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- POLYMERI C Riyl\gode PROCESSES FOR MAKI NG SAME The present i ny@ath@ankhehat es
to opaque, oriented polyneric films and to processes of naking such filns
and, 5 nore particularly, relates to opaque, oriented polyneric filns
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I nconpatible void-initiating particles f.op wid formati on and to processes
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layers contribute various desirable characteristics to the

packaging film such as heat sealability, improved appearance,

15 enhanced machine handling capabilities.

One type of such multilayer opaque packaging films is
disclosed in U.S. Patent No. 4,632,869 to Park et al.
Disclosed therein is an opaque, biaxially oriented Film
structure having a polymer matrix with a strata of cavitated

20 voids, the voids containing spherical void-initiating
particles of polybutylene terephthalate. The disclosed
structure may also include thermoplastic skin layers and the
film can include from 1% to 3% by weight of a pigment such as
Ti0, or colored oxides.

25 Various methods for making a core layér for such
polymeric packaging films which has the desired opacity are
known in the art. For example, U.S. Patent No. 4,377,616 to
Ashcraft et al. discloses an opaque biaxially oriented
polymer film structure which comprises a thermoplastic

30 polymer matrix core possessing numerous voids, a substantial
nunber of which contain at least one spherical void-
initiating particle, and transparent thermoplastic skin
layers adhering to the surfaces of the core layer. 1In the
formation of the film according to the Ashcraft et al.
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patent, the dispersed inconpatible solid filler particles provide sites for
the for mWP@HO&H9v0i ds surrounding the particles. It is taB§RUSPHE6Y hese
void-initiating filler particles 5. can be organic or inorganic so |long as
they are spherical in shape and are within a preferred particle size range
so as to initiate the formation of a void. Exanples of suitable organic
particles include thernDpIastlc resi n§ $uch as pol yami des, certain
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spheres, ‘metal beads or spheres, ceram c spheres, and the |iKe. 15

U. S. Patéﬁ%erC §5134,173 to Joesten et al. also discloses a nethod for
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like.

15 U.S. Patent No. 5,134,173 to Joesten et al. also
discloses a method for preparation of an opaque polymeric
film having a matrix of a thermoplastic polymer matrix
material such as polypropylene having a stratum of voids.

While the above processes for producing opagque polymeric

20 films are generally satisfactory and more than acceptable
films are realized therefrom, there are several problems or
disadvantages associated with the processes. For one, the
raw material costs of the void-initiating filler particles
oftentimes are quite high relative to the raw material costs

25 for the thermoplastic polymeric matrix material. For
éXample, filler particles of PBT, a material which has found
wide commercial acceptance for initiating voids in matrix
materials of polyolefins such as polypropylene, are guite
expensive on a weight basis as compared with the matrix

30 materizl, oftentimes up to three times more costly.
Furthermore, since the filler particles of materials such as
PBT have a density greater than the matrix material such as
polypropylene, the cost penalty per unit volume or area of
the resultant film is even greater. For'particles of

35 materials other than PBT, the cost differences may be greater
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dependi ng upon the particular material utilized. In addition, sone

mat erial s such as PBT when used as the filler particles can deconpose
during extrusion of the film which thereby may | eave an objectionabl e
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these scale formation problems and resultant necessary die
cleanups and the like.

15 Accordingly, it is a feature of the present invention to
provide polymeric films of high opacity for a variety of
applications including use in packaging films.

It is another feature of the present invention to
provide opague polymeric films without the use (or without

20 substantial use) of void initiating particles in preparing
cpaque polymeric films.

It is a further feature of the present invention to
provide a process for forming opague polymeric films with
substantially reduced amounts of immiscible wvoid-initiating -

25 particles so as to reduce material costs in fabricating such
films.

It is yet another feature of the present invention to
provide processes for forming opaque polymeric films having
improved operability by reducing or even eliminating scale

30 formation and thus reducing downtime in conducting the
processes.

