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MOLTI-IAYER HIGH OPACITY' FIIM S'IRUCIURE 

OF IMPROVED WHITENESS AND MACHINABILITY 

'!his invention relates to polymer films of enhanced opacity arxi to a 

method of making such films. More particularly, the invention relates 

to biaxially oriented CXllllpOSite film structures havin:J inproved 

properties. 

In the packaginj of certain types of foods, such as snack foods like 

potato dlips arxi cookies, it is c::amRal practice to employ a 

multi-layer film. A desirable property in such a packaginj film is an 

opacity which protects the packaginj Prociuct from deterioration caused 

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

wavelen:Jths of light, up to a.l:xJut 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 sane light. 

Despite advances in the art, a need still exists for a film structure 
of high opacity which provides inproved processin;J characteristics arxi 

macb.inability, while also providing high .whiteness, stren;Jth arxi 

stiffness. 

'!he film structure of the present invention is an opaque, biaxially 

oriented polymeric film. '!he film structure includes (a) a 

thernqllastic polymer matrix core layer havirq a first surface am 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 srtierical void-initiatirq particle which is phase distinct 

arxi i.ncatpatible with the matrix material, the void space occupied by 

the particle beirg substantially less than the volume of the void, the 

population of the voids in the core being SUch as to cause a 

significant degree of opacity, (b) a first the.rmplastic polymer skin 

layer having a first surface arxi a secon:i surface, the first surface 

of the first skin layer adherin:J to the first surface of the core 

layer, the first skin layer includin:J up to about 12% by weight of 
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titanitnn dioxide contact pigment, ard (c) a secom thermoplastic 

polymer skin layer having a first surface ard a secom surface, the 

first surface of the secom skin layer adhering to the sec:orxi surface 

of the care layer, the sec:ond skin layer includinJ finely divided, 

unifonnl.y dispersed inorganic material in an moount effective to 

:inpart antiblocking characteristics ard decrease the inherent 

film-to-film coefficient of friction at the secom surface of the 

sec:orxi 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 irregularities of said 

matrix core layer. 

'Ihe skin layers (b) ard/or (c) can be sinple, economical thin 

encapsulatin:J layers or they can be :roore elaborate heat sealable 

layers. '!be 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 preparin;J an dpaque, biaxially oriented 

polymeric film structure, comprisin;J the steps of: (a) mix:ID;J a major 

propoi:tion of a first thermoplastic polymeric material with a minor 

proportion of a first material of higher meltin:J point or havi.n;J 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 meltin;J point of the first thermoplastic polymeric material; 

{c) dispersin;J the first material of higher melting point or higher 

glass transition temperature of the mixture produced in step (a) 

uniformly throughout the nolten first thermoplastic polymeric 

material in the form of microspheres; (d) m.ixID;J a second 

thermoplastic polymeric material with titanitnn dioxide contact pignvant 

to produce a first skin layer mixture; (e) heatin::; the first skin 

layer mixture produced in step ( d) to a temperature of about the 

meltin::; point of the secorrl thermoplastic polymeric material; (f) 

m:i.xirq a~ thermoplastic polymeric material with a finely divided, 
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inorganic material to produce a seconi skin layer mixture; (g) heatirg 

the secorxl skin layer mixture produced in step (f) to a temperature of 
about the melting point of the third thermplastic polymeric material; 
and (h) f~ a biaxially oriented coextruded film structure fran 
the core layer mixture, the titanium dioxide-containin;J first skin 
layer mixture and the inorganic material-oontainin;J secorxi skin layer 
mixture, the formin;J step conducted at a temperature am to a degree 

to form a strata of opacifyi.rq voids within the· core layer; wherein 
the inorganic material of the secorxi skin layer imparts antibloc::ldn;J 
characteristics and reduced inherent film-to-film CXlefficient of 
friction at its surface. 

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

It is another abject of the present invention to provide a film with 
inproved machinability. 

It is a :fUrthe:r object of the present invention to provide a film 
structure havin] an inprovEd rarge of process operability. 

It is yet another abject of the present invention to provide a film 
which may be bonied to a wide variety of surstrates am coatinJs. 

