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OPAQUe FI L RI.SI NG | SOTACTI C POLYPROPYLENE

BACKGRQNB% | NVENTI ON The present i nVEHUSUA2M%) ates to
an opaque pol ypropyl ene-based nmultilayer film structure which exhibits
enhanced noi sture barrier and nmechani cal properties. 5 Opaque
polyneric films are used in many conmércial applications. One particularly
i nportant application is the packagi ng of products such as snack foods and
candy bars. Filns _ enployed in the food packagi ng i ndustry are chosen

and/ or desi gned t o GPAQUEIFLMB TOMPRIBING ISOFACTIC POLYPYERNE for proper food
contai nment. Such characteristics include water vapor barrier

properties, oxygen and gBAGRGROENDOEFIE INVENAION avor and aronm barrier
properties. 10 Pol ypropyl ene is a polynmer commonly enployed in
the manufacture of opaque filmns used in the food packaging industry.
In the case THe prédeht indhion tdlAteSio AUPUQIPOIPROSIdrne-Yaled fidlilayer film USed i1
the base or core |ayer and is.cavitated wth a cavitating agent such as

pol ybutsjuetyee which exhibitysnhpnced meistpabyrriergns medhagical ipropestissbeen necessary to
use from6%to 12% wepaht of the cavitati ageng in th rior art
PR Co. act PRgRe phihaE i prE e BEmapy corfersel tpplicetgts. One particaigreyer
the usempbrideppihtieRisithepdRagiRG 6 Prodiciddudh k¥ ghadlk RIAVER EMBFHars2RA/S | S Nnot

w thout 1ts drawbacks. Particularly, the |oading ranges typically enployed
i n t he employedyn the foodhpagkagingindustrynse ehqsemandéor desigugst torpeovidbehacacteristicshe  PBT

itself, | typcal | I dinth 1,

repr esdeblests)Sor B ddod AR D SO kpactoriout R Satp e baier

The neghetrial opygeand pavadier prapRitiesand flavor lafd SlobddWakHe? pASpRriRE Ot her

i mportant 20 characteristic, particularly wth respect to such

appq cat i onPolPpropydane snapelymer,commanly ¢mployed in theppanuiachue pfiopagne filmed
hani : t. Lk ig at ' ' kaqi b h

i1 A2 RhERR R A Lh T s B8 Bt ohMie) & AiC BopropiesicR sy

At t enplgedinvthe baserr core layeRaR] is eavitatedreith 4 bevitams ehiCsakh BY pobujlase Of
pol ypr opyl ene- base ' as neasured by the stiffness and noduli of

d fil
e Pl e pithare dRBIh TGl 1 ASheEmpcasraara e fBm 6260 S20dibysighs ot 16

ddi ti i tHe Db i ' he likelihood of
P11 m s SErn 88T ol boP B RindHe B 0 Befle s Rt ER3Rmn o aca t1ves
typizal |y piHosiebes the melof thePBIR.omitating agent withih tieFbraieRidneR F4ges Iside but

can negatively i mgact other filmchgracteristjcs such as di nensi onal
st abi | Mithout its drawbacks. Particularly, the loading ranges typically employed in the art may

—n

negatively impact production uptime. Moreover, the PBT itself, at the loading ranges typically
employed in the art, represents a significant percentage of the raw material costs.
The mechanical properties of a polymeric film structure are another important

20 characteristic, particularly with respect to such applications as food and candy wrappings.
Films having enhanced mechanical properties facilitate handling and packaging because such
films are more readily accommodated by typical industrial machinery. Attempts have been
made to enhance the mechanical properties of polypropylene-based films (as measured by the
stiffness and moduli of the film) through increased orientation and/or by the addition of

25 additives. However, increased orientation often increases the likelihood of film splitting
during manufacturing, while the addition of additives typically provides limited enhancement
of mechanical properties but can negatively impact other film characteristics such as

dimensional stability.
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Thus, there |s4?£3need in the art for an opaque pol ypropyl elr;(e:Tltglggs-’e’gg?s | m

whi ch may be readily manufactured (i.e., inproved production uptine
and reduced raw material costs), and whi ch exhi bits enhanced noi sture -
barrier and nmechani cal properties. 2 The present invention, ;

whi ch addresses the needs of the prior art, relates to an opaque 5

pol yneric film having enhanced noi sture barrier and nechani cal properties.
The film hasTfys, there RaASteel Y ftie af¥oF bn b?é‘du@%@p?og&ieﬁ@%aégd dvﬁléﬁ may be

pol ypropyl ene pol yner having an i sotac ereoregu Ity gr

t han 93féadilyimanufactitedi(i. e ginzpyoved pmdmtloamptmte anfl fediced mw mateml ¢aats), ﬂdﬂe

base | a eferr odi mant t he base | ayer
i nil udeé’ﬁicggh'ﬁ’ﬁ%\ﬂ‘b@%eﬁf“%ﬁ“%nﬁug?r m‘icg@\“ga I ¥ent andspr ef )ér ably
from 2% to 54h@hresént lﬁ@hﬁ&q i@ YddrésSesthe hbeds opﬂﬁfp?{o&%ﬂ relates 0 Ocﬂiaqg%} Ly

the base layer turther includes a resin nodifier in an anount
wei gt polymené fibmhavidgenhahcedanoistiitecbartier andrmethénieal prqpeplesf mhalﬂlm has a

hydr ogenat ed hydr ocar, till_anothe referred ,
o oa? B T8y VR SR« blend, of  frst rolypfisiens ROly AR bAWAG B RS base
| ayer . The
ey RedebidhulafiofiRAE! Blan 0390 AR £ il ekt 3 ol Bfecki0Etd Ebjupdift |
cavit at basellayse | ayer, is preferably forned from ~ pol ypropyl ene. The

