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MULTI-IAYER HIGH OPACITY FllM STRUCIURES 

AND PROCESS FOR ProOUClNG SAME 

'!his invention relates to the field of polymer filltls of enhanced 

opacity ard to a nethod of makllq such films. More particularly, the 

invention relates to a biaxially oriented o::auposite film structure 

havin;J improved properties. 

In the packagin} of certain types of foods, such as snack foods like 

potato chips, cookies am the like, it is CXlll'LDn practice to enploy a 

multilayer film. A desirable property in such a packagin} film is an 

opacity which protects the packaging product frau deterioration caused 

10 by exposure to light. In particular, it has been fourrl that certain 

waveleri;Jths of light, up to about 450 nm 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 sare light. 

15 Benefit accrues from the addition of inorganic particles such as 

titanium dioxide to whiten the surface of the outer skin layer of the 

film structure. 'lbe increase in whiteness yields an excellent surface 

for printed graphics. A further benefit resulting from increased 

whiteness in the outer skin layer of the film is that it permits the 

20 printirg of laminated or tmlaminated film structures without the need 

for white ink, offerin:;J a significant savin;Js to the erd user. 

While filltls which enploy ti~um dioxide-whitened outer skin layers 

do provide the aforerrentioned desirable benefits, such filns can also 

25 yield certain un:iesirable characteristics. iihese characteristics stem· 

from the fact that titanium dioxide (Ti02) is quite abrasive arrl, when 

present on the surface of a film, may result in excessive wear of 

expensive printing am coating gravure roll surfaces, as well as any 
other surface which is contacted by such a film. · Another problem 

30 which arises from the use of _Tio2 in the outer skin layers of such 

films is that f.ine deposits are laid on convertmJ machinery, extruder 
. ~ 

die lips, treater bar exhausts, etc. Also, appearance problems caused 
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by streaks on the film, slippage on stretching either by roll or 
tentering can result. 

'Iherefore, what is needed is a film structure of high opacity which 
5 provides inproved processing characteristics and an .inproved rarge of 

process operability, while maintainiriq high whiteness, stren;Jth and 

stiffness. 

'Ihe film structure of the present invention is an opaque, biaxially 
10 oriented polymeric film. 'Ihe film structure cuuprises {a) a 

thenooplastic 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 rnnnber of the voids is at 
least one spherical void-initiatinq particle which is Phase distinct 

15 and inconpatible with the matrix material, the void space oocUpied by 
the particle bein:] substantially less than the volume of the void, 
with one generally cross-sectional dimension of the particle at least 
approxilnatliq a c::orrespc:nilr cross-sectional dimension of the void; 
the population of the voids in the core being such as to cause a 

20 significant~ of opacity; {b) at least one thenooplastic polymer 
intermediate layer havir¥] a first surface and a second surface, the 

second ~ace of the intermediate layer adhering to at least the 
first surface of the core layer, the intennecliate layer includin.; up 
to about 12% by weight of titanium dioxide contact pigirent; and {c) a 

25 titanium dioxide-free, non-voided ~lastic skin layer adher:in:j to 
the first surface of the intermediate layer, the void-free skin layer 
and the intennediate layer together bein:] of a thickn0ss such that the 
outer surface of the skin core layer does not, at least substantially, 
manifest the surface irregularities of the matrix core layer. 

30 

Most preferred is a. five-layer film structure, incO?:porati.ng the 

above-described (a) , {b) and {c) layers, and further includin:;J (d) a 
second thenooplastic polymer intermediate layer hav:in:j a first surface 
and a second surface, the second surface of the second intermediate 

35 layer adhering to the secon:l surface of the core layer, the second 

intermediate layer includin:J up to about 12% by weight of titanium 

I . 
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dioxide contact pigment; an:l (e) a secom titanitnn dioxide-free, 
non-voided thermoplastic skin layer adh.erin:J to the first surface of 
the intermediate layer, the seoorxi void-free skin layer beirg of a 
thickness such that the outer surface of the skin core layer does not, 

5 at least suJ::stantially, manifest the surface irregularities of the 

matrix core layer. 

'!he skin layers (c) an:l/or (e) can be simple, eoonanical thin 
encapsulati.rg layers or they can be mre elaborate heat sealable 

10 layers. 

Also provided is a process for preparinq an opaque, biaxially oriented 
polymeric film st:tucture, oamprisin:J the steps of: (a) mixin;J a major 
proportion of a first thermoplastic polymeric material with a minor 

15 proportion of a first material of higher meltin:J point or havilq a 
higher glass · transition tenperature than the first thermoplastic 
polymeric material to produce a core layer mixture; (b) heatin:j the 
core layer mixture produced in step (a) to a temperature of at least 
above the meltinJ point of the first thermoplastic polymeric material; 

20 (c) dispersinq the first material of higher meltinq point or higher 

glass trans~tion terrperature of the mixture produced in step (a) 
unifonnly through.out the molten first thermoplastic polymeric material 
in the fonn of microspheres; (d) m:ixin:.J a secorxl thermoplastic 
polymeric material with titanium dioxide contact pigment to produce an 

. 25 intermediate layer mixture; (e) ~tin:J the intermediate layer mixture 
produced in step (d) to a tenperature of about the meltin:J point .of 
the secorxl thermoplastic polymeric material; (f) producin] a titanitnn 
dioxide-free thermoplastic skin layer mixture; am (g) forming a 
biaxially oriented coextruded film structure from the core layer 

30 mixture, the titanitnn dioxide-containinq intermediate layer mixture 
am the titanium dioxide-free skin layer mixture, the fonni.rg step 
oorXluct:ed at a te.nq;>erature am to a degree to form a strata of 
opacifyin:J voids within the core layer; wherein the thermoplastic skin 
layer in canbination with the titanium dioxide-containin:J intermediate 

35 layer are of a thickness such that the outer surface of the matrix 
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core layer does not, at least substantially, manifest surface 
irregularities of the matrix core layer. 