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

In the drawirgs: 

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

Fig. 2 is a schematic diagram of a method for det.erminll¥J percent 
opacity. 
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In order to achieve the unique fihn structure of the present 
invention, it is i.np:>rtant that a particular thickness 

relationship exist between the thickness dimension of the core 
arxl the thickness of the skin layers. It is preferred that the 

care thickness be from about 60 to about 95% of the overall 
structure with about 65-90% preferred. 'lhis in combination with 
the pop.llation arxi configuration of the voids in a total structure at 
least about 1. o mil thick, will materially c:ontr:iblte to the overall 
degree of opacity of the structure. L:i.kelllise, by maintainin;J the 

thickness of the skin layers within particular ranges in relation to 
the overall structure ani to the thickness of the core layer, the 

overall ccanbination results in unique advantages. First skin layer 

(b), adherin;J to the first surface of core layer (a) an:J. secorxl skin 
layer (c) adherinq to the secorxl 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. '1hese layers also 

serve an iirportant function in reducil'XJ water vapor transmission rate 
(WVI'R). 'Ibe core is a thenooplastic polymer matrix material within 
which is located strata of voids. Fran this it is to be unierstood 

that the voids create the matrix configuration. 

'Ihe films of the present invention provide high opacity am low light 

transmission~ A distinction should be made between opacity arxi light 
transmission. Opacity is the opposite of transparency ani is a 
function of the scatterin;J arxl reflection of light transmitted through 

the fihn. Opacity is the ability, for e.xanple, to block out writirxJ 
below it. Light transmission is a function of light passin_J na:e 
directly through the fihn. 

Referrin;J ncN to Figure 1, the percent light transmission through a 
fihn is deter:mined by usin_J light source 2 to transmit light rays 3 
directly through fihn 4 arxi measuriIXJ at light sensor 5, value T2 
which is the annmt of light which is transmitted through film 4. '!be 

aioount of light rays 3 which can be directly transmitted, value T1 , is 
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determined by measuring the light 3 directly transmitted by light 
source 2 with no intervening film. '!he percent light transmission 
through the film can then be determined using the formula: 

T2 
% Light Transmission = _ 

Tl 

where: T2 = light transmitted through a film; and T
1 = 

light directly transmitted. 

Referr~ DCM 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 
and the same procedure used to project light onto a black surface 10. 
With both white arx:l black surfaces, measurerrent at light sensor 5 is 
of all of the followirg: light reflected off the upper surface of the 

film 6; light transmitted through the film arx:l reflected by the white 
or black surfaces 7 on the side of the film opposite frail the light 
source; and, light scattered by the film a. 

'1he percent opacity of the film can then be determined usin;J the 

formula: 

Ra 
% Opacity = 100 x _-_ 

where: !\-=Reflected light+ scattered light+ light 

transmitted through the fi1m am reflected off a white surface; 

and~= Reflected light+ scattered light+ light transmitted 

through the film arx:l reflected off a black surface. 



F-6377-L(SGC) 
- 6 -

Accordingly, a highly reflective film may provide high opacity while 

allow:Ln:l light transmission. 'Ibis is because percent light 

transmission is not the equivalent of percent opacity. Light 

transmission is the anlJlmt of light passirq 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 inc:OI:porated herein 'a:i reference in its 

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

case of fonnin:J the void initiating particles in situ or in addiig 

prefonned spheres to a nDlten thentDplastic matrix material. After 

the formation of a master batch, appi:opriate dilution of the system 

can be made by adding additional thentDplastic matrix material until 

the desired proportions are obtained. However, the carponents may 

also be directly mixed ani extruded instead of utiliz:Ln:l a master 

ba.tdl method. 

'!he void-initiatin;J particles which are added as filler to the polymer 

matrix material of the core layer can :be any suitable ozganic or 

inorganic material which is incx:arpitible with the core material at the 

~a:ture of biaxial orientation such as poly:rutylene terephthalate, 

nylon, solid or hollow prefonned glass si:neres, netal beads or 

spheres, ceramic spheres, calcitnn carbonate, etc. 

'!he polyolefin contenplated as the core material includes 

polypropylene, polyethylene, poly!:utene am copolymers am blems 

thereof. Particularly preferred is an isotactic polypropylene 

c:ontain:in:l at least about 80% by weight of isotactic polypropylene. 

It is also preferred that the polypropylene have a melt flow Wax of 

fran about 2 to 10 g/10 min. 

It is preferred that the average diameter of the void-initiatin::J 

particles be fran about 0.1 to about 10 microns. 'lhese particles may 

be of any desired shape although it is preferred that they be 

substantially spherical in shape. 'lhis does not mean that every void 

is the same size. It means that, generally speaking, each void terx:is 
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to be of like shape when like particles are used even though they vary 

in dimensions. 'Ihese voids may asst.me a shape defined by two opposed 

an:l edge contactin.;J concave disks. 

