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MULTI-IAYER HIGH OPACITY FIIM STRUCTURE
OF IMPROVED WHITENESS AND MACHTNABTL.ITY

This invention relates to polymer films of enhanced opacity and to a
method of making such films. More particularly, the invention relates
to biaxially oriented composite film structures having improved
properties. '

In the packaging of certain types of foods, such as snack foods like
potato chips and cockies, it is comon practice to employ a
multi-layer film. A desirable property in such a packaging film is an
opacity which protects the packaging product from deteriaration caused
by exposure to light. In particular, it has been found that certain
wavelengths of light, up to about 450 mm cause increased spoilage in
such packaged products. Even when a degree of opacity is present in
the film, spoilage occurs if the film allows passage of same light.

Despite advances in the art, a need still exists for a film structure
of high opacity which provides improved processing characteristics and
machinability, while also providing high whiteness, strength and
stiffness.

The film structure of the present invention is an opaque, biaxially
oriented polymeric film. The film structure includes (a) a
thermoplastic polymer matrix core layer having a first surface and a
second surface, within which is located a strata of voids, positioned
at least substantially within a substantial number of the voids is at
least one spherical void-initiating particle which is phase distinct
ard incompatible with the matrix material, the void space occupied by
the particle being substantially less than the volume of the woid, the
population of the voids in the core being such as to cause a
significant degree of opacity, (b) a first thermoplastic polymer skin
layer having a first surface and a second surface, the first surface
of the first skin layer adhering to the first surface of the core
layer, the first skin layer including up to about 12% by weight of
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titanium dioxide contact pigment, and (c) a second thermoplastic
polymer skin layer having a first surface and a secord surface, the
first surface of the second skin layer adhering to the second surface
of the core layer, the second skin layer including finely divided,
uniformly dispersed inorganic material in an amount effective to
impart antiblocking characteristics and decrease the inherent
film-to-film coefficient of friction at the second surface of the
secord thermoplastic polymer skin layer, wherein the skin layers are
of a thickness such that the outer surface of the skin layers do not,
at least substantially, manifest the surface irreqularities of said
matrix core layer.

The skin layers (b) amd/or (c) can be simple, economical thin
encapsulating layers or they can be more elaborate heat sealable
layers. The skin layers are of a thickness such that the outer
surface of the skin layers do not, at least substantially, manifest
surface the irregularities of the matrix core layer.

Also provided is a process for preparing an opaque, biaxially oriented
polymeric film structure, camprising the steps of: (a) mixing a major
proportion of a first thermoplastic polymeric material with a minor
proportion of a first material of higher melting point or having a
higher glass transition temperature than the first thermoplastic
polymeric material to produce a core layer mixture; (b) heating the
core layer mixture produced in step (a) to a temperature of at least
above the melting point of the first thermoplastic polymeric material;
(c) dispersing the first material of higher melting point or higher
glass transition temperature of the mixture produced in step (a)
uniformly throughout the molten first thermoplastic polymeric
material in the form of microspheres; (d) mixing a second
thermoplastic polymeric material with titanium dioxide contact pigment
to produce a first skin layer mixture; (e) heating the first skin
layer mixture produced in step (d) to a temperature of about the
melting point of the second thermoplastic polymeric material; (f)
mixing a third thermoplastic polymeric material with a finely divided,
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inorganic material to produce a second skin layer mixture; (g) heating
the second skin layer mixture produced in step (f) to a temperature of
about the melting point of the third thermoplastic polymeric material;
ard (h) forming a biaxially oriented coextruded film structure from
the core layer mixture, the titanium dioxide-containing first skin
layer mixture ard the inorganic material-containing second skin layer
mixture, the forming step conducted at a temperature and to a degree
to form a strata of opacifying voids within the core layer; wherein
the inorganic material of the second skin layer imparts antiblocking
characteristics and reduced inherent film~to-film coefficient of
friction at its surface.

Accordingly, it is an object of the present invention to provide a
film structure of high opacity. '

It is ancother object of the present invention to provide a film with
improved machinability.