5o vase o TaBSrRERRh bnbPloe e Rt Tl BLBETERGRAR T VERT .
[ eSubl . cvitGridl SRR tand Prereabig frani 9% 5%, BR AR RAL VBT BBMIcL BRerbipaed 11 m

structure exhib |t|n nhanced noi sture barrier ano nec ani cal properties.
These i empbaiment? thephasepbydm fegherrincladesai resin madifieo in ancamage up te Sérppaeighn such

filmch t d to th t,
 heae” T Bael oe o oPS et AR Ebretntinf hiBbral e MGt tRrc ey |

lover |evel & siflifdbtidt brflerrdiitsthbodimét, N4t Shd ik layeiPNRidrdd t8AHE LdviidtedPt | ME
and reduced raw - material costs. The filmstructure further exhibits a

h| gh debgsedayer. Auskiniinptsferably adbeted to the gther sids abtheitiejlayep5 The tie layer, whitle

P 380" U g B GRS o AR R el cRBABREPY e
HCPP Thélyplopflehd STHeskin la eﬁ i§ Eief&hlbl? f@i@ﬁ&f&tﬁﬁﬂbﬁ&lbﬁ&pﬁpy&h@?&rﬂbnﬁ han 93%
preferably from94%to 98 e base | ayer pr ef eraby i ncl udes less

t han 6969pplymergrtan @fhqune-p@@mlqr&tbuﬁglealg@molymer
As a result, the present invention provides an opaque polypropylene-_based film

structure exhibiting enhanced moisture barrier and mechanical properties. These improved

20 properties are obtained without a negative impact on such film characteristics as dimensional
stability. More to the point, these improved properties are obtained while using a significantly
lower level of cavitating agent, thus providing improved production uptime and reduced raw
material costs. The film structure further exhibits a high degree of machinability and
processability. _ " _

25 The present invention is prepared by blending high crystallinity polypropylene (HCPP)
with a cavitating agent in an amount effective to cavitate the HCPP. The HCPP has an
isotactic stereoregularity of greater than 93%, preferably from 94% to 98%. The base layer
preferably includes less than 6% by weight of the cavitating agent.
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Commer ci a%ﬁ%z'dfq?abl e PPs include Fina 3371 (avail abl e f r SHSEYRYS  and
Chemi cal Co., Dallas, Texas), Exxon 4612 and Exxon 4052 (avail able
from Exxon Chem cal Co., Houst on, Texas) and Anoco 6361 (avail able
from Anoco Chemical Co., Chicago, Illifois). Comrercially suitable
HCPPs i ncl ude Anbco 9117, Anopco 9119 and Anobco 9218(avail abl e 5 from
Anoco Chem cal Co., Chicago, Illinois), and Chi sso HF5010 and Chi sso XF2805

e al o avaieatia sty pEPlachil pinkis Yy (X6 iR B0 i GRGEDD has o
hi gh i s @ogMdllas, Teris) E6@H!481 2 hid ELRAI052 (raildbléfrarh Fxx6h Chbmichli ¢y L Y t han
conventional isotactic polypropylene, i.e, greater than 93% (Conventional

i sot act Housign, %@qawﬂdp‘yn@v&@ (anailablefiomeimoge Ghentical Cog Chicage dilinois).c

st er eor L: 932 he P .t hus Lbi t.s. hi gher
stiff neg’g?ﬂn’}sa%él?%c%hﬁlgé ginaé)s%g %4@&5@%%%%1%&%%006‘?H%Daéxﬂé{hoco%k{jaé( Piat ures
and Iget from AmOEPChEmRSCd. SChitdpaNIivisy i CHissb HFS0@ahd ChiB® XPrgeBY | ene.

Furt her X information relating to HCPP, i nCI'Udlqr;])g; nmet hods for

pr epar afavaiableom Sthissp Ehemical Ge ebitd;, Toloys Japan). SuitbleHCPRpareals0GSaikble. 15

For pur . % gresent i nvention, stereoregularity can be determ ned
by IR ﬂ'gﬁleé;os!g%’é{'r 0S gioy according to the procedure set out in "Integrated

I nfrared BanThé HOPP<iak ¥ high isotadvie afevdopegairity) fresSitR S0 higfeH Ystdllinifythan
Pol ypropyl ene, " J. L, Koegni g and A VanRogg%)n nggr na%ﬁ . ot%l Appl i ed

Pol yrer caseRtipnal isefastic mplypsepylawol g greater 988934 « Gonventionaliissddctiv cr ost r uct ur e

: g ._ 4 ioile . ' carion Joh
1 39 RolFRaHTBhs SRR vl of RS0 Sogll Lo BEREH) GG bR OO
St er eor The/HOPPtthuCexhibith highbrestiffaess) sirfacshdddness, lowerdRfladiodapRgh&it hal ene

(decalin) solubility and nucl ear, nagnetic resonance spectroscopy
(NVR) . temperatures and beftgecrgepprgpetticrthan ponvieationabisotaeticepolyprepylenst Fdttherl ower s

or ocucetmatiof Ayl BeR) flltng motd G o) koA T B ilBsed BT 1

base | apstent!Nove,063(364. anount of cavitating agent necessary to cavitate the
film fromthe prior art |levels of approximately 6%to 12% by wei ght,
or &Peater, YO RUIPQssRef the present inventiqn, steeepfeguiatibniandis determined by Bin 6% by

119 Ao il Gt B il Wik oo GFAE 20,17
gr eat er Measureren of Sterevteguirityrin Polyproygittine)” dnl.. Kbenig &illUA VagRoggent Isurmrount  of
cavitati t necessary_to 30 cavitate the base |ayer translates into a
signi fi @{;ggp?%g i’plyg}g; pigace; Wol Qnprred@r364(1965) and in “Chemical Microstructure of
Polymer Chains,” J. L. Koenig, Wiley-Inerscience Publication, John Wiley and Sons, New
20  York, Chichester, Brisbane, Toronto. Stereoregularity can also be determined by
decahydronaphthalene (decalin) solubility and nuclear magnetic resonance spectroscopy
(NMR).
The use of HCPP in the base layer unexpectedly lowers the amount of cavitating agent
required to cavitate the film and produce the desired opacity. More particularly, the use of
25 HCPP in the base layer lowers the amount of cavitating agent necessary to cavitate the film
from the prior art levels of approximately 6% to 12% by weight, or greater, to a level in the
present invention of less than 6% by weight, and preferably from 2% to 5% by weight. This
reduction in loading level of the cavitating agent is significant in that it results in greater
production uptimé. In addition, the reduction in the amount of cavitating agent necessary to