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

greater than al:olit 30 microns. 

'lhe void-initiating particle material, as in:licated above, should be 

inoarpatible with the core material, at least at the temperature of 

biaxial orientation. 

'lhe care has been described above as bein;J a therlooplastic polymer 

matrix material within which is located a strata of voids. Fran this 

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

'!he term "strata" is interXled to ~ the urxierst:arxlin that there 

are many voids creating the matrix arxi the voids themselves are 

oriented so that the two major dimensions are aligned in 

carresporrlenc: 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 contrib.rt:es little else 

to the system. 

'!his is because its refractive iniex can be close enough to the matrix 

material that it makes no contrib.ltion to opacity. When this is the 

case, the opacity is principally- a function of the light scatterin;J 

effect which occurs because of the existence of the voids in the 

system. 

A typical void of the core is defined as having major dimensions x am 
Y arxi minor dllnension z, where dimension X is aligned with machine 

direction orientation, dimension Y is aligned with transverse 

direction orientation an:l dllnension z approximately c:orresporos 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 

corxlitions be such that the X arxi Y dimensions of the voids of the 

oore be major dimnsions in ccrrparison to the z dimension. 'lhus, 

while the z dimension generally approx:inates the cross-sectional 

dimension of the Slilerical particle initiating the void, x am y 
dimensions must be significant~y greater. 

By way of illustration, roam temperature biaxial orientation of a 

polypropylene matrix containin:] polyl:utylene terelilthalate (PM) 

spheres of the size arxl am:::>Unt contenplated herein, could not produce 

the cla iwrl structure. Either void splitting will oocur, or, voids of 

insignificant size would result. Polypr0pylene must be oriented at a 

temperature significantly higher than its glass transition 

temperature. '!he temperature c:onlitions must pennit X arxi Y to be at 

least several Illllltiples of the Z dimension without void splittirq at 

least to aey significant degree. If this is aocarplished, optinum 

physical characteristics, includi.rg low water vapor transmission rates 

am a high degree of light scatterirq are obtained without void 

splitting or film fibrillatirq. 

As imicated above, the matrix polymer arxi the void initiating 

particle must be inoompati.ble am this term is used in the sense that 

the materials are two distinct phases. '!he spherical void initiatirq 

·particles constitute a dispersed phase throughout the lower melting 

polymer which polyire.r will, ultimately, upon orientation, becane a 

void-filled matrix with the spherical particles positioned somewhere 

in the voids. 

As a result of the biaxial orientation of the film structure herein, 

in addition to opacifyirq the core layer of the structure, the 

orientation .brproves other physical properties of the cnuposite layers 

such as flex-crack resistance, Ellnen:iorff tear strength, elorgation, 

tensile strength, inplct stren:;Jth arxi cold strength properties. '!he 

resultirq film can have, in addition to a rich high quality appearance 

am excellent opacifyirq characteristics, low water vapor transmission 

rate characteristics arxi low oxygen transmission rate characteristics. 
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'!his makes the film ideally suited for packagirq food products 

incll.ldin] liquids. '!he film also has attractive utility as a 

decorative wrap material. 

It is l::elieved that because of c:crrparative sphericity of the 

void-initiatirx]' particles, the voids are closed cells. '!his means 

that there is virb.lally no path open frcan one side of the core the 

other throughout which liquid or gas can transverse. 

'Ihe opacity am low light transmission of the film is fU:rt:her enhanced 

by the addition to the core layer of from about 1% by weight an:i up to 

about 10% by weight of opacifyi.rg ~' which are added to the 

mlt mixture of the core layer before extrusion. Opacifyirq c::atpOUnis 

which may l::e used include iron oxides, carbon black, aluminum, Tio
2

, 

am talc. '!he opacifyin] ~ do not contr.ib..ite to void 

fonnation. 

'Ihe polyolefin contemplated as the material for use in fornrl..n;J skin 

layers (b) am (c) includes polypropylene, polyethylene, incl'lldirq 

high density polyethylene, linear low density polyethylene, polybltene 

am copolymers, includin;J block copolymers of ethylene am propylene, 

ranian copolymer of ethylene am propylene, other ethylene 

haoopolymer, copolymer, terpolymer; or blems thereof. '!he 

haoopolymer contemplated herein is fonned by polymeriziig the 

respective naxmier. '!his can l::e acx:cnplished by bllk or solution 

polymerization, as those skilled in the art would plainly umerstam. 