Acx::ordiigly, it is an object of the present invention to provide a 
5 film structure of high opacity. 

It is another"object of the present invention to provide a film with 
improved processing characteristics. 

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

15 

It is yet another object of the present invention to provide a film 
which may be bon:ied to a wide variety of suJ::st:rates am coatin;Js. 

It is a yet further object of the present invention to provide a 
multi-layer film structure of high whiteness which does not cantril::l.rt:e 
to gravure roll wear. 

20 '!be invention is further described with reference to the ac:x::cmpanyi.ng 
drawing in which : 

25 

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

Fig. 2 is a schematic diagram of a method for determiniig percent 
opacity. 

In order to achieve the mrl.que film structure of the present 
30 invention, it is ~ that a particular thickness relationship 

exist between the thickness dimension of the core am the thickness of 
the skin layers. it is preferred that the core thickness be fran 
about 60 to about 95% of the overall structure with about 65-90% 
preferred. '!his in cxanbination with the population am configuration 

35 of the voids in a total structure at least abJut 1.0 mil thick, will 
materially contrib.rt:e to the overall degree of opacity of the 
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structure. Likewise, by maintainin;J the thickness of the skin layers 
within particular rarqes in relation to the overall structure an:i to 
the thickness of the core layer, the overall combination results in 
unique advantages. Intermediate layer {b), adhering to the first 

5 surface of core layer (a) arxi, when present, intermediate layer {d) 
adhering to the secxni surface of core layer {a) each have a thickness 
of frail about 5 to about 30% of the. overall structure, with a 
thickness of about 5 to about 15% preferred. '!his layer serves an 
inp:>rtant fUnction in reducing water vapor transmission rate {WIR) 

10 arxi contains Tio
2 

as a contact whitenin] agent. Tio
2
-free skin layers 

{c) arxi {e), adherin;J to the surfaces of the intermediate layers not 
in contact with the core layer, have thicknesses of from about o .10% 

to about 5. 0% of the overall structure with thicknesses of from about 
0.20% to about 3.0% preferred. '!he relative thinness of this layer 

15 adds to econany in production especially when the layer is an 
expensive heat-sealable material. A preferred five-layer structure 
might include, for example, a core layer with a thickness of about 79% 
of the overall structure with interne:liate layer {b) an:i (d) havilq 
thicknesses of about 8% each am skin layers (c) am (e) having 

20 thicknesses of about 2.5% each. 

25 

'!he core is a thenooplastic polymer natrix material within which is 
located strata of voids. From this it is to be urderstood that the 
voids create the matrix configuration. 

'!he films of the present invention have high opacity an:i low light 
transmission. A distinction should be made between opacity am light 
transmission. Opacity is the opposite of transparency arxi is a 
fUnction of the scatterin;J arxi reflection of light transmitted through 

30 the film. Opacity is the ability, for exanple, to block out 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 
35 film is determined by usin;J light source 2 to transmit light rays 3 

directly through film 4 arxi n-easurin;J at light sensor 5, value T
2 
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which is· the aioount of light which is transmitted through film 4. '!he 
aioount of light rays 3 which· can be directly transmitted, value T1 , is 
detennined by ineasurin;J the light 3 directly transmitted by light 
source 2 with no interven.irq film. '!he percent light transmission 

5 through the film can then be detennined usin;J the fonmtla: 

10 

T2 
% Light Transmission = _ 

Tl 

where: T
2 

= light transmitted through a film; am T
1 = light directly 

transmitted. / 

Ref err.in] now to Figure 2, for a measure of percent opacity of a film, 
15 light source 2 transmits light through film 4 onto a white surface 9 

am the same procedure used to project light onto a black surface 10. 
With both white am black surfaces, measurement at light sensor 5 is 
of all of the followin;J: light reflected off the upper surface of the 

film 6; light transmitted through the film am reflected by the white 
20 or black surfaces 7 on the side of the film opposite fran the light 

source; am, light scattered by the film a. 

25 

'!he percent opacity of the film can then be determined us.in] the 
formula: 

~ 
% Opacity = 100 x --

1\,,. 

30 where: 1\,,- = Reflected light + scattered light . + light transmitted 
through the film am reflected off a white surface; am~= Reflected 
light + scattered light + light transmitted through the film am. 
reflected off a black surface. 

35 Aocordirqly, a highly reflective film may provide high opacity while 
allc:iwin; light transmission. '!his is because percent light 
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transmission is not the equivalent of percent opacity. Light 

transmission is the annmt of light passin;J directly through the film. 

To prevent food spoilage decreased light transmission is desirable. 