30 cavitate the base layer translates into a significant cost savings in raw materials.
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More to t‘%‘igﬁ@“‘m the bl end of HCPP and cavitating agent PFEI[{%%II%G lrayer
provi des a significant inprovenent in the noisture-barrier of the
resultant film As denonstrated in the exanpl e set forth hereinbel ow,

| nprovenents in noisture barrier of ugto 20% to 30% may be achieved
with the filmstructures of the present invention. It will be recognized by :

those 5 skilled inthe art that this 20%to 30% i nprovenent in noisture

e " MO B2 S S BRAER B O bk i

cal ci ursignificancimprovenient nGhEnidisture basrizs bEthe(rB¥ultant filol. yAsdeheensiraet Giltheg nyl on

and ot her polyngrs and/or ., - inorganic materials which are inconpatible
Wi th H@spmpleset Torth heremnbejqw, dmpryemenls i BOISHIE brHeR o up 1:20%etp30% marbease

nave. | AHPVERGRE M A Encures SR PRI Renti R il BRDERRANY B85, 10 e

t he askilled yretheancthat his 2096 te3086 improverentds sisthriebrrier is Significat!in thet
~extruded filmstruycture. The bl ended base | ayer increases manufacturing
effici éﬁ%‘}/l’!ﬁkagmgmq“l‘iﬁ}’-easi ng line operability and |ine percentage uptine.

For exanpl e, I R : ry to
Sereton T ho bl cafihy BAfs inoié pdibIHE ot ST CHEREN.

extr udeﬂrb(‘jdnhm (hC‘iGug), pélmt?I(EEm;d)btg?ﬁﬁids :it;cb.lldiuga@%ﬁ and other potyitiers iafdVor N cost
associated wt . manuf acture | t.he filmstructure.. ... In
anot herinQfgaic magerials yhjgh ﬁ'@ﬁl“fm‘g’#‘g@"’ﬁ&rﬁ@’ ier is blended with the base

| ay, I odl, ' Vo ' d nt of up to

9%];6;/ wei ghlt%%gﬁr%ﬁprré?de%g%(f@ﬁgg’ (ﬂ??%éﬁ%&t%%b@%ﬁ?@&?&%%hﬁawbl endi ng may

bﬁ a](c:pfmﬂwrﬁhﬂgl imtaéti@g)dqugﬂ?k@ﬂ). HD)&iLasHﬁr?& ;gferab@\ﬁchdesa’a dmchhr{tj ioe][ into

the filmextruder or by use of a erpatch. One preferred nmethod o

bl endi F ¢lfestive HhplagticiZe the base Jayer mgﬁ wersaseihe qu%@fy ¢fcdheresutantesi n

nodi fi %: 9 leRsed Riekinkit : ' batch is
bkl (e, ThERIERHNase Wes icRseTRanlhBurind BGCIEREY B V20T

t hen bl en tion uces the concentration of

t he r edncreasiny lineapetability end linegercbatage agtiinev Ebr ex2dmple, the blended dasellagerd osed i n

cammonl y-owned copending U.S. Patent. Application_ Serial Nos. .
os/lzﬁao,%@feﬂ edaros egess yy tq §igejc %@ﬁ%ﬁ?} tign fagHjtates edge frimmingafdhe

POl Yerdyfrufiéd film. ThusStHe'tidrid® BaseQk %sﬁ&@ﬂdﬁﬁt%hﬁ Pt 3.(&1%%?& ly large
decreases I n water vapor trafism ssion with small additions of resin
nmodi f i enanufdcturewf she film saucturer i ncreases as the | oadi ng | evel of resin

L 2 R SRR R R e AR, ., O
modi fi gjre@iPsdtOtTHRTEH Fddifier is present in an amount of up to 9% by weight, and preferably

20 from 3% to 6% by weight. The blending may be accomplished by the direct feeding of HCPP
and resin modifier into the film extruder or by use of a masterbatch. One preferred method of
blending the components utilizes a masterbatch formed of HCPP and resin modifier, e.g., 80%
HCPP and 20% resin modifier. The masterbatch is then blended with additional HCPP, which
reduces the concentration of the resin modifiér to the final desired level.

25 As disclosed in commonly-owned copending U.S. Patent Application Serial Nos.
08/490,081 filed June 13, 1995 and 08/542,209 filed October 12, 1995, polymeric film
structures formed from HCPP exhibit unexpectedly large decreases in water vapof
transmission with small additions of resin modifier. The moisture barrier increases as the
loading level of resin modifier is increased until a point is reached (less than 10% resin

30 modifier) at which further increases in the loading level of the resin modifier do not provide
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barrier. r%?))ver , the HCPP-based filmstructures Pso p%v?ﬁe
enhanced mechani cal properties without suffering fromlosses in dinmensional
stability, as is comon in prior art filmstructures which may require

upwards of 20% resin nodi fi er tag achi eve maxi mum noi sture barrier. 5
The resin nodifier is preferably a | ow nol ecul ar wei ght hydrogenat ed
hydr ocar bon vvhi ch is conpatible with the HCPP pol ynmer and which

provi deﬁx ‘ﬂﬁﬁgs tncfes N $8ire Bhrrier. Mor {&Eﬂ&%%h&ﬁﬁkﬁ@ﬁu&ﬁﬁge”ed

resin no er average nol ecul ar "wel ess t 5000,
pref er abllsq pfcmde enhaeed fechanizalcpropertesprietfoat alﬂ'eylng fromn 16€3€s inadich@¥ibnallThe resin
nodi fie can be natural Qr nt heti ¢ .and preferably has sof t eni ng
poi nt oPabilityn s cpRymop i prqragt fi flested Ptgrqs.vra*mharm eqijre ‘H{}Y"’éx’n?ﬁ?"c(a gsions whi ch
can be HERK hydr ocar bon resi ns.