'Ihe copolymer contemplated herein for skin layers (b) am/or (c) can 

l::e selected fran those copolymers cypically employed in the 

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

ethylene am propylene is fanned by sequential polymerization of the 

respective noname.rs. '!he feedi.n;J of the naianers in fornrl..n;J a block 

copolymer is controlled so that the ioonone: employed in one stage of 

the sequential polymerization is not added until the IOOnCmer employed 

in the preceding stage has been at least substantially consumed 
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thereby insurin;J that the concentration of the m:mcmer remaining 

from the precedin:J stage is sufficiently law to prevent fonnation 

of an excessive proportion of rarxlan copolymer. Also~ as. 

inlicated above, a ramam copolymer of ethylene am propylene can 

be advantageously employed to fonn skin layers (b) ard/or (c). 

'Ihe contenplated terpolymers Wich may be used for skin layers (b) 

am/or (c) are c:anparatively law stereoregu1ar polymers. 'Ihe 

terpolymers can have a melt flow rate at 446°F rargin;J from about 2 to 

about 10 grans per 10 minutes am preferably from about 4 to about 6 

grams per 10 minutes. '!he crystalline meltin;J point can ra1'X3'e fran 

about less than 250°F to scanewhat greater than 371°F. '!he terpolyners 

will predominate in propylene, am the ethylene am 1-b.rt:ene 11D110lll!rS 

can be present in approxllna.tely from o. 3: 1- 1: 1 ioole percentage in 

relation to each other. 

As was the case for the care layer, particularly preferred is an 

isotactic polypropylene oontainin:J at least about 80% by weight of 

isotactic polypropylene. It is also preferred that the polypropylene 

have a melt flaw iniex of from about 2 to 10 g/10 m '!he opacity, 

whiteness am low light transmission of the film is further enhanced 

by the addition to the first skin layer (b) of Tio2 in anamt of fran 

about 1% by weight am up to about 12% by weight, which is added to 

the melt mixture of the intermediate layer before extrusion. 

Preferably, the first skin layer (b) contains from about 2% by weight 

to 6% by weight of Tio2• .Additionally, this layer may also contain 

talc. 'Ihe whiteness resultin;J from the inclusion of Tio
2 

provides an 

excellent surface for graphics. F\Irtherroc>re, the whiteness allows 

printin:J of laminated or unlaminated structures without requirin] 

white ink. 

'Ihe processability am 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 inpart antiblock characteristics to 
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the multi-layer film structure of the present invention, rut also can 

re:iuce the coefficient of friction of the resultant film without 

~objectionable haze to the structure. 

Cont:enplated finely divided inorganic materials, referred to above, 

include, syloid, a synthetic aioo.qtious silica gel, havin;J a 

~ition of 99. 7% Sio2, diatamaceous earth havin; a oanposition of, 

for example, Sio
2 

92%, Al.203 3. 3%, Fe2o3 1. 2%, which has an average 

particle size of about 5. 5 microns, which particles are porous an::l 

irregularly shaped; dehydrated kaolonite (Kaopolite SF) havin; the 

cx:atrposition Sio
2 

55%, A12o3 44%, Fe2o
3

0.4% which has an average 

particle size of about o. 7 microns which particles are thin flat 

platelets; ard synthetic precipitated silicates (Sipernat 44), for 

example, havin] a cxlurpositian of Sio2 42%, A12o3 36%, N~O 22%, which 

has an average particle size of about 3-4 microns which the particles 

are porous am irregularly shaped. 

'lhe polyolefin blerns used to coext:rude the multi-layer high opacity 

film structures contenplated herein are fonred by employin;J a 

cx:mnercially available intensive mixer, such as those of the Bollil'XJ­

or Banl::my-type. Mixers of this type are to be employed in~ a 

concentrate of the finely divided inorganic material and the selected 

polymer until there is a unifonn 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 am conventional manner, e.g. , by corona ~ 

to i.nprove its receptivity to print:llq inks ard/or its suitability for 

such SlJbse:!uent manufacturinJ operations as lamination. 