It is a further cbject of the present invention to provide a film
structure having an improved range of process operability.

It is yet ancther object of the present invention to provide a film
which may be bonded to a wide variety of substrates and coatings.

It is a yet further object of the present invention to provide a
multi-layer film structure of high whiteness.

In the drawings:

Fig. 1 is a schematic diagram of a method for determining percent
light transmission.

Fig. 2 is a schematic diagram of a method for determining percent
opacity.
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In order to achieve the unique film structure of the present
invention, it is important that a particular thickness
relationship exist between the thickness dimension of the core
and the thickness of the skin layers. It is preferred that the
core thickness ke fram about 60 to about 95% of the owverall
structre with about 65-90% preferred. This in cambination with
the population and configuration of the voids in a total structure at
least about 1.0 mil thick, will materially contrilute to the overall
degree of opacity of the structure. Likewise, by maintaining the
thickness of the skin layers within particular ranges in relation to
the overall structure and to the thickness of the core layer, the
overall combination results in unique advantages. First skin layer
(b), adhering to the first surface of core layer (a) and second skin
layer (c) adhering to the secornd surface of core layer (a) each have a
thickness of from about 5 to about 30% of the overall structure, with
a thickness of about 5 to about 15% preferred. These layers also
serve an important function in reducing water vapor transmission rate
(WWIR). The core is a thermoplastic polymer matrix material within
which is located strata of voids. From this it is to be understood
that the voids create the matrix configuration.

The films of the present invention provide high opacity and low light
transmission. A distinction should be made between opacity and light
transmission. Opacity is the opposite of transparency and is a
function of the scattering and reflection of light transmitted through
the film. Opacity is the ability, for example, to block ocut writing
below it. Light transmission is a function of light passing more
directly through the film.

Referring now to Figure 1, the percent light transmission through a
film is determined by using light socurce 2 to transmit light rays 3
directly through film 4 and measuring at light sensor 5, va].ueT2
which is the amount of light which is transmitted through film 4. The
amount of light rays 3 which can be directly transmitted, value T,, is
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determined by measuring the light 3 directly transmitted by 1light
source 2 with no intervening film. The percent light transmission
through the film can then be determined using the formila:

T
2
% Light Transmission = ___
T
where: T, = light transmitted through a film; and T, =
light directly transmitted.

Referring now to Figure 2, for a measure of percent opacity of a film,
light source 2 transmits light through film 4 onto a white surface 9
arnd the same procedure used to project light onto a black surface 10.
With both white ard black surfaces, measurement at light sensor 5 is
of all of the following: light reflected off the upper surface of the
£ilm 6; light transmitted through the film and reflected by the white
or black surfaces 7 on the side of the film opposite from the light
source; and, light scattered by the f£ilm 8.

‘mepercentopacityoftliefihncanthenbedeterminedusiragthe
formula:

Rs

% Opacity = 100 x -

P\M

where: R = Reflected light + scattered light + light
transmitted through the film and reflected off a white surface;
and RB = Reflected light + scattered light + light transmitted

through the film and reflected off a black surface.
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Accordingly, a highly reflective film may provide high opacity while
allowing light transmission. This is because percent 1light
transmission is not the equivalent of percent opacity. Light
transmission is the amount of light passing directly through the film.
To prevent food spoilage decreased light transmission is desirable.

In forming the core layer, as in U. S. Patent No. 4,377,616, the
disclosure of which is incorporated herein by reference in its
entirety, a master batch technique can be employed by either in the
case of forming the void initiating particles in situ or in adding
preformed spheres to a molten thermoplastic matrix material. After
the formation of a master batch, appropriate dilution of the system
can be made by adding additional thermoplastic matrix material until
the desired proportions are obtained. However, the components may
also be directly mixed and extruded instead of utilizing a master
batch method. -

The void-initiating particles which are added as filler to the polymer
matrix material of the core layer can be any suitable organic or
inorganic material which is incompatible with the core material at the
temperature of biaxial orientation such as polybutylene terephthalate,
nylon, solid or hollow preformed glass spheres, metal beads or
spheres, ceramic spheres, calcium carbonate, etc.

The polyolefin contemplated as the core material includes
polypropylene, polyethylene, polybutene and copolymers and blends
thereof. Particularly preferred is an isctactic polypropylene
containing at least about 80% by weight of isotactic polypropylene.
It is also preferred that the polypropylene have a melt flow index of
from about 2 to 10 g/10 min.

It is preferred that the average diameter of the woid-initiating
particles be from about 0.1 to about 10 microns. These particles may
be of any desired shape although it is preferred that they be
substantially spherical in shape. This does not mean that every void
is the same size. It means that, generally speaking, each void terds
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to be of like shape when like particles are used even though they vary
in dimensions. These voids may assume a shape defined by two opposed
and edge contacting concave disks.

Experience has shown that optimm characteristics of opacity and
appearance are cbtained when the two average major void dimensions are
greater than about 30 micraons.

The void-initiating particle material, as indicated above, should be
incampatible with the core material, at least at the temperature of
biaxial orientation.

The core has been described above as being a thermoplastic polymer
matrix material within which is located a strata of woids. From this
it is to be understood that the voids create the matrix confiquration.
The term "strata" is intended to convey the understanding that there
are many voids creating the matrix and the wvoids themselves are
oriented so that the two major dimensions are aligned in
carrespondence with the direction of orientation of the polymeric film
structure. After each void has been formed through the initiation of
the described particle, the particle generally contributes little else
to the system.

This is because its refractive index can be close encugh to the matrix
material that it makes no contribution to opacity. When this is the
case, the opacity is principally a function of the light scattering
effect which ocours because of the existence of the wvoids in the
systen.

A typical void of the core is defined as having major dimensions X and
Y and minor dimension 2, where dimension X is aligned with machine
direction orientation, dimension Y is aligned with transverse
direction orientation and dimension Z approximately corresponds to the
cross-sectional dimension of the spherical particle which initiated
the void.
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It is a necessary part of the present invention that orientation
corditions be such that the X and Y dimensions of the voids of the
core be major dimensions in comparison to the Z dimension. Thus,
while the Z dimension generally approximates the cross-sectional
dimension of the spherical particle initiating the woid, X and Y
dimensions must be significantly greater.

By way of illustration, room temperature biaxial orientation of a
polypropylene matrix containing polybutylene terephthalate (FBT)
spheres of the size and amount contemplated herein, could not produce
the claimed structure. Either void splitting will occur, or, voids of
insignificant size would result. Polypropylene must be oriented at a
temperature significantly higher than its glass transition
temperature. The temperature conditions must permit X and Y to be at
least several multiples of the Z dimension without void splitting at
least to any significant degree. If this is accomplished, optimum
physical d-naractéristiw, including low water vapor transmission rates
and a high degree of light scattering are obtained without wvoid
splitting or film fikrillating.

As indicated above, the matrix polymer and the woid initiating
particle must be incompatible and this term is used in the sense that
the materials are two distinct phases. The spherical woid initiating
- particles constitute a dispersed phase throughout the lower melting
polymer which polymer will, ultimately, upon orientation, become a
void-filled matrix with the spherical particles positioned scmewhere
in the voids.

As a result of the biaxial orientation of the film structure herein,
in addition to opacifying the core layer of the structure, the
orientation improves other physical properties of the composite layers.
such as flex-crack resistance, Elmendorff tear strength, elongation,
tensile strength, impact strength and cold strength properties. The
resulting film can have, in addition to a rich high quality appearance
and excellent cpacifying characteristics, low water vapor transmission
rate characteristics and low oxygen transmission rate characteristics.
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This makes the film ideally suited for packaging food products
including liquids. The film also has attractive utility as a
decorative wrap material.

It is believed that because of comparative sphericity of the
void~-initiating particles, the voids are closed cells. This means
that there is virtually no path open fram one side of the core the
othertlmxghoixtwhich liquid or gas can transverse.

The opacity and low light transmission of the film is further enhanced
by the addition to the core layer of fram about 1% by weight and up to
about 10% by weight of cpacifying compounds, which are added to the
melt mixture of the core layer before extrusion. Opacifying campounds
which may be used include iron oxides, carbon black, alumimm, Tioz,
formation.

The polyolefin contemplated as the material for use in forming skin
layers (b) and (c) includes polypropylene, polyethylene, including
high density polyethylene, linear low density polyethylene, polybutene
and copolymers, including block copolymers of ethylene and propylene,
random copolymer of ethylene and propylene, other ethylene
homopolymer, copolymer, terpolymer; or blends thereof. The
homopolymer contemplated herein is formed by polymerizing the
respective moncmer. This can be accomplished by bulk or solution
polymerization, as those skilled in the art would plainly understand.

The copolymer contemplated herein for skin layers (b) and/or (c) can
be selected from those copolymers typically employed in the
mamufacture of multi-layered films. For example, a block copolymer of
ethylene and propylene is formed by sequential polymerization of the
respective monomers. The feeding of the monomers in forming a block
copolymer is controlled so that the monomer employed in one stage of
the sequential polymerization is not added until the monomer employed
in the preceding stage has been at least substantially consumed
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thereby insuring that the concentration of the moncmer remaining
from the preceding stage is sufficiently low to prevent formation
of an excessive proportion of random copolymer. Also, as-
indicated above, a rardom copolymer of ethylene and propylene can
be advantagecusly employed to form skin layers (b) and/or (c).

The contemplated terpolymers which may be used for skin layers (b)
andfor (c) are camparatively low stereoregular polymers. The
terpolymers can have a melt flow rate at 446°F ranging from about 2 to
about 10 grams per 10 minutes and preferably from about 4 to about 6
grams per 10 minutes. The crystalline melting point can range from
about less than 250°F to somewhat greater than 371°F. The terpolymers
will predominate in propylene, and the ethylene and 1-butene monomers
can be present in approximately from 0.3:1- 1:1 mole percentage in
relation to each other.

As was the case for the core layer, particularly preferred is an
isotactic polypropylene containing at least about 80% by weight of
isotactic polypropylene. It is also preferred that the polypropylene
have a melt flow index of from about 2 to 10 g/10 m The opacity,
whiteness and low light transmission of the film is further enhanced
by the addition to the first skin layer (b) of ‘I‘ioz in amount of from
about 1% by weight and up to about 12% by weight, which is added to
the melt nixture of the intermediate layer before extrusion.
Preferably, the first skin layer (b) contains from about 2% by weight -
to 6% by weight of TiO,. Additionally, this layer may also contain
talc. The whiteness resulting from the inclusion of '.1:'io2 provides an
excellent surface for graphics. Furthermore, the whiteness allows
printing of laminated or unlaminated structures without requiring
white ink. '

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 skin layer (c). Such
inorganic material not only can impart antiblock characteristics to



FP-6377-L(SGC)

- 11 -
the multi-layer film 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, a synthetic amorphous silica gel, having a
composition of 99.7% Sioz, diatomaceous earth having a camposition of,
for example, Si0, 92%, A1,0, 3.3%, Fe0, 1.2%, which has an average
particle size of about 5.5 microns, which particles are porous and
irregularly shaped; dehydrated kaolonite (Kaopolite SF) having the
camposition Sio, 55%, AlO, 44%, Fe,0,0.4% which has an average
particle size of about 0.7 microns which particles are thin flat
platelets; and synthetic precipitated silicates (Sipernat 44), for
example, having a composition of 5102 42%, A1203 36%, Na,0 22%, which
has an average particle size of about 3-4 microns which the particles
are porous and irregularly shaped.

The polyolefin blends used to coextrude the multi-layer high opacity
film structures contemplated herein are formed by employing a
cammercially available intensive mixer, such as those of the Bolling-
or Banbury-type. Mixers of this type are to be employed in mixing a
concentrate of the finely divided inorganic material and the selected
polymer until there is a uniform dispersion of the inorganic material
in the polymer.

If desired, the exposed surface of skin layers (b) and/or (c) can be
treated in a known and conventional manner, e.g., by corona discharge
to improve its receptivity to printing inks and/or its suitability for
such subsequent manufacturing operations as lamination.

The exposed treated or untreated surface of layers (b) ard/or (c) may
‘have applied to it, coating compositions or substrates such as ancther
polymer film or laminate; a metal foil such as alumimm foil;
cellulosic webs, e.g. mmerous varieties of paper such as corrugated
paperboard, craft paper, glassine, cartonboard; norwoven tissue, e.q.,
spunbonded polyolefin fiber, melt-blown microfibers, etc. The
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application may employ a suitable adhesive, e.g., a hot melt adhesive
such as low density polyethylene, ethylene-methacrylate ocopolymer,
water-based adhesive such as polyvinylidene chloride latex, and the
like.

Skin layers (b) and/or (c) can also be fakricated from any of the heat
sealable copolymers, blends of homopolymers and blends of copolymer(s)
and haomopolymer (s) heretofore employed for this purpose. Illustrative
of heat sealable copolymers which can be used in the present inwvention
are ethylene-propylene copolymers containing from about 1.5 to about
10, and preferably fram about 3 to about 5 weight percent ethylene and
ethylene- propylene-butene terpolymers containing from about 1 to
about 10, and preferably from about 2 to about 6 weight percent
ethylene and from about 80 to about 97, and preferably from about 88
to about 95 weight percent propylene. Heat sealable blends of
hamopolymer which can be utilized in providing layers (b) and/or (c)
include from about 1 to about 99 weight percent polypropylene
homopolymer, e.qg., one which is the same as, or different from,
the polypropylene homopolymer constituting core layer (a) blended
with fram about 99 to about 1 weight percent of a linear low
density polyethylene (IDPE). If layers (b) and/or (¢) are
heat-sealable, corcna or flame treatment of layers (b) and/or (c) is
not required.

Heat sealable blends of copolymer(s) and homopolymer(s) suitable for
providing layers (b) and/or (c) include: a blend of from about 5 to
about 19 weight percent of polybutylene and from about 95 to about 81
weight percent of a copolymer of propylene (80 to about 95 mole
percent) and butylene (20 to about 5 mole percent); a blend of fram
about 10 to about 90 weight percent of polybutylene and fram about 90
to about 10 weight percent of a copolymer of ethylene (2 to about 49
mole percent) and a higher olefin having 4 or more carbon atoms (98 to
about 51 mole percent); a blend of from about 10 to about 90 weight
percent polybutylene and from about 90 to about 10 weight percent of a
copolymer of ethylene (10 to about 97 mole percent) and propylene (90
to about 3 mole percent); and, a blend of from about 90 to about 10
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weight percent of polybutylene, and from about 10 to about 90 weight

percent of a copolymer of propylene (2 to about 79 mole percent) amd
butylene (98 to about 21 mole percent).

If skin layers (b) and/or (c) are not heat sealable, and that property
is desired on one or both of those surfaces, then a heat sealable
layer (d) may be applied to cne or both of those surfaces. BHeat
sealable layer (d) may be, for example, vinylidene chloride polymer or
an acrylic polymer; or it may be coextruded from any of the heat
sealable materials described herein. Vinylidene chloride polymer or
acrylic polymer coatings are preferred materials which may be applied
to the exposed exteriar surfaces of the skin layers.

It is preferred that all layers of the multi-layer film structures of
the present invention be coextruded. Thereafter, - the film is
biaxially oriented. For example, when employing polypropylene for the
~core matrix and the skin layers and employing PBT as the void
initiating particles, a machine direction orientation may be from
about 4 to about 8 and a transverse arientation may be fram 4 to about
10 times at a drawing temperature of about 100°C to 170°C to yield a
biaxially oriented film. A preferred film thickness is from about 0.5
mil to about 3.5 mils.

The following Examples illustrate the invention.

Coefficient of friction values referred to herein are determined
accaording to the procedure of ASTM D 1894-78, modified as follows: the
film to film area of contact is 2 inches X 1 inch, instead of 2%
inches X 2% inches. The mass of the sled is 100 grams rather than 200
grams and the sled speed is 6 inches per mimute, the same as AS™M D
1894-78. Thus, the modified test is run at the condition of 50

grams/in.2 rather than 32 grams/in.z.

Haze and gloss values referred to herein are determined according to
the procedures of ASTM D 1003-61 and D 2457-70 respectively.
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Example 1
The film of this exanmple was produced for comparison with the films
produced in accordance with the present invention.

A mixture of 92 percent, by weight, isotactic polypropylene (MP =
320°F., melt index = 3), containing 8 weight percent PBT (MP = 440°F.)
as the core layer wvoid-initiating material, is melted in an extruder
with a screw of L/D ratio of 20/1 to provide the core layer mixture.
A second extruder, in association with the first extruder, is supplied
with the same isctactic polypropylene as the first extruder (without
PBT), this extruder used to provide the skin layer mixture. A melt
coextrusion is carried out while maintaining the cylinder of the core
polymer material at a temperature sufficient to melt the polymer
mixture, i.e., from about 450°F. to about 550°F. or higher. The
polypropylene mixture of the second extruder to be used to form the
skin layers is maintained at about the same temperature as the
polypropylene used in fabricating the core layer. The mixture of the
second extruder is split into two streams to enable the formation of
skin layers on each surface of the core layer. As may be appreciated
by those skilled in the art, rather than splitting the output of the
second extruder into two streams, a third extruder could be used to
supply the second skin layer mixture. Such an arrangement would be
desired when the material used to form the second skin layer is varied
from that of the first skin layer, when the thickness of the second
skin layer is varied from that of the first skin layer, etc.

A three-layer film laminate was coextruded with a core thickness
representing about 80 percent of the overall extruded thickness, with
the thicknesses of the skin layers representing about 20 percent of
the film thickness. The resultant film sheet was subsequently
oriented eight by about five and one-half times using a commercially
available sequential biaxially orienting apparatus to provide a
multi-layer film structure. The machine direction (MD) orientation is
conducted at about 285°F. and the transverse direction (ID)
orientation is conducted at about 300°F. ‘The resultant multi-layer
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film exhibits a lustrous, white appearance and the following
properties.

Film thickness ¢ 1.30 mills
Density : 0.62 g/cc
Gloss T 82%

Light transmission : 22%
Coefficient of friction : 0.80

Example 2
The film of this example was also produced for camparison with the
films produced in accordance with the present invention.

As in Example 1, a mixture of 92 percent, by weight, isotactic
polypropylene (MP = 320°F., melt index = 3), containing 8 weight
percent PBT (MP = 440°F.), as the core layer void-initiating material,
is melted in an extruder with a screw of L/D ratio of 20/1 to provide
the core layer mixture. A second extruder, in association with the
first extruder, is supplied with the same isctactic polypropylene as
the first extruder, towhichisaddedtlpercentTioz, this extruder
used to provide the skin layer mixture. A melt coextrusion is carried
cut under the same conditions as used in Example 1. Again, the
mixture of the secord extruder is split into two streams to enable the
formation of skin layers on each surface of the core layer.

A three-layer film laminate was coextruded with a core thickness again
representing about 80 percent of “the overall extruded thickness, with
the thicknesses of the skin layers representing about 20 percent of
the film thickness. The resultant film sheet was subsequently
oriented eight by about five and one-half times using a commercially
available sequential biaxially orienting apparatus to provide a
mlti-layer £ilm structure. The machine direction (MD) orientation is
conducted - at about 285°F. and the transverse direction (D)
crientation is conducted at about 300°F. The resultant multi-layer
film exhibits a pleasing appearance of higher whiteness than that of



F-6377-L(SGC)
- 16 -

Example 1. The properties of the film so produced are as follows:

Film thickness ¢ 1.30 mills
Density : 0.62 g/cc
Gloss T 69%

Light transmission : 21%
Coefficient of friction : 0.46

Example 3

A concentrate containing 90% by weight of a 4.5 melt index isotactic
polypropylene and 10% by weight' of Sipernat 44, a precipitated
sodium-aluminum silicate of the following analysis, S:'Lo2 42%, A12<)3
36%, Nazo 22%, having a 3.5 micron mean particle size, available from
Degussa Chemical Campany; is intimately melt-mixed in a Bolling mixer
until the inorganic camponents are uniformly dispersed in the molten
polypropylene. The melt concentrate is fed into a pelletizing
extruder line and formed into a solid-pellet concentrate.

A secord concentrate containing 90% by weight of a 4.5 melt index
isotactic hamopolymer polypropylene and 10% by weight Kacpolite 1152,
a dehydrated kaclinite of the following analysis Sio2 55%, 1&1203 44%,
Fe 0, 0.4%, having a 0.7 micron mean particle size is prepared in the
same manner and also pelletized. The two pelletized concentrates are
then melt-blended with additional isctactic polypropylene of 4.5 melt
index, and after uniform mixing, the blend is formed into solid
pellets. The composition is now 99.5% polypropylene, 2400 ppm
Sipernat 44 and 3000 ppm by weight Kaopolite 1152.

A mixture of 92 percent, by weight, isotactic polypropylene (MP =
320°F., melt index = 4.5), containing 8 weight percent PBT (MP =
440°F.), as the core layer void- initiating material, is melted in an
extruder with a screw of L/D ratio of 20/1 to provide the core layer
mixture. A second extruder, in association with the first extruder,
is supplied with the same isctactic polypropylene as the Ffirst
extruder, to which is added 4 percent TiO,, this extruder used to
provide the first skin layer mixture. A third extruder, in
association with the first and second extruders, is supplied with the
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pellets produced as described above, having a composition of 99.5%
polypropylene, 2400 ppm Sipernat 44 and 3000 ppm by weight Kacpolite
1152. The third extruder is used to provide the second skin layer
mixture.

A three-layer film laminate was coextruded with a core thickness again
representing about 80 percent of the overall extruded thickness, with
the thicknesses of the first and second skin layers each representing
about 10 percent of the film's overall thickness. The resultant film
sheet was subsequently oriented eight by about five and one-half times
using a commercially available sequential biaxially orienting
apparatus to provide a multi-layer film structure. As in the previous
exanples, the machine direction (MD) orientation is conducted at abocut
285°F. and the transverse direction (TD) orientation is conducted at
about 300°F. The resultant multi-layer film has a first side of
higher whiteness than that of the film of Example 1 and a secord side
having an appearance substantially the same as that of Example 1. The
properties of the film so produced are as follows:

Film thickness : 1.20 mills
Density ¢ 0.62 g/cc
Gloss T 90%

Light transmission T 21%
Coefficient of friction ¢ 0.30

The coefficient of friction of the finished film not only is desirably
low but also is stable over corditions which simulate typical
converting operations involving temperatures reaching as high as 80°C.
for three seconds. The percent gloss is considered to be remarkably
good considering the excellent coefficient of friction and anti-block
characteristics of the structure. Moreover, no blocking of slit rolls
occured after three days at 60°C.

Eample 4
The structure of Example 3 is corona discharge treated on both sides
thereof in order to improve wettability and adhesion by inks or other
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surface layers which may tend to have inferior wetting and adhesion in
the absence of corona treatment. The finished film has the following
characteristics.
Gloss : 90% -
Coefficient of friction : 0.30

This film demonstrates that the coefficient of friction of the surface
of the film from Example 3 is unaffected by corona discharge
treatment. It is known that amide-medified polypropylene films
significantly increase in coefficient of friction upon such treatment
and must thereafter be conditicned to restore the coefficient of

friction to useable levels. Again, no blocking of slit rolls occured
after three days at 60°C.
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CLAIMS

1. B2An opagque, biaxially oriented, polymeric film structure,
which camprises: .

(a) a voided core layer comprising a matrix of (i) a
thermoplastic polymeric material in which are dispersed (ii) woid-
initiating solid particles which are phase-distinct from the
thermoplastic polymeric material of the matrix and about which
particles are located opacifying voids;

(b) a first thermoplastic polymeric skin layer adhering to
one surface of the core layer and including up to 12% by weight of
titanium dioxide contact pigment; and .

(c) a second thermoplastic polymeric skin layer adhering to
the other surface of the core layer and including finely divided,
uniformly dispersed inorganic material in an amount effective +to
impart antiblocking characteristics and decrease the inherent film~to-
film coefficient of friction thereto;

wherein the skin layers are thick enough to prevent the
esperities of the core layer from being manifest.

2. A film structure according to claim 1, vherein the inorganic
material has a mean particle size from 0.2 to about 5.0 microns.

3. A film structure according to claim 1 or 2, wherein the inorganic
material comprises aluminum silicate, sodium~alumimm silicate,
dehydrated kaolinite or a mixture thereof.

4. A film structure according to any preceding claim, wherein the
care layer matrix camprises isotactic polypropylene.

5. A film structure according to any preceding claim in which the
void-initiating particles are substantially spherical.

6. A film structure according to any preceding claim, wherein the
void-initiating particles camprise polybutylene terephthalate.

I
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7. A film structure according to any preceding claim, wherein the
inorganic material in (c) cowprises a silica-alumina ceramic
particulate material in spherical form.

8. A film structure according to any preceding claim, wherein the
first and/or secord skin layer comprises a homopolymer of propylene; a
linear low density polyethylene; a high density polyethylene; a random
copolymer of propylene and ethylene; a block copolymer of propylene
and ethylene; a copolymer of propylene and butylene; a terpolymer of
ethylene, ipropylene and hutene; a terpolymer of ethylene, propylene
and butylene; or a mixture thereof.

9. A process for preparing an opaque, biaxially oriented, polymeric
- film structure, which process comprises:

(a) mixing a major proportion of a first thermoplastic
polymeric material with a minor proportion of a first material of
higher melting point or having a higher glass transition
temperature than the first thermoplastic polymeric material to
produce a core layer mixture;

(b) heating the core layer mixture produced in step (a) to a
tenperature at least above the melting point of the first
thermoplastic polymeric material;

(c) dispersing the first material of higher melting
point or higher glass transition temperature of the mnixture
produced in step (a) uniformly throughout the molten first
thermoplastic polymeric material;’

_ (d) mixing a second thermoplastic polymeric material
with titanium dioxide contact pigment to produce a first skin
layer mixture; _

(e) heating the first skin layer mixture produced in
step (d) to a temperature of about the melting point of the
secand thermoplastic polymeric material;

(f) mixing a third thermoplastic polymeric material
with a finely divided, inorganic material to produce a second
skin layer mixture;
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(9) heating the second skin layer mixture produced in step
(f) to a temperature of about the melting point of the third
thermoplastic polymeric material; and

(h) forming a biaxially oriented coextruded film
structure from the core layer mixture, the titanium dioxide-
containing first skin layer mixture and the inorganic material-
containing second skin layer mixture, said forming step conducted
atatextperamreamtnadegreetofomstrataofopamfynx;vmds
within the core layer;

vherein the inorganic material of the second skin layer
imparts antiblocking characteristics and reduced inherent film-
to-film coefficient of friction at its surface and the first and
secord thermoplastic skin layers are of a thickness such that the
outer surface of the matrix core layer does not, at least
substantially, manifest surface the irreqularities of the matrix
core layer.