Prefer rﬁgﬁﬁgrocai%%wg@%@a?%% am)ng ot hers petrol eum resins,

t er p&ne resi 'ri‘he resinymaniifier isprefesablynall ovyrablequartveedgte mysdrogenatml hydrocarbon

Exanpl es .commer.ci al |y Iable hydr ogenat ed h drocarpon resins suitable
for useWhlc is ¢qmpa] @%’Y‘@s‘@ﬁgﬁ FRabmes and whi WB@’édeé SCialen ol efenar ks

Pl CCOL Y4 Eﬁ?gﬁg war e
and under F@E trad fe@%ﬁ@ﬁ%&ﬂé lﬁyaggﬁ]g%agﬁra% %E%oll Qaﬁﬁfl ust on,
Texas. 3009, pRhtity lesetham 0G0, ancpmrbre prufemblwfrom 500 oy HIOO! 'ihe rbs;:dmeaﬁarat ed
hydrocar bon resins particul arly referred resin nodifier

i 5 ref ef4nche TeBIrr synthetic and praferably @@ %1?‘?&?9’65@8‘“‘: of °‘F‘r§9| q@r@ -sat ur at ed
al i gycl l PBC 20
hydrﬂé‘)cair,%})I e)‘grﬁlﬁlgslg?g@%gdrrgﬁ%t%cé%?rbﬁ)ség%srgg th iﬁgd}?gén es obt al ned by

pol yrrerhgzlm@rbmraesms/ ePreferred hydrataibat resindigcdude ambnprstheas petadlaam gesids t he
pri nci pal aromati ¢ hydrocarbons in whi ch the reactive

onent d
doubl e W&F&gn‘g‘!"é ﬁﬂ'ﬁ%"r’&F‘P%a‘PdncYJ graHEe e M\or & part icularly, the alicyclic
{ tt
resins-are Oﬁiﬁﬁﬂ&%ffcﬁﬁﬂe}é?ﬁlyaarv%% }‘g/dto%g%a?é} lgéﬂ ﬂggéi‘iﬁ sufiéhid B gk@ er

until all, or alnbst t1on has di sappeare
i ncl udi mghd: presaht intvestidnamel thosersdld ender dreettademarks #CCOBYTE, REGALREZlend

sat ur at Si used ip.the pr i.nvention hayv ftenr ng
poi ¥ fﬁgﬁﬁﬂﬁ%ﬁfw 431"@?@]1@0 Havire AR a'erf@yﬂrert %? ?RF% 40[err]C,
as NMeasgped ,,a(;}ql 0 Hfirﬂfrc' ally

avai | abjre saturat eggﬁ*ﬁm ycl |%ds£&gls?‘§%gsSP%ggFe or ugié? ke pr esent
|nvent|pmfemedhydimgmamdll¢dzmdnbbnt’muraderrark ARKON- P by Ar akawa For est

Chem cal. | ndus
One partL{ tlar y preferre&i resin mode}ger 1s referred to herein as a saturated alicyclic

resin. The saturated alicyclic resins are obtained by the hydrogenation of aromatic

20 hydrocarbon resins. The aromatic resins are themselves obtained by polymerizing reactive
unsaturated hydrocarbons containing, as the principal component, aromatic hydrocarbons in
which the reactive double bonds are generally in side-chains. More particularly, the alicyclic
resins are obtained from the aromatic resins by hydrogenating the latter until all, or almost all,
of the unsaturation has disappeared, including the double bonds in the aromatic rings.

25 The saturated alicyclic resins used in the present invention have a softening point from
85° to 140°C, and preferably from 100° to 140°C, as measured by the ball and ring method.
Examples of commercially available saturated alicyclic resins suitable for use in the present
invention are those sold under the trademark ARKON-P by Arakawa Forest Chemical
Industries, Ltd. of Japan.
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In one preferred enbodinent, a tie |ayer of an olefinic polymer is adhered |
to the base | ayer. Inasnuch as the skin |ayers discussed bel ow may not |
adequately adhere to the cavitated base layer, a tie layer conpatible
with the cavitated base | ayer is firs® adhered to the base | ayer. A

skin layer of an olefinic polyner is, in turn, adhered to the tie |ayer.
Both the tie and skin 5 layers are preferably coextruded with the base

| ayer. The i end preferred emboidimsing detiedlaydniof am plefinic polymsyésadhersditoake Bas€{ err] . |
Sui tabl e ol efini ol rs utilized for the skin layer( i ncl ude i
et hy| effyer. Inas 6*!‘%//%? é,yefﬁ P)“%B%ﬁf’@% faay gyot éaméﬁba%& fﬁr‘hﬁywﬁéﬁ iii)
copol Y gideSaydf, Stid My WBniatible withthO BwitaRa baSiabetiiy FRP §d el a
olefin aev?yr%dagﬁto&lo C rl;oﬁgtorrs, I v terpg yrlrers 10&3 e?%?gsﬁg%ﬂp’

pr opy| dnskimkayerinfiay lotefigicopolymetisidn turh,sdherstl ¢6 the tiedayerg Both theltie andrskinn at ons,
and v) mxtures thereof . efinic polynmers whjch, are

par Bi clAvErsiae B"F'aq'%@f goFxt e‘{ With the base layer. (ﬂ’e te Jaysss yinclude a tening
et hyl eggérﬁgmydsqqu_copol yners with propyl ene as the main constituent and an :

et hyl ené cont ent of 2% to 10% by weight (relative to the weight of the :
copol ymer ) , Spitahje blefisic ipotypieesnatilizbd Gmpbe skiwlayen(s)tincipdeci) gthylese as t he nain
constitfuent .and a,.buty]ene content of 0.5%to0..25% jght (relative
F ot he hABPERIvIRETS. DYRDPbIFRRy Fcsthviens 430 aroRpieatin poRsyasrs ofeilede

terpol fne and bitylehe BF A& AhA Dl halRy 3 16 A0TatBontitd : 74 DY

wei ght $o e??l?rllenlgyand 5%to Sg% by 2 g\ei ght of but e'ﬂ%?Yﬁf%‘;é’W"t{?ne

r ellat i v€ethyplend) propyieaphtand butytene oe epatherralphn-olefindhaving Jitee 0 cirborhatems, and

pol yrrerf. . The cl%- ?.nd terpolynmers are preferably random polynmers. 20

In a st yxiprgs &% pref erred enbodi nent, a coating is applied to the outer
surface of Oiginic ?ol¥m§r1§'\ﬁhiél?éf€ bhsticulady pheférvdd for RAKiMEyertd) infchuder OVi des

i mproved printability, machinability and . aroma barrier

char ac ethyles¢-propylena gopalymers| witopropyleneasshe main constituentyapd an ethylepa content]

ti h hy|. t hy| | at e (ENA) . t hyl | i
Sord ( BARY g%y R ralslge 1o B8 whigh 85 cPb il BipBieht PR it bl ¢
E:g 3&;\ @8pdiyifiery Wathybpylenty s tHE ARinCdonSithélft a_ﬁ&’ymylelﬁ%me}wt 03% té2 SR !

and | ow tenperature heat seal coatings, as disclosed in :
cormon weightfrelative to the weigivef the:copelymer)4 agl e/Bylene-propylene-butene-il tempplymers o

f her .i i n. ' bl f |
of - el S Ao RRb Bt MRy A A e o R AR o7
slip agridht ofRitee] féhch dinitadlatiVe to the weight obtheterpalyfiier), hiid mixdiiRE oFthesed/ or

skin layer(s).
polymers. The co- and terpolymers are preferably random polymers.

20 In a still further preferred embodiment, a coating is applied to the outer surface of the
| skin layer(s). An acrylic coating, which provides improved printability, machinability and
aroma barrier characteristics, may be applied to one of the skin layers. A heat seal coating
such as ethylene methyl acrylate (EMA) or ethylene acrylic acid (EAA) may be applied to the
other skin layer. Other suitable coatings include polyvinylidene chloride (PVDC), polyvinyl
25 alcohol (PVOH) and low temperature heat seal coatings, as disclosed in commonly-owned

U.S. Patent No. 5,419,960.
~ In order to further improve certain properties of the resultant film, effective amounts of

additives such as antiblocking agents, antistatic agents and/or slip agents may be contained in

the base layer, tie layer(s) and/or skin layer(s).
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Pr ef erred%ﬁ?ﬁlﬂf"(%k_i ng agents include silica, talc, clay, P 2% mi num
silicate, and conventional inorganic anti-blocks. OQther suitable
anti bl ocki ng agents include inorganic addi tives, such as silicon

di oxi de, cal cium carbonate, magnesiumgilicate, alumnumsilicate,
cal ci um phosphate, and the like, and/or inconpatible organic polymers, such
as pol yam des, 5 polyesters, poI ycarbonates and the IiKke.

Preferred anty I nel ane sul fonat es

essentially strai ghwg‘%"% a@ﬁ@?#’ E’ggf{f}? {aG ciﬁ Vi $dim aluminun %ﬁ"g?teaﬁp%es
IOOSSGSSldwvaitioﬁkléihdugarﬁ@ﬁhtpﬁb&cswGtherjsﬁné!ﬂle ZfibIRKIE Agents includd MBRzaied bei ng
substituted by 2 roxyal kKyl-(Clerr] to Cferr]) groups. Pre red am nes

are N\- add ltives,ta‘u@xqszm iepal digxides dajaiym gar waammaaaesimsxlmt@alwmnm silipatef er abl y

12 to 1 t.heir,,10 al k r ou The effectiye a unt of
anti st at alk agg (FSPE%F’I and ‘F%“‘Eeh%“d/%{d‘éfé"‘?ﬂaﬁﬁ gr@g »Rolymess, such as Pﬁé’

r el ats veolyestet’e poBtabhénatds ahd thellikuer . Preferred slip agent S
i nclude higher aliphatic acid arnides, higher aliphatic acid esters,

waxes, et al [Breferred patistatia agents iselnde elkalsalkaneisulfonaes laydiessmﬁnﬂy suri:ghtane The

oL ect 1 Wiy Sy B BRSO B B, 1191

errpl oyi gmoanteiigubitituted by 2 ayaiokgdikyd-(EY ol €y Brdups. F&Fe‘hteﬂ%ﬂhﬂ& a?@ﬁ'l@ AS

ment i oned, the blended HCPP and cavitating agent precursor
pr ef er abisy(2chidsaxyathyb-aliylamiags haig 10 620, %Qf@rablyaﬁdo 28, daﬂmmtatmnsamtthexr d

pol Yoy alkTTHofph.the gt prlfaf} b el P et B Pk om0 et oo o

convent b9lwxg}ﬁxxbraud@foﬁ18m%hoﬁhél@§r sheet 20 die, the nelt streans being
conmbined in an adapter prior to being extruded fromthe die. After

| eavi ng t he &refersed slipagents insluda higherafiphatici dcié amideschighar alighatio anidlesidrs,

The fil t ref er.abl bI.aXI y

ori ent e? ﬁ%{ &&fe&&!ﬁ&o%s Haeﬁl it rgcll-lk su#g%cfp or%‘ﬁ’@etlh?lﬁgox?’?q rﬁ&%ﬁtﬂ‘(ﬁ"g Fé

st retched;oﬁnmﬂldbrﬁ:aﬁt(x/aﬁeiﬁ'ﬁiﬁso 1% tol2% bR 6Righe direction (M) and from
6 to 13 tinmes_in the transverse direction (TD) The overall 25 orientation

(MDYR TD) pr dhiemuiilayer Simgeaf the preseatinventivy. m%ﬁhemremrqdm;wwmommacaﬂges of

Th 11 1 SYBbIcEiafs RE cbbHaRg 8 U¥ToeioBbd Wi ie 86l Ackesbh Ravinsosca

i ncr easegent precussor fslﬁﬂﬁéﬁb@@de:ﬁﬂﬁuﬁ with Hﬂe&ﬂ%n@ RicoRy gid Jt'léa@i Sl tHrg ur es having
conventlonal Jdsotactic ypropyl ene-based core |ayers. The increased

st i f f neBRIYEHS matasial, thlqb\fpmﬂleﬁ@ ang skin dayerscrespastivdy. \Amerpa}y:m caiberechani cal
propert bu%%glé‘ﬂo%ﬂe nfoﬂer; shid ané %éﬁx‘uh@cf Eorﬁli %ﬁ‘gen%gﬁal D Jer ﬂgougrﬂ a flat sheet

20 die, the melt streams being combined in an adapter prior to being extruded from the die. After

leaving the die orifice, the multilayer film structure is quenched.

The film structure of the present invention is preferably biaxially oriented. In one
preferred embodiment, the film structure is stretched from 4.5 to 6 times in the machine
direction (MD) and from 6 to 13 times in the transverse direction (TD). The overall

25 orientation (MD x TD) preferably ranges from 25 to 80. After orientation, the edges of the
fitm can be trimmed and the film wound onto a core.

The film structures of the present invention also exhibit unexpectedly increased
stiffness and moduli (MD and TD) over film structures havihg conventional isotactic
polypropylene-based core layers. The increased stiffness and moduli provide the film structure

30 with enhanced mechanical properties which, in turn, facilitate subsequent handling and
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packagi n ?‘é%er the increases in MD and TD nodul i ar Jcél‘é%%ﬁlﬁﬁ’ghed at

relativel y | ow orientation, thus reducing manufacturing costs and the
associ ated |ikelihood of spli tti ng. The filmstructures of the
present invention are forned having ag hi ckness ranging from 10 :

mcrons to 60 mcrons, preferably from 15 mcrons to 50 mcrons. Each tie
| ayer 5 represents from5%to 15% of the structure, while each skin |ayer

Excanp, P Biorlobeh, e incrcpsefin MD R 1Y oL po agoompfishyd prelaiopty v e
f ol | owiofigntaenRhssretdting manummg esbtsaind 3fie BsedistbElikelfioba of kittiagld 90%

Rel ative Humi dity (ASTM F 372) and is expressed in 10 g/ 100
in[err]/day /’Ifhe|ﬁlm structures of the present invention are formed having a thicknesgyanging ifrom

Sanpl t f
e 10 el td o0 o, BfethEbly e” BE R S0 oRnd. Back i 585 ¢ Lt ur o and.
an @p aqep%eédﬁal?rdmsmo 15% of iHerstratturs; while eaahcikin lBgerieprisehtd WS 296 BabRd

hydr ocar bon 15 Sanpl e la was produced with a core |ayer of 94%
st andaofthestugtisken 4252) and 6% cavitating agent (Cel anese 1300a)

having a thickness of 28.25 m cro%%@s coext ruded wi th skin

| ayers of standard PP ( Exxon 4252 ing a thickness of 6.0 mcrons
to pr ooNger Vﬁpdit%@ﬁhfmae (W\emaaﬁemwmaﬁmovmg &lanfpléshpsk 5. 3 tines |

in the nmachi ne in the transverse direction. 20

Sanpl e me3suigd amm@eovw )t wde?oc/okelatwapmeﬂﬂtys(wmﬁﬁ?@)\mw egprepyeddnd 4%
ca |ta Cel anese 1300a) having a thickness of 26.75 m crons, and
wa\é coglt%@g‘gd}ymﬁ' with skin layers of HCPP (Anoco 9117) each having a

t hi ckness of 5.75 mcrons to prodg¥AMPLE Bn ABA extrudate. The ABA
extrudate was stretched 5.3 tinmes in the nachipe direction and 9.0
times in t h&amplesdasp dewere poduesd toggmpare the moistuge hpsrier pEamepaquedBaced with |

( oot an S Fim e SiQ Al R ATREHICR R Hiboture rf M JrRBU AT,

t hi cknditm sﬂﬁctﬁthxﬁodiﬂatwnhalgdmgmmectbydtmm WI th skin | ayers of HCPP

(Armco 9117) ea Vi t hi ckness of, nmcrons to roduce an ABA
extPudat e. ‘E&&P’G&‘éﬁeg%\’kgta core laygt ?%?%é@“ d PP, (Hxxon 4237 i ne 5-

direct 'cg\';ltai’iﬂg agenQ (EL1ERSe 15004) Ralihg B IMEERSs OF 5695 hfiltons, and was coextruded
with s;kin layers of standard PP (Exxon 4252) each having a thickness of 6.0 microns to
produce an ABA extrudate. The ABA extrudate was stretched 5.3 times in the machine
direction and 9.0 times in the transverse direction.

20 Sample 1b was produced with a core layer of 96% HCPP (Amoco 9117) and 4%
cavitating agent (Celanese 1300a) having a thickness of 26.75 microns, and was coextruded
with skin layers of HCPP (Amoco 9117) each having a thickness of 5.75 microns to produce
an ABA extrudate. The ABA extrudate was stretched 5.3 times in the machine direction and
9.0 times in the transverse direction. '

25 Sample 1c was produced with a core layer of 93% HCPP (Amoco 9117) and 4%
cavitating agent (Celanese 13002) and 3% hydrogenatéd hydrocarbon (Arkon P-115) having a
thickness of 24.5 microns, and was coextruded with skin layers of HCPP (Amoco 9117) each
having a thickness of 5.25 microns to produce an ABA extrudate. The ABA extrudate was

stretched 5.3 times in the machine direction and 9.0 times in the transverse direction.
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Sanpl e W@&w ) . % Cav. % Resi n V\Xﬁsrmswn”%

Layer Agent Modi fi er (Aged) 5 la PP

6.0 0.0 . 301 I b HCPP 4.0
0.0 . 242 lc HQPP 4.0 3.0

. 216 EXAMPLE 2 10

Sanpl es 2a to 2d were produced by sanples 2a to 2d were produced to conpare
t he noi sture barrier of an opaque PP-based filmstructure with opaque

HCPP- ba%%ﬂl Jd T ore SLTUCTUTES. (y Cav. % Re rrp| € %ﬁ@s*broduced wth a

core Iayerpof 929% S andard PP (Al 6317) avi tating agent
(Cel anese 1300a) ?‘r’(ﬁ ng a thi ckngv@?of ZSMa E‘rrons (ASFD was coextruded 15

wth sanA—aye#s—e#——%%—&Paﬂd-&Fd—PP—éAFmee—GQ%—A%—n—Q—e#p} (Titani um

oxi d&) , land 2% TaP® each ha®Png a thi®Rness of -30B5 nicrons to produce
a ABA eidbrudate. HEPPABA extrudat.@ wdkOstretchedb. 5 tinmes in the
machi neldirecti onHOPP 8.5 tines 4.0 the trah8verse di.2Ecti on.