'lhe exposed treated or untreated surface of layers (b) ard/or (c) may 

·have applied to it, coat:llq compositions or substrates such as another 

polymer film or laminate; a metal foil such as altnninum foil; 

cellulosic wets, e.g. numerous varieties of paper such as corrugated 

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

sptmbon:ied polyolefin fiber, melt-blown microfibers, etc. 'Ihe 
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application nay eirploy a suitable adhesive, e.g., a hot melt adhesive 

such as low density polyethylene, ethylene-methacrylate CXJPOlymer, 

water-based adhesive such as polyvinylidene chloride latex, ard the 

like. 

Skin layers (b) ard/or (c) can also be fabricated from aey of the heat 

sealable copolyners, blems of haoopolymers ard blems of CXJPOlymer(s) 

ard hcm:>polymer(s) heretofore enployed for this purpose. Illustrative 

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

are ethylene-propylene copolymers oonta.ining from about 1. 5 to about 

10, am preferably from about 3 to about 5 weight percent ethylene ard 

ethylene- propylene-butene terpolymers containirq from about 1 to 

about 10, an:l preferably from about 2 to about 6 weight percent 

ethylene ard from about so to about 97, ard preferably fran about 88 

to about 95 weight percent propylene. Heat sealable blems of 

haoopolymer which can be utilized in providin;J layers (b) ard/or (c) 

include from about 1 to about 99 weight percent polypropylene 

haoopolymer, e.g., one which is the same as, or different fran, 

the polypropylene haropolyme.r constitutirq oore layer (a) blerded 

with from about 99 to about 1 weight percent of a linear law 

density polyethylene (IDPE). If layers (b) an:l/or (c) are 

heat-sealable, corona or flame treatment of layers (b) ard/or (c) is 
not required. 

Heat sealable blems of c:opolyme.r(s) an:l haoopolymer(s) suitable for 

provi<iin3' layers (b) an:l/or (c) include: a blerxi of fran about 5 to 
about 19 weight percent of polyb.rtylene ard from about 95 to about 81 

weight percent of a copolymer of propylene (80 to about 95 mole 

percent) ard l:utylene (20 to about 5 mole percent) ; a blerxi of from 

about 10 to about 90 weight percent of polybutylene ard from about 90 

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

ItDle percent) ard a higher olefin havin} 4 or IrOre carbon atoms (98 to 
about 51 IrOle percent) ; a blem of from about 10 to about 90 weight 

percent polybutylene ard from about 90 to about 10 weight percent of a 

CXJPOlymer of ethylene (10 to about 97 IrOle percent) ard propylene (90 

to about 3 IrOle percent) ; am., a blern of from about 90 to about 10 
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weight percent of polyrutylene, an:i fran about 10 to about 90 weight 

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

l:utylene (98 to about 21 ll'Ole percent). 

If skin layers (b) an:i/or (c) are not heat sealable, arxi that property 

is desired on one or both of _those surfaces, then a heat seal able 

layer (d) nay be applied to one or both of those surfaces. Heat 

sealable layer (d) r.ra.y be, for ex.anple, vinylidene. chloride polymer or 

an acrylic polymer; or it may be coextruded from any of the heat 

sealable naterials described herein. Vinylidene chloride polymer or 

acrylic polymer coatinp are preferred materials which nay be awlied 

to the exposed exterior surfaces of the skin layers. 

It is preferred that all layers of the nW.ti-layer film structures of 

the present invention be coext:ruded. '!hereafter, . the film is 

biaxially oriente:i. For eJ<anPle, when employin;J polypropylene for the 

. core matrix arxi the skin layers am employin;J PBr as the void 

initiat.Uq particles, a machine direction orientation nay be fran 

about 4 to about s am a transverse orientation may be fran 4 to about 

10 times at a drawing t:eq>erature of about 100°c to 110°c to yield a 
biaxially oriented film. A preferred film thickness is fran about 0.5 

mil to about 3. 5 mils. 

'!he f ollawin] Exanples illustrate the invention. 

coefficient of friction values · referred to herein are determined 

acoordin;J to the procedure of AS'IM 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. '1he mass of the sled is 100 gramg rather than 200 

grams an:i the sled speed is 6 inches per minute, the same as ASIM D 

1894-78. 'Ihus, the nn:lified test is nm at the c:or¥iition of 50 

qrarrs/ in. 2 rather than 32 grcms/ in. 2• 

Haze an:i gloss values referred to herein are determined accordinJ to 

the procedures of AS'IM D 1003-61 am D 2457-70 respectively. 
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Exanple 1 

