of .the produced foamin the cross direction is
wit hin 30% of ekPéO"teésn%ficfaé‘%ét"Yl?ﬁFé‘l f#19 'ﬁ”‘tt“ﬁ"ecmﬁFsrPeblﬂW‘l"éég‘i"bﬁ'?d gblemhe process

of cl ai mfl a Whgsrehmowaidd zhihglﬂ w8l &gt pATFopMRPEAPY InfiRG SREME icses  horo-
and copol yners contai ning 50 wei ght percent or nore propylene nononmer units,
and havictcresiatiineor amppholspolyMet-he range of 25 to 60 cN at 190' C. -29 2 2
DEC 2004 9. The process of claim8 wherein said pol ypropyl ene copol yners are
sel ected from random_block, and grafted copol yners of propyl ene and an

a- ol ef i nlkel eEheduogessorhclaifa 1gvhetein sadagiding siep eompases €8truding safdi mistugnd  C4- C10

di enes. Q. e PHORBDS (@7.284R) M 1 wherein said mxture conprises a bl ow ng

L,
agent and elljreb end of 'a major anmount of a high nmelt strength pol ypropyl ene
and a m nor anount of a semcrystalline or anorphous polyner. 11. The

process ¢f C'ﬂe@'&ewgﬁhﬁg%@%ﬁiﬁ@'{d%ﬂ%ﬂwﬁ%ﬁ'?ﬁa%%‘_n?ri ses extruding said

m xture at a pressure > The process of claim4
wherein said orientation is at least 3 X. 13. The process of claim5 wherein

said oriepntati 1S .30 | draw. rati.o . Ih racess of claim1l
wher ei n gi d We}vﬁﬁb%as ogé:gdh‘?givé@}segll%@tog%n SRR Ebw;];s%it?:%ll (E‘B’F) ng agents and
chem cal bl owi ng agents. 15. The process of claim 14 further conprising the

t f i th ] t f,. t.h t mxt {0 . t
Sut i o ent 1 o beleresaFe SR Bt oterdty st iruSeR R (2)

agents and chemical blowing agents.

15. The process of claim 14 further comprising the step of elevating the temperature of

the melt mixture to a temperature sufficient to activate said chemical blowing agent prior to
step (2).

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

to orientation.

17. The process of claim 1 wherein said foam, prior to orientation, has an average cell

dimension of 50 micrometers or less.

18. A multilayer article comprising at least one oriented high melt strength polypropylene
foam layer, said foam layer having an average cell size of less than 100 micrometers prior to

orientation.

19. The multilayer article of claim 18 further comprising at least one thermoplastic film

layer.

20. The multilayer article of claim 19 wherein said film layer comprises polypropylene.
-30-



16. The process of claim1 wherein said foam conprises 70% or gr egtgr @i W
cells prior to orientation. 17. The process of claim1l wherein sdi q ﬁ?
prior to orientation, has an average cell dinension of 50 mcroneters or
less. 18. A nultilayer article conprising at |east one oriented high nelt

st rengt hypol : § i . g an average cel

si ze of hzlléssy?ﬁgﬂmilgg@ﬁ?%%%%l{a izl%lgg%FtF%rc %Eﬁﬁga{ngﬁtﬁeﬁ’?%&%r' 19. The multil ayer
article of claim18 further conprising at | east one thernoplastic film

conpr i 562 pol (ISP ARG 5 Gerdi BsTrb SRS IS Brl e Gt e o
cl ai m 18difeati¢nHewithio3p%%i of ihegersite a@dhab inbe nastive. dird@ionThe nul til ayer article of

claim 18 wherein the tensile strength of the foamin the cross direction is
within 30% of the tensile strength in the machine direction. 23. The

mul ti| ayEs. artliechtiafer ahidiedf 8dinf 2 fuRBdr c6QPINIASINENANe BGREST Ve ayer. 24. A
foamed article prepared by the process of claiml1 or claim7.

24, A foamed article prepared by the process of claim 1 or claim 7.
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