
F-4078-L IMPROVED OPAQUE FILM COMPOSITIONS This invention relates to
polymeric film structures of improved opacity; more particularly, this
invention relates to pigmented such films; and to their manufacture. U.S.
Patent 4,377,616 discloses an opaque, biaxially oriented polymeric film
structure of lustrous satin appearance comprising: a core thermoplastic
polymer matrix material within which is located a strata of voids;
positioned at least substantially within at least a substantial number of
each of said voids, is at least one spherical void-initiating solid
particle which is phase distinct and incompatible with said matrix
material, the void-space occupied by said particle being substantially less
than the volume of said void, with one generally cross-sectional dimension
of said particle at least approximating a corresponding cross-sectional
dimension of said void; void-free, transparent, thermoplastic skin layers
adhering to the surfaces of said core layer, said skin layers being of a
thickness such that the outer surfaces thereof do not, at least
substantially, manifest the surface irregularities of said core layer; the
population of voids in said core being such as to cause a degree of opacity
of less than 70% light transmissions; said structure having a 45 gloss
measurement greater than 100%. It also discloses that from 1 to 3% by
weight of the core of an opacifying pigment may be incorporated: titania is
specifically exemplified. This invention seeks to provide film structures
of enhanced opacity.   



F-4078-L                          -2- According, therefore, to one aspect
of this invention, there is provided a biaxially-oriented, polymeric film
structure of improved opacity and lustrous satin appearance which
comprises: (a) a voided core layer comprising a matrix of (i) a
thermoplastic polymeric material in which are dispersed (ii)
void-initiating solid particles which are phase-distinct from the
thermoplastic polymeric material of the matrix and about which particles
are located opacifying voids and a minor amount (iii) of a light absorbing
pigment; and (b) at least one transparent skin layer adhering to the
surface of the voided core layer comprising a thermoplastic polymeric
material and being thick enough substantially to prevent the asperities of
the core layer from being manifest, the light transmission of the structure
being less than about 15%, and the structure having a gloss measurement
greater than 80%. According to a further aspect of this invention, there is
also provided a process for the preparation of a film structure as herein
defined, which process comprises: mixing a major proportion of (i) with a
minor proportion of (ii) which preferably has a higher melting point and/or
higher glass transition temperature than (i); heating the mixture to a
temperature above the melting point of (i); uniformly dispersing (ii)
throughout (i)preferably as microspheres; uniformly dispersing a minor
amount, suitably from 2 to 12 wt. %, preferably greater than 3 to 10 wt. %,
especially 4 to 9 wt. %, of (iii) therein; and forming a biaxially-oriented
core layer (a) having adhering to at least one surface of (a) a transparent
skin layer (b), the biaxial orientation having been effected at a
temperature and 



deformation ratio effective to form opacifying voids in the core layer.
F-4078-L                          -3- 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 dimension of the skin layer or layers which can be
transparent or pigmented for further augmented opacity. It is preferred
that the core thickness be from about 30, preferably from 40, to about 85%
of the overall structure. This, in combination with the population and
configuration of the voids in a structure at least about 0.5 mils thick,
will materially contribute to the overall degree of opacity of the
structure. Likewise, by maintaining the skin thickness within a particular
range in relation to the overall structure and to the thickness of the core
layer, the overall combination results in the unique film combination. It
is preferred that the combined skin thickness be about 15 to about 70% of
the overall film structure. It is important that the skin layers be
sufficiently thick so that the outer surfaces thereof do not manifest the
irregularities or surface projections of the core material. It is
understood that the film structure may consist (100%) entirely of the
described core or it may consist of the core and one layer or the core and
multiple layers. It is preferred that the average diameter of the
void-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 tends to be of like
shape when like particles are used, even though they vary in dimensions.
Ideally, these voids assume a shape 



defined by two opposed and edge contacting concave disks. Experience has
shown that optimum characteristics of opacity and satin-like appearance is
obtained when the two average major void dimensions are greater than about
30 microns. The void-initiating particle material, as indicated above,
should be incompatible with the core material, at least at the temperature
of biaxial orientation.    F-4078-L                          -4- The core
has been described above as being a thermoplastic polymer matrix material
within which is located a strata of voids. From this it is to be understood
that the voids create the matrix configuration. The term "strata" is
intended to convey the understanding that there are a large number of voids
creating the matrix and the voids themselves are oriented so that the two
major dimensions are aligned in correspondence 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 enough 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 occurs because
of the existence of the voids in the system. When light absorbent colored
pigment is added to the expanded layer of a film an unexpected increase in
opacity occurs. Usually from 3 to about 10 wt.% or more and preferably 4 to
about 8% of light absorbing pigment is added. With 2% pigment in a
nonexpanded film a light transmission (LT) of 46% is obtained. Placing 2%
pigment in the nonexpanded skin of an expanded core film yields a LT of
18%, placing the same amount of pigment in the expanded core with 



nonpigmented skins yields a LT of 10% or a decrease of 8 LT units. (Also
note that at a 4% pigment loading when pigment is placed in the skin only a
6 unit decrease in LT is seen but when the same amount is placed in the
expanded care a 7 LT unit decrease is observed.) It is clear, therefore,
that a lot more pigment is required in the skin only to achieve opacity
comparable to that obtained for a specific pigment concentration in the
core. The concentration of pigment in each case is based on the total
weight of the sample. Any suitable light absorbent colored pigment may be
used, e.g., brown, green, black, red or blue, etc. Such pigments may be
selected from those conventionally used in the dyeing and/or coloring of
synthetic resins, industrial coatings and paints, and may be organic or
inorganic.    F-4078-L                         -5- Suitable colors and
particular pigment materials are readily available through commercial
channels. A list of various pigments are disclosed in Vol. 17, pages
788-889, Kirk Othmer Encyclopedia of Chemical Technology, 3rd Edition C
1982. Some exemplary pigments are carbon black, brown iron oxide iron blue,
etc. Accordingly, light absorbing pigments as used herein are understood to
mean "colored" light absorbing pigments. When pigments such as TiO[err] are
used they function primarily to mask contact clarities, since they are
primarily light reflecting pigments, and as such can add little to the
measured opacity of the film structure. It is noted that the greatest
degree of opacity is achieved by using an expanded film, a light absorbent
colored pigment and a cavitated core. The pigment material is present in
such a particle size, shape and amount that it does not, in any material
sense, by itself contribute any void initiation. A typical void of the core
is defined as having major dimensions 



X and Y and minor dimension Z, 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. It is a necessary part of the present invention that orientation
conditions 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 partical initiating the void, the X and Y dimensions must be
significantly greater. By way of illustration, room temperature biaxial
orientation of a polypropylene matrix containing polybutylene terephthalate
(PBT) 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. As shown in the examples, infra,
polypropylene must be oriented at a temperature significantly higher than
its glass transition temperature. The    F-4078-L
-6- 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
characteristics, including low water vapor transmission rates and a high
degree of light scattering is obtained without void splitting or film
fibrillating. As indicated above, the matrix polymer and the void
initiating particle must be incompatible and this term is used in the sense
that the materials are two distinct phases. The spherical void 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 somewhere in the voids. As a result of the biaxial orientation
of the film structure described herein, in addition to opacifying the core
layer of the structure, the orientation improves other physical properties
of the composite layers such as, flex-cracking 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 opacifying characteristics, low water
vapor transmission rate characteristics and low oxygen transmission rate
characteristics. 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 the comparative
sphericity of the void-initiating particles, the voids are closed cells.
This means that there is virtually no path open from one side of the core
to the other through which liquid or gas can traverse. The void-initiating
particles can be organic or inorganic, preferably, they are substantially
spherical in shape and within the preferred particle size range so as to
initiate the formation of a void, which in a significant number of cases,
has a lens-like shape, that is, a lens of the biconvex shape. When a
polymeric material is contemplated as the void-initiating particle, it can
be a polymer    F-4078-L                          -7- which is co-melted
with the polymer of the matrix or core. In this case, it is necessary for
it to have a sufficiently higher melting point than the core polymer and be
incompatible and capable of assuming a dispersed phase of small particles
as the temperature of the co-melted mix is reduced. It is also contemplated
that the void initiating particles can be preformed and then uniformly
dispersed 



into a melt of, e.g., polypropylene. This has the advantage of not having
to subject the matrix polymer to the temperature of a much higher melting
polymer. In this manner, any thermal degradation of the matrix polymer is
avoided. It is believed that because of the number, the shape and the
orientation strata-wise of matrix voids, a significantly enhanced light
scattering effect is obtained by virtue of the present invention. This
effect is further enhanced or magnified by the use of the two transparent
skin layers of the size relationship mentioned above. When preformed
spheres, for example, are employed, it is the shape and size of the sphere
that is important rather than the chemical nature of the material, per se.
Thus, solid or hollow organic or inorganic spheres of any type can be
employed. The light scattered in a particular void is additionally either
absorbed or reflected by the void initiating sphere and the light absorbing
pigment. Inorganic materials include solid or hollow preformed glass
spheres, metal beads or spheres, ceramic spheres, etc. In fact, any
material which can be formed into spheres or other suitable shape without
causing thermal degradation to the core material is contemplated. Examples
of a thermoplastic resin which can be the dispersed phase within the matrix
material, are the polyesters, such as polybutylene terephthalate and
polyethylene terephthalate, polycarbonates, polysulfones, acetals, acrylic
resins, nylon, etc. By the technique of the present invention, light
transmission through the film structures contemplated herein can be reduced
to about 15% or less. This would be true in a film having an overall
thickness of at least 1.5 mils where the core portion of this is at least
60% and the individual skin layers are 20%.    



F-4078-L                          -8- While the preferred particle size is
to be from about 0.5 to about 10 microns, it is particularly preferred that
the particle size range from about 0.75 to about 4 microns. The void
initiating particles can be present in up to about 20% by weight of the
core layer prior to orientation, a preferred range being from 2 to about 7
percent by weight. As stated hereinabove, the light absorbing colored
pigment particles can be present in up to about 12% of the core material
with a preferred range being from 4 to about 9 wt.% of the core. The
pigment particles may be of any size insufficient to cause cavitation.
Accordingly, the pigment particles occupy substantially less space than the
void-initiating particles. The pigment particles may be conveniently added
to the core only, to the skins only or to one skin only, or to any
combination of the above, preferably, they are added to the core only. For
convenience and more precise control of the formulation and character of
the core layer, a master batch technique can be employed either in the case
of forming the spherical particles in situ or in adding preformed spheres
to the molten core matrix material. After the formation of a master batch,
appropriate dilution of this system can be made by adding additional
thermoplastic core matrix material until the desired proportions are
obtained. The core material and the skin material may be coextruded.
Thereafter, biaxial orientation is carried out to an extent and at a
temperature calculated to obtain the maximum degree of opacity without any
significant sacrifice in the physical characteristics, including
appearance, of the film structure. Obviously, as the materials employed
change, the conditions of biaxial orientation will change. By way of
exemplification, when employing polypropylene as the material of the core
matrix and of the transparent skin layers, and when employing PBT as the
void initiating particles, a machine direction orientation of from 4 to 8 



times and a transverse direction orientation of from about 4 to 10 times,
at a drawing temperature of from 100[err]C to 170[err]C to yield a
F-4078-L                          -9- biaxially oriented film of from 0.7
to 5 mils of overall thickness can be obtained. The core material and the
skin material may be of the same, or of different, polymeric material. In
the following Examples, characteristics of the film were measured by ASTM
method D 1003-61 entitled "Test for Haze and Luminous Transmittance of
Transparent Plastics". EXAMPLE 1 An isotactic polypropylene (MP 165[err]C
and a melt flow rate of 4.5) containing 1.4% TiO[err] by weight (light
reflecting pigment) was melt extruded in an extruder provided with a screw
of L/D ratio of 20/1. The extruder temperature profiles ranged from
190[err]C to 220[err]C. The extrudate was quenched and subsequently
biaxially oriented five by nine times using a commercially available
sequential biaxially orienting apparatus. The MD orientation temperature
ranged from 105[err]C to 135[err]C and those of TD were from 150[err]C to
170[err]C. The resulting 1.5 mil film had a 72% light transmission and a
gloss of 70%. EXAMPLE 2 The procedure of Example 1 was followed except that
2.8 weight percent TiO[err] based on the total structure was added. The
resulting 1.5 mil film had a 62% light transmission. EXAMPLE 3 The
procedure of Example 1 was repeated except that various levels of light
absorbing brown colored pigments were added to the isotactic polypropylene
in place of the TiO[err]. Table 1 summarizes the results showing % light
transmission on 



various colored pigment (brown, brown iron oxide) loading amounts. TABLE 1
Pigment Loading Amount, wt.%               Light Transmission 1.4
59 2.8                                   37 4.4
25 8.8                                    8    F-4078-L
-10- EXAMPLE 4 A mixture of isotactic polypropylene (92 parts, MP 165[err]C
and a melt flow rate of 4.5), PBT (6 parts, MP 227[err]C) and 2% TiO[err]
was melted in an extruder provided with a screw of L/D ratio of 20/1. A
second extruder was in association with this first mentioned extruder and
supplied with the same polypropylene but without the PBT and TiO[err]
present. A melt coextrusion was carried out while maintaining the barrel
temperature for the core material ranging from 190[err]to 220[err]C. The
barrel temperature for the polypropylene to be extruded as the skin layers
was maintained at 220[err]C. A three-layer film structure was coextruded
with a core thickness 70% of the total extruded thickness. The skin layers
were each approximately 15% of the total thickness. The unoriented film
measured approximately 40 mils in thickness. This sheet was subsequently
oriented five by nine times using a commercially available sequential
biaxially orienting apparatus. The resulting 1.5 mil film structure had a
26% light transmission and a gloss of 115%. The TiO[err] aids in increasing
the contact opacity of the film but does not measureably aid in the
measured opacity at lower levels of TiO[err]. Opacities of from 72% light
transmission to about 26% light transmission have been achieved using core
formulations 



containing from about 87 to 96% polypropylene and from 3 to 10% PBT and
from about 1 to about 3% TiO[err]. EXAMPLE 5 The procedure of Example 4 was
repeated except that various levels of light absorbing colored pigment
(brown iron oxide) were added in the skin resin. The resulting % light
transmission on the pigment loading amount based on total film structure is
listed in Table 2.    F-4078-L                          -11- TABLE 2
Pigment loading Amount, Wt.%                     % Light Transmission 1.9
19 2.8                                           17 4.2
11 EXAMPLE 6 The procedure of Example 4 was followed except that various
levels of the light absorbing colored pigment were added to the core
formulation. The % light transmission on the pigment loading amount based
on total film structure is summarized in Table 3. TABLE 3 Pigment Loading
Amount, Wt.%                     % Light Transmission 1.4
13 2.8                                            7 4.2
3 The data disclosed hereinabove reveal without question the surprising and
unexpected increase in opacity or decrease in light transmission of light
absorbing pigments versus prior art light reflecting pigments. For example,
various loading amounts and locations of light absorbing pigments in
accordance with the invention and a prior art light reflecting pigment were
compared. 



The results whether it is light reflecting or absorbing reveal that the
location of the pigment, whether it is light reflecting or absorbing,
greatly determines its opacifying effect. The data clearly show the
differences and unexpected superiority of light absorbing pigment versus
light reflecting pigment. The light absorbing pigment is unquestionably
more effective than the light reflecting TiO2 for light blockage. Examples
1 and 2 are of uncavitated film structure with minor amounts of TiO[err];
Example 3 is of the same film containing various levels of colored pigment
F-4078-L                           -12- (brown iron oxide). At equivalent
pigment (light absorbing-brown; light reflecting-TiO[err]) levels the light
absorbing pigment provides superior opacity. Note Example 2 which provide a
LT of 62% at 2.8% TiO2 and Item 2 of Table 1 where the pigment in
accordance with the invention provides an LT of 37% at 2.8%. Examples 4, 5
and 6 are various cavitated film structures containing light absorbing
pigment as disclosed herein, Examples 4 and 6 were core only pigment, and
Example 5 was skin only pigment. At 4.2%, pigment loading the core only
pigment film structure permitted almost 75% less light transmission. In
comparison with the uncavitated film structure at 2.8% pigment, the
cavitated pigment core (Table 3) permitted about 5 times less light
transmission than did the non-cavitated core of Example 3 (Table 1). The
magnitude of the change in light transmission for light reflecting pigment
and skin versus expanded core pigment is highly significant and quite
unexpected.    F-4078-L                          -13- 



CLAIMS: 1.   An opaque, biaxially-oriented, polymeric film structure which
comprises: (a) a voided core layer comprising a matrix of (i) a
thermoplastic polymeric material in which are dispersed (ii)
void-initiating solid particles which are phase-distinct from the
thermoplastic polymeric material of the matrix and about which particles
are located opacifying voids and a minor amount (iii) of a light absorbing
pigment; and (b) at least one transparent skin layer adhering to the
surface of the voided core layer comprising a thermoplastic polymeric
material and being thick enough substantially to prevent the asperities of
the core layer from being manifest, the light transmission of the structure
being less than about 15%. 2.   A film structure according to claim 1
wherein the thermoplastic polymeric material (i) of the matrix comprises a
polyolefin. 3. A film structure according to claim 2 wherein the polyolefin
comprises polypropylene. 4. A film structure according to any preceding
claim wherein the void-initiating solid particles (ii) comprise an organic
or inorganic material. 5.   A film structure according to claim 4 wherein
the material comprises a polymeric material. 6.   A film structure
according to claim 5 wherein the organic polymeric material comprises a
polyester. 7. A film structure according to claim 6 wherein the polyester
comprises polybutylene terephthalate. 8.   A film structure according to
any preceding claim wherein the void-initiating solid particles (ii) are
substantially spherical. 9.   A film structure according to any preceding
claim wherein the void-initiating solid particles (ii) have an average
particle size from 0.5 to 10 micrometres. 



10. A film structure according to any preceding claim wherein the light
absorbing pigment (iii) is a black, blue, brown, green or red coloured
pigment. 11. A film structure according to claim 10 wherein the pigment is
a brown pigment. 12. A film structure according to any preceding claim
wherein the light absorbing pigment (iii) has an average particle size
insufficient to cause voiding of the core layer. 13. A film structure
according to any preceding claim wherein the light absorbing pigment (iii)
is present in the core layer only. 14. A film structure according to any
preceding claim wherein the light absorbing pigment (iii) is present in an
amount from 2 to 12 wt. % of the core. 15. A film structure according to
any preceding claim wherein at least one skin layer (b) comprises the same
polymeric material as the voided core layer (a). 16. A film structure
according to any preceding claim wherein the thickness of the voided core
layer (a) comprises from 30 to 85% of the thickness of the structure. 17. A
process for the preparation of a film structure according to any preceding
claim, which process comprises: mixing a major proportion of (i) with a
minor proportion of (ii); heating the mixture to a temperature above the
melting point of (i); uniformly dispersing (ii) throughout (i); uniformly
dispersing a minor amount of (iii) therein; and forming a
biaxially-oriented core layer (a) having adhering to at least one surface
of (a) a transparent skin layer (b), the biaxial orientation having been
effected at a temperature and 



deformation ratio effective to form opacifying voids in the core layer. 18.
A process according to claim 17 wherein (i) and (ii) are melted together.
F-4078-L                         -15- 19. A process according to claim 17
or 18 wherein the forming step is effected by lamination or by coextrusion.
20. A process according to any of claims 17 to 19 wherein the biaxial
orientation is effected after the adhesion of (b) and (a). 21. A process
according to any of claims 17 to 20 wherein the orientation in both
directions is effected concurrently. 22. A process according to any of
claims 17 to 21 wherein the orientation is effected at a temperature above
100[err]C. 23. A modified film structure according to any of claims 1 to 14
wherein the skin layer (b) is absent. 24. A modified film structure
according to any of claims 1 to 15 wherein the skin layer (b) does not
prevent the asperities of the core layer from being manifest.    