5 In forming the core layer, as in U. s. Patent No. 4,377,616, the 

disclosure of which is incmporated herein bi reference in its 

entirety, a master batch technique can be enployed by either in the 

case of fonnin; the void initiatin;J particles in situ or in addinj 

preformed spheres to a mlten therlooplastic matrix material. After 

10 the fonnation of a master bitch, appropriate dilution of the system 

can be·made by adding additional therlooplastic matrix material 1.llltil 

the desired proportions are obtained. However, the c:x:miponents may 

also be directly mixed am extruded instead of utilizin;J a master 

batch method. 

15 

'!he void-initiatin] particles which are addeJ:l as filler to the polymer 

matrix material of the core layer can be any suitable organic or 

inorganic material which is inccmpltible with the core material at the 

telrq;>erature of biaxial orientation such as poly11ltylene terephthalate, 

20 nylon, solid or hollow preformed. glass spheres, metal beads or 

spheres, ceramic spheres, calcium carbonate, etc. 

'!he polyolefin contemplated as the core material· includes 

polypropylene, polyethylene, polyrutene am copolymers am bl.ems 

. 25 thereof. 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 :imex of 

from about 2 to 10 g/10 min. 

30 It is preferred that the average diameter of the voidini.tiatirg 

particles be fran about o .1 to about 10 microns. '1hese particles may 
be of any desired shape although it is preferred that they be 

substantially spierical in shape. '!his· does not mean that every void 

is the same size. It means that, generally speaidn:J, each void terns 

35 to be of like shape when like particles are used even though they vary 

I 
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in dilEnsions. irhese voids may assume a shape defined by two opposed 

am edge contacting concave disks. 

Experience has shown that optinullll characteristics of opacity am 
s appearance are obtained when the two average major void dimensions are 

greater than abJut JO microns. 

'lbe void-initiatirq particle material, as indicated above, should be 

i.nc:mpatible with the core material, at least at the teirperature of 

10 biaxial orientation. 

'lbe core has been described above as beirq a thenooplastic polymer 

matrix material within whieh is lcx::ated a strata of voids. Fran this 

it is to be un:lerstood that the voids create the matrix configuration. 

15 'lbe tei:m "strata" is i.ntenied to Convey the urxlerst:an::J. that there 
are many voids creating the matrix am the voids themselves are 

oriented so that the two major dilEnsions are aligned in 

. corresporxience with the direction of orientation of the polymeric film 

structure. After each void has been formed through the initiation of 

20 the described particle, the particle generally contrib.rt:es little else 

to the system. 'lhis is because its refractive irxiex. can be close 

enough to the matrix material that it makes no cx:mtrib.ttion to 
opacity. When this is the case, the opacity is principally a function 

of the light scatterirq effect which occurs because of the existence 

25 of the voids in the system. 

A typical void of the core is defined as havin;J major dimensions X ani 

Y am minor dimension z, where dimension x is aligned with machine 

direction orientation, dimension Y is aligned with transverse 

30 direction orientation ani dimension Z approximately correspoms to the 

cross-sectional dimension of the spierical particle which initiated 

the void. 

It is a necessary part of the present invention that orientation 

35 c::on:litions be such that the X arxi Y dimensions of the voids of the 

core be major dimensions in oatparison to the z dimension. 'lhus, 
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while the z dimension generally approximates the cross-sectional 
dilnension of the spherical particle initiatirg the void, X and Y 
dilnensions must be significantly greater. 

5 By way of illustration, roam temperature biaxial orientation of a 
polypropylene matrix contai.ninq polyb.ttylene terephthalate (PBT) 
spheres of the size am anamt contemplated herein, could not produce 

the cla:ine:i structure. Either void splittirg will ocx::ur, or, voids of 
insignificant size would result. Polypropylene must be· oriented at a 

10 temperature significantly higher than its glass transition 
temperature. '!he temperature oomitions must pennit X and Y to be at 
least several multiples of the z dimension without void splitti.Iq at 
least to any significant degree. If this is aCCOllt>lished, optimum 
physical characteristics,· including low water vapor transmission rates 

15 am a high degree of light scatterirg are obtained without void 
splittirg or film fibrillatin:J. 

As imicated above, the matrix polymer am the void initiating 
particle rust be inoampatible and this tenn is used in the sense that 

20 the materials are two distinct phases. '!he spherical void initiatin:J 
particles constitute a dispersed phase throughout the lower meltin:J 
polymer which polymer will, ultina.tely, upon orientation, become a 
void-filled matrix with the spherical particles po6itioned somewhere 
in the voids. 

25 

As a result of the biaxial orientation of the film structure herein, 
in addition to opacifyirg the core layer of the structure, the 

orientation inproves other physical properties of the ccmposite layers 
such as flex-crack resistance, Elmer¥iorff tear st:ren;Jth, elon;Jation, · 

30 tensile stren;Jth, impact stretX]t:h and cold stren;Jth properties. '!he 
resultirg film can have, in addition to a rich high quality app0aranae 

am excellent opacifyin;J characteristics, low water vapor transmission 
rate characteristics am low OX}'9all transmission rate characteristics. 
'!bis makes the film ideally suited for packagin:J food products · 

35 includirg liquids. '!he film also has attractive utility as a 
decorative wrap material. 
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It is . believed that because of canparative sphericity of the 

void-initiatirg particles, the voids are closed cells. 'Ihis means 

that there is virtually no path open from one side of the core the 

other throughout which liquid or gas can transverse. 

'Ihe opacity am low light transmission of the film is fUrt.her enhanced 

by the addition to the core layer of from about 1% by weight arxi up to 

about 10% by weight of opacifyirg c:::atp>Urrls, which are added to the, 

melt mixture of the core layer before extrusion. Opacifying compoums 
10 which rray be used include iron oxides, carbon black, aluminum, Tio

2
, . 

am. talc. 'Ihe opacifying carp:nm:1s do not contril::ute to void 

f anna.tion. 

'Ihe polyolefin oontenplated as the material for use in forminj 

15 .intermecliate layers (b} am (d) includes polypropylene, polyethylene, 

polyb.ltene am copolymers am blerXls thereof. 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 irdex of 

20 frc:an about 2 to 10 q/10 m. 

'!he opacity, . whiteness am low light transmission of the film is 

further enhanced by the addition to .intermecliate layers (b) arrl (d) of 

Tio
2 

in ano.mt of fran about 1% __ by weight am up to about 10% by 

25 weight, which is added to the melt mixture of the intermediate layer . . 
before extrusion. Preferably, the intermediate layers contain from 

about 2% by weight to 6% by · weight of Tio2• Additionally, the 

.intermecliate layers may also contain talc. '!he whiteness ·resuiting 

from the inclusion of Tio2 provides_ an excellent surface for graphics. 

30 FurthernDJ:e, the whiteness allows printing of laminated or unlaminated 

structures without requi.rirg white ink. 

Layers (c) am (e) are thin skin layers applied to the surfaces of 

intermediate layers (b) am (d) which are not in contact with the core· 

35 layer (a) • Layers (c) am (e) are preferably of a material havirx] a 

low wm. '!his layer may consist of a propylene; high density 
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polyethylene; linear low density polyethylene; block copolymer of 

ethylene ard propylene; ran:iom copolymer of ethylene ard propylene; 

other ethylene hcm:>polymer, copolymer, terpolymar; or blems thereof. 

'!he haropolyme.r contemplated herein is formed by polyme.riz:i.ng the 

s respective monomer. 'Ibis can be acc:arcplishe:i by bilk or solution 

polymerization, as those skilled in the art would plainly un:lerstand. 

One of the preferred materials for layers (c) ard/or an:i (e) is 

isotactic polypropylene. Skin layers ( c) ard ( e) are of a thickness 

sufficient to encapsulate the Tio2-contai.nirg intennediate layers, 

10 thus achiev:i.ng the desired objective of substantially eliminating 

processing machinery wear problems associated with Tio
2
-containing 

outer layers. Moreover, the combination of intermediate layer (b) ard 

skin layer (c) ard intermediate layer (d) ard skin layer {e) provide a 

thickness such that the outer surface of each skin layer does not, at 

15 least substantially, manifest the surface irregularities of the matrix 
oore layer (a). 

'!he copolymer contemplated herein for skin layers (c) am/or (e) can 
be selected frcm those copolymers typica11y enp1oyed in the 

20 manufacture of multi-layered films. For example, a block copolymer of 

ethylene ard propylene is fanned by sequential polymerization of the 

respective monomers. '1he feeding of the monomers in forming a block 

copolymer is controlled so that the monomer anployed in one stage of 

the sequential polymerization is not added \ll'ltil the IrOI'1Cllter employed 

25 in the preceding stage has been at least sul:stantially consumed 

thereby insuring that the conc:entration of the monomer remaining from 

the preceding stage is sufficiently low to prevent formation of an 

excessive pz:opartion ot random copolymer. Al.so, as Wicated above, a 

rarnom copolymer of ethylene am propylene can be a<ivantageouSly. 

30 employed to form skin layers (c) ard/or (e). 

'!he contemplated terpolymers which nay be used for skin layers (c) 

ard/or {e) are carparatively low stereoregular polymers. '!he 

terpolymars can have a melt flow rate at 446°F rarging frau about 2 to 

35 al:xJut 10 grams per 10 minutes ard preferably from about 4 to about 6 

grams per 10 minutes. 'lhe crystalline meltin;J point can range frau 
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about less than 250°F to somewhat greater than 371°F. 'Ih.e terpolyioors 

will predani.nate in propylene, arxi the ethylene ani 1-rutene lOOI'lOmerS 

can be present in approximately fran 0.3:1- 1:1 mole percentage in 

relation to each other. 

If desired, the exposed sµrfac:e of skin layers (c) arxi/or (e) can be 

treated in a known arxi conventional mam.er, e.g. , by oorona discharge 

to improve its receptivity to printing inks arxi/or its suitability for 

such sul:sequent manufacturing operations as lamination. 

'lbe exposed treated or untreated surface of layers (c) ard/or (e) may 

have applied to it, coating compositions or substrates. such as another 

polymer filltl or laminate; a net.al foil such as aluminum foil; 

c:ellulosic wets, e.g. mnnerous varieties of paper such as corrugated 

15 paperboard, craft paper, glassine, cartonboard; nonwoven tissue, e.g., 

spunbon:led polyolefin fiber, melt-blown microfibers, etc. '!he 

application may employ a suitable adhesive, e.g., a hot melt adhesive 

such as law density polyethylene, ethylene-methaccylate copolymer, 

water-based adhesive such as polyvi.nylidene chloride latex, am the 

20 like. 

Layers (c) arxi/or (e) may also include up to about 1% by weight, with 

about 500 ppn to about sooo ppm preferred arxi 1000 ppm most preferred, 

of inorganic particles, such as amorphous silica or talc to provide 

25 antiblock properties. 

Skin layers (c) ard./or (e) can also be fabricated from any of the heat 

sealable copolymers, blends of haoopolymers arxi blends of copolymer(s) 

ani haoopolymer(s) heretofore enployed for this purpose. Illustrative 

30 of heat sealable copolymers which can be used in the present invention 

are ethylene-propylene copolymers containirg from about 1.5 to about 

10, am preferably fran al:xJut 3 to about s weight percent ethylene am. 
ethylene- propylene-:tutene terpolymers containllxJ from about 1 to 

about. 10, am preferably fran about 2 to about 6 weight percent 

35 ethylene an:i from about 80 to about 97, an:i preferably from about 88 

to alx>ut 95 weight percent propylene. Heat sea.lable blends ·of 
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hamopolymer which ·can be utilized in proviclin;J layers (c) ard/or (e) 

include frcm about 1 to about 99 weight percent polypropylene 

homopolymer, e.g., one which is the same as, or different from, the 

polypropylene haoopolymer consti~ core layer (a) blenied with 

5 from about 99 to about 1 weight percent of a linear low density 

polyethylene (IDPE). If layers (c) ard/or (e) are heat-sealable, 

corona or flame treatment of layers (c) ard/or (e) is not required. 

Heat sealable blems of copolymer(s) ard haropolymer(s) suitable for 

10 providing_ layers (c) ard/or (e) include: a blem of from about 5 to 

abaut 19 weight percent of polyl::utylene ard from about 95 to about 81 

weight percent of a copolymer of propylene (80 to about 95 100le 

percent) ard l::utylene (20 to about 5 mle percent)_; a blerrl of from 

about 10 to about 90 weight percent of polyrutylene ani from about 90 

15 to about 10 weight percent of a copolymer of ethylene (2 to about 49 

mle percent) ard a higher olefin having 4 or m::>re carbon atoms (98 to 

about 51 100le percent); a blerrl of fran about 10 to about 90 weight 

percent polyl:utylene ard from about 90 to about 10 weight percent of a 

copolymer of ethylene (10 to about 97 mle percent) ard propylene (90 

20 to about 3 mle percent); am, a blern of fran about 90 to about 10 

weight percent of polyb.ttylene, ard from about 10 to about 90 weight 

percent of a copolymer of propylene (2 to about 79 mle percent) ard 

J::utylene (98 to about 21 100le percent). 

25 If skin layers (c) ard/or (e) are i:iot heat sealable, ard that property 

is desired on one or both of those surfaces, then a heat sealable 

layer (f) may be applied to one or both of those surfaces. Heat 

sealable layer (f) may be, for exanple, vinylidene chloride polymer or 

an acrylic polymer; or it Tre:!f be coextruded fran arr:t of the heat· 

30 sealable materials described herein. Vinylidene chloride polymer or 

acrylic polymer ex>atings are preferred materials which may be applied 

to the eJq)OSed exterior surfaces of the skin layers. 

It is preferred that all layers of the nW.tilayer film structures of 

35 the present · invention be coextruded. '!hereafter, the film is 

biaxially oriented. For example, when enploying polypropylene for the 
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core matrix am the skin layers an:l enploying PBl' as the void 
initiating particles, a machine direction orientation may be fran 
about 4 to about a am a ~ orientation may be from 4 to about 
10 times at a drawing telrperature of about 100°c to 170°C to yield a 

5 biaxially oriented film. A preferred film thickness is from about o. 5 
mil to about 3. 5 mils. 

As inlicated above, films which enploy titanium dioxide-owhitened outer 
skin layers do provide certain desirable · benefits; particularly frcm 

10 an appearance stampoint. . However, such filllls can · also yield certain 
un::lesirable characteristics. It has been discovered that these 
un::lesirable characteristics stem fran the fact that titanium dioxide 
(Ti02) is quite abrasive an:l, in fact, possess a hardness greater than 
even the chrome platin] found on gravure rolls. 'Ihis can result in 

15 excessive wear of expensive printing am coating gravure roll 
surfaces, as well as any other surface which is contacted by such a 
film. . other problems which arise from the use of Tio2 in the outer 
skin layers of such filllls is that fine deposits are laid on ~ 
machinery, extruder die lips, treater bar exhausts, etc. Also, 

20 appearance problems caused bY streaks on the film, slippage on 
st:ret:c.hiig either by roll or tentering can result. 'Ihe filllls produced . . 
in accordance with the present invention avoid the problems of filllls 
having titanium dioxide-whitened outer skin layers through the 
encapsulation of a titanium dioxide-whitened intermediate layer with a 

25 thin, titanium dioxide-free, non-voided thermoplastic skin layer. 

30 

35 

Filllls so produced, as denalstrated by the examples which follow, 
emibit the highly desirable properties of filllls having 
Tio2 -containing skin layers, · without the processing problems 
associated therewith. 

'!he followin;J specific exanples are presented herein to illustrate 
particular embodiments of the present invention · an:l hence are 
illustrative of this invention an:l not to be construed in a limitin;J 
sense. 

I . 



This Sheet Has Been Replaced 

. · 11111111 11111111111111111 . 

F-6211-L(SGC) 
- 15 -

Example 1 

'IhiS film of this exanple was prcxluce.d for conparison with the f illlls 

produced in accordance with the present invention. 

5 A mixture of 92 percent, by weight, isotactic J;Xllypropylene (MP = 
320°F. , melt irxiex = 3) , containin;J 8 weight percent PBT (MP = 440°F.) 

as the Co:re layer void- initiating material, is nelted in an extruder 

with a screw of L/D ratio of 20/1 to provide the core layer mixture. 

A secx:>rxi arxi third extruder, in association with the first extruder, 

10 are eadl supplied with the same isotactic polypropylene (without PBT) 

as the first extruder, mt each containing titanium dioxide particles 

at 4 percent, by weight. '!he titanium dioxide particles are etlllloyed 

as a Con.tact whitener for this intermediate layer mixture. A fourth 

extruder, in association with the first three extruders, is supplied 

15 with the same isotactic p:llypropylene/titanium dioxide as the seconi 

extruder, this extruder bein;J used to provide the skin layer mixture. 

A melt coextrusion is carried out while maintainin;J the cylimer of 

the core J;X)lymer material at a temperature sufficient to melt the 

polymer mixture, i.e. , fran about 450°F. to about sso°F. or higher. 

20 'Ihe polypropylene mixtures of the secord an:i third ext:ruders to be 

extruded as i.ntennedia.te layers are maintained at about the same 

temperature as the p:llypropylene used in fabricating the core layer, 

as are the mixtures being used to for the skin layers. '!he mixture of 

the fourth extruder is split into two streams to enable the formation 

25 of skin layers on each surface of the intermediate layers. As may be 

appreciated by those skilled in the art, rather than split.t:in] the 

output of the fourth extruder into two streams, a fifth extruder could 

be used to supply the secom skin layer mixture. SUch an ~t 

would be desired when the material used to fonn the seconi skin layer 

30 is varied fran that of the first skin layer, when the thickness of the 

secord skin layer is varied from that of the first skin layer, etc. 

A five-layer film· laminate was coextruded with a core thiclmess 

representing about 80 percent of the overall· .extruded thickness, with 

35 the thicknesses of the intermediate layers representing about 16 

percent ani the skin layers representing about 4 percent of the film 
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thickness. '!he unoriented film measured about 40 mils in thickness. 

'!he resultant film sheet was ~tly oriented eight by five am 

one-half times usin; a c:ammercially available sequential biaxially 

orientin; apparatus to provide a nultilayer film structure. '!he 

5 machine direction (MD) orientation is corrlucted . at about 2S5°F. am 

the transverse direction ('ID) orientation is conducted at about Joo°F. 

'!he resultant ·1.3 mil nultilayer film exhibits a lustrous appearance. 

Exanple 2 

10 To fonn a nultilayer film in accordance with the present invention, ·a · 

mixture of 92 percent, by weight, isotactic polypropylene (MP = 

320°F., melt irxiex = 3), containin:J 8 weight percent PBI' (MP = 440°F.) 

as the core layer void- initiatin; material, is melted in an extruder 

with a screw of L/D rati~ of 20/1 to provide the core layer mixture. 

15 Again, a secorxi aIXl third extruder, in association with the first 

extruder, are each supplied wi~ the same isotactic polypropylene 

(without PB!') as the first extruder, again containin; titanium dioxide 

particles at 4 percent, by weight for this interneii.ate layer mixture. 

A fourth extruder, in association with the first three ext:ruders, is 

20 supplied with the same isotactic polypropylene, this time without 

titanium dioxide, to provide the skin layer mixture. A melt 

coextrusion is carried out while maintainin; the cylinder of the core 
polymer material at a tercperature sufficient to melt the polymer 

.mixture, i.e., fran about 45o°F. to about sso°F. or higher. Again, 

25 the polypropylene mixtures to be extruded as internaliate layers are 

maintained at about the same 'tempE!rature as the polypropylene used in 
fabrica.tin; · the core layer, as is the mixture beirxJ used for the skin 

layers. As in EKan'ple 1, the mixture of the fourth extruder is split 

into two streams to enable the fcn:mation of skin layers on each 

30 surface of the intennediate layers. As was the case for Example 1, 

rather than splittirg the outp.It of the fourth extruder into two 

streams, a fifth extruder could have been used to supply the secord 

skin layer mixture so that the thickness or the material used to form 

the sec:orxl skin layer could be varied from that of the first skin 

35 layer. 
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A five-layer film laminate was coextruded with a core thickness 

representing about 80 percent of the overall extruded thickness, with 

the thicknesses of the intennedi.ate layers representing about 16 

percent am the skin layers representinq about 4 percent of the film 

5 thickness. '!he unoriented film, once again, measured about 40 mils in 

thickness. As in Example 1, the resultant film sheet was oriented 

eight by five ani one-half times usin;J a cammercially available 

sequential biaxially orienting apparatus to provide a multilayer film 

structure. '!he machine direction (MD) orientation is corxlucted at 

10 about 2ss°F. am the transverse direction ('ID) orientation is 

corxiucted at about _Joo°F. '1he resultant 1.J mil multilayer film 

exhibits a SitDOth am lustrous appearance. 

Exarrple 3 

15 Another multilayer film, in accordance with the present invention, was 

produced. Again, the same mixture of 92 percent, by weight, isotactic 

polypropylene (MP = 320°F., melt i.mex = 3), containirX] 8 weight 

percent PBT (MP = 440°F.) as the core layer void;_initiating material, 

was melted in the extruder of Exatrples 1 am 2. '!he secorxl am third 

20 extruders were supplied with the same isotactic polypropylene (without 

PBl') , containirX] titanitnn dioxide particles at 4 percent, by weight 

for use as the intennedi.ate layer mixture. A fourth extruder, in 

association with the first three extruders, is supplied with the same 

. isotactic polypropylene, this tine with 1000 ppn of anmphous silica 

25 added (without titanium dioxide) ~ provide the skin layer mixture. A 

melt c:oext.rusion is carried out while maintaining the cylimer of the 

core polyirer lllaterial at a temperature sufficient to melt the polyner 

mixture, i.e., from about 450°F.. to al:lout 550°F. or higher. Again, 

the polypropylene mixtures to be extruded as intennediate layers are · 

30 maintained at about the same temperature as the polypropylene used in 

fabricatin;J the core layer, as are the mixtures l::lein:J used to for the 

skin layers. As in EKanples 1 am 2, the mixture of the fourth . 

extruder is split into two streams to enable the formation of skin 

layers on ea.ch surface of the intennedi.ate layer. A five-layer film 

35 laminate is coextruded with a core ·thickness r~ing about so 
percent of the overall extruded thickness, with the thicknesses of the 
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intermediate layers representinI about 16 percent am the skin layers 

representin] about 4 percent of the film thickness. '!he unoriented 

film again measured about 40 ·mils in thickness. '!his film sheet was 

also oriented eight by five am one-half times usinj a commercially 

5 available sequential biaxially orientin3' apparatus. 'Ihe madline 

direction (MD) orientation is c:omucted at about 2as°F. am the 

transverse direction ('ID) orientation is c:omuct:ed at about JOO°F. 

'Ihe resultant 1. 3 mil multilayer film exhibits a sioooth am lustrous 

appearance. 

10 

Example 4 

Another multilayer film was produced in accordance with the present 

invention. Again, the same mixture of 92 percent, by weight, 

isotactic polypropylene (MP = 320°F. , melt Wex = 3) , oontainin;J 8 

15 weight percent PBT (MP = 440°F.) as the core layer void-initiatinj 

material, was melted in the extruder· of the previous examples to 

provide the core layer mixture. '!he secon:i an::l thiJ:d extruders, in 

association with the ·first extruder, were supplied with the same 

isotactic polypropylene (without PBI') as the first extruder, 

20 oontairu.n:J titanium dioxide particles at 4 percent by weight for use 

in fOJ:lllin:J the intermediate layer. A fourth extruder, in association 

with the first three extruders, was provided with an ethylene, 

1-b.rt:ene, polypropylene terpolymer, instead of the isotactic 

polypropylene used in Exanples 1 through 3. As in EXan'ple 3, 1000 ppn 

25 of ana:phous silica was added to the skin layer mixture. A melt· 

coextrusion is carried out while niai.ntainin:J the cylimer of the.core 
polymer material at a ten'pera:ture sufficient to melt the polymer 

mixture, i.e., fran about, 4S0°F. to about 5So°F. or higher. Again, 

the polypropylene mixtures to be extruded as :intermediate layers are . 

30 maintained at about the same temperature as the polypropylene used in 

fabricatinj the core laYer, as is the terpolymer mixture beirq used to 

fom the skin layers. As in the previous Examples, the mixture of the 

fourth extruder is split into two streams each to enable the formation 

of skin layers on each surface of the intermediate layer. 

35 
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A five-layer film laminate is coextruded with a core thickness 
representin1 about 80 percent of the overall extruded thickness, with 
the thicknesses of the interneiiate layers representin1 about 16 
percent am the skin layers representin1 about 4 percent of the film 

s thickness. '1he tm0riented film once again nvaasured about 40 mils in 
thickness. '1he resultant film sheet was subsequently oriented eight 
by five am one-half times usin1 a ccmnercially available sequential 
biaxially orientirq apparatus to provide a nultilayer film structure. 
'1he machine directiori (MD) orientation is comuctecl at about 285°F. 

10 am the transverse direction ('IO) orientation is comucted at about 
JOOOF. '1he resultant 1. 3 mil multilayer. film exhibits a smooth am 
lustrous appearance. 

'1he films so produced were tested light transmission, gloss, whiteness 
15 iniex am coefficient of friction (OOF) , with optical thickness am 

film density also measured. Results obtained are presented in Table 
1, below. 

Table 1 

20 unit Optical Light White- Coef. 
EK. Weight '!hick. Transmis- Gloss ness of 
No. Cqtm2 l Cmilsl sion. % -3 Index Frict. 

1 20.62 1.26 22.8 69 93.5 0.46 

25 2 20.82 1.30 20.6 82 93.9 a.so 
3 20.51 1.26 21.6 79 94.5 0.60 
4 19.61 1.26 20.8 74 95.0 0.80 

As illustrated, films produced in acx:ordance with the present 
30 invention exhibit the highly desirable properties of films havin;J 

Ti02-containin;J skin layers. 

Example 5 

'Ibis example demonstrates that films ·prodtJCE!d in acx:ordanoe with ·the · 
35 present invention do not possess the adverse wear characteristics of 

films which employ titanium dioxide- whitened outer skin layers. 
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To illustrate the benefits of films produced in accordance with the 

present invention, a pilot coater experiment was established 'Which 
sought to :masure the chan;Jes in gravure roll cell lardin;J width am 
depth with time. As those skilled in the art recognize, cell depth 

s decreases am lani:iD]' width increases with increased wear. 

10 

15 

20 

Table 2 

PIIDI' <DATER FilMS EXPERIMENT 

OIANGES m GRAVQRE ROLL CELL IANDDTG WIDIH AND DEPIH WI'lH TlNE 

Film of Examole 1 Film of Examcle 2 

Time Depth Width Depth Width 

Hrs. Cum> Cuml Cum> Cum> 

0 137 31 132 28 

1 135 40 132 28 

5 127 60 132 29 

12 110 75 132 30 

As may be appreciated, grawre roll wear cxx:urs in reverse coating 
applications where the film am the gravure roll surfaces are :nv:>Virg 
in opposite directions havixq only a small wet contact region. For 
exanple, it has been foum that when coating films havirg Tio

2
-

25 oontainin;J outer layers in operaµons usirg gravure rolls havirg a 
truncated pyramid cell structure, the gravure roll will last only 8 -
10 days. '!he same grawre roll can be expected to last 3 - 4 IlDl1ths 

when coatin;r films produced in accordance with the present invention. 

30 Films so produced, as demonstrated by the exairples, emibit the highly 
desirable properties of films havi.n;f Ti02-containirg skin layers, 
without the processin;J problems associated therewith. 'Iha data of 
Exanples 1-5 clearly show the unexpected superiority of this invention 
in providirq a film with exceptional properties. 

35 
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1. An opaque, biaxially oriented polymeric film structure which 

comprises: 

(a) a thernq>lastic polymer matrix core layer, havirg a first 

surface ard a secorxl surface, within which is located a stratum 

5 of voids; positioned at least ·substantially within a substantial. 

nmnber of the voids is at least one spherical void-.initiatin;J 

particle which is phase distinct am incompatible with the matrix 

material, the void space occupied by the particle bein;J 

substantially less than the voltme of · the void, with one 

10 generally cross-sectional dimension of said particle at least 

approximatirq a c:orresporxlirg cross-sectional dimension of the 

void; the population of the voids in the core being such as to 

cause a significant degree of opacity; 

{b) at least one thernq>lastic polymer intennediate layer havin;J 

15 a first surface arrl a secorxi surface, the second surface of the 

intermediate layer adherin;J to at least the first surface of the 

core layer, the intermediate layer including up to 12% by weight 

of titanium dioxide contact pigment; am 
(c) a titanium dioxide-free, non-voided thernq>lastic skin layer 

20 adherin;J to the first surface of the intermediate layer, the 

void-free skin layer ard the intermediate layer together bein;J of 

a thickness such that the outer surface of the skin core layer 

does not, at least substantially, manifest the surface 

irregularities of the matrix core layer. 

25 

2. A film structure aocordiD;J to claim 1 which further comprises: 

(d) a second thenroplastic polymer intermediate layer havi.n; a 

first surface; arxi a second surface, the second surface of the 

second intermediate layer adherin;J to the second surface of the 

30 · core layer, the second intermediate layer including up to 12% by 

weight of titanium ·dioxide contact pigment; am 
{e) a second titanium dioxide-free, non-voided thernq>lastic skin 

layer adheri,n; to the first surface of the intermediate layer, 

the second void-free skin layer am the secorxi intermediate layer 
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together bein.;J of a thi~ such that the outer surface of the 

skin core layer does not, at least sul:stantially, manifest the 

surface irregularities of the matrix care layer • 

5 3. A film structure ac:::cordin:J to claim 1 or 2, wherein at least one 

void-free skin layer cxmprises an antibl~ agent. 

10 

4. A film structure according to any preoedi.ng claim, wherein the 

care layer comprises isotactic polypropylene. 

5. A film structure according to any preceding claim, wherein the 

void-initiating particles of the core layer cauprise polyhJtylene 

terephthalate. 

15 6. A film structure according to any preceding claim, wherein at 

least one intermediate layer canprises isotactic polypropylene. 

20 

7. A film structure according to any preceding claim, wherein at 

least one skin layer carp.rises isotactic polypropylene. 

8. A · film structure according to any preceding claim, wherein at 

least one intermediate layer contains from 2% to 6% by weight of Tio
2

• 

9. A film structure aoca:din;J to any preceding claim, wherein at 

25 least one skin layer cxmprises a heat sealable material. 

10. A film structure according to any preceding claim, wherein at 

least one skin layer caitprises a haoopolymer of propylene, a linear 

low density polyethylene, a high density polyethylene, a rarnan · 
30 copolymer of propylene am ethylene, a block copolymer of propylene 

arxi ethylene, a copolymer of propylene arxi hJtylene, a terpolymer of 

ethylene, propylene am bltene, a teqx>lymer of ethylene, propylene 

and bltylene, or a mixb.lre thereof. 

35 11. A film structure ac:::cordin:J to claim 10 wherein the skin layer 

comprises an ethylene, 1-bltene, propylene terpolymer. 
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12. Use of a film structure according to any preceding clailll in the 

packagin;J of canestibles. 

5 
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35 