Sanmpl e 2b was produced with a core |layer of 30% standard PP (Anbco 6317),
66. 8% HCPP (Chi sso XA4141) agksanvgoggvitating agent (Cel anese 1300a)
havi ng a thickness of 20 22.75 microns, and was coextruded with skin

| aydi0s of 94SamplasdataZdRere nabioediyl @mplesZa to 2d wWerpreduded tFicomparaheOxi de) ,

ot  uda PRIHR DR OLA hagut B Raadum Sturiuts WO BCPE R Bl e

directi Qpu@nds8. 5 time in the transverse direction. Sanpl e
2c was produced with a core layer of 45% standard PP (Anpbco 6317), 51.8% 25
HCPP ( Chi sso Sxnple2swasprodic@iwitme bo!atlamgoﬁ%tsta(\dkﬂi’ﬁe(wotﬁ(w&'}) ad\Bhg a

t hi ck f. ded with ski f 94%
St andar GRBnepgsoh (Gelnage 133050 baving i tuEest oF 10 0MFLAY. AR 38§ COeiarohs Tal o
each shawjiiQkim lhyerLHRASE st@hdatd BR (AMn6EPHHI 7),24% MO CGRaRium Oxidé)Bihde2% rafkat e.

The ABA extrudate was stretched 5.5 tines in the nachine di'rection and 8.5
ti mes i machrhavingartbicknessof Sﬁé@ucmm toggoduce a ABAxntrhidate dTheaABArextiudatd with a

| f .3Q% d 6317) 6. 8% A 4141
oo 3, ohn e S HptRibe i RECiard e 5 Briens te e dtedRi “112) /s
mi cr ons, andswaﬁrle%%r %&eedfwvt:ﬁa%&ena eRe30 AlandAHRP QRIRLGITT), 668DF O

6317), 4% Jerr] (Titanium Oxide), and 2% Tal c each havi'ng a
t hi ck neM(@nm)M%ﬂb}detm% canitating agent (Celanese 13002) having a thickness of

20 22.75 microns, and was coextruded with skin layers of 94% standard PP (Amoco 6317), 4%
TiO, (Titanium Oxide), and 2% Talc each having a thickness of 4.85 microns to produce a
ABA extrudate. The ABA extrudate was stretched 5.5 times in the machine direction and 8.5
time in the transverse direction.

Sample 2c was produced with a core layer of 45% standard PP (Amoco 6317), 51.8%

25 HCPP (Chisso XA4141) and 3.2% cavitating agent (Celanese 1300a) having a thickness of
22.75 microns, and was coextruded with skin layers of 94% standard PP (Amoco 6317), 4%
TiO, (Titanium Oxide), and 2% Talc each having a thickness of 4.85 microns to produce a
ABA extrudate. The ABA extrudate was stretched 5.5 times in the machine direction and 8.5
times in the transverse direction.

30 Sample 2d was produced with a core layer of 30% standard PP (Amoco 6317), 66.8%
HCPP (Amoco 4141X) and 3.2% cavitating agent (Celanese 1300a) having a thickness of
22.75 microns, and was coextruded with skin layers of 94% standard PP (Amoco 6317), 4%
TiO, (Titanium Oxide), and 2% Talc each having a thickness of 4.85 microns to produce a
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ABA extrudate. The ABA extrudate was stretched 5.5 tinmes in the nachine
direction and 8.5 times in the transverse direction. Sanpl e
Cor e % Cav. % PP[err] % HCPP  WTR 5
Layer ' Agent in Codf in Core (Unaged) 2a
PP 8.0 92.0 0.0 0. 47 2b
HCPP 3.2 30.0 66. 8 0. 39 2C
HCPP ABA extrudate. Th ABA extrudate was/sgrethed 5.5 timésTin he machine difecfion a4 8.3d
HCPP .. 3.‘62j . 30.0 66. 8 0.40 -

Total oHiBISSii the HADSVeRss H8RCHP™ opr ocessed pol ypr opyl ene

EXAVPLE 3 Sanmpl e 3a was produced to denonstrate the noisture

barrier S‘%Inp‘?é‘ opaqiygze ACPP- 15 Dasgdy Tm St iggiur e Copt p{,ng W Tevel
of cavitatirng agerﬂag S?Sém[e 3a iﬁ%g groduc.e Wth ggcor | ayer
of 97% HCPP ( Anbco ?18) and 3% cavita ir?é agentln f enese® ba)
havi ng a optical thickness of 28 mcrons. This core was coext ruded
with ski% |ayers dif 929 HCPP (Anmk® 9218) a0 8% whi t@Ri ng agen®47Schul man
CTWs0502beach havil#gPR t hi ckness B2 3.5 ni 3hs to pré8ice an AB39
extrudatze. The ABMCPP extrudate 3ms stretcdfe@ 5.3 tiSkE® in theo.snchi ne

diragi @ and 8.5 HCPR®S in the trahkdsverse 30.0 directéss. 0.4anpl e
Cor e % Cav. % Resi n W/TR

Layer  tTotal % PP include§839MU% of reproces%%bfy‘p?dpylene( Aged) 25 sa _
HCPP 3.0 0. 0.24 It is

thus readily apparent fromthe datg@%h above that the present
I nvention provi des an opaque ture exhibiting significantly

| mproved nDi Badiple Npwviid Sriodidéed6 [deindfistrate the rGistGR Banfiébfla obhk?.neWICPP- art
control sanples (sanples |la and 2a). The filnms of the presen
15 based film structure containing a low level of cavitating agent.

Sample 3a was produced with a core layer of 97% HCPP (Amoco 9218) and 3%
cavitating agent (Celenese 1300a) having a optical thickness of 28 microns. This core was
coextruded with skin layers of 92% HCPP (Amoco 9218) and 8% whitening agent (Schulman
CTW5050) each having a thickness of 3.5 microns to produce an ABA extrudate. The ABA

20 extrudate was stretched 5.3 times in the machine direction and 8.5 times in the transverse

direction.
Sample Core % Cav. % Resin WVTR
Layer Agent Modifier (Aged)
25 :
3a HCPP 3.0 0.0 0.24

It is thus readily apparent from the data set forth above that the present invention
provides an opaque film structure exhibiting significantly improved moisture barrier properties,
as compared to the prior art control samples (samples la and 2a). The films of the present

30 invention exhibited substantially the same degree of opacity as the prior art control samples
(1a and 2a), while utilizing significantly lower levels of cavitating agent. Moreover, these film
structures exhibit enhanced mechanical properties, e.g., improved stiffness and moduli and
provide ease of manufacturing, e.g., increased line operability and line percentage uptime (as

observed during manufacture of the present film structures).



30 |nver¢t|on exhi bi ted substantlally the sane degree of opacity as the

prior ariyodanides! sanpl es (la and 2a), while utilizpgfyS§dmredsi cantly
| ower | evels of cavitating agent. Moreover, these film structures

exhi bit enhanced nechani cal properties, e.g., inproved stiffness and noduli

and provi de ease of manufacturing, e.g., incrwmty
and |ine percentage uptine (as ppserved during act ur

present film structures). WO 98/ 0440”@3] ’
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film hayisigggnhanced noi sture barrier and nechani cal pf opertal
corrprl‘S'Fn'g"— a base layer including a blend of a first

pol ypr opy! eheApobyquerpohmwiricdilra havisgerhanded moisture basriee nadmechanizali t y of
greater than 93% and a cavitating agent in an anount effective to cavitate
5 RIQPerips, Semprgieg: 2. The filmaccording to CI aimi,

wh I t f
e s ORGS0 SRR b By R 21 ©

wher ei stersanegulhmy@f lgeaatar thanc30elamd aigavitatirglégent in an amowtieffadtivefto Ezthdte
cwtatL ent 4. The filmaccording to Claim3, wherein
qsg | ncl udes from 2% to 5% of said cavitating agent.

5 Thefll et el I ygﬂﬁ; ' ' ent is

sel ected for %? &?%}gﬂq %?ﬁ%olnghsmt?elmng 0 ﬂp@‘%@% ?ﬁer ep aI ate,

cal ci wswrerearepaadtyef fioa 9495 tep8%nd poI yam de. 6. The film
according to lL,ml or_ 2, erein said base, | ay further includes a resin
modi fier i aﬁéfaig fRAsRerding ‘P\(&@% by W@Fﬁm ??Fd’%aéFg‘YE"dggu‘lle&yérm 6% by _

7. They, %gﬁtrﬂf%ﬁﬁ%ﬁgﬂﬂ%h% 4 aim6, wherein said base layer includes from 3%

to 6% Fn nodifier. 8. The filmaccording to
d a| m 6, vxkkr’éherflmaacdomie@tn Giaiohi ¥, wehereirssaid bagellagegreinclided from 2% thyd%6 of ar bon.
9. The fjlmaccording to Caim8, wherein said hydrogenated hydrocarbon is
a Sald (ARG A8Ed hydrocarbon resin. - 10. The film

according tg ﬁ@ﬁ ajcc&rdlr% 10 \UISME! & B WHdreAPSiid )fﬁfn MNELelcibiE €S an

additive sel ect e rom t group consisting o antl OCkI ng agents,
ant i stthe groupgensistingrod pelybutylene terephthalate, calcium carbonate, polyester and

polyamide.

6. The film according to Claim 1 or 2, wherein said base layer further includes a resin
modifier in and amount up to 9% by weight of said base layer.

7. The film according to Claim 6, wherein said base layer includes from 3% to 6% of
said resin modifier.

8. The film according to Claim 6, wherein said resin modifier is a hydrogenated
hydrocarbon.

9. The film according to Claim 8, wherein said hydrogenated hydrocarbon is a
hydrogenated hydrocarbon resin.

10. The film according to Claim 1 or 2, wherein said base layer further comprises an
additive selected from the group consisting of antiblocking agents, antistatic agents and slip
agents.

11. The film according to Claim 1 or 2, further comprising at least one tie and at least
one skin fayer, and wherein said tie layer is interposed between said cavitated base layer and
said skin layer and is formed form a polymeric material compatible with both said cavitated

base layer and said skin layer whereby said layers may be adhered together.



agents. 11. The film en im1or 2, further - .
conpri si ngodkfast one tie and awmgﬂt“ﬂ(“‘“"[“mmLkl 0 | aper/ussandosshner ei n
said tie, layer Is interposed bet ald cavl ¢ ated base layer and :
said skin layer and is formed forma polyneric naterial conpatible with
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12. The filmaccording to Caim11l, wherein said tie |layer - is

pol ypropyl eng2. The film act8rding® Claininl Baderein s4id tie ldyepispolypropyidmeci n sai d skin
| ayer is fornmed froma polynmer_selected fromthe group consisting of

et hyl Iene- pr ob¥l ,Ehmﬁlnamgrdiug)q@cflyﬁt} L wheeeie §3i¢ ﬁlénéayepbésw@r@ommmlwneg )
_ Aty ; . . . .
}S;eff : r N addit1ve selecte rom-t roup (r:on 'S :'ngso:‘n
P yﬁll Fefﬁsg rfmc%#f? gréggc rns%tlh% o?ktﬂ’gl&?er &o@?leb%a%gfn' I%og&léme}@ Eﬁldeeltl@l

ant i bl ogrspylencbieehcs 1 tétpolyfeatt | C agents and slip agents. 15. The film
according to Caiml, further c,or‘rPri_si ng a.coating |ayer on the outer :
surface of skt dThdilm acepeding to Claim 1k, gvher¢in said skin Jayepfurthercormprises am 15,

mee e St e e el PR BB AR o
chl ori dgeagd pol yvinyl al cohol. 17. The filmaccording to Claim1l or

2, wherein said blend further conprises a second pol ypropyl ene pol yner
havi ng an i sbt-athe filmsacspeding-tofFlaim 1 1, fugthercompoising @ Goatmg layer on the outer

surface of said skin layer.

16. The film according to Claim 15, wherein said coating layer is selected from the
group consisting of acrylic, ethylene methyl acrylate, ethylene acrylic acid, polyvinylidene
chloride and polyvinyl alcohol.

17. The film according to Claim 1 or 2, wherein said blend further comprises a second

polypropylene polymer having an isotactic stereoregularity of from 90% to 93%.