It is a further feature of the present invention to
provide opagque polymeric films containing little or no
immiscible void~initiating.particles and thus utilize

35 materials of reduced cost in the preparation of such films.
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polynmeric filnms containing little or no immscible void-initiatin
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15 layers over the polymeric films.

The invention is directed to an opaque oriented
polymeric film structure comprising a film containing a
thermoplastic polymeric matrix material which has a first
surface and a second surface, the film having a plurality of

20 wvoids, at least some of the voids not containing a void~
initiating particle and at least some of the voids being
interconnected with an adjacent void in the polymeric matrix
material, the number of voids being sufficient to impart a
significant degree of opacity in the film structure.

25 The invention is also directed to a process for making
an opague, oriented polymeric film structure comprising
preparing a melt containing a polymeric matrix material
capable of forming a crystallized polymeric structure and at
a temperature of at least the melting peoint of the polymeric

30 matrix material, forming the melt into a sheet containing
molten polymeric matrix material, cooling the sheet
containing molten material to form a sheet containing
amorphous polymeric matrix material which contains
crystallites of the polymeric matrix material, and forming

35 the sheet while containing the amorphous poly-meric matrix



a tenperature of at least the nmelting point of the polynmeric 30 matrix
“material, f ) he melt into a sheet containing nmolten polaBhdds IRkr i X
material, coollng the sheet containing nolten material to forn1a sheet
cont ai ni ng anor phous polyneric matrix material which contains crystallites
of the polynmeric matrix material, and formng 35 the sheet while
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alternative to the existing processes for formlng opaque

15 polymeric—fiims containing a plurality of voids in the
absence of, or at least with greatly reduced amounts of,
immiscible void-initiating particles of materials different
than the polymeric matrix material.

The voids created in the polymeric matrix materiai by

20 the use of void-initiating particles according U.S. Patent
No. 4,377,616 are illustrated in Figure 1 which shows film 10
containing voids 12 and contained void-initiating particles
14. As is apparent, voids 12 can be characterized as being
in the shape of a lens or an elongated oval. Each void 12

25 created is of a space having dimensions which are at least
equal to or larger than the diameter of the void-initiating
particle 14. Of particular significance is that most if not
all voids 12 are closed cells such that there is no path open
from one side of the film 10 to the other side though which

30 liquid or gas can easily traverse. As such, the thickness of
the polymeric matrix material between adjacent voids 12 is
relatively large to maintain the closed cell structure.

In contrast, the processes of the present invention,
among other things, do not use void-initiating particles or

35 at least utilize a reduced amount of such particles in the
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film is quenched so as to crystallize the polymeric film

15 matrix as completely as possible.

Although not being bound by any particular theory, the
present inventor contemplates the following microscopic
mechanism which is presumed to occur in the subject
processes, so as to aid in the understanding of the present

20 invention. As an illustrative example of the mechanism
envisioned, the matrix material used for forming the opaque
film is primarily polypropylene. Polypropylene begins to
melt at 160°C after being heated from the fully crystalline
state. If the polypropylene is cooled from the molten state,

25 appreciable crystallization does not immediately occur as the
material cools down until the material reaches a
"crystallization™ temperature. This crystallization
temperature is not a fixed temperature for a particular
material, but can vary depending upon, among other things,

30 the rate of cooling. Generally, the effective
crystallization temperature for polypropylene in industrial
practice where rapid cooling is employed is below 130°C. By
rapidly lowering and then controlling the temperature of the
matrix material so as to be maintained in the vicinity of

