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invention relates to a pol ypropyl ene- based mul tilayer film exhibiting
i nproved noi sture barrier and enhanced nechani cal properties.
Pol ymeric fil e sy¥dly WP PUREBAREIHH URYENTE e Spr e
particularly inportant app lcation 1S pac agl ng rnadustry.
Films enployed in the food packagi ng i ndustry are chosen and/ or

desi gned to prodhge presenthdngentiont redatesetwalay p‘dlly;#ﬁdiﬁqferfé%sed
contai nmengy,) ¢ 11aﬁr§‘i9§1‘i§]aa &S&’tﬁhgcimg%%%em‘ﬁgsgu#g%% ! ;'r?g{%r oma

properties, 0Xyge arrier properties an
barrier perbﬁﬂﬂ@@ mechanlcal Pﬁpysrﬁﬂfﬁene is a polyner conmonly enpl oyed

in the ?h&&@cpk flinsmR gsgg @ ihhé qd nRiEt3giaqg i ndustry.
In the_case of nul | ayer #I|HE R {e gl Ieﬁggfs the 15 Ii'polyner used in
ﬁgcu ar gy

the bade oPRPPIICALIPDE. OPERAE éPP&9€?ﬁl9nn%ﬁf|ed to
obt ai n desithed food pala:&agdhgr ua&uesryhl cridme Qﬁiglldjl%ar 4Rt thie Yy fied

pol ypr opyl FQr._ex Si and/,or second
pol yner, n§§°§898Pghd§§Eﬁ?FK ?% gog% ?8§5S§Igﬁglgned to proxidenmts to
vary the cnaaacpaerésmagsohepeﬁyprﬁpﬁbcnDroper Zoedotcpatadnmentted t owar ds

t he |nprov t e a fd 1 ms formed of
such Qﬁ&ﬂ cﬁBg&E%eEQb%&Eﬁ lPCIPgE ﬁ%&%E B%?%Ed 5Q t he pol ypropyl ene

Wi th §825 PrPB?FﬁlﬁﬁleFXEeﬂnFPd ﬁﬁFoPérFﬁSrnBF9P&F§1§§rﬁpér fapyeaY ti es
of the resahBiaaromal barFiprcprbperties.about 10% to about 20% resin

dif b i h d d
oot DBoRifeel 2ehlosk! kb7 A8, B¥inklty, ampr el S BRELST " 1T
nodi fi er, manbdfacgorehefafdinsensedndd thegfoed packaginghdntustyy.

di sadvant 398 the cgEar EFCH{xi‘H‘L ayél %g;mgoagb&ggglapgian{ayggc%h' Ly enpl Oyed

in the art ypropyl ehe sufters cant Oecrease
dlnenéﬁonaP°§Y§BFIP§?d 1hi hePRSRNOK| RAERslayer. Ofkgpnthebility and

processabi bblYpQBpi/!Bﬁnéeiﬂiréﬁnisfmbﬂiflaﬁ tbeauthuagaéalraar eased
nanufacturlﬂgrac erlg gégrwﬂiéﬂsagé not 1nﬂégéhgr nmo&1f1ed
polypropylene. For example, a resin modifier, additive
and/or second polymer, may be blended with the
20 polypropylene.

Attempts to vary the characteristics of polypropylene
are often directed towards the improvement of the moisture
barrier provided by films formed of such polymer. To this
end, it is known that blending the polypropylene with a

25 resin modifier will improve the moisture barrier properties
of the resultant film. Typically, from about 10% to about
20% resin modifier must be added to the film to achieve the
desired reduction in water vapor transmission.

However, the addition of the resin modifier, within

30 the aforementioned ranges, is not without its disadvantage.
Particularly, at the loading ranges typically employed in
the art, the polypropylene suffers a significant decrease
in dimensional stability. This in turn hinders the
machinability and processability of the resultant films,

35 resulting in increased manufacturing costs and/or films of
inferior quality.
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another i nportant characteristic of such a film -5 particularly with
respect to such applications as w appi%gs for tobacco products. Filns
havi ng enhanced nechanical properties facilitate handling and
packagi ng because such “films are nore readily acconmodat ed by typica
i ndustri al machi nery. ﬁutenpts have been nade to inprove the 10

mechani cal pro [ I e e irection '
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crystallin Lopyl ene_hayin ct tereqregul arity
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of the baseriembati@f often indreasesrtherlédedihoddnefit filme high
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20 modified polypropylene-based film which exhibits 1mproved
moisture barrier properties and enhanced mechanical
properties, while maintaining dlmen51ona1 stablllty,
machinability, processability and clarlty.-

The present invention, which addresses‘the’needs.of'

25  the prior art, relates to a polymericjfiim“h&vihg improved
moisture barrier characteristics. The film includes a base
layer of a high crystalllnlty polypropylene hav1ng an
isotactic stereoregularity greater than 93% and a ‘resin
modifier in an amount up to 8% by welght of the base layer.

30 In one preferred embodiment, the high crystallinity
polypropylene has isotactic stereoregularity of from 94% to
98%. The base layer preferably inciudes'from'3%'to 6% by
weight of resin modifier. Preferably, the resin modifier
is a hydrogenated hydrocarbon resin or a saturated

35 alicyclic hydrocarbon resin.-

In another preferred embodiﬁent; the film includes at
least one skin layer adhered to the base layer,‘preferably



3 - woké7ag coating | ayer thereon. The skin Iayer 'SPE‘i‘RfsSW
forned from et hyl ene- propyl ene random copol yners or

et hyl ene- propyl ene-but ene-1 terpol ynersg The present invention
also relates to a nmethod for preparing a high noisture barrier

ori ented pol ypropyl ene filmwhich includes the steps of (a) blending
(1) a high crystallinity pol ypropyl ene having isotactic 10
stereoregularity greater than 93% and (2) a resin nodifier in an
amount up tWwithodycorting layenrithereose |Byerskin layeruisopreféyabpymi ng
sai d base |i?dﬁﬂed’rﬁ§éiﬁ5é‘ih?ﬂ£’e-aprop¥léﬁé r%am&ﬁ%%%i%ﬁﬁ g,hng the base

Iayer ecursor_ to form a base ayer ori e eet in a

| ongi t odi nef S PEORYLeRs hutenec) i tAFRALBIRES n biaxial |y oriented
film Thie qneesemet eineshteldw A IS treldtted i €6 £ mystibd | fotY

?ﬁ'eyﬁraié’yl%ﬁm a8 AR MBS e sdhgheed BRikpropviene oo n

modi fier. rvetblqh ingludas the Stﬂms fafer(a)s l@lér;dlir@eﬂmt el H/ghi ocar bon
resin or asaidéAlBthity pdlypdpy el HAFHPALSEUL e I'n anot her
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characteri gt iy 8 i:es film
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effective to egauceTbbobhsnglawemhprbmbmably includ@s9@reh/ 3% to 6%
PCT/ US96/ Of¢4deight of resin modifier. Preferably, the resin
20 modifier is a hydrogenated hydrocarbon resin or a saturated
alicyclic hydrocarbon resin.
In another preferred embodiment, the base layer
precursor is coextruded with at least one skin layer.
The skin layer may be formed of ethylene-propylene random
25 copolymers or ethylene-propylene-butene-1 terpolymers.
Preferably, the base layer is coextruded with skin layers
on both sides.
The present invention further relates to a polymeric
film structure having improved moisture barrier
30 characteristics and enhanced mechanical properties. The
film structure includes a base layer of a high
crystallinity polypropylene having isotactic
stereoregularity greater than 93% and a resin modifier in
an amount up to 8% by weight of said base layer. The film
35 structure further includes at least one skin layer adhered
to the base layer. The skin layer includes an amount of an
antibl-~king agent effective to reduce blocking of the film
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PCT/ US96/ 04444 Figure 1 is a graph whlch demonstrates change in Water
Vapor Transmission Rate (WVTR) of a polypropylene film
20 which has been modified by various percentages of a resin
modifier. I '

The present invention is prepared by blending high
crystallinity polypropylene (HCPP) with a resin modifier to
form a base layer precursor. The HCPP has an isotactic

25 stereoregularity of greater than 93%, preferably from 94%
to 98%. The base layer includes up to 8% by weight of the
resin modifier, preferably from 3% to 6% by weight of the
resin modifier. ' '

Suitable HCPPs (film grade) include Amoco 9117 and

30 Amoco 9119, available from Amoco'Chemical Co. of Chicago,
IL; Chisso HF5010 and Chisso XF2805, available from Chisso
Chemical Co., Ltd. of Tokyo, Japan. Suitable HCPPs are
also available from Solvay in Europe. The HCPP has a high
isotactic stereoregularity, which results in higher

35 crystallinity than conventional polypropylene polymers,
exhibits higher stiffness, surface hardness, lower
deflection at higher temperatures and better creep



properti esyo &4rier i nformation relating to HCPP, I NnChopRes/sRgid10dS
‘for preparation thereof, is disclosed in 5 U.S. Patent No. 5, 063, 264.

For purposes of the present inventions stereoreqgularity can be

determ ned by IR spectroscopy according to the procedure set out in
"Integrated Infrared Band Intensity Measurenent of Stereoregularity in
10 Pol ypropylene,"” J.L. Koenig and A Van Roggen, Journal of Appl i ed
Pol ymer Science, Vol. 9, pp. 359-367 (1965) and in Chem cal
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are the pandaiftdrdiey MERA RN oS Btireor84HIAGARPN A €Si ns such as
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resi 8. 2F0lyPropyfne.csidy lpfognds apg & iVam Raddely yorrnal A
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t han 2000%&%@%%5% r%ﬁl@%ttc%&%oé’& IJ‘ﬁ?ﬁm%:h(?illﬂélg"lsrf %l%(f%l T ¥ nat ur al
or synt heMideysdnersciernniee Rubtliclagdom ediohn Wileye agist Sared New he
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di - oltef i ndetexa Byt dessdvronaphthedepe {dacalin) {oduhidd by apsheral |y
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Fanten their e Brde compoeit” 18] 318008 SANICR, SHRum MRf TS A
WO 96/ 41788 amount of up to 8% by weight, preferpbliyusaen0ssi4Lo 6%
6 by weight. Preferred resin modifiers include hydrogenated

20 hydrocarbon resins and saturated alicyclic resins.

Examples of other suitable resin modifiers are the
petroleum hydrocarbons, asphalt, hydrocarbon resins such as
petroleum and coal resins, rosins, rosin derivatives, and
styrene resins.

25 The resin modifier, which is preferably of a low
molecular weight, has a number average molecular weight as
measured by vapor phase osmometry and is usually less than
5000, preferably less than 2000, for example, 500 to 1000.
The resin modifier can be natural or synthetic.

30 The petroleum resins may be obtained by the catalytic
or thermal polymerization of a mixture of monomers derived
from deep cracking petroleum which monomers are chiefly
mono~ and di-olefins. The catalytic polymerization of such
mixtures is generally carried out at low temperatures using

35 Friedel-Crafts catalysts. The petroleum resins can be
hydrogenated to reduce their unsaturation, lighten their
color and otherwise improve their properties.
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Particularly suitable resins which can subsequently

20 be hydrogenated are “hydrocarbon resins, ketone resins,
polyamide resins, colophonium, coﬁrmarone'resins, terpene
resins, chlorinated aliphatic or aromatic hydrocarbon
resins. Examples of hydrocarbon resins are polymers of
coke oven gas, cracked naphtha, gas oi; and terpene Qil;

25 Preferred hydrogenated resins are‘hydrogehated
petroleum resins. These are usually prepared by
catalytically hydrogenating a thefmally'polymerized steam
cracked petroleum distillate fraction. It is also possible
to hydrogenate resins producéd'by“the'catalytig '

30 polymerization of unsaturated hydrocarbons.

Examples of commercially available hydrogenated =
hydrocarbon resins suitable for use in the present
invention are those sold under the trademarks REGALREZ and
REGALITE by Hercules Corporation. -

35 Preferred saturated alicyclic resins used in the -
invention are obtained by the hydrogenation of aromatic
hydrocarbon resins. The aromatic resins are themselves
obtained by polymerizing reactive unsaturated hydrocarbons



cont ai ni NOwoss41H8 Princi pal conponent, aromatic hydr oecerbsvsnadsd Whi ch
the reactive double bonds are 5 generally in side-chains. The alicyclic
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750 c?4 er rboihingiepe it arange spfc2@ Unko o3P0 R, Jefierably 140° to
300°C, of the residue obtained by distilling off useful

olefins such as ethylene and propylene from the thermal
cracking products of heavy petroleum fractions. The
polymerization of the reactive hydrocarbons can be effected

25 in the presence of polymerization catalysts such as
sulphuric acid, phosphoric acid, or amphoteric metal
chlorides.

The obtained aromatic hydrocarbon resin are hydro-

genated until the unsaturated bonds, including the double

30 bonds in the aromatic rings, are substantially completely
saturated. The hydrogenation will generally be carried out
at a high temperature under a hydrogen pressure of at least
150 kg/cm’, in the presence of a large amount of a highly
active catalyst such as Raney nickel or palladium. The

35 hydrogenation of the aromatic double bonds can be confirmed
by comparing the infra-red or ultraviolet absorption
spectra of the resin before and after hydrogenation. The
aromatic rings give rise to characteristic absorptions at



mMerr] and 274.5 nferr] in the ultraviolet spectrum which §B§ duced
as the ar oOWMIMBngs are hydrogenated to alicyclic Fﬁ@ %ﬁ

di sappear when all the rings have beeg saturated. It is desirable to
achieve at |east 80% and preferdbly at |east 90% hydrogenation as
measured by the di sappearance of the characteristic absorptions. 10
The alicyclic resins used in the invention have a softening point from
85 to 140[err]C, preferably 100[err] to 140[err]C, as neasured by the
bal | and r3gy Optngla F58TBKSS 18 the ingPEURedl Splktaydl, ablcat! PRACH C
resins sui '@ for use In present I nventi on are, those sold under

the tradermy ka!1¢> 27N Y W%k‘b]vﬁ'arm%]s? FReFEEm WRAFRi%e 1td. of
Japan.s reduced &€ éhénaﬁ6méh£cpffﬁﬁ&ﬂar@vmydrcgenmeé@rﬁblaliéyévﬂes

at | east ong skin |ay an_ol.efin at | east one
si de of tHePE8e 3AGC 1sa%%a§k‘1ﬂﬁerfa§/§l’ p&é/%in‘?%t%%era% V coextruded with
the base |sgteurated. onkt is desirfabledtenmchievetatskeast §0%s and
Si mul tanequsl yo o1y at FEhLH 568 Ot dydndion s eRdifed WP the

In one preferre coating is t he 'outer surface
of the skldn$@9m¥§§ncﬁn°§c?9¢|%h%c %’aﬁﬁg a%?’émtb%%r des i nproved

printgpility, rhe &R 6ﬁ:b¢|ré§1ﬁé1dl§é@nﬁ1bﬂﬁélﬁﬁvéﬁﬁimtlﬁvétacs may be

applied to one of the s | ave eal_.coat.i 3

et hyl ene n%?%??n%gyl’%{"é ( %$ e’i‘h&‘g‘% CS’ ecrabri%' 108 d%(’EBa&)% Fay be
appl i ed tOaéfmna&ﬁmwdskynthayhallChM&rrimg msth@@bleEx@mplﬂ§30fnclude

pol yvi nyl 'g Qié’i ea&é’ViQue anc)P&i%a! | P&é;ﬁé CQ@P‘caﬁfé/%raﬁu.?e

t enper at ur at 1 ngs disclosed.in co owned
U. S. Paterthe pre$ent51n19néeen are those %%4@6%*%35IE¥?ﬁFEa ?ﬁ%

utiliged fﬂxéﬁﬁpSﬂsynAﬁékawéayeféa CHehiE£1 | In@udyt boe, mﬂ@pod:frrers i)

copol yners of ‘ethyl ene and. propylene, iii), copolyners of ethylene or
propyl ene $#RABut yl ene or anot her al phaol efin having 5 to 10 carbon
atons, iv) ter pﬂanﬁimoéfethglpr@eqnt ojyvemtiemdpreferably imrbDédes 718

T 526! Mt ops ne gin Loyer of an sletinic Solymer sunfiid €ge o
t hereof. at least one szde of the base layer. The sk1n layeér is
20 preferably coextruded with the base layer. 1In one
preferred embodiment, skin layers are simultaneously co-
extruded on both sides of the base layer. '
In one preferred embodiment, a coating is applied to
the outer surface of the skin layer(s). An acrylic
25 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
30 suitable coatings include polyvinylidene chloride (PVDC),
polyvinyl alcohol (PVOH) and low temperature heat seal
coatings, such as disclosed in commonly-owned U.S. Patent
No. 5,419,960. ' _
Suitable olefinic polymers utilized for the skin
35 layer(s) include i) ethylene homopolymers, ii) copolymers
of ethylene and propylene, iii) copolymers of ethylene or
propylene and butylene or another alphaolefin having 5 to
10 carbon atoms, iv) terpolymers of efhylene, propylene and



5 Qe defg1$1gP0!l ynmers which are particularly preferredd®usosmnsdsast he
‘skin | ayer (s) include ethyl ene-propyl ene copol yners w th propyl ene as
the main constituent and an ethylene ¢ content of 2 to 10% by wei ght
(relative to the wei ght of t he copol yner), propyl ene-butyl ene
copolymers with 10 propylene as the main constituent and a butyl ene
content of 0.5 to 25% by weight (relative to the weight of the

copol ynmer), and ethyl ene-propyl ene-butyl ene terpol yners W th propylene
as the nauhutyhgnetgcnanoghsrtalphabylﬁﬁnthaVlnq 8f tet APl eazbemd 5 to 30%

by wei ght gfof gtyhaaev§eﬁ§§thra§ &ﬁeréekatlve to the weight of the
t er pol ? m _xt yres of The_co- and terpolyners

ol
are pr ferably °1eflP&ﬁdBﬁ}§BF§ﬁeV§1°h “ake %artpﬁuépaéy prefarrrer IoFprove
certain prenargken mayer(s)thncnaaaléanylénbﬁprebyeeheveopamynh&sof

dd K d/ |
agents - 9LER BRopyaepdas RS pRin; 4BHEELCAIhL hAL S dERYIGRE O o' P
| ayer (s). content OfPEethiéﬂ bﬁtWQLGbkuﬁgeagﬁnvs tactheeweightaett al c,
clay, sod'eﬂha%ggg?yﬁbf "Pﬁbﬁyléﬂd-ﬁﬁﬂyiahboEBbolQﬂéQé”hEtﬁ5

anti - bl ocks SUI | ock |ng agents 1 ncl I norgani c
addi t 1Qes, PEORYlgResaR| EBA BPBRlH@nSEéFB Hﬁ,and achyrbyhene, °ﬁﬁ§ﬁ§§|9ﬁ

silicate, GlgntBUﬁB%lbycﬁbﬁghﬁakﬁéuﬂtlve taheaaha&egnandfthﬁellke and/ or

i nconpatible orga L p ol yesters,
polycarbonﬁ?BgigB anﬁnghggﬁygene pEdfY1dfe EE¥XE%88 EﬁgP ¥¥PFE Sagent s
i ncl ude alwath prkpptene assthéomauascanStesgentuaDL§ tor akghy- wedght

saturated or ovliohalhhial 8 Eb26Ys 2,68 GAESEES by LhE"RbAEn' dhea! S

with 10 to 0 on atonms and bei ng I tut
hydro%&alkﬁ?l?E}EFrF°tBhEIBP%??tg?SuEEe tPFBP%YWGH anPResmixkures of

N, N-bi s- (2t hese oppeielrs: alﬁuéaabneanaateﬁgolgm QSZQre prepefbBighly 12 to
18, carbon at ns in.their alkyl groups fective anmount of

antistati cCa0EAP PAIYRETEN the WO 96/41718
PCT/US96/O4444 In order to further improve certalfl propertiesanage from 0. 05
to 3% by h % e

V@#g £33g§#§£#ngfi@é 9@% Qﬁounts 59 ah&!@ives such as

Preferred
20 antlblocklng agents, antlstatlc agents and/cr slip agents

may be contained in the base layer and/or in the skin
layer(s).

Preferred antiblocking agents include silica, talc,
clay, sodium aluminum silicate, and conventional inorganic

25 anti-blocks. Other suitable antiblocking agents include
inorganic additives, such as silicon dioxide, calcium
carbonate, magnesium silicate, aluminum silicate, calcium
phosphate, and the like, and/or incompatible organic
polymers, such as polyamides, polyesters, polycarbonates

30 and the like.

Preferred antistatic agents lnclude alkali alkane
sulfonates and essentially straight-chain, saturated
aliphatic tertiary amines possessing aliphatic radicals
with 10 to 20 carbon atoms and being substituted by 2-

35 hydroxyalkyl-(C; to C;) groups. Preferred amines are
N,N-bis-(2-hydroxyethyl)-alkylamines having 10 to 20,
preferably 12 to 18, carbon atoms in their alkyl groups.
The effective amount of antistatic agent varies in the



~amides, higher aliphatic acid esters, waxes, netallic soaps. and -
silicone WQ¥AMIh as pol ydi met hyi si | oxane. The eff&sﬂmd

anount of lubricant varies fromO0.1%t0 2% by weight. 10 _ In one
enbodi ment of the present invention, "The film i ncl udes skin |ayers
adhered to opposing sides of the core  layer. Each of the skin layers
I ncl udes an anti bl ocki ng agent (e.g., silica) in an anount effective
to reduce bl ocking of the wound filmand at |east one of the skin 15

layers i ngku @S 2o b, 69n€oosh; b9 Qeu.gﬁt, relBeivei €8l BnkSiedyhitchbsi N an

anount ef Ive to maintain a :- -low coefficient of friction on the
exposed stRLaddYE¥-of the skin layer(s). The antibocking agent is
prefesably Prefegeet slipnagentst intlhdenhfighért al@phttiy: weiight . The

20 il | f
ST TR O T e e
V|sc03|tyanﬁ siddcene pélsoeuguoagenpnydemeghy&ﬁaloxaneprewbeably from

10, 000 tOe%QeQQQerahuéa%ﬁ&unU oENCubricafit! ¥aPNBsOEkons 0adgedof @gbot h
skin |l ayers, ABA structure 25 I's produced. |In those enbodiments in

whi ch S|IPU0W§1SPF “i's  added to only one of the skin layers (resulting
in appABC I&tbnétumbbdlnénenbanthefpnebenayanehtibn,tthnsﬁﬁumed to "

th I t t I
abe of PocinPatder. sRiR 3HPeRs, pARkPEa Lo IBpbELHl Sifeb(pY ths cBRE CU'
treated plagerto Bagli ng§. the skin laYBESnmncludyeranlantlbﬂockengresent
|nvent|on th?e g. Eif@é&;dl ”HBOXhBFnﬁogg?éEtﬁbéthV§éhﬁ€b€ systens for

coextrudln resi resin nodifier
are prefeb BF?lﬂgeﬁﬁrﬁbédwﬁPﬂﬁ filpeand sheleast oBEoRE BBy FELNWNI ch for s
the g&in haﬁérs jhbeuaekyaeEs1iconecailbeebgoyght to the nolten state and

coextruded nvent i gnal extr r | at .sheet die, the
g vOTneenut R TORRERhcan, AnaARGUAE: eFBRHEero BhspRath &S 1IG
06/ 41718. low coefficient of friction on the expPegdUsSUEface{s) of

11 the! gk&ﬂdig breayt heTﬁéeanéiESékiﬁéthGn{:hfsdbfeﬁérﬁb‘ig the
| | m of P

mul til ayer n1stru ture'is quench resent
i nvent i onPFeSEREf épaphyamountypfy £RPMy 00l ckPef: 3Fnb8n¥ebFBFerrEHe
enbogp) menki1iBenki bl is present in an amount of from 0.5% to 2.0%

by weight, and preferably from 0.8% to 1.2% by weight, and
has a viscosity of from 350 to 600,000 centistokes, and
preferably from 10,000 to 30,000 centistokes. ' If the
silicone o0il is added to both skin layers, an ABA structure.
25 is produced. In those embodiments in which silicone oil is
added to only one of the skin layers (resulting in an ABC
structure), an amount of oil may still be transferred to
the opposing skin layer upon winding of the film. In this
particular ABC structure, the non-oil contalnlng side may
30 be flame or corona treated prior to winding.
' The multilayer: films of the present lnvehtion may be
prepared employing commercially available systems for
coextruding resins. As mentioned, the blended HCPP and
resin modifier are preferably'coextruded with at least one
35 second polymer which forms the skin layer. The polymers
can be brought to the molten state and coextruded from a
conventional ektruder through a flat sheet die, the melt
streams being combined in an adapter prior to being



is:stretchﬁg)&mﬁﬁﬁ to 6 times in the machine direction peruéddaiasqand

from6 to tines in the transverse direction (TD). The overall
orientation (MD X TD) preferably ranggs 10 from25 to 80. After
orientation, the edges of the film can be trinmmed and the fil mwound
onto a core. The filmstructures of the present invention are
formed having a thickness ranging from 10[err] to 60[err], preferably
from15[err] to 50[err]. 15 EXAMPLES

The fol | ovéextrededpfesni theisdial e Afieprbsawning thei diendrbfiic&yathees 1-4

bel ow are lye e 4] LBg the noisture properties of
prior art l?‘ﬁ@rrgigg%i{ f@@%ﬁ%’%‘-‘ﬁ% %%Iﬁ%éé%%&f he i nproved and unexpect ed
propert i es exhi'the efiby oficthe | presgnt Hinyention isprefernably  Misture

barrier in,eaeth tHRi E RO NEh EXFETHESEPSed embdBAReHEd 3£3
(100[err]§ and :gi‘A)%e} x?‘i:ve Hum di%y%}(qfés eF 372 égnd.?éeeﬁﬁlr%gssed I n
[

TN
g/ 100 cni et§ (FeESY¥TRed (FFramt o to| § &8/ the ymaghine LivecEienon
factor of @MEpHlGawd]Eren/é nferij times in thwendtawswéfsé odibecsasdt hs.
Exanmpl e 14,4.l] ust e : Lcal t{es_exhibited by
A & Léch] U= oSy, ory SIACEAY (RS2 pBbRRERb - X0LL
EXAVAIOE 1 from 25 to S| Afitersopientatipn o theredgeatef tthenbilnure

barrier ofcgn Qe mmald| amp! sl OPYIe Foltas Eshid | 4N cdr&or e | ayer of an
i sotactic pol ypropyl ene honopol ymer (Fina 3371 . _having a thickness of
23.75 mcrons v?é’égn%’rp%os"a’ﬁbg es (o tdif t%‘?e%%%"i(ta'%%%‘éltwlﬂr\a%?i n |ayers of
an et hyl enformed havimy|£nchidnessarandinmg SomHR)y eashedyayi ng a t hi ckness
of 0.6 m %P@féré@fy s&&lfélﬁréo%.ai ned 1, 000 ppm of WO

96/ 41718 PCT/ US96/ 04444
12 15 Syl obl oc 48 anti bl ock agent conprising silica, a product of
Grace Divison Co. 5 The ABA was quenched, reheated, and

stretched 4-6 times in the machine direction at 104[err]C
The following examples illustrate the présent

invention. Examples 1-4 below are comparative examples
illustrating the moisture properties of prior art £films.

20 Examples 5-13 illustrate the improved and unexpected
properties exhibited by the films of the present invention.
Moisture barrier in each of the following examples was
measured at 37.8°C (100°F) and 90% Relative Humidity (ASTM
F 372) and is expressed in g/100 cm/day/mil (g/100

25 in‘/day/mil) using a conversion factor of 6.4516 cm’/in® and
rounding off to thousandths. Example 14 illustrates the
enhanced mechanical properties exhibited by the films of
the present invention.

30 EXAMPLE 1
Sample 1 was produced to demonstrate the moisture

barrier of a conventional polypropylene-based film. A core
layer of an isotactic polypropylene homopolymer (Fina 3371)
having a thickness of 23.75 microns was melted and

35 thereafter coextruded with skin layers of an ethylene-
propylene copolymer (Fina 8573HB) each having a thickness
of 0.6 microns. The skin layers contained 1,000 ppm of



(220F) to 143[err]C (290[efr]F). Subsequently, the MD oriented ~ base

sheet was WOrest4d718d 8-12 times in the transverse di r e BCTHI$96{04444
approximately 157[err]C (315[err]F) to 193[err]C (380[err]F). 10

Sanpl e Cor e % Resi n R WTR Layer
Modi fier Anbient Aged - 0. 048
0. 048 15 1 Fina 3371 0 (.311) (.311) 20
Sanpl es 2a, 2b and 2c were produced to denonstrate the | noi sture

barrier of_c | p aiﬁp Nt yi ng
level s of ¥ gnﬂ d?€329£§ﬂggéf géconve ona}ﬁﬁsfll%%ayl Héfgiﬁxon 612,
avai | abl e Grace 2Bivisomo®e Chenmical Co. of Houston, TX and bl ends t her eof

contaiging 10 V‘hae/dﬂﬂﬁ Za@tf&d%éew@r@uﬁ%uar M@aﬁ@d? and  The terpene
pol ynmer cont ai -l 1monene apd j.s. avai S PICCﬁﬁ%te C 115

a
obta|nableSFFGM?mﬂécﬁT§§t€%ﬁ%o*%IFQﬁlmacnlan%IY%%?ﬁ°ﬂ@§t oy melt
bl endi ng. g920°F) twp® c (F90%F). Subsequiérly,n theMIRorientdd/TR

Layer i er 4612 0
ST ppgnotRest ag SEbpEdea S9E tings OF the erofiVdfsd®

0.039(0. 253irectign at approximately 2157°C (3IP5°F) to -193°C (38@°R)37( 0. 24)
EXAMPIg= 3 40 Sampl es 3a, 3b and 3c mere_produced to0 denonstrate

t he BAmple € Dogoré’ Of conveng I Ré&ain POl wyrrpyl enewypged 111 ms

contai ning varying |gygés of nodifimsdiffecormmtiental Aged pol ypropyl ene,
Fina 3371, available fromFina Gl and 45 Chemical Co. of Dallas, TX and

bl ends thereof containing 10 - . \\D 960404438 0.048
PCT/ U3P6/ 08444 Fina 3371 o (.3118 (.311)
EXBMRLE_Z
20

Samples 2a, 2b and 2c were produced to demonstrate the
m01sture barrler'of conventlonal polypropylene based f11ms
contalnlng varying 1evels of res1n modifier. A
conventional polypropylene, Exxon 4612, available from

25 Exxon Chemlcal Co. of Houston, TX and blends thereof |
contalnlng 10 wt.% and 20 wt.% terpene polymer were made.
The terpene polymer contained d-llmonene and is available
as Plccolyte c-115 obtalnable from Hercules Corporatlon.
The resin was added by melt blendlng.

30 : _ _

Sample  Core 3 Resln WVTR  WVIR

Layer Modifier Ambient Aged

2a Exxon 4612 0 - 0.045(0.29)
35 2b Exxon 4612 10 - 0.039(0.25)

2c Exxon 4612 - 20 - 0.037(0.24)

EXAMPLE 3

40

Samples 3a, 3b and 3¢ were produced to demonstrate the
moisture barrier of conventional polypropylene based films
containing varying levels of modifier. A conventional
polypropylene, Fina 3371, available from Fina 0il and

45 Chemical Co. of Dallas, TX and blends thereof containing 10



w . % and 2@qo¥e/faiger pene pol ymer conprising d-1inonene P‘F‘ g
C- 115 obtai nable from Hercul es Corporation) 5 added by ne endlng

were coextruded with Fina 8573 which 13 i s an et hyl ene-propyl ene random
pol yner containing 3.5 wt.% et hyl ene. Thi s conbi nati on was coextruded
and oriented so as to have outer skin layer dinensions of 0.6 mcron
and a core |l ayer dinension of 20 mcrons. 10 Sanpl e Core

% Resi n WTR WTR Layer Modi fier Anbient
Aged 15 wt3% and 20 Wtpj Berpene .polymer comprising d-limohene 325)

3b - 0

N, (PDacdéByte c-115 éQtalnab%eoggo% He?cgigé céfborationy

0
EXAVPLE 4 added by melt biending vwef§qfesutruded washr Einar B57avwbighe
barrier ofia a&ltPethylenekEppopyteiepandopcpbiymert BoAta2hen sl gyeg of a

g;gglgry5t%%$%fé£¥ hquPQt¥§ﬁé1ﬁ3L¥€éT§¥|ecoe%@*ﬁpgéngﬁg or?e%tedL§9er

Modi fier @@btenhavegatier3skin layer dimensionsoo81076 microfi and a 0. 038

0.034 core layer dlmen51on of 20 microns (. 246) (.218) 35
EXAVMPLE 5 Y Sanmpl es 5a, 5b and 5c were produced. An alicyclic
r esi nhavi-g—a—seorHtertRg—potrnt—at—315er-C—ARKON-R-115__was added

t hrough a sanspbs bat chbrg process. Thegégﬂgl WVTRconcenwvgﬁion of the core
| ayer was 3% 6% andLdyés ARKON P- 4@odifiéri NnAsBi®hes SRgegb and 5c,

respecti vely The film was oriented as foll ows: X = 5.0, TDX =
9. 0. WD 96/ 41718
PCT/ US96/ (R144 Fina 3371 0 ——— 14 0.050(0.325)
3b Fina 3371 10 —— 0.042(0.27)
3¢ Fina 3371 20 -— 0.039(0.25)
20 EXAMPLE 4

Sample 4 was produced to demonstrate the moisture
barrier of a HCPP film. Example 1 was repeated with a core
layer of a high crystallinity homopolymer polypropylene

25 (Amoco 9117).

Sample Core % Resin WVTR WVTR
Layer Modifier Ambient Aged
30
4 Amoco 9117 0 0.038 0.034
(.246) (.218)
35 EXAMPLE S

Samples 5a, 5b and 5c were produced. An alicyclic
resin having a softening point at 115°C, ARKON P-115, was
added through a masterbatching process. The final
concentration of the core layer was 3%, 6% and 10% ARKON P-

40 115 in samples 5a, 5b and 5c, respectively. The film was
oriented as follows: MDX = 5.0, TDX = 9.0.



Sample  Core’ %Resin WIR WTR 5 —
Vodi fier MBIEHTIB  Aged 5a Arpco 9117 5 POTUSIREY

0. 030 1 (.227) (.194) 10 5b
Anmpbco 9117 6 0. 032 .627 _ ' _
(.206) (.176) 5c Anpco 9117 10 0. 032 0. 027
15 ' (.205) (.173) :
Sanpl es 6a and 6b were produced. An alicyclic resin 20 havi ng a
softening poi nt of 125[err]C,. ARKON P-125 mas added .- to the film of
Exanpl e 4 Sampleh a aaaeerbatchlng prresin. WVTRThe fiwWwrRconcentration of
the cose | ayer was 3%agest 6% AnﬁdmfﬁetZSAmhléntplekgéd and 6b,
respectively, The film - was orjiented as follgws M =5 0 TDX = 9.0.
25 Sanpl e Gore : % Resin WTR-... . - WTR o

Layer 5a NbdlfAEPCOAﬁﬁlént Aged 30 0.835 O-Qﬁﬁco 9117 3
0. 036 0. 032 (.227) (-19430) ©  (.207)
6b 10 Anpco 9117 6 0.033 : _

(.214) Bb210) 35 Amoco 9117  gynffjes 7a an gg ER%% ed. An
Alicyclic resin havi ng a softening p0|nt fﬁg P- 140, was

added 40 to the fi Ie 4 hr ough aq erbat hj pr ocess.
The fg aI §8ncentrat#§%8éf§?§e core ayer mas(g§§E d 60 ~029 ARKON P-140 in
S

Sanpl 7a and 7b respectlvely The film ori n%ea)as fol |l ows:
MDX = 5.0,7TDX = 9. U.

EXAMPLE 6
Samples 6a and 6b were produced. An alicYCIic resin-
20 having a softenlng p01nt of 125° c, ARKON P-125, was added
to the film of Example 4 through a masterbatchlng process.
The final concentration of the core layer was 3% and 6%
ARKON P-125 in Samples 6a and 6b, respectively. The film
was oriented as follows: MDX = 5.0, TDX = 9.0.

25 _ . |
Sample Core % Resin WVTR WVTR
Layer Modifier Ambient Aged
30 6a Amoco 9117 3  0.036  0.032
(.230) . (.207)
6b Amoco 9117 6 0.033  0.033
(.214) (.210)
35
EXAMPLE 7

Samples 7a and 7b were produced. An'Alicyclic resin
having a softening point of 140° C, ARKON P-140, was added
40 to the film of Example 4 through a masterbatchlng process.
The final concentration of the core 1ayer was 3% and 6%
ARKON P-140 1n Samples 7a and 7b, respectlvely. The £ilm
was oriented as follows: MDX = 5. 0, TDX = 9.0.



V. 96/ 417140 9g/a1718 PCT/ US96/ Wﬂswo««

15 Sampl e Layer (B) Resin WTR

Modi fier Anmbient Aged 7a 15 Anpco 9117 396 0. 035

0. 033 (.223) (.210) 10 7b
Anpbco 9117 6% 0. 033 0. 030

(.214) (.196) 15 EXAMPLE 8

Sanpl es 8a, 8b and 8c were produced. A hydrogenated hydr ocar bon resin,
REGALI TE 101, was added to the film of , Exanple 4 through a

mast er bat csamgler ocebayefh¢BY i nafl - ResigoncerMVERi on of WWIR core layer was
1.5% B% and 6% 20 Regalite 101 iModhfiders Babient andAged respectively.

The filmvas oriecnted.-as faollgouws NDX =5 L IDX =0 .0 Qan‘p| e
Cor e % Resin  WIR VWTR Lag

Modi fier Pbient 2PREP 2117 g3t A&o%5 0.036
0. 03§|09 2%3)232) (. %1917) 30 8b
Anmpco 9117 3 4 031

(.219)  ("o0) Amogo S1i7 Arm%% 9117 ?'3 0.0 932 0. 030
(.208)  (.193) 35 y EXA ®

Sanpl es 9&—aANT9h WeT & Produced. A Nydr ogenar et 40— Nyurocar bom—Testn,
REGALI TE 1094, was added to the film of Exanpl e 4 through a

mast ersbat chi ng process. The final gxamppgpcgntration of the core |ayer was

0, 0,
3% and 6% Regaléte lles 8a, 8b and 8c were produced. A hydrogenated

hydrocarbon resin, REGALITE 101, was added to the film of
Example 4 through a masterbatching process. The final
concentration of the core layer was 1.5%, 3% and 6%

20 Regalite 101 in Samples 8a, 8b and 8c, respectively. The
film was oriented as follows: MDX = 5.0, TDX = 9.0.

Sample Core % Resin WVTR WVTR
Layer Modifier Ambient Aged
25
8a Amoco 9117 1.5 0.036 0.034
(.232) (.217)
30 8b Amoco 9117 3 0.034 0.031
(-219) (.200)
8¢ Amoco 9117 6 0.032 0.030
(.208) (.193)
35

EXAMPLE 9
Samples 9a and 9b were produced. A hydrogenated
40 hydrocarbon resin, REGALITE 1094, was added to the film of
Example 4 through a masterbatching process. The final
concentration of the core layer was 3% and 6% Regalite 1094
in Samples 9a and 9b, respectively. The film was oriented
as follows: MDX = 5.0, TDX = 9.0.



I n Sanpl es 9a and 9b, respectively. The filmwas oriented as fol l-ows:,

MDX = 5. 0,wob§4r18. 0. WD 96/ 41718 PCT/US96/04444

PCT/ US96/ 04444 - 16 Sanpl e Core
% Resin WTR WTR 5 16 Layer Modi fier Anbient
Aged 9a Anoco 9117 3% 0. 036 0. 032

(.234) (.209) 10 9b Anpco 9117 6% 0. 034

0. 030 ' (.218) (.2193) 15
EXAMPLE 10 Sanpl es 10a and 10b were produced. Anot her

hydr ogenat-ed-hy i eSHA—REGA- C—pns—eaaes ?R——t—h-e—f-l | m of
Exanpl e 4 S¥FRIQh a ‘ S S . The fi] concentration of
the cote layer in 102¥%EE 30 and 201°9%eA  AMRIENY 55 29, pi es 10a and
10b, respeetivetry—Tire v ' . = , TDX
= 9.0. Sanpl e r % Resi R- 4 R

Layer 92 ipgimetSiaT 3y POR ”‘;;g% ?:gg%co 9117

3% 10 0. 035 0. 034 (.227)
(- 2173 30gp 10b Amods0smPLll7 e 6%  0.034.035 0.036. 031

(.228) (.202) 35 (.218 EXAMPLRA )

Sanpl es 11a_and 11b were produced Anot her

15 EXAMPLE 10
Samples 10a and 10b.wére ﬁroduced.ﬁ.Another
hydrogenatéd hydrocarbbn.resin, REGALITE 1128,was added to
tﬁe film of Examplé.4 through a.masterbatching process.
The final concentration of the core layer in 10a was 3% and
20 6% Regalite 1128 in Samples 10a and'10b,_respective1y. The
film was oriented as follows: MDX = 5{0,'TDX = 9.0.

Sample Core : % Resin = WVTR WVIR
Layer ' Modifier Ambient Aged
25 ' -
10a Amoco 9117 3% 0.035 . 0.034
' (.227) (-217)
30 10b Amoco 9117 6% 0.035 0.031
. (.228) (.202)
35 EXAMPLE 11

Samples 1la and 11b were produced. Another
hydrogenated hydrocarbon resin, REGALITE 1139, was added to
the film of Example 4 thrdugh a masterbatching process.

The final concentration of the core layer was 3% and 6%
40 Regaiite 1139 in Samples 1lla and 11lb, respectively. The
film was oriented as follows: MDX = 5.0, TDX = 9.0.



hydr ogenatwg sbygt®@car bon resin, REGALI TE 1139, was added t @cTusosdags fil m

of Exanple 4 through a nasterbatching process. The final concentration
of the core layer was 3% and 6% 40 ®Regalite 1139 in Sanmples 1la and 11b
respectively. The filmwas oriented as follows: MDX = 5.0, TDX =
9.0. WO 96/ 41718

PCT/ US96/ 04444 17 5 Sanpl e

Cor e % Resi n WTR WTR Layer

Modi fier —Anbi-ent Aged 1la- Arpco—0117- 3% Q037
0.034 _10 o L . 240) . 217) 11b
Am)COSgll-Fampl%% Core 0 037 p n WVEL(R WV'éR

(.237) (.210) 1d-ave | cdifler Ambient:y,hqed 1)

Sanpl es 12a—12b—f2c—amd—12d—were produced: nlgn blyotalllnrry—

pol ypr opyl Anoc%¥&k;% i | ablgg from :

Chi cggo, ]ﬁland bl ends t egrlg'\g? 20 3(%cont ai ni Eﬁg (Yyt Oﬁ‘gg %and 20 wt . %
terpene pol yrer conprising d-1inmnene (Plccolyte bt ai nabl e from
Her cul es Gapor at i ommgeiien 18y el tggbl endi ng gvag+7 4 ruded with Fina
8573. Thi s conbi nati on was coextruded ngyjpnteq:aaép to have outer
skin | ayer_di nensions of 25 0.6 nmcron and a core | ayer dimension of 20

m cr dfs. Sanpl e Core % Resin W/TR WTR

Layer Modi fier Anbient EXBMBLEQ12 12a Amoco 9117 0

0.031(0. 20)  SepEEe 122, 228, 136 AP WdWeke producea. Righyy) (o )

crystallinity polypropylene Amoco 9117, available from
Amoco Chemical Co. of Chicago, IL and blends thereof

20 containing 5 wt.%, 10 wt.% and 20 wt.% terpene polymer
comprising d-limonene (Piccolyte C-115 obtainable from
Hercules Corporation) added by melt blending were
coextruded with Fina 8573. This combination was coextruded
and oriented so as to have outer skin layer dimensions of

25 0.6 micron and a core layer dimension of 20 microns.

Sample Core % Resin WVTR WVTR
Layer Modifier Ambient Aged
30
12a Amoco 9117 0 ——— 0.039(0.25)
12b Amoco 9117 5 - 0.031(0.20)
12c Amoco 9117 10 —— 0.031(0.20)
35 124 Amoco 9117 20 —— 0.031(0.20)
EXAMPLE 13
40 Samples 13a, 13b and 13c were produced. High

crystallinity polypropylene, Amoco 9117, available from
Amoco Chemical Co. of Chicago, IL and blends thereof
containing 3 wt.%, and 6 wt.% terpene polymer comprising d-
limonene (Piccolyte C-115 obtainable from Hercules

45 Corporation) added by melt blending were extruded and



35 12d Anpco 9117 20 0.031(03%9)

EXAVPLE 13W@P6MI7TI8  gSonples 13a, 13b and 13c were produced CHY§ofReadd
crystallinity pol ypropyl ene, Anbco 91};; avai l able from Anoco Chemi cal
Co. of Chicago, IL and bl ends thereof containing 3 w.% and 6 w.%

t erpene pol yner conprising d- | i ronene (Piccolyte C 115 obtai nable
from Hercul es 45 Cor poration) added by nelt blending were extruded and
WD 96/ 41718 _ PCT/ US96/ 04444

18 ' ed.s t Ve . r €& 1 1d L 0Q¢£ 045020

microns. OrfehEBige S o MaVEIE Sof! ayGH AR B 20 R,
Layer micron®ei fi er Anbi ent Aged = 10 13a +  Anmpco 9117 0
0.034(9. 22) 13b Anpco 9117 -3 ' 0. 026(0.17)
13c Aeaxipl@117 core 6 ' $-Resin WVIRG(O0. 17WVTR15

EXAMPLE 14 L&pepl es 14a, IMbédifiiler andmbilenter eAgedduced and t he
machine direction (M) pndulus of such filpns was neasired Each of 't he

films conprised a coextruded ABA structure 21 20 m crons thick, the core
| ayerlhei n3@9. 5 mi Amecetftk and O f or meT™of - HCPP 9 A834600238) and
cont ai ni ngl¥A Arkon MmAg® 9117 (esi$ nodifierT""The strec®?6£01L7) her

i ncl uded alP@ir of AmocRIbLTng heBt seal abl 8 3kin | ay@rQ2¢(Ri 33h 7504)
formed of ———anr—ethyene—propytene—batene—t—terpotyrer—Hre—sid-r—tayers
25 i cl uded 2300 ppm of Syl obl oc 44, an anti bl ocki ng agent

conprtsing silica and 8000 ppm of 5$¢%§§?ﬂhﬂ€ 200, a
pol ydi met hyl si | oxane. Each of the i ruct ures was
Samples l4a, 14b, 1l4c and 144 were produced and the
machine diréction (MD) modulus of such films was measured.
Each of the films comprised a coextruded ABA structure 21
20 microns thick, the core layer being 19.5 microns thick and
formed of HCPP (Amoco 9218) and containing an Arkon P-115
resin modifier. The structure'further-included a pair of
opposing heﬁt sealable skin layers (Chisso. 7504) formed of
an ethylene-propylene-butene-1 terpolymet;- The skin layers
25 included 2300 ppm of Sylobloc 44, an antiblocking agent
comprising silica and 8000 ppm of Dow Corning 200, a
polydimethylsiloxane. Each of the film structures was
oriented as follows: MDX-= see table below, TDX = 9.0.
The MD and TD moduli of Samples 14a to 144 were compared to
30 the MD and TD moduli of a comparable ABAffilm structure
(i.e., Sample l4e having a core layer of oriéhted
conventional polypropylene without resin modifier).

Sample Core Layer % Resin MDX MD Mod. TD Mod.
35 ~Modifier _ - 1000 kPa (1000 psi)
l4a Amoco 9218 6 4.3 2999(435) 5792(840)
14b Amoco 9218 6 5 3089(448) 5599(812)
40 l4c Amoco 9218 3 5 2937(426) 5419(786)
144 Amoco 9218 3 4.3 2779(403) 5550(805).
l4e Fina 3371 0 4.3 2544 (369) 4847(703)




oriented q@P + fs: MDX = see table below, TDX = 9.0. PCTivsodfasand TD
nmodul i anples 14a to 14d were conpared to 30 the MD and TD nodul i of
a conparable ABA film structure 19 . e., Sanple 1l4e having a core | ayer
of oriented conventi onal polypropylene wi thout resin nodifier).
Sanmpl e Core Layer % Resin VDX MD Mod. TD Mod. 35
Modi fi er 1000 kPa (1000 psi) l4a Anoco 9218 6
4.3 2999(435) 5792(840) 14b Anpbco 9218 6 5
3089(448) 559l Fesiflts Hamom Examniﬁssxam§ are Bummarized below:037(426)
5419(786) 14d Anpco 9218 © © 3 4.3 2779(403) 5550(805)
14e Fipna 3371 0 4.3 2544(369) A847(7Q3)
96/ 41318 Sample  Core Resin P%ﬁﬁéMﬁ:
19 Tha¥&Xl ts from BRHFIEE 1.13 a el ow 5
Sanpl e oo Rcsin A R—RR Layer
Modi fi er Anbi nt 1 Fi 3371 0%
048, 1048 10 Exx<ﬁ§ 4612 0062048 e
045! 2%0 oﬁ,{g’%@ 1000 cklS  —oes- .03$39 2¢
Exxon 461 20 g 612 ----20 c-11837 --3a .037 na 3371
F:ma 33 Fi na.-3371 .os’ld) C 115
042 15 1020 c-GE1BlS e - .042039 4
Armcqs91173.c 0% F:Lna 3371 .03 Cc-114 --ba .03%0c0 9117
3% P-11% . 03amoco 21330 o0%Hb Anmoc.®3BL17 0¥  P-115
. 032 58027 Myoco 9117 Anoc3P11P-115 10%.038115 . 03®32
.027 20 ska Adromro AL/ 613% P-R1P5 - 032036 .02732 6b
Anmoco 911Bc¢ 6% Ampcp®117 | 03PF P-11333 - 032y -0%%hoco 9117
3% 2p-14Ga . 03%moco 913F3 3%p P-125 Armc-d):’éﬁlﬂ 0% P-140
. 033 61030 Amoco 9117 6% P-125 .033
7a Amoco 9117 3% P-140 035 .033
7b Anmoco 9117 6% P-140 .033 .030
8a Amoco 9117 1.5% R-101 .036 .034
25 8b Amoco 9117 3% R-101 . 034 .031
8c Amoco 9117 6% R-101 .032 .030
9a Amoco 9117 3% R-1094 .036 .032
Sb Amoco 9117 6% R-1094 .034 .030
10a Amoco 9117 3% R-1128 .035 .034
30 10b aAmoco 9117 6% R-1128 .038 .031
lla Amoco 9117 3% R~-1139 .037 .034
1ib Amoco 9117 6% R-1139 .037 .033
12a Amoco 9117 0% —-———- . 039
12b Amoco 9117 5% C-115 ——— .031
35 12c Amoco 9117 10% C-115 ——— .031
12d Amoco 9117 20% C-115 ———— -031
13a Amoco 9117 0% ———— .034
13b Amoco 9117 3% C-115 e .026
13c Amoco 9117 6% C-115 ——— .026
40

For purposes of illustration, the WVTR vs. % Resin Modifier
plot for Examples 2, 3, 5, 8 and 12 are graphically
depicted in Figure 1.
As shown, the plots for Examples 2 and 3 (both of

45 which represent prior art) remain substantially linear as
the percentage of modifier is increased from 0% to 20%.
The plots exhibit a generally negative slope, which
graphically depicts the reduction in water vapor
transmission that occurs as the modifier is added to the



8a Anpbco 9117 1.5% R-101 . 036 .034 25 8b

Anpco 9117WO96/41788 R- 101 . 034 . 031 8c PCTWH?
6% R-101 . 032 . 030 9a. Amoco 9117 3% R 1094
. 036 . 032 9b Amoco 8917 6% R-1094 . 034

. 030 10a Amoco 9117 3% R 1128 . 035 .034 30 10b
Amoco 9117 6% R-1128 .035 . 031 11a Amoco 9117
3% R 1139 . 037 . 034 11b Amoco 9117 6% R-1139

:825 1§'g§%' TRnB%B‘SY?? AQR&BES*Q%E ' gwgfﬁs of 20% modifier,. 12§

Ampco 9117must b20asideditd the resin. Howeyer, as mepliioned abowep 9117
20% CS115re8é2é‘bbnta§glngoﬁlr e ambifit_of moﬁ@?ﬁ@r?%%%en surfdy

---- nocQ 9117
026 fyem a decrrass gglﬁlmensggygl g;gggllty,_maghlnab11i§y6agg
For purpospgoegsghbaiitgtlon the W/TR vs. % Resin Moddifier pl ot for

I |
Cranples 23 SnePpifleLioh BhgRCall K any 10°RLEbRIRRING BbEch
prior art)thenunexDebtedncharayternéﬁlcaseXhlbltHé b¥r thet H§BPof nodi fi er

'S 'nféeas gs§ﬁ9ﬁb8%%& 2B %nds ofTﬂﬁeph98§eﬁﬁhhﬁbénﬁlgﬁnera'|y negative
sl ope, e reduction in water vapor -

I ca cts. .t
transn1SS|§Hth§#°Bé&MPStB§ %h@thGFPFEF thatjapjungxpeetedly large \\p
96/ 41718 dJecrease in water vapor transmissioRCI&EPS/ Gi€H4small

mist be adBRRLEBOPRcSF PRI IBhoyRr LRk HeER, FRRER” S S48 18 BRpue hy

conta|n|ngthergnlamamnsteépneesfuartbétehoDefbérthe plétesm aAdemorase in

dinen a@§ai@$é£'g¥ 288 g ggbthét Cﬁ?dfeSén,péoﬁeséﬁﬂfhééﬁln The

plots grap rcally unes ecfe
character|§h¢c§1§Rﬁ|BftEBeb919F§ {eppls ool feE?n?HBﬁF?FE%abiﬁnaﬁrei the
present i N¥R&WiAG. that nSpearthes! ¥crelsepint WVIRPist otbatraAgunexpect edly

large decr g@stel d“@%éEaX@E?r Eﬁé”ﬁf&ﬁ&éOQfOEﬁErEr¥é£Ht5”a"

invention reach mlnlmum WVTR with relatlvely low levels of

20 modifier, i.e., up to 8% by weight and, preferably, from 3%
to 6% by weight of mod;fler. As a result, a polypropylene-
based film exhibiting substantially maximum WVTR may be
formed without sufferihgjfrom a loss of dimensional
stability, machinability and processability. -

25 As demonstrated in Example 14, thé'film structures of
the present invention also exhibit unexpectedly increased
MD and TD moduli over film structures haying conventional
OPP-based core layers. It is significant that these
increases in MD and TD moduli have been accomplished at

30 relatively low orientation, while-maintaining the improved
moisture barrier properties demonstrated in Example 5 and
without negatively impacting other film characteristics
such as clarity. As a result, manufacturing efficiency is
increased through increased production time (enhanced

35 mechanical properties can-be produced at relatively low
MD), reduced cost and reduced likelihood of splitting.



addi ti ons efo 94irig er to the HCPP resin. This is shown by _PCT,HS gy tial
is a

steepness in the slope of the plots. As nore 15 nodifier to the
HCPP resin, e.g. approaching 8% 2fthe sl ope of the plots levels off to
substantially zero, showi ng that no further decrease-i-A- MWTR.i. S

occurring. Stated differently, the bl ends of resent T
i nvention reach mnimmWTR with relatively Iow | eve H’I ”m’m
i.e., up to 8% by weight and, preferably, from 3% n

nodi fier. AgagMEpsult, a polypropylene_ / based f|In1exh|b|t|n
subst ant i aT Ty maxi num WTR may bé ° formed w thout suffering froma | oss
of di nensi onal stability, machinability and processability. 25

As dempnstratediin EﬁaﬁBhﬁméﬂlctfflﬁ'h£%§ﬁ§U%ﬁﬁ£8§eﬁm901atn%gnggaﬁﬁegaer

i nvention al so exhibit” unexpectedly increaSe
f|In1struc?ﬁ?ﬁ%cﬁ8§4ﬁ51€6n§%ﬂt?EhéPCEd necpenpgasbdpropertigers. It is
si gni fi cangohpaisiRgse increases in MD and TD noduli have been
acconpl i shed at 30 relatively | ow orientation, while maintaining the
i nproved moft sPEPe %%Y?Fe?fpfebe?t?b% deRpREal hivdtynpekyppbpybened

wi t hout nemirmelysw@eeitngt@f@@feéﬁiﬁ%ﬁr&fésééfttﬁén 93%SH§Q ﬁﬁa)ugh

clarity. As a result, pmanufacturing efficiency ease

i ncreased PriefER | BAALFHRT (B ham cIRPWSL %@cﬁ%n?%aprwep@htleé samdbe

pr oduced a&agglpayggly | ow hm» reduced cost and reduced |ikelihood of
splittin 96

PET/U896?04444 2. The fi{m of clalm 1, further xgomprising Gt Me@st 5

1. A pol yoms i gkin | 18 e fhdFad 0vSth 101 S{4¥ o £{ &8 of s&f&rﬁﬁég“ stics
and enhanced nmechani cal properti es, conpri sing: a baSe | ayer
of (1) a iﬁ?%rystalllnlty pol ypropyl ene havi ng isotactic

Ster eof equl ar i 13, Greid ef L Libasr QAR ( Burthed daRd SBN 14 eLodflygh amount
The % laim 1,

up to 8% i ght f sai d b se Ia er.
further cg]ﬂa\f‘?%l |%"s%r su S rskifhetatP% o at | east one side
of said base 4)aymie film of clalm 1 made by

a) blending (1) a high crystallinity polypropylene
having an isotactic stereoregularity of greater than 93%,
and (2) a resin modifier in an amount up to 8% by weight to
form a base layer precursor; and

b) forming said base layer precursor into a film.

5. The film of claim 4, wherein said forming step
comprises the further steps of:

a) extruding said base layer precursor to form a base
layer; and

b} orienting said base layer in a longitudinal and
transverse direction to obtain a biaxially oriented film.

6. The film of claims 1 or 4, wherein said high
crystallinity polypropylene has an isotactic
stereoregularity of from 94% to 98%.

7. The film of claims 1 or 4, wherein said base layer
includes 3% to 6% by weight of said resin modifier.



3. The filmof claim2, further conprising a coating I a er on the outer
surface of WOR6#1Z8; n | ayer. 4. The film of %

a) blending (1) a high crystallinity Bglypropylene havi ng an i
stereoregularity of greater than 93% and (2) a ret ,’mm,”m

anount up to 8% by weight to forma base | ayer preI! mm m
form ng said base |ayer precursor into a film “THe |

4, wherein said formng step conprises the further steps of :

extrudi ng sai d pase_| ay re or _to,for se .. layer: and b)
orienting said aseT*ﬁ €+lﬁ g g FHES i A5 aﬁ@gere{?ai§¥€r§%sﬂi;GXFFon to
obtain a bfaxtnékycompfnéeﬁ imlamdltlve sebecliég ff¢mntﬁecéﬁ6ﬁ§ 1 or 4,
wher ei n sai d hj yst it yl en s, an isotactic
stereoregu?%??fgpbﬂgf?% i 5%% 2 JELEE; Eﬁﬂg 2F1¢ R gERL a?ﬂg 1 or 4,
mherein.sasﬂipaagehager |ncludes 3%to 6% by weight of said resin

nodi fi er. 9
PCT/ US96/ 04444 3{) ?A g fﬁ of claim 4, wheﬁaln said ba§@ %ﬂ%eF|In1of

claims 1 oprdcurbereis coéxitbaded wieh dtrldast comerskis hayadditive

sel ected fr§$1th§ g%ougtconsisting of antiblocking agents, antistatic
agents and®$PFP®%g *t0- 9. The filmof claim4, wherein said base

| ayer precursorlds chieetfiltedMclains|2ast @newhéieumegaidadhﬂmed t her et o.

10. The fiJmof glains_ 2 or er.ei K ther co rlses an
addi tive SL %%fegu¥#%ﬁ¥t$lm%ﬁ%ﬂ%@6%§§¥% f%gV%féépég%f i BnPEOU :
antlstatlcc@nsimslnglmb aeil ockihg | dgenns, oamtlstatldjagéﬁmsf|$hipf claim

9, further rising.t ep applying a coating to the outer surface
of said SK?% ng ﬁ& Slikﬁég e filmof clainms 3 or 11, wherein said

coating is sel ebl ed Thonfile of culeiondi sturthef comptisinettiyeeskepet hyl
acryl ate, of hg&gf&@&ra/'e&a@ﬂ& t&%yg'&yéépea&fyé@rw s40d el !

clalm'

al cohol .
layer.

12. The film of claims 3 or 11, wherein said coating
is selected from the group consisting of acrylic, ethylene
methyl acrylate, ethylene acrylic acid, polyvinylidene
chloride and polyvinyl alcohol. '

13. A polymeric film having'improved moisture barrier
characteristics and enhanced mechanical properties,
comprising:

a base layer of (1) a high crystallinity polypropylene
having isotactic stereoregularity greater than 93% and (2)
a resin modifier in an amount up to 8% by weight of said
base layer; and

at least one skin layer adhered to said base layer,
said skin layer including an amount of an antiblocking
agent effective to reduce blocking of said film during
winding thereof and an amount of a silicone oil effective

to maintain a low coefficient of friction on the exposed

surface thereof.



13. A pol YRy defs1f1g! m havi ng inproved noisture barrier char W?%W and
0

‘enhanced nechani cal properties, conprising: a base | ayer a high
crystallinity polypropyl ene having isegactic stereoregularity greater-than

93% and (2) a resin nodifier in an anount up to 8%b ' ' ase
| ayer; and at | east one skin layer adhered to sﬁﬂﬂl@mlmivaiymg d
skin layer including an anount of an anti bl ocki ng agent effecix educe
bl ocki ng of said filmduring wi nding thereof and an anount of a silicone

oi | effective to40ni phai Pidml 6% edeli ¢Benivhetelihi Bhi@Nh@GHt he exposed
surface thereof._ .. . V[)9f/41718' T ) .
PCT/ US96/ 0%%¥gtallinity po ypropylene has anoasotactic 14  The filmof

claim 13, whetrebRegalérbtghoerysbml busi ty pobypanaywheeehas salid Bakactic
stereoregularity,of from94%tg_ 9 @6ﬁgd whereip. said base | ayer includes
from 3% t otBYSEBy 1 REFGRES of T 3% £Q| A DY PRasht Of s33d FRELR | m of cl ai ms
1, 4 or 13mwHefeen.said resin nodifier is a hydrogenated hydrocarbon resin
or a saturated i cyglic_hydrogarbon resin, 16, The filmof claim2,
wherei n said sk?%'la ¢ r%i@e?gc? AP ot t Ae®r bpWBBRELRt SRGdoFesin

et hyl ene- poapylieneibpus chpddogenpoeégdnrydancdatbbh eebyhese- Ar ggyheaeegandom
copol yners. ., 17.. The filmof_claim 13, wherein said silicone oi

conpri ses AlPBYGH HeRFIF R RIMT SR s present in said skin layer in an
anmount fronr:c 0]; 5%12 ﬁagg/fbmgfgdg%amaﬁp \sht'rémes@ihlgxh;?ﬁlh' _eig isf a
viscosity of . fro to centistokes \ : e filmof claim
13, furthe?e%%ﬁ5$$s$% at%%c%ﬁ%u%k?ﬂn§é§€+n dREr &) t BERKLSBBBosi ng si de of
sai d base praypylene-butiéheThetéipol pher| anth 16i) weehpl ensapdopkiBnkayer

i ncl udes an_apount of. an anti bl ocking agent effective to reduce bl ocking of
such fil m HRPTHY GRPR eI Ter eof and an amount of a silicone oil effective
to maintain a | b contié i £ikmtobfcliaimt1®dn winetdbinexpddedisuebagect her eof .

comprises a polydimethylsiloxane and is present in said
skin layer in an amount from 0.5% to 2.0% by weight, said
silicone 0il exhibiting a viscosity of from 10,000 to
30,000 centistokes.

18. The film of claim 13, further comprising a second
skin layer adhered to the opposing side of said base layer.
19. The film of claim 16, wherein said skin layer

includes an amount of an antiblocking agent effective to
reduce blocking of such film during winding thereof and an
amount of a silicone oil effective to maintain a low
coefficient of friction on the exposed surface thereof.
20. The film of claims 18 or 19, wherein said skin
layer includes from 1000 ppm to 3000 ppm by weight of said
antiblocking agent and from 0.5% to 2.0% by weight of said

silicone oil.
21. The film of claim 15, wherein said resin modifier

is selected from the group consisting of polyterpene
resins, styrenic-based resins, rosin derivatives,

petroleum-derived resins and mixtures thereof.



20. The filmof clains 18 or 19, wherein said skin |ayer includes from 1000
ppm to 3000086MIme wei ght of said antibl ocki ng agent and f PEHUSEUAH 2. 0%.
by wei ght of said silicone oil. 21. The filmof—crarm 15, wherein said

resin nodifier is selected fromthe g2&up consi sti e resins,
styreni c-based resins, rosin derivatives, petrol e mmuwmmmwu' and

‘m xtures thereof. WO 96/ 41718

PCT/ US96/ 04444 22 The fllnlof cl ai m

9, wherein said_skin i S cted fr e gro nsi tin of (i)
et hyl ene- propy?&ne- ﬁélT ? ﬁg %#? %Ph??gﬁe %}Bpg?%ﬁ 18ndom
copolynersselectédpfnpglbhe gnaupotqnszstlamdot|v;)heghybeyefalI|n|ty
pol ypr opy - n said skin
| ayer conpgpéggfan g%ﬁeF%%elngréﬁl%Jgﬁut ne- ﬁ%féﬂ%iégoﬁpféﬁé

random copolymers, (111) propylene homopo ymers, and (iv)

high crystallinity polypropylene homopolymers.

23. The film of claim 13, wherein said skin layer

comprises an ethylene-pfopylene-butene-1-terpolymer.



