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The present invention relates to oriented
polypropylene film having high moisture barrier properties
and its method of preparation.

A constant problem in the packaging of commercial

products, particularly those for human consumption, is how

to protect the integrity of these products from damage
caused by exposure to moisture. Oriented polypropylene
(OPP) is known for its inherent moisture barrier
properties. However, certain applications require even
greater resistance to water vapor transmission to increase
shelf-life. It is known to provide enhanced moisture
barrier capability by techniques such as coating with
polyvinylidene chloride (PVDC) as taught in U.S. Pat. Nos.
5,057,177; 5,019,447; and 4,961,992. However, such methods
suffer from the need to provide a separate coatihg of the
OPP. More significantly, efficient recycling of PVDC
coated OPP can be difficult. Accordingly, it would be
desirable to provide an OPP fllm of high moisture barrier
properties which does not requlre a difficult to recycle
separate coating. It would also be desirable for such high
moisture barrier OPP film to be compatible with, or capable
of, modification by coating processes. Such modifications
include: improving oxygen barrier by applying PVOH coatiné:
enhancing flavor and aroma protection by applying acrylic
coating; improving machineability and éapability for use in
high speed horizontal form and fill applications by
applying low temperature sealable coatings. U.S. Patent
No. 5,230,963 discloses enhancing oxygen barrier of films
by a method involving a coating of poly(vinyi)alcohol.

It would also be useful to provide an OPP film of high
moisture barrier properties which is susceptible of
coextrusion with heat sealable layers to provide an ABA
coextruded film. '

U.S. Pat. No. 3,278,646 to Lambert and 4,230,767 to

Isaka, et al. disclose oriented polypropylene films which :
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greater resistance Y 6*Wdter vapor transnmission to increase shelf-life. It

i s,known to provide enhanced noisture barrier capability by techni ques such
as coating with polyvinylidene chloride (Fﬁﬂxa_as taught in U S. Pat. Nos.
5,057,177; 5,019, 447; and 4,961, 992. However, such nethods suffer fromthe
need to provide a separate coating of the OPP. Mire significantly,

efficient recycling of PVDC coated OPP can be difficult. Accordingly, it
woul d be desirable to provide an OPP film of high noisture barrier

properties whi ClodRes i Hedistil Foldmly MHiWH {9 getwet £l eRfled e 6 OdhpPeve
It would al so be desirable fTor such high noisture barrier OPP filmto be
conpati bl e wi t hhegt &8fhIRFPWEr A RAfication by coating processes. Such

nodi fications include,daprmed b Neigeiadarat efl byd bpPlysdy £\eds Dochsng;
Pt ovi ng. mmoni ARSI (GSPERRE LT (BT L T R TORY LeRe al
formand fi$l appnteinims dynapy Ermpitbwl digxrpene; ce spa) allphacpinens,
U.S. Patent NQ-5%e§ﬂbf§§%é“5¥”éE%§L§H£¥¥EHé£b£&yge” barrier of filns

U.S. Pat. No. 5,128,183 to Buzio discloses films
comprising a ternary mixture of (1) isotactic
polypropylene; (2) high density polyethylene; and (3) a

10 glassy, amorphous low molecular weight resin, e.g. terpene
polymers. The resin is added at levels above 5 wt% to
exert a compatibilizing effect on the blend of
polypropylene and polyethylene providing a transparent
film. The polyethylene component is added to facilitate

15 mixing and homogeneity of the product.

Although it is known to add terpene polymers to
certain polypropylenes for the purpose of improving heat
seal, their use for improving moisture barrier
characteristics in conventional OPP films has required

20 relatively large amounts, say, 10 to 15 wt%, in order to be
effective.

The present invention relates to a method for
preparing a high moisture barrier oriented polypropylene
film which comprises

25 a) blending high crystallinity polypropylene (HCPP)
having intermolecular stereoregularity greater than 93%
with a moisture parrier improving amount of polyterpene
resin to form a base layer precursor; |

b) extruding the resulting base layer precursor to

30 form a sheet; and

c) stretching the sheet in both the longitudinal and
the transverse directioﬁs to obtain the oriented film.

The present invention also relates to a biaxially
oriented film structure of improved water vapor

35 transmission rate compriéing a mixture of (1) high '
crystallinity polypropylene (HCPP) having intermolecular '
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by a et hod i nvol ving a coating of poly(vinyl)alcohol. It would al so
be useful to provide an OPP filmof high noisture barrier properties which
s’ susceptible of coextrusion with heat seal.ahl e |ayers to provide an ABA
coextruded film U S Pat. No. 3,278, 642 to Lanbert and 4, 230,767 to
Izaka, et al. disclose oriented pol ypropylene filnms which
stereoregularity greater than 93% and (2) a moisture
barrier improving amount of polyterpene resin.
The Figure depicts a graph plotting water vapor
transmission (WVTR) in g sec/cm’® (g/100in’/day/mil) versus
5 . terpene polymer content (wt%) for two oriented high
crystallinity polypropylene films and two conventional OPP
films. '
High Crystallinity Polypropvlene (HCPP
The present invention is prepared by blending high

10 crystallinity polypropylene (HCPP) having intermolecular
stereoregularity greater than 93% with a moisture barrier
improving amount of polyterpene resin to form a base layer
precursor. The high crystallinity polypropylene (HCPP) has
intermolecular stereoregularity greater than 93%,

15 preferably from 94 to 99%, more preferably from 94 to 98%.
Suitable high crystallinity polypropylene (HCPP) resins
(film grade) include Amoco 9117 and Amoco 9119, available
from Amoco Chemical Co. of Chicago, IL; Chisso HF5010 and
Chisso XF2805, available from Chisso Chemical Co., Ltd. of

20 Tokyo, Japan. Suitable HCPPs are also available from
Solvay in Europe. The high crystallinity pblypropylene has
a higher intermolecular stereoregularity, that is, an
increase in isotactic polymer and decrease in atactic
polymer. HCPP exhibits higher crystallinity than

25 conventional polymers resulting in higher stiffness,
surface hardness, lower deflection at higher temperatures
and better creep properties. Further information relating
to HCPP, including methods for preparation of the resin is
disclosed in U.S. Pat. No. 5,063,264.

30 For purposes of the present invention, intermolecular
stereoreqularity can be determined by IR speciroscopy
according to the procedure set out in "Integrated Infrared
Band Intensity Measurement of Stereoregularity in
Polypropylene," J. L. Koenig and A. Van Roggen, Journal of

35 Applied Polymer Science, Vol. 9, pp. 359-367 (1965) and in
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contain terpene polymer which is primarily added to inprove heat seal

properties. 3,937,762 to Nahm as, et al. discloses a resinous blend
conmposition for filnms conprising a polypropylene cont ai ning a m nor anount
of terpene, e.g., alpha-pinene, beta-pinene or 4Pet a- phel | andr ene. u. S.

Pat. No. 5,128,183 to Buzio discloses filnms conprising a ternary m xture of
(1) isotactic polypropylene; (2) high density polyethylene and (3) a
gl assy, anorphous | ow nol ecul ar wei ght resin, terpene polyners. The

resin is added a I r gpgﬁ{ f n
t he bl end of pol ;?prg‘\é'y é‘nga% sg"o cﬁ‘%%garﬁﬁr ing a R‘[rans%gj?g‘\t e@?ﬁ‘} !
The pol yet hyl ene Wideyodate HS§h§ﬁﬁ§jHuhkkﬁﬂﬂiqnueJQhUuWK}QUKﬂnﬁnﬁgﬂmelHQWOf
the product. d@]ﬁ]h%@&ﬂéfsﬂeﬁr KPS th & dnd RS pEde pﬂL By f&fta' n

pol ypropyl enes fo e pur.pose of’ |nprOV|ng heat seal, elrr use
| nprovi ng noi st uf& stergregularity can also be determined by decalln

S solubility and NMR.
Terpene Polymer Component

The HCPP component can be blended with less than 10
wt%, preferably less than 7 wt%, e.g., 3 to 6 wt%, or even
more preferably less than 5 wt%, say, 1 to 3 wt$ of a

10 polyterpene component. While not limiting the invention in
any way, it is believed that the addition of the terpene
polymer increases the extent of amorphous orientation
(thereby restricting diffusion of water molecules) in the
subsequent orientation step, particularly the tentering

15 process wherein the film is transversely oriented, compared
to that of an unblended HCPP film.

It has been found that the incorporation of terpéne
polymers at low levels in high crystallinity polypropylene
provides a product film having significantly improved

20 moisture barrier properties. Such films can be produced in
accordance with the present invention having water vapor
transmission rates less than or equal to 1.61 x 10* g
sec/cm®, 1.34 x 10* g sec/cm®, 1.07 x 10* g sec/cm?®, or even
9.11 x 10° g sec/cm® (0.30, 0.25, 0.20, or even 0.17

25 g/100in?*/day/mil), as measured per ASTM F-372 at 38°C
(L00°F) and 90% relative humidity (RH).

The terpene polymers can be produced by polymerization
and/or copolymerization of terpene hydrocarbons such as the
monocyclic, and bicyclic moncterpenes and their mixtures,

30 including allo-ocimene, carene, isomerized pinene, pinene,
dipentene, terpinene, terinolene, limonene, turpentine, a
terpene cut or fraction, and various other terpenes. The
polymeri;ation and/or copolyemrization may be followed by
hydrogenation'under'pressﬁre. Preferred terpene polymers

35 are those selected from the group consisting of polymerized .
d-limonene, polymerized beta-pinene, or a polymerized
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characteristics in conventional OPP filns has required relatively |arge
ampunts, say, 10 to 15 w% in order to be effective. The present
i-nvention relates to a nmethod for preparing ashigh noisture barrier
oriented polypropylene filmwhich conprises a) bl ending high
crystallinity pol ypropyl ene (HCPP) having internol ecular stereoregularity
greater than 93% with a noisture barrier inproving anount of polyterpene
resin to forma base | ayer precursor; b) extruding the resulting base
| ayer precursor syntiostic speeéximattion of J-bimchehé ngnd NBetlepinkhebana

The present | nveRCTORE SR sAEERIF e THF TR 49N Ere P OFY Erfuers  hRER: Bt ure
of inproved wat enclepalar reasghts Hniron caloowiprdeo ngoaabrcbutule,otmmgi). hi gh
crystallinity pq&yfmch}G%@héﬁmPP) havi ng i nternol ecul ar
5 The basic structure of the moisture barrier film can
be similar to those described in U.S. Patent Nos.
4,447,494; 4,439,493; 4,495,027; 4,564,558; 4,564,559;
4,565,739; and 4,911,976. The present invention, however,
uses high crystallinity polypropylene as the polyoclefin in
10 ' the core material. In one embodiment of the present
invention, an oriented multi-layer film structure comprises
coextruded layers of (a) a base layer comprising high
crystallinity polypropylene (HCPP) having intermolecular
stereoregularity greater than 93% with a moisture barrier |
15 improving amount of polyterpene resin and (b) a heat-
sealable skin layer comprising a polyolefin of
comparatively low stereoregularity on at least one surface
of (a). The skin layers can optionally contain a slip
additive and/or an antiblock material chosen from those
20 suitable for such products. Skin layers can range from
about 0.5 - 5 microns in thickness.
The comparatively low stereo regular polyolefin
polymers contemplated as the skin materials of such a
multilayer system include, for example, ethylene-propylene
25 random ccpolymers and ethylene-propylene-butene-1
terpolymers. Preferred terpolymers are ethylene-propylene-
butene-1 terpolymers having 1-5 wt% ethylene and 1-15 wt$%
butene-1.
Multi-layer films of the present invention can be
30 prepared employing commercially available systems for
coextruding resins. The HCPP blended with the selected
polyterpene can be coextruded with an ethylene-propylene-
butene-1 terpolymer. The polymers can be brought to the
molten state and coextruded from a conventicnal extruder
35 through a flat sheet die, the melt streams being combined ‘
in an adapter prior to being extruded from the die. After
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-3- ¢+, stereoregularity greater than 93% and (2) a noisture barrier

i nprovi ng anount of pol yterpene resin. The Figure depicts a graph
plotting water vapor transmssion (WTR) in g gec/cnferr]
(g/100in[err]/day/ml|) versus terpene polyner content (w% for two
oriented high crystallinity polypropylene filnms and two conventional OPP
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leaving the die orifice, the multi-layer film structure is
chilled and the quenched sheet then reheated and oriented.
The film is biaxially oriented. Biaxially oriented
film can be stretched 4.5 to 6 times in the machine
direction (MD), and 6 to 13 times in the transverse

. direction (TD). The overall orientation (MD X TD) can

range from about 25 to 80. After orientation, the edges of
the film can be trimmed and the film wound onto a core.

Moisture barrier capability can be further enhanced by
techniques such as coating the film with polyvinylidene
chloride (PVDC) as taught in U.S. Pat. Nos. 5,057,177;
5,019,447; and 4,961,992. In addition, oxygen barrier can
be enhanced by the application of a PVOH coating, as
described in U.S. Patent No. 5,230,963, while flavor and
aroma protection are improved by applying acrylic coating
by conventional procedures. A low temperature sealable
coating as known in the art can be applied in order to
provide machinability and high speed horizontal form and
£ill applications. A particularly preferred embodiment
comprises a coextruded ABA multilayer film structure
wherein A represents a heat sealable layer and B represents
the high crystallinity polypropylene as discussed above.

The resulting film structures of the invention may
have a thickness ranging from 6.35 x 10™ cm to 2.54 x 1072
cm (0.25 mil to 10 mils), e.g., 2.54 x 10 cm to 5.59 x 1077
cm (1 mil to 2.2 mils) or 1.14 x 10~ cm to 2.54 x 10~ cm
(0.45 to 1 mil). .

The following examples will illustrate the invention.

EXAMPLE A (Comparative)

A conventional polypropylene, Exxon 4612, available
from Exxon Chemical Co. of Houston, TX and blends thereof
containing 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, available from Fina Oil & Chemical Co., Chemical
Div., Dallas,'Tx. This combination was coextruded and '
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films.» Hgh Crystallinity Pol ypropyl ene ( HCPP) The present invention

i s prepared by blending high crystallinity pol ypropyl ene (HCPP) having

i nternol ecul ar stereoregularity greater than 93% with a noisture barrier

i nprovi ng anount of pol yterpene resin to form’ base |ayer precursor. The
high crystallinity polypropyl ene (HCPP) has internol ecul ar stereoregularity
greater than 93% preferably from94 to 99% nore preferably from94 to
98% Suitable high crystallinity polypropylene (HCPP) resins (film grade)

i | ude A 911Z. 119, il | f i | Co. f

i cago, 10s Ccm SE3ERRERTRE0 A bh B cBTRE WIGR MR iiRndiang) of 0.6
Chermi cal Co., LtmicgbnTakyoa Sapenlageirt dimensieRs off @ Ginsicyorms .| algtee from
Sol vay in Eur operegﬁ@tkzhgp f&&%asuatg'htatt@gudp%wm&&%}% Ay % e%u ner

i nternol ecul ar stereoregdlarity, IS, an increase 1niIs ctiic pol yrner
and decrease in 8ehkerpanipgy VIR, HgPEes(FmDi t 3t h3Ner (g7 $80ahlydayymibanat

conventionals pol yoor#) | esok! radatAivll adaidity! (RESS for 24 hours (asTM F
372).
EXAMPLE B (Comparative)
A conventional polypropylene, Fina 3371, available
from Fina 0il and Chemical Co. of Dallas, TX and blends
10 thereof containing 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 which is an ethylene-propylene
random polymer containing 3.5 wt% ethylene. This
15 combination was coextruded and oriented so as to have outer
skin layer dimensions of 0.6 micron and a core layer
dimension of 20 microns. The resulting film was tested for
moisture barrier by determining WVTR, g sec/cm’, at 38°C
(g/100in%/day/mil, at 100°F), 90% RH for 24 hours (ASTM F
20 372).
EXAMPLE 1
A high crystallinity polypropylene, Amoco 9117,
available from Amoco Chemical Co. of Chicago, IL and blends
thereof containing 0 wt%, 5 wt%, 10 wt% and 20 wt% terpene
2% 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
0.6 micron and a core layer dimension of 20 microns. The
30 resulting film was tested for moisture barrier by
determining WVTR, g sec/cm’, at 38°C (g/looinz/day/mil, at
100°F), 90% RH for 24 hours (ASTM F 372).
E PLE 2
High crystallinity polypropylene, Amoco 9117,
35 available from Amoco Chemical Co. of Chicago, IL and blends
thereof containing 0 wt%, 3 wt%, and 6 wt% terpene polymer
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surface hardness, |ower deflection at higher tenperatures and better creep
properties. Further information relating to HCPP, including nmethods for
preparation of the resin is disclosed in U S_gPat. No. 5,063, 264. For
pur poses of the present invention, internolecular stereoregularity can be
determ ned by IR spectroscopy according to the procedure set out in
"Integrated Infrared Band Intensity Measurement of Stereoregularity in

Pol ypropyl ene,"” J. L. Koenig and A Van Roggen, Journal of Applied Pol yner
Sci ence, Vol . 9,cofipr86Png6d-1ifi6kenen(Pitcolyte C-115 obtainable from

REPLACEMENT SFEIgércules Corporation) added by melt blending were extruded
and oriented so as to have a core layer dimension of 20
microns. The resulting film was tested for moisture

5 barrier by determining WVTR, g sec/cm?®, at 38°C
(g/looinz/day/mil, at 100°F), 90% RH for 24 hours (ASTM F
372).

The results of the water vapor transmission

measurements--10* g sec/cm’, at 38°C (g/looinz/day/mil, at

10 100°F), 90% relative humidity--in the foregoing Examples
are set out in the Table'below, and the Figure which
depicts WVTR vs. wt% terpene polymer in the OPP. The
results show a 40% reduction in water vapor transmission
rate for the blends of the present invention compared to

15 conventional polypropylenes.
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-4- + Chem cal Mcrostructure of Polynmer Chains, Jack L. Koenig,

Wl ey-Interscience Publication, John Wley and Sons, New York, Chichester,
Bri sbane, Toronto. | nt er nol ecul ar steroregul agity can also be determ ned by
decalin solubility and NVMR Terpene Pol ymer Cdnponent The HCPP
conmponent can be blended with Iess than 10 wt% preferably less than 7 wt %
e.g., 3to 6 w% or even nore preferably less than 5 % say, 1 to 3 w%
of a polyterpene conponent. While not Iimting the invention in any way, it

is believed that the addition of the terpen mer increases the extent
of anorphous ori ntat hereby restricting ffusion of water nol ecul es)
in the subseque Xori ?E%. Wre st ep, partlcularly the tentering process
wherein the filmis transversedy orient®s, cosparedg 10% 20%
A ABA® (0.29) (0.25) (0.24)
5 1.55 1.34 1.29
B ABA (0.325) _ ' (0.27) (0.25)
1.74 1.45 1.34
1 ABA' (0.25) (0.2) (0.2) (0.2)
1.34 1.07 1.07 1.07
10 2 B (0.22) (0.17) (0.17)
1.17 0.911 0.911

-

A = EP Random Copolymer or EPB Random Terpolymer
B = PP Homopolymer
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to that of an unblended HCPP film It has been found that the
i ncor poration -of terpene polymers at low levels in high crystallinity

polypropylene pr film having |gn|f|cantly i mproved
moi sture barri mgmm‘gmﬂﬂh films can 'bi produced in accordance with
t he present |n thawli ng wat er vapor transm ssion rates |ess than or
equal to 1.61 X 10[err] g sec/cnferr], 1.34 x 10[err] g sec/cnB, 1.07 x
10[err] g sec/cnferr], or even 9.11 x 10[err] g sec/cnferr] (0.30, O0.25,

0. 20, or even 0. é;égﬁégOin[err]/day/nil) as neasured per ASTM F-372 at
38[err] C (100[er d 90% relative humdity (RH). The terpene

pol ymers can be produted b p@aywaiﬂYapréﬁnﬁﬁd/@ﬁl@oﬁ&qmqnungmnqmpnﬁ51nq an

t er pene hydr ocaraﬁﬁuguahaﬁa ERec¥RRRAY mhikEnrand oi q»clms AANGS
their m xtures I NC | 0- ocCi nene, carene, 1soneri zed ene, plne e

di pent ene, terp|H@ﬁEPrPEYiﬁBPeﬁgcppﬂnﬁﬁgﬁﬁg ﬂﬂFﬁéﬁPﬂﬁ§u¥§q eoragularity

fraction, argl vagrggﬁegthnantsaneaﬁa (2Thea meh;mmwezw@raieandﬁ@rov1ng

copolyenrlzatlon may_be foII hydraogenati on under pressure. Preferred
t er pene polyners Xng of po erp%n te39h"

2. The film structure of claim 1 which is coextruded
with a skin-forming material which is a polyolefin of
comparatively low stefeoregularity having a melt flow rate

10 ranging from 1 to 25.

3. The film structure of claim 2 wherein said
polyolefin is selected from the group consisting of i)
ethylene-propylene-butene-1 terpolymers having 1-5 wt$
ethylene and 1-15 wt% butene-1l, and ii) ethylene-propylene

15 random copolymers.

4. The film structure of claim 1 wherein said high
crystallinity polypropylene (HCPP) has intermolecular
stereoreqularity ranging from 94 to 98% and said film
exhibits a water vapor transmission rate of less than or

20 equal to 1.34 x 10* g sec/cm® (0.25 g/100in?/day/mil).

S. The £ilm structure of claim 1 wherein said
moisture barrier improving amount of polyterpene resin is
less than 10 wt3%, said polyterpene resin is selected from
‘polymerized d-limonene, polymerized beta-pinene, and a

25 polymerized synthetic approximation of d-limonene and beta-
pinene, and said film structure exhibits a water vapor
transmission rate of less than or equal to 1.07 x 10' g
sec/cm® (0.20 g/100in*/day/mil).

i



are ‘t.hose selected fromthe group—consisting of polynerized d-1inonene,
pol yneri zed bet a- pi nene, or a pol ynerized

-5- synt hetic d-1i nmonene_and bet a- pi nene and m xtures
t hereof. The prefmﬂmuuml s have a Fr?)iécul ar wei ght of from about
800 to about 15,00€M%rry. ™Fi fm Btructure

6. The film structure of claim 1 wherein said
moisture barrier improving amount of polyterpene resin is
less than 5 wt%, and said polyterpene resin comprises
polymerized d-limonene.

5 7. The film structure of claim 1 which is biaxially
oriented by stretching 4.5 to 6 times in the machine
direction (MD), and 6 to 13 times in the transverse
direction (TD), with an overall orientation (MD X TD)
ranging from 25 to 80, and having a thickness ranging from

10 6.35 ¥ 10" cnm to 2.54 x 1072 cm (0.25 mil to 10 mils).

8. The film structure of claim 1 which is biaxially
oriented by stretching 4.5 to 6 times in the machine
direction (MD), and 6 to 13 times in the transverse
direction (TD), with an overall orientation (MD X TD)

15 ranging from 25 to 80, and having a thickness ranging from
2.54 x 107 cm to 5.59 x 10 cm (1 mil to 2.2 mils).

9. A method for preparing the biaxially oriented
polypropylene f£film of claim 1 which comprises
a) blending high crystallinity polypropylene (HCPP)
20 having intermolecular stereoregularity greater than 93%
with a moisture barrier improving amount of polyterpene
resin to form a base layer precursor:;
b) extruding the resulting base layer precursor to
form a sheet; and
25 ¢) stretching the sheet in both the longitudinal and
the transverse directions to obtain the oriented film.

10. The method of claim 9 wherein said base layer
precursor is coextruded with a skin-forming material which
is a polyoclefin of comparatively low stereoregqularity

30 having a melt flow rate ranging from 1 to 25.
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The basic structure of the noisture barrier filmecan be simlar to those
described in U S. Patent Nos. 4,447,494; 4,439,493; 4,495,027; 4,564, 558;
4,564, 559; 4,565,739; and 4,911,976. The present invention, however, uses
hi gh crystallinity polypropylene as the polyelle~in in the core material. In
one enbodi nent of the present invention, an oriented nulti-layer film
structure conprises coextruded | ayers of (a) a base |ayer conprising high
crystallinity pol ypropyl ene (HCPP) having internol ecul ar stereoregularity
greater than 93% with a noisture barrier inproving amunt of polyterpene
resin and (b) a heat- seal abl e skin |ayer éﬁﬁﬁﬁﬂﬁﬁhg a pol yol efin of

conparatively | ow st enpobegeheedt ‘.fiQ.ﬂx truetireOiT SHgrafed fwa(ﬁﬁ( SKin
| ayers can optloggéh¥Pcontaln a,sl | addltlv %nd/or an anti bl naterlal

chosen from t hosé éﬁ§é°FoFa§ﬁcﬁ pPEFRAESS SFO RrY &xruded angk from
about 0.5 - 5 ni stvetchedt pizkuresof (1) ﬁhghcamg@mmmbmﬂxty<§M!¥p¥ lene
SUC

regU|ar5“”y0|efkﬁcgﬁ5yHE@inﬁoghﬁgBhS&%@uigrt@%é%goregu'%91 Y greater than
93% and (2) a moisture barrier improving amount of
polyterpene resin.
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mul ti lrayer systeminclude, for exanple, ethylene-propylene random

copol yners and et hyl ene- propyl ene-butene-1 terpolyners. Preferred

terpol ymers are ethyl ene-propyl ene- butene-1 terpolyners having 1-5 wt %
et hyl ene and 1-15 wt % but ene- 1. Mul ti-layer filnms of the present

I nvention can be prepared enpl oyi ng comrerci al] y,avail abl e systens for
coextrudi ng resins. The HCPP bl ended with the19gﬂected pol yt er pene can be
coextruded with an et hyl ene-propyl ene- butene-1 terpolymer. The polyners
can be brought to the nolten state and coextruded from a conventi onal
extruder through a flat sheet die, the nelt streanms being conbined in an
adapter prior to being extruded fromthe die. After
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-6- . leaving the die orifice, the multi-Ilay rREﬁLAGEMENTUSHBETe is chilled

and- t he duenched sheet then reheated and orienf eff rme—fnlmis

blaX|aIIy oriented. Biaxially oriented filmc ezgtﬁg o?gﬁ .3 to 6 tines

in the machine direction (MD), and 6 to 13 tines] in et sJerise

direction (TD). The overall orlentatlon‘¥WD X|qT orph about 25

to 80. After orientation, the edges of the filjm can be trinned nd the film

wound onto a core. Nb|sture barr 'SbL Y iy er enhanced

by techni ques such L A ' Y& J#Iorlde (PVDC)

as taught 1 : : :

2gg'tit'ngn’ agxyge%Qéréféée&@”l&?eﬁéf&vczeéweé%Mé&@éd on of a PVOH
polypropylene f£ilm having high moisture barrier properties

and its method of preparation.

A constant problem in the packaging of commercial
products, particularly those for human consumption, is how
to protect the integrity of these products from damage
caused by exposure to moisture. Oriented polypropylene
(OPP) is known for its inherent moisture barrier
properties. However, certain applications require even
greater resistance to water vapor transmission to increase
shelf-life. It is known to provide enhanced moisture
barrier capability by techniques such as coating with
polyvinylidene chloride (PVDC) as taught in U.S. Pat. Nos.
5,057,177; 5,019,447; and 4,961,992. However, such methods
suffer from the need to provide a separate coating of the
OPP. More significantly, efficient recycling of PVDC
coated OPP can be difficult. Accordingly, it would be
desirablé to provide an OPP film of high moisture barrier
properties which does not require a difficult to recycle
separate coating. It would also be desirable for such high
moisture barrier OPP film to be compatible with, or capable
of, modification by coating processes. Such modifications
include: improving oxygen barrier by applying PVOH coating;
enhancing flavor and aroma protection by applying acrylic
coating; improving machineability and capability for use in
high speed horizonﬁéi form and fill applications by
applying low temperature sealable coatings. U.S. Patent
No. 5,230,963 discloses enhancing oxygen barrier of films
by a method involving a coating of poly(vinyl)alcohol.

It would also be useful to provide an OPP film of high
moisture barrier properties which is susceptible of -
coextrusion with heat sealable layers to provide an ABA
coextruded film.

U.S. Pat. No. 3,278,646 to Lambert and 4,230,767 to
Iséka, et al. disclose oriented polypropylene films which



described in U S. Patent No. 5,230,963, while flavor and aroma protection

are jnproved by applying acrylic coating by conventi | ow
tenperature seal abl e coating as known in the art can bBE%!mEEMENNSHEﬁTd rto
provi de machinability and hi gh speed hgp#zontal formja 0 TTIT‘appIIC[t ons.

A particularly preferred enbodi ment conpfTses a coex{r @g@ ayer
filmstructure wherein A represents a heat seal able jayer BT sents
the high crystallinity polypropyl ene as di scussed abpve- The-resuj ting
filmstructures of the invention may have a thicknes ranging from®6. 3

10[err] cm r : err]
cmto 5.59 (?(&1‘(2)? %%’%1 IJC?]I(‘}Hﬂézo &g %%01319111591141?( a1 er rtjoccm to 2.54 x

10[err] (an%?QES? p¢ﬁggrt1es. The follomﬁng exanples will illustrate the
i n}/ent i onI 3,937, 476522 to NaMMRIS ]féﬂ ngaii?édclh@es a re‘élciﬁ'{cﬁ/seHgt i onal x
pol ypr opy Xxon av rom Exxon Chem ca 0 ust on,

and bl endse‘?nﬁ%ﬁ’gxcfo%?ﬁ’a A %a‘%)&]%sarﬁf%ﬁ%q &t p?é’ﬁ'é"p[}'(ﬂ%}ﬂﬁn &onpri si ng

d- containing a minor amount of terpene, e.g., alpha-pinene,
beta-pinene or beta-phellandrene.

U.S. Pat. No. 5,128,183 to Buzio discloses films
comprising a ternary mixture of (1)'isotactic
polypropylene: (2) high density polyethylene; and (3) a
glassy, amorphous low molecular weight resin, e.g. terpene
polymers. The resin is added at levels above 5 wt% to
exert a compatibilizing effect on the blend of
polypropylene and polyethylene providing a transparent
film. The polyethylene component is added to facilitate
mixing and homogeneity of the product.

Although it is known to add terpene polymers to
certain polypropylenes for the purpose of improving heat
seal, their use for improving moisture barrier
characteristics in conventional OPP films has required
relatively large amounts, say, 10 to 15 wt%, in order to be
effective.

The present invention relates to a method for
preparing a high moisture barrier oriented polypropylene
film which comprises

- a) blending high crystallinity polypropylene (HCPP)
having intermolecular stereoregularity greater than 93%
with a moisture barrier improving amount of polyterpene
resin to form a base layer precursor;

b) extruding the resulting base layer precursor to
form a sheet; and

c) stretching the sheet in both the longitudinal and
the transverse directions to obtain the oriented film.

‘ The present invention also relates to a biaxially
oriented film structure of improved water vapor
transmission rate comprising a mixture of (1) high
crystallinity polypropylene (HCPP) having intermolecular
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stereoregularity greater than 93% and (2) a moisture
barrier improving amount of polyterpene resin.

The Figure depicts a graph plotting water vapor
transmission (WVTR) in g sec/cm’ (g/100in?’/day/mil) versus
terpene polymer content (wt%) for two oriented high
crystallinity polypropylene films and two conventional OPP
films.

High Crvstallinitvy Polypropyvlene (HCPP)

The present invention is prepared by blending high
crystallinity polypropylene (HCPP) having intermolecular
stereoreqularity greater than 93% with a moisture barrier
improving amount of polyterpene resin to form a base layer
precursor. The high crystallinity polypropylene (HCPP) has
intermolecular stereoregularity greater than 93%,
preferably from 94 to 99%, more preferably from 94 to 98%.
Suitable high crystallinity polypropylene (HCPP) resins
(£ilm grade) include Amoco 9117 and 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 high crystallinity polypropylene has
a higher intermolecular stereoregularity, that is, an
increase in isotactic polymer and decrease in atactic
polymer. HCPP exhibits higher crystallinity than
conventional polymers resulting in higher stiffness,
surface hardness, lower deflection at higher temperatures
and better creep properties. Further information relating
to HCPP, including methods for'preparation of the resin is
disclosed in U.S. Pat. No. 5,063,264.

For purposes of the present invention, intermolecular
stereoregularity can be determined by IR spectroscopy
according to the procedure set out in "Integrated Infrared
Band Intensity Measurement of Stereoregularity in |
Polypropylene,”" J. L. Koenig and A. Van Roggen, Journal of
Applied Polymer Science, Vol. 9, pp. 359-367 (1965) and in

d
20



resulting filmwas tested for noisture barrier by dete

sec/cnerr], at 38[err]C (g/100in[err]/day/nil, at 100 eREﬁUﬂ EMBNb/, ve
humidity (RH) for 24 hours (ASTM F 372). EXAMPLE B
(Conparative)- A conventional pol ypropyl ene, Fina 3371, 23'\SER ¥96 [rpm

Fina Gl and Chenmical Co. of Dallas, TX=&rd bl ends thefegf contalnlng 0
wt % and 20 wt %t er pene pol ymer conprising d-1inonene (i

obtalnable from Hercul es Corporation) added by nelt bl dnding were
coextruded with Fina 8573 which is an ethyl ene-propyl erte :dnaon1po|yner
cont ai ni ng g 5 mﬁ@’e§h¥len§. Tgis cogbg gt on s coex# agd oriented
so as to ha gegﬁFéi kFROPEYBF S UF ReRSi HRSYBET O aﬁ?ﬁro a4 d BFB¥ayer
di rensi on oWileyrintenscigheer Pebllticagibn, nTohs Wilepdahdr SonsstNew barrier
by determn C t C ( ay/ml, at
Dy opererm! YARIVER: cflegeEL 6&&5&55@% %ggggﬁla Sh400hBL EELL A
EXAVPLE 1 Steroregularity can also be determined by decalin

solubility and NMR.

Terpene Polvymer Component

The HCPP component can be blended with less than 10

wt%, preferably less than 7 wt%, e.g., 3 to 6 wt%, or even

more preferably less than 5 wt%, say, 1 to 3 wt% of a
polyterpene component. While not limiting the invention in
ahy way, it is believed that the addition of the terpene
polymer increases the extent of amorphous orientation
(thereby restricting diffusion of water molecules) in the
subsequent orientation step, particularly the tentering
process wherein the film is transversely oriented, compared
to that of an unblended HCPP film.

It has been found that the incorporation of terpene
polymers at low levels in high crystallinity polypropylene
provides a product film having significantly improved
moisture barrier properties. Such films can be produced in
accordance with the present invention having water vapor
transmission rates less than or equal to 1.61 x 10° g
sec/cm’®, 1.34 x 10' g sec/cm®, 1.07 x 10*' g sec/cm’, or even
9.11 x 10° g sec/cm® (0.30, 0.25, 0.20, or even 0.17
g/100in*/day/mil), as measured per ASTM F-372 at 38°C
(100°F) and 90% relative humidity (RH).

The terpene polymers can be produced by polymerization
and/or copolymerization of terpene hydrocarbons such as the
monocyclic, and bicyclic monoterpenes and their mixtures,
including allo-ocimene, carene, isomerized pinene, pinene,
dipentene, terpinene, terinolene, limonene, turpentine, a
terpene cut or fraction, and various other terpenes. The
polymerization and/or copolyemrization may be followed by
hydrogenation under pressure. Preferred terpene polymers
are those selected from the group consisting of polymerized
d-limonene, polymerized beta-pinene, or a polymerized



A high crystallinity pol ypropyl ene, Anoco 9117, avail able from Anobco
Chem cal "Co. of Chicago, IL and bl ends thereof containi

wt % and 20 wt % t er pene pol yner conprising d-linonene (P cﬁﬂﬂﬁpg 1
obt ai nabl e from Hercul es Corporation) added by nelt bl efhd{ng were
coextruded with Fina 8573. This conbi nat®on was coextrudled 20 SEFR §99ed| s
as to have outer skin layer dinensions of 0.6. mcron an core | ayer i
di mension of 20 mcrons. The resulting filmwas tested §o st ure ‘barti
by determ ning WTR, g sec/cnfjerr], at 38[err]C (g/100ig[err]/day/ m|, ati
100[err] F), % RH.for 24 hours.(ASTM E 372). .

EXAkPLE]Z) s%%éﬁfﬁﬁcbF??F&FFPH?%§"p8 yBng9%8ﬁ8? ARBcBe821PINEDS| PBBI e from
Anpco Cheni sdixtOresofthélrieofgo, The pmdfbkeadspohytevpenest hamieng 0 wt % 3
W% and 6 WoltelcR13%eRBhE™BE from about 800 to about 15,000M_.

Film Structure

O

D

The basic structure of the moisture barrier film can
be similar to those described in U.S. Patent Nos.
4,447,494; 4,439,493; 4,495,027; 4,564,558; 4,564,559;
4,565,739; and 4,911,976. The present invention, however,
uses high crystallinity polypropylene as the polyolefin in
the core material. In one embodiment of the present
invention, an oriented multi-layer film structure comprises
coextruded layers of (a) a base layer comprising high
crystallinity polypropylene (HCPP) having intermolecular
stereoregularity greater than 93% with a moisture barrier
improving amount of polyterpene resin and (b) a heat-
sealable skin layer comprising a polyolefin of
comparatively low stereoregularity on at least one surface
of (a). The skin layers can optionally contain a slip
additive and/or an antiblock material chosen from those
suitable for such products. Skin layers can range from
about 0.5 - 5 microns in thickness.

The comparatively low stereo reqular polyolefin
polymers contemplated as the skin materials of such a
multilayer system include, for example, ethylene-propylene
random copolymers and ethylene-propylene-butene-1
terpolymers. Preferred terpolymers are ethylene-propylene-
butene-1 terpolymers having 1-5 wt% ethylene and 1-15 wt$
butene-1.

Multi-layer films of the present invention can be
prepared employing commercially available systems for
coextruding resins. The HCPP blended with the selected
polyterpene can be coextruded with an ethylene-propylene-
butene-1 terpolymer. The polymers can be brought to the
molten state and coextruded from a conventional extruder
through a flat sheet die, the melt streams being combined
in an adapter prior to being extruded from the die. After
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Cor poration) added by melt blending were extruded and ori BEPWMN&SHE&T
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for noisture barrier by determ ning WTR, g sec/cnferr],} at [ ]
(g/100in[err]/day/mi |, at 100[err]F), 90%RH for 24 hourfs (Ag%\ﬁp?}%%

leaving the die orifice, the multi-layer film structure is
chilled and the quenched sheet then reheated and oriented.

The film is biaxially oriented. Biaxially oriented
film can be stretched 4.5 to 6 times in the machine
direction (MD), and 6 to 13 times in the transverse
direction (TD). The overall orientation (MD X TD) can
range from about 25 to 80. After orientation, the edges of
the film can be trimmed and the film wound onto a core.

Moisture barrier capability can be further enhanced by
techniques such as coating the film with polyvinylidene
chloride (PVDC) as taught in U.S. Pat. Nos. 5,057,177:
5,019,447; and 4,961,992. 1In addition, oxygen barrier can
be enhanced by the application of a PVOH coating, as
described in U.S. Patent No. 5,230,963, while flavor and
aroma protection are improved by applying acrylic coating
by conventional procedures. A low temperature sealable
coating as known in the art can be applied in order to
provide machinability and high speed horizontal form and
£ill applications. A particularly preferred embodiment
comprises a coextruded ABA multilayer film structure
wherein A represents a heat sealable layer and B represents
the high crystallinity polypropylene as discussed above.

The resulting film structures of the invention may
have a thickness ranging from 6.35 x 10™ cm to 2.54 x 1073
cm (0.25 mil to 10 mils), e.g., 2.54 x 10 cm to 5.59 x 10°°
cm (1 mil to 2.2 mils) or 1.14 x 10 cm to 2.54 x 102 cm
(0.45 to 1 mil). .

The following examples will illustrate the invention.

EXAMPLE A {Comparative)

A conventional polypropylene, Exxon 4612, available
from Exxon Chemical Co. of Houston, TX and blends thereof
containing 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, available from Fina 0il & Chemical Co., Chemical
Div., Dallas, TX. This combination was coextruded and




The results of the water vapor transm ssion neasurenents--104 g o
sec/cnferr], at 38[err]C (g/100in[err]/day/ml, at 100[3rﬁ;ﬁh eMERT 'SHEET i
hum dity--in the foregoing Exanples are set out in the fa
Fi gure which depicts WTR vs. W % terpene polyner in the
show a 40% reduction in water vapor transnission rate f¢r
present invention conpared to conventional polypropyl engs
REPLACEMENT SHEET

oriented so as to have outer skin layer dimensions of 0.6
micron and a core layer dimension of 20 microns. The
resulting film was tested for moisture barrier by
determining WVTR, g sec/cm’, at 38°C (Q/looinz/day/mil, at
100°F), 90% relative humidity (RH) for 24 hours (ASTM F
372).

EXAMPLE B (Comparative)

A conventional polypropylene, Fina 3371, available
from Fina 0il and Chemical Co. of Dallas, TX and blends
thereof containing 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 which is an ethylene-propylene
random polymer containing 3.5 wt% ethylene. This
combination was coextruded and oriented so as to have outer
skin layer dimensions of 0.6 micron and a core layer
dimension of 20 microns. The resulting film was tested for
moisture barrier by determining WVTR, g sec/cm’®, at 38°C
(g/100in?/day/mil, at 100°F), 90% RH for 24 hours (ASTM F
372).

EXAMPLE 1

A high crystallinity polypropylene, Amoco 9117,
available from Amoco Chemical Co. of Chicago, IL and blends
thereof containing 0 wt%, 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
0.6 micron and a core layer dimension of 20 microns. The
resulting film was tested for moisture barrier by
determining WVTR, g sec/cw’, at 38°C (g/100in’/day/mil, at
100°F), 90% RH for 24 hours (ASTM F 372).

EXAMPLE 2

High crystallinity polypropylene, Amoco 9117,
available from Amoco Chemical Co. of Chicago, IL and blends
thereof containing 0 wt¥, 3 wt%, and 6 wty terpene polymer



-9- TABLE Ex. Structure 0%
3% 5% 6% 10% 20% A ABA (0.29)

(0.25)  (0.24) 1.55 4=k 1 3
ABA  (0.325) (0.27) (0.25) | REPLACEMENT SHEEY,

1. 45 1.34 1 ABA (0. 25) (0.2) 0772) (0.2

1.34 1.07 1.07 1.072 B ( .?3 SEP 499617
(0.17) 1.17 0.911 0.911 A = EP|R4dndom Copol ynef ¢r
EPB Random Ter pol yner -8~

comprising d-limonene (Piccolyte C-115 obtainable from
Hercules Corporation) added by melt blending were extruded
and oriented so as to have a core layer dimension of 20
microns. The resulting film was tested for moisture
barrier by determining WVTR, g sec/cm’, at 38°C
(g/looinz/day/mil, at 100°F), 90% RH for 24 hours (ASTM F
372).

' The results of the water vapor transmission
measurements--10* g sec/cm’, at 38°C (g/looinz/day/mil, at
100°F), 90% relative humidity--in the foregoing Examples
are set out in the Table below, and the Figure which
depicts WVTR vs. wt% terpene polymer in the OPP. The
results show a 40% reduction in water vapor transmission
rate for the blends of the present invention compared to
conventional polypropylenes.
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1. Abiaxially oriented f ilmstructure having high noisture barrier

properties extruded and stretched mi xture of (1) hig
pol ypr opyl ene (HCPP) having internol ecul ar stereoregularit

- PN
TABLE
Ex. Structure
0% 3% 5% 6%
A ABA" (0.29)
1.55
B ABA’ (0.325)
1.74
1 ABA’ (0.25) (0.2)
1.34 1.07
2 B (0.22) (0.17) (0.17)
1.17 0.911 0.911

rystallinity
REPLACEMENT SHEET
23 SEP 1996
10% 20%
(0.25) (0.24)
1.34 1.29
(0.27) (0.25)
1.45 1.34
(0.2) (0.2)
1.07 1.07

° A = EP Random Copolymer or EPB Random Terpolymer
B

= PP Homopolymer




5 greater than 93% and (2) a noisture barrier |rrprovlw-'&'lh. SHme@gh‘fﬁ _
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pol yt er pene resin. 2. The filmstructure jof cl REPLAG
coextruded with a skin-formng material which is Nﬂjﬂﬁiﬁ##%iﬁ==-4
conparatively Tow'stereoregularity having a nelt flow r Pleepl RoEMENTN SHEET
fan1ﬂ ;o Hﬂ# # I"ﬁ1 . The filmstructure ?f_glaL I g
pol yol e in t he group consisting of i

et hyl ene- prepy genelﬂu lw t er pol ymers_li ving 1-5 wt % 2a% ﬁﬁ?eméa d
1-15 wt % butene-1, and ii) ethyl ene-propylene 15 randpnj copol yners.

4. The filmstructure of claiml wherein said high crystallinity
pol ypropyl ene (HCPP) has internol ecul ar

CIAIMS:

1. A biaxially oriented film structure comprising an
extruded and stretched mixture of (1) high crystallinity
polypropylene (HCPP) having intermolecular stereoregularity
greater than 93% and (2) a moisture barrier improving
amount of polyterpene resin.

2. The film structure of claim 1 which is coextruded
with a skin-forming material which is a polyolefin of
comparatively low stereoregularity having a melt flow rate
ranging from 1 to 25.

3. The film structure of claim 2 wherein said
polyolefin is selected from the group consisting of i)
ethylene-propylene-butene-1 terpolymers having 1-5 wt$%
ethylene and 1-15 wt% butene-1, and ii) ethylene-propylene
random copolymers.

4. The film structure of claim 1 wherein said high
crystallinity polypropylene (HCPP) has intermolecular
stereoreqularity ranging from 94 to 98% and said film
exhibits a water vapor transmission rate of less than or
equal to 1.34 x 10' g sec/cm’® (0.25 g/100in*/day/mil).

5. The film structure of claim 1 wherein said
moisture barrier improving amount of polyterpene resin is
less than 10 wt%, said polyterpene resin is selected from
polymerized d-limonene, polymerized beta-pinene, and a
polymerized synthetic approximation of d-limonene and beta-
pinene, and said film structure exhibits a water vapor
transmission rate of less than or equal to 1.07 x 10* g
sec/cm’® (0.20 g/100in%?/day/mil).



stereoregularity ranging from94 to 98% and said film exhibits a water
vapor, transm ssion rate of less than or 20 equal to 1.34 x 10[err] g
sec/cnferr] (0.25.9/100i.n[err]./day/ ml). 5. The. filmstructure of

claim1l wherein said nmoi sture barrier inproving anoRePLACEMENTYSHEETERE
resinis LIIII'MIILI“ nllﬂﬂlm% sai d pol yterpene resinli
pol yneri zed ri zed beta-pinene, and a 25 Qg*gggn$ﬁgd
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structure exhibits a water vapor transm ssion rate pofiless than or
equal to 1.07 x 10[err] g sec/cnferr] (0.20 g/ 10in[gerr]/day/ml). |

6. The film structure of claim 1 wherein said
moisture barrier improving amount of polyterpene resin is
less than 5 wt%, and said polyterpene resin comprises
polymerized d-limonene.

7. The film structure of claim 1 which is biaxially
oriented by stretching 4.5 to 6 times in the machine
direction (MD), and 6 to 13 times in the transverse
direction (TD), with an overall orientation (MD X TD)
ranging from 25 to 80, and having a thickness ranging from
6.35 x 10™ cm to 2.54 x 107? cm (0.25 mil to 10 mils).

8. The film structure of claim 1 which is biaxially
oriented by stretching 4.5 to 6 times in the machine
direction (MD), and 6 to 13 times in the transverse
direction (TD), with an overall orientation (MD X TD)
ranging from 25 to 80, and having a thickness ranging from
2.54 x 10 cm to 5.59 x 10 cm (1 mil to 2.2 mils).

9. A method for preparing the biaxially oriented
polypropylene film of claim 1 which comprises

a) blending high crystallinity polypropylene (HCPP)
having intermolecular stereoregularity greater than 93%
with a moisture barrier improving amount of polyterpene
resin to form a base layer precursor;

b) extruding the resulting base layer precursor to
form a sheet; and

¢c) stretching the sheet in both the longitudinal and
the transverse directions to obtain the oriented film.

10. The method of claim 9 wherein said base layer
precursor is coextruded with a skin-forming material which
is a polyolefin of comparatively low stereoregqularity
having a melt flow rate ranging from 1 to 25.



-11- 6. The filmstructure of claim1 wherein said noisture
barrier tnproving anount of polyterpene resinis less than 5 wt% and said
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structure of claim1l which is biaxially oriented by stretchi
times in the machine direction (M), and 6 to 13 tines in tﬁ@{-é‘;ﬁéﬁ}ﬁrgﬂfﬂ
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ABSTRACT

HIGH MOISTURE BARRIER OPP FILM CONTAINING _
HIGH CRYSTALLINITY POLYPROPYLENE AND TERPENE POLYMER

An oriented film structure of improved water vapor
transmission rate is prepared from an extruded and
Stretched mixture of (1) high crystallinity polypropylene
(HCPP) having intermolecular stereoregularity greater than
93% and (2) a moisture barrier improving amount of

polyterpene resin.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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direction (TD), with an overall orientation (MD X TD) ranging from25 to
80, and having a thickness ranging from6.35 x 10[err] cmto 2.54 x 10[err]
cm(0.25 ml to 10 mls). 8. The filmstructure i which is
biaxially oriented by stretching 4.5 to 6 tines in the y
(MD), and 6 to 13 tines in the transverse direction (TD)
orientation (MD X TD) ranging from25 to 80, and havi ng
from2.54 x 10[err] cmto 5.59 x 10[err] cm (1 ml to 2.
A nmethod for preparing the biaxially oriegt d pol ypropyl
whi ch conpri ses a) blending high cry Vgllinity pol
havi ng i nternol ecul ar stereoregularity greater than 93% Wrtir—a—Ho-siliLe
barrier inproving anmount of polyterpene resin to forma base |ayer

precursor;
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b) extruding the resulting base |ayer precursor to forma sheet;

nJeob430°8

c) stretching the sheet in both the longitudinal and the transverse

diréctions to obtain the oriented film ' LO——Tre—rretr F cl aim9
wherein said base | ayer precursor is coextruded V\REH\-A&EMEN.L% i hg
material which is a polyolefin of conparatjo~el yil Stereoregul frity having
amelt flowrate ranging from1l to 25. 2 1 MAY 1999
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1. A biaxially oriented film structureAcomprlslng an
extruded and stretched mixture of (1) high crystallinity
polypropylene (HCPP) having intermolecular stereoregularity

greater than $3% and (2) a moisture barrier improving
amount of polyterpene resin.

2. The f£ilm structure of claim 1 which is coextruded
with a skin-forming material which is a polyolefin of
comparatively low sterearegularity having a melt flow rate
ranging from 1 to 25.

3. The film structure of claim 2 wherein said
polyolefin is selected from the greocup consisting of i)
ethylene-propylene-butene-l terpolymers having 1-5 wtg
ethylene and 1-15 wt% butene-1, and ii) ethylene-propylene
random copolymers.

4. - The film structure of claim 1 wherein said high
cryStallinity polypropylené (HCPP) has intermolecular
stereoreqularity ranging from 94 to 98% and said film
exhibits a water vapor transmission rate of less than or
equal to 1.34 x 10' g sec/cw’ (0.25 g/100in°/day/mil}.

5. . The film structure of claim 1 wherein said
moiSture barrier improving amount of polyterpene resin is
less than 10 wt%, said polyterpene resin is selected from
polymerized d-limonene, polymerized beta-pinene, .and a
polymerized synthetic approximation of d-~limonene and beta-
pinene, and said film structure exhibits a water vapor
transmission rate of less than or equal to 1.07 x 10 g
sec/cm® (0.20 g/100in?/day/mil) .