35 120° to 130°C, only small crystalline nuclei are formed in
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density of the growing crystallites is higher than that of
15 the surrounding amorphous material.
From a macroscopic point of view, the matrix material
- adjoining a crystallite has to shrink in comparison to its
previous amorphous state. In the absence of external stress,
it would do so by pulling the soft matrix material with it.
20 However, in the presence of large internal stresses from the
stretching procedure, the matrix material not only cannot be
pulled in towards the crystallite, but is actually pulled
outwardly. Large local stresses generated by the stretching
result at the crystallite-amorphous matrix material
25 interfaces, leading to the formation and propagation of
numerous cracks in the sheet which are manifested as
cavities, voids or the like. '
An example of such an opagque, void-containing polymeric
film according to the invention is shown in Figure 2. Film
30 20 of Figure 2 contains interconnected voids 22 and no wvoid-
initiating particles within the voids. As is apparent, voids
12 can be characterized as being irregularly or randomly
shaped and at least in part interconnected due to broken or
ruptured walls so as to form an open-cell structure. It also
35 can be particularly noted that many of the walls between
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the opaque polymeric films of the present invention may be

15 characterized as containing numerous voids typically
throughout the matrix material and thus the films have a
significant degree of opacity. C€ontrary to the opaque films
produced using immiscible and incompatible void-initiating
particles of a material which is different from the pol&meric

20 matrix material and which particles are contained within the |
resultant voids, the opaque films of the present invention
include voids which do not contain void initiating particles.

Due to the contained void structure of the opague
polymeric films according to the present invention, the film

25 of a polyolefin such as polypropylene generally has a density
of less than 0.9 g/cm®, preferably less than 0.7 g/cm®, and,
in particular less than 0.6 g/cm’. Because of the number of
voids created within the polymeric matrix material, a
significantly enhanced light scattering effect is obtained by

30 virtue of the present invention.

More particularly, in forming the opaque polymeric films
of the present invention, a polymeric matrix material is
heated at least to a temperature at which the material

- becomes molten. Melting of the polymeric matrix material may

35 be accomplished in a conventional film extruder or the like.



prdduced using inmmiscible and inconpatible void-initiating particles of a
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vari ety of means such as |iquid-cooled take-off rolls aseous
such as ai rafvausehidofhaepnige sugd sl |1 igarid-cooled take-off rolls,

15 gaseous flows such as air flows and the like, as will be
apparent to those of ordinary skill in the art.

In the subject processes, the formed sheet of amorphous
polymeric matrix material 1s subjected to stretching or
orientation to significantly initiate crystallization and

20 generate voids within the matrix material. Stretching of the
matrix material sheet can be accomplished in a variety of
manners and can be uniaxial stretching or biaxial stretching.
If used, biaxial stretching preferably is conducted
sequentially, although simultaneous stretching in both

25 machine and transverse directions is also contemplated.

The uniaxial or biaxial stretching is carried out to an =~
extent and at a temperature calculated to obtain the maximum
degree of opacity without significant sacrifice in the
desired physical characteristics including appearance of the

30 resultant film structure. As the particular materials
employed in forming the polymeric matrix material are varied,
the conditions and degree of orientation or stretching may be
altered accordingly to achieve the desired results.
Generally, a machine direction orientation of 4 to 8 times

35 and a transverse direction orientation of from 4 to 10 times
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which would normally occur is prevented by adhesion between
15 the roll and the sheet. '

After stretching and consequent formation of voids
within the film, the film may be subjected to a heat
treatment for thermofixing for a short period up to 10
seconds oxr more. Additionally, one or both of the outer

20 surfaces of the films of the present invention may be treated
to improve their surface energy such as by, for example, film
chlorination, oxidation, flame or corona discharge
treatments. Such surface treatments can improve the adhesion
of the films to metal layers, inks and/or other coating or

25 laminating materials. Thereafter, tﬁe film may be then wound
up in a conventional~manner using a wind-up type device.

The polymeric matrix material of the opaque films of the
present invention may be primarily composed of a wide variety
of polymeric materials which crystallize, preferably as long

30 as such materials meet certain criteria. 1In particular,
suitable polymeric materials have a crystallization rate such
that the material may be cooled to an amorphous state without
significant crystallization in an industrial operation, but
can thereafter be crystallized from the amorphous state upon

35 stretching. 1In other words, the crystallization rate is
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or-more polyolefins alone or in conjunction with other

15 polymeric materials which meet the above conditions.
Polyolefins contemplated for inclusion in the matrix material
may include polypropylene, polyethylene, polybutene and
copolymers and blends thereof. Included may be distinct
species of these polyolefins such as high density

20 polyethylene, linear low density polyethylene, ultra low
density polyethylene and linear low density ethylene
copolymerized with less than 10% by weight of another alpha
olefin such as propylene and butylene. Also contemplated are
copolymers of polyolefins including block copolymers of

25 ethylene and propylene, other ethylene homocpolymers,
copolyﬁers and terpolymers or blends thereof. Other
contemplated thermoplastic polymers include halogenated
polyolefins; polyesters such as polyalkylene terephthalates
including polybutylene terephthalate; polyethers; and

30 polyamides such as nylons. Especially preferred is an
isotactic polypropylene containing at least 80% by weight of
isotactic polypropylene, preferably 97 to 100% isotactic
polypropylene. It is also preferred that the polypropylene
have a melt flow index of from 1 to 10 g/10 min.

35 The polymeric matrix material may also include other
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into the polymeric matrix material with the proviso as noted
15 above.

The opaque thermoplastic polymeric films of the present
invention may be used for a variety of purposes, either alone
or in conjunction with other structures such coatings,
coextruded film layers of the same or different composition,

20 adhered film layers of the same or different composition, and
the like. As a particular example, the opague films made by
subject processes may have high gas permeation rates, and in
particular, high oxygen permeation rates of at least 7,750 cm’
{25 um)/m?/day (500 cc.mil/100in?/day) and even up to 155,000

25 com® (25 um)/m?/day (10,000 cc.mil/100in%?/day) or more, such
that the films can be considered to be essentially porous.
Thus, the opague polymeric films of the invention, due to
their porous nature, are suitable as "breathable" films for
certain packaging and medical applications where gas

30 transmission is desirable.

The above-~described porous nature of the subject films
is in distinct contrast to the opaqgue films prepared using
immiscible void-initiating particles. Many of the voids of
the -opaque thermoplastic polymeric films according to the

35 present invention may have openings extending between



like. While the pignent may be in a particle size such that it does not

< contribute ywhoglgysppBt eri al sense to void initiation in the pecyngswmazeeat ri x
material, the use of 10 pignments which contribute to void formation is not
precluded. Additionally, other additives such as fillers, anti-oxidants,
anti-static agents, slip agents, anti-tack agents, absorbents and the |ike
I n the customary anobunts can be incorposai®d-into the polyneric matrix
material with the proviso as noted 15 above. The opaque thernopl astic
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addition, portions of the walls between adjacent voids may
having excellent printable or writable coated surfaces on the

15 film as well as having water and humidity resistance which
far exceed those of conventional cellulosic papers, these
polymeric films tend to have at least two major disadvantages
relative to conventional cellulosic paper.

Conventional films of polymeric materials have a very

20 high uninitiated tear resistance as well as low initiated
tear resistance. With regard to the former property, it is
virtually impossible in most cases to manually start a tear
in a defect-free polymeric film. However, once a tear is
started with a knife, its direction is difficult to control,

25 even if the sample was pre-~creased, due to the second
property of low initiated tear resistance. As such,
conventional films tend not to "feel"” like paper to the user.

On the other hand, the opaque polymeric films of the

present invention can be torn easily by hand from a straight,

30 defect~-free edge. In addition, with such films, the tear in
the film propagates with some resistance, so that the
direction of the tear can be manually controlled. Both of
these properties of the subject films tend to mimic the

- properties of conventional paper which the consumer regards

35 as having a "natural feel" and expects to find in at least



be extrenely thin thus allow ng diffusion of gases and vapors 5 fromone
- void to another further contributing to the high gas transrj,ssi e
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15 filmas wepls as spadifd cwaxempdrd dfuridis wprasicetange Sidi cthéar exceed
those of conventiqnal cellul qsic papers, fhese pol ric films tend to have
at least © 3ﬁ&jtto 1gf“§ad\?aﬁ1°g§€§°%l %/e“lt@@(ﬁ%?e%ﬁ?%aqo i u?’f)%?%ngaper.
Convent i onakehitioh @hsp@ireparied made donph ity & ottier A geghofinbabét at ed

t ear resistagce ?‘s wel | %i,low initiated tear retlsi stance.. Wth regard to
the fdr mePipPEpelPy SYREPELLG PARGY VT %ﬁoéﬁqrﬁﬁe@

start a tﬁaﬁeirﬂ.a dekeqhbieeBelohy MBStS Hinendddeteiar GIEE: A4 €A1 £68
started wth a knife, its.direction.is diffj S%ntrol, 25 even if

: cult to
the sanpl EOW&s SHFB- PRBELsd 1 kquBats Ssec il BFepet A of YRy F R e af €d
tear resigbaneeciAd wwakingopuprlr whdlcH idrms soard awipdds,” faed "a | Wiker @aper

to the user. On the other hand, th ue polyneric filns of the present
| nvent | onOBAROBePPOYRTERYLES Sy 2t Haldm g FOErai o 87 et erd Yo LR odge.

In addi ti @AitWetingupBriikles Whe s0ak idomiea dildimMyrepagaes oiih some
resi stance, so that the direction of the tear can .be nmanual I]%/ controll ed.

Both of tHhBEBOPREPEPt FEZCoFOMRETEGj edf AIHREPE& P ST IRY i dperti es
of convengkeaal ipapastWbieCintiee seoreUTREL egar d3 mdhdoas N cdadsr al

Lgﬁ}Lsggfi§é§§C§§$§9g§%@?nbnr% el% S%otioﬂoa%%/%%ggifore is not
entirely representative of the feel of a manual tear. The
15 machine direction (MD) was not known in the conventional
papers and was arbitrarily selected as being parallel to the
- long dimension of the sheets. The results for tearing in
both the machine direction and for the transverse direction

{TD) were as follows:

OIS OO manual Iy



certain applications such as use as witing paper. As a specific exanple of
this applicawbosni@as the subject filns, a polypropylene film pggardy/aest O
the present invention was prepared and conpared to ot her types of paper, 5
either to synthetic paper or to conventional cellulosic papers. The Table
bel ow lists El nendorf tear test data for four such paper-like materials. In
particular, tw types of commercial witinag paper which are sold as pads,
and a white- opaque pol ypropylene | abel filmformed fromcavitated void- 10
initiating particles and sold comerci al by Mobil O 1 Corporation were
conpared. In interpreting the follow ng data, it nust be understood that

the El nendorf test proceeds at ccelerating rate of notion and therefore
is not entirely representatlv# of the. feg. %f a naﬁuai tear, 1ne ib
machi ne directi on (ND) was noti-knou nrlHl gé& ref-?n\/nnt i nnal ﬁﬁhﬁi@tﬁﬂd

arbitrarily selected as being aggllel to t&@ | ong |dh e t
The results for tearing in bot the machiine di'rectijon an% ?@ EB’ %bﬁ%
transverse direction (TD) werd a8/#®l | ows: 9/:M0 98/ (a40D1) {g/mil)
PCT/ US9%/ 12063 - 15 - TABLE Ul nictirat e 3 Initiated ™Mo~
TD, MD, g/[err]m [é%r?n1g/ e#?{ﬁrl) g/[err]m (g/mi
(g/ml) 5 Aulll [m ) Subject film 6.
2.5 Of 3 (7. 1) U2 IT7 i
(4.8) Mobilf Eyadlect film>39 46.5 >39{42.5 0.2{(®.32)(7.1)0. 2| 13266
[err]m 177 u(nbl(é’ow)rl) ($1005H) {64) (4.1) 10 (4289 m |
Ledger papef 10. 5.7 0.5 (12.6 0.4 99.06j[err]m (349
(256) { bt 140m1 >39,4 (10- 2050 1) 0.2 (5.2) |o0.2
73.66 um (>1000) (>1000) (4.1)
10 (2.9 mil)
Ledger paper 10.1 5.7 0.5 (12.6) 0.4
99.06 um (3.9 (256) (144) (10.2) “
mil)
Quadrilie paper 3.9 (98} 1.7 0.4 (9.1) 0.3
15 81.28 um (42.7) (7.4)
(3.2 mil)

From the above data, in terms of uninitiated tear
- strength, the film according to the subject invention was
within the range of converitional papers, whereas the
20 commercial cavitated polypropylene film was not. In terms of
initiated tear strength, the subject film approached that of
conventional paper more than the commercial cavitated
pelypropylene film. As such, the opaque polymeric films of
the invention thibit characteristics making them
25 particularly suitable for use in synthetic papers, preferably
with applied coatings of the type conventionally used in
. making synthetic papers such as writable coatings of various
clays, pigments and the like, preferably adhered by or
contained within a suitable binder and/or adhesive material.
30 As was mentioned previously, the opaque polymeric films
of the present invention also may have one or more skin

layers applied to at least one major surface, particularly
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layer or layers may be utilized to reduce or even eliminate
15 the gas transmission characteristics of the opaque polymeric
films of the invention. Consequently, the composite film
with such skin layers can be used in those applications where
gas transmission is not desirable. -
This skin layer or layers can be transparent or
20 pigmented, and can be of the same or different material as
the polymeric matrix material. The different polymeric
materials may be selected for particular characteristics such
as, for example, heat sealability, printability,
machinability and the like. When employing a surface or skin
25 layer or layers, it is preferred that the thickness of the
core layer containing the polymeric matrix material be from
30 to 95% of the thickness of the overall composite
structure. Conversely, it is preferred that the combined
skin thickness of the skin layers be 5 to 70% of the overall
30 composite film thickness. When desired or necessary, the
skin layers can be sufficiently thick sc that the outer
surfaces of the composite film do not manifest any
irregularities or surface projections contained on the layer
of polymeric matrix material. A preferred thickness for

35 these film structures according to the invention is from 12.7
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copolymers of ethylene and propylene, random copolymers of

15 ethylene and propylene, other ethylene homopolymers,
copolymers and terpolymers or blends thereof. The
homopolymer contemplated therein is formed by polymerizing
the respective monomer which can be accomplished by bulk or
solution polymerization, as is well known to those skiiled in

20 the art.

The copolymers contemplated herein for the skin layer(s)
may be selected from those copolymers typically emploved in
the manufacture of multi-layered films. As will be discussed
below in greater detail, a random copolymer of ethylene and

25 propylene can be advantageously employed to form skin
layer(s). A particularly preferred material for the skin
layer(s) is a random copolymer of ethylene and propylene
which contains less than 10 wt.$ ethylene such as 2 to 3 wt.%
ethylene.

30 The contemplated terpolymers which may be used for skin
layers({s) are comparatively low stereoregular polymers. The
terpolymers may have a melt flow rate at 230°C (446°F)
ranging from 2 to 10 grams per 10 minutes, and preferably

~-from 4 to 6 grams per 10 minutes. The crystalline melting

35 point can range from less than 121°C (250°F) to somewhat
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without requiring white ink.

15 The processability and machinability of the film is
enhanced by the inclusion of a small percentage of finely
subdivided inorganic material in the polyolefin material used
to form the skin layer(s). Such inorganic material not only
can impart antiblock characteristics to the multi-layer film

20 structure of the present invention, but also can reduce the
coefficient of friction of the resultant film without
imparting objectionable haze to the structure.

Contemplated finely divided inorganic materials,
referred to above, include syloid, an synthetic amorphous

25 silica gel containing primarily silica, diatomaceous earth
having particles which are porous and iffegularly shaped,
dehydrated kaolinite which particles are thin flat platelets;
and synthetic precipitated silicates which the particles are
porous and irregularly shaped. Such particles generally have

30 a particle size of 1-10 microns. As in the case of the
polymeric matrix material for the subiect film structures,
other additives such as fillers, anti-oxidants, anti~static
agents, slip agents, anti-tack agents, absorbents and the
like in the customary amounts can be incorporated into the

35 skin layer(s). Particularly preferred compositions for the
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for the multi-layer film structures. Particularly preferred
i5 thermoplastic polymeric materials for this purpose may
include the previously mentioned random block copolymers of
b ethylene and propylene which contain less than 10 wt.$
ethylene.
As an alternative to coextrusion of a skin layer(s), or
20 in addition thereto, skin layer(s) may be formed on the
polymeric matrix material by thermal means. For example, in
the processes of the present invention, the exterior
surface (s} of the molten polymeric matrix material can be
cooled to the extent that considerable crystallization occurs
25 prior to stretching. This surface cooling may be
accomplished by contactiné the molten material with a
suitable cooling roll or rolls with contact residence time
and the roll temperature suitable selected to only
crystallize the surface(s). Consequently, no appreciable
30 void formation would occur adjacent to and on these surfaces
upon stretching and the film would thereby be providéd with a
smooth finish on these surface(s) which may act as a barrier
layer.
A number of significant advantages are realized by the" -
35 processes of the present invention for producing opague
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thinner, than the original extruded sheet. Since polymeric

materials are a poor thermal conductor, a thinner film can be
15 cooled more efficiently. As a consequence, the cost and
operating problems associated with a conventional water bath
used for quenching purposes can be eliminated.
In the following example, all parts and percentages are
by weight unless otherwise specified. .
20 EXAMPLE
In one particular application, polypropylene resin (MP =
160°C (320°F), melt index

3371 was melted in an extruder with a screw of a L/D ratio of

i

3} sold under the tradename Fina

20/1 and extruded into sheet form at a melt temperature of
25 204°C {(400°F). The surface of the molten sheet was briefly
cooled over a roll containing a circulating fluid at 83°C
(200°F) to avoid the film sticking to succeeding rolls.
Subsequently, the sheet was thermally conditioned over two
consecutive rolls containing a circulating fluid at 121°C
30 (250°F). Then, a rapid 6x machine direction stretch was
imposed by means of a fast roll in conjunction with a slow
roll. The fast (cold) and slow (hot) rolls for conducting
the machine direction stretching procedure were rubber-clad
to prevent slippage of~the sheet. The fast roll as well as a

35 subsequent cooling roll contained circulating water at 10°C



other things, the subject process significantly reduces the capital outlay

for a new p g&&g@@ line by essentially 5 elimnating a Iargpcf §ﬁ£u£§ﬂl
typically utiTized,” as well as many of the preheat zones utillZed prior to

orientation such as the preheat zone for machine direction orientation and
al so the preheat zone for transverse direction orientation. In addition,

guenchi ng can be acconplished 10 sinmply_wth,_ for exanple, a flow of cold
air since quenching is applied to the filfmafter orientation or stretching

is conplete ;1 AN i cal L2 ' | pper ap the
ori gi nal exf%ﬁ%gutgﬁgeic.o O?ﬁ??et:}%&py%ﬂ%glﬁr{aetccgrc%%ﬁé&aérﬂe{%&p%%#ggh%anp e
conduct or, &5PAFhmer Iti Waschrlbeved tbed! édempod vefefriici emtnix mMsterial
consequence h t.a rati iated wiih a conventional
wat er bat h ﬁggdgﬁggéége%gﬁ? %t%&rlg%segso@an etaz'fo%?ﬁanast%gﬂ? fr‘?‘y?ﬂg ¥B1 FBwi ng
exanpl e, al thpapténéindfptheestagéshaia heveiagiitinenldtsse o vt WeR) .

speci fied. 20 . i VP | n..qQne particul ar
appl i cafi on, poI?B?oﬁ?Fg%gaﬁgspﬁ PR PSS e, UE§dT]S | HRrkSely)
sol d under tavitrbtddnahbaEi na,38R¢ wheerteldord dimesh codyadderoids h anscrhew

of aL/Dragi d trud I QL heety,f orm.at nelt te rature
of 25 204?%r??%£%§g%%e§?]3?§ hggéur§§g§'ofgi eqﬂﬁkeg%Qﬁﬁﬁﬁ %éEEﬁﬁiefly
cool ed overfalmostruohuaenivag &.4Rrgdkati g fllesisd taard Haarf [thd 200 erey F)
to avoid thesf] ticki cceeding_rolls.. Subsequentl t he, sheet was
thermal |y c%%d%%%%eégggggoi)%agghsegk}fgi 98rfnglill§e?gﬁf(éﬁgm§yfa?rb?’?ﬁﬁ3a‘?r? ng
fluid 3 12i4eer¢€ 8His BEOLewalFfoundhen, be rapiod S6xmiB¢hENEmi/WeLasON
stretch was, S of .a fast, roll_in copjunction, with a slow
roll. The f%ﬁ?cgﬁgaﬁw]aggagi%vgw&‘) rorts FoRREBhetteR nhe FRel fachi ne
directi on sApptchingtelpctenr timer pighbbethehadatdtptevelr Hrnidepageaidt he

sheet. The I 35 subsequent cooling roll contained
circulati nggl\?\f/a%%{rsgéatp@%ﬁ%x}ggngm 98/ 04409

PCT/ US97/ 12063 In a separate operation, the above MD-oriented film

15 structure was further stretched in the transverse direction
(TD) . One sample of the film structure was TD-stretched by
means of an Instron tensile tester with an environmental
chamber maintained at 49°C (120°F) and a second sample
stretched at 160°C (320°F) using a laboratory stretching

20 machine sold by T. M. Long Co., Inc. For both samples, the
transverse stretch ratio was 7. Upon attempting to determine
the oxygen transmission rate of the final samples, a precise
value could not be measured because the value was beyond the
range of available instrumentation. As such, the rate may be

25 at least 155,000 cm® (25 um)/m?/day (10,000 cc.mil/100in?/
day) as normalized for thickness and thus, in other words,
the film structure was essentially porous.

In summary, the opaque films produced according to the

present invention may be used with particular advantage for

30 the manufacture of non-transparent packages for various
materials such as light-sensitive foodstuffs, particularly in
the form of a multi-layer film having one or more skin layers
as described above. Additionally, the films may be used for
other packaging purposes where non-transparent polymeric

35 films are required. Due to the high oxygen transmission
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2. An opaque, oriented polymeric film structure
according to claim 1, wherein the polymeric matrix material

includes one or more polyolefins.

3. An opague, oriented polymeric film structure
according To ®rzim 2, wherein the polymeric matrix material
includes polypropylene. '

4. An opaque, oriented polymeric film structure
according to claim 2 or claim 3, wherein the film structure
has an oxygen permeation rate of at least 12,700 cc;um/64,516
mm?/day (500 cc.mil/100in?/day).

5. An opagque, oriented polymeric film structure
according to claim 1, further including a skin layer
containing thermoplastic polymeric material on at least one
of the first surface and the second surface of the film.
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cc.m|/100in2/day). 5. An opaque, orlented polynmeric filmstructure
according to claim1, further including a skin |layer containing

t hernopl astic polyneric material on at | east one of the first surface and
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. a oriented ri¢ structure acc rd|n
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mat eri al &ScendagdppneepeFyare eii1gi Nyl ene and propyl ene contalnlng | ess
than 10 5 wt. % ethylene. 9. Synthetic paper conprising the opaque, oriented

polymeric filmstructure according to claim1 or claim3 and a witeable
coating on theyfilanstpHEhs] €oriented polymeric film structure

according to claim 6, wherein at least one skin layer is
substantially void-free. '

8. An opagque, oriented polymeric film structure
according to claim 6, wherein at least one skin layer
containing thermoplastic polymeric material is a random
copolymer of ethylene and propylene bontaining less than 10

5 wt.% ethylene,

8. Synthetic paper comprising the opaque, oriented
polymeric film structure according to claim 1 or claim 3 and

2 writeable coating on the film structure.