'lhe film of this exanple 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. I nelt iDiex = 3) , containin; 8 weight percent PBr (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 seoon:i extruder, in association with the first extruder, is supplied 

with the same isotactic polypropylene as the first extruder (without 

PBr), this extruder used to provide the skin layer mixture. A melt 

coextrusion is carried out while maintaining the cylirxier of the core 

polymer material at a tenperature sufficient to nelt the polymer 

mixture, i.e. I from about 450°F. to about 550°F. or higher. 'lhe 

polypropylene mixture of the seoon:i extruder to be used to form the 

skin layers is maintained at about the same ~ture as the 

polypropylene used in fabricatinJ the core layer. '!he mixture of the 

seoon:i 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 splittinq the output of the 

seoon:i extruder into two streams, a third extruder could be used to 
supply the seaJl'Xi skin layer mixture. SUch an arrarqement would be 

desired when the material used to form the secon:l skin layer is varied 

fran that of the first skin layer, when the thickness of the seoon:l 

skin layer is varied frau that of the first skin layer, et:C. 

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 representinJ about 20 percent of 

the film thickness. '!he resultant film sheet was sul:sequently 

oriented eight .by about five an::l one-half times usirq a c::ammercially 

available sequential biaxially orientirq apparatus to provide a 

multi-layer film structure. '!he machine direction (MD) orientation is 

cornucted at about 2as°F. am the transverse direction ('ID) 

orientation is co00ucted at about 300°F. .'!he resultant multi-layer 
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film exhibits a lustrous, white appearance and the followinq 

properties. 

Example 2 

Film thickness 

Density 

Gloss 
Light transmission 

Coefficient of friction 

: 1.30 mills 

: 0.62 g/o:; 

82% 

22% 

: 0.80 

'!he film of this exanple was also prcxiuc:ed for cc:mparison with the 

films prcxluced in ac:x:::ordance with the present invention. 

As in Example 1, a mixture of 92 percent, by weight, isotactic 
polypropylene (MP = 320°F. , melt imex = 3) , containing 8 weight 
percent Pm' (MP = 440°F.), as the core layer void-~tiatirg material, 
is melted in an extruder with a screw of L/D ratio of 20/1 to provide 

the core layer mixture. A secorx:l extruder, in association with the 

first extruder, is supplied with the same isotactic polypropylene as 

the first extruder I to which is added 4 percent Ti02, this extruder 

used to provide the skin layer mixture. A melt coextrusion is carried 
out urxier the same comitions as used in Example 1. Again, 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. 

A three-layer film laminate was coextruded with a core thickness again 
representiBj about 80 percent of 'the overall extruded thickness, with 
the thicknesses of the skin layers representin;J about 20 percent of 
the film thickness. 'Ihe resultant film sheet 'WaS sul::sequentl.y 

oriented eight by about five and one-half times usin.J a oc:mnercially 
available sequential biaxially orienting agmab.ls to provide a 
nllll.ti-layer film structure. '!he machine direction (MD) orientation is 
corx:lucted at about 285°F. and the transverse direction ('ID) 

orientation is corx:lucted at about 300°F. '!he resultant multi-layer 
film emibits a pleasinq appearance of higher whiteness than that of 
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Exaitple 1. '!he properties of the film so produced are as follows: 

Film thiclmess 1. 30 mills 

Density : 0.62 g/oo 
Gloss 69% 

Light transmission : 21% 

Coefficient of friction 0.46 

E:Kanple 3 

A concentrate containing 90% by weight of a 4. 5 melt iniex isotactic 

polypropylene arxl 10% by weight of Sipernat 44, a precipitated 

sodium-aluminum silicate of the follOVli.rq analysis, sio2 42%, 'AJ.2o3 
36%, ~o 22%, havin:] a 3.5 micron mean particle size, available fran 
Degussa Chemical catpany; is intimately melt-mixed in a Bollin;J mixer 
until the inorganic carp>nents are uniformly dispersed in the mlten 
polypropylene. '!he melt concentrate is fed into a pelletizirq 

extruder line arxl formed into a solid-pellet concentrate. 

A secorxi concentrate conta:inin} 90% by weight of a 4.5 melt irdex 
isotactic halqx>lymer polypropylene arxl 10% by weight Kaopolite 1152, 

a dehydrated kaolinite of the follCMin;J analysis Sio2 55%, ~o3 44%, 
Fe2o3 

0.4%, having a o. 7 micron mean particle size is prepared in the 

same manner am also pelletized. '!he two pelletized concentrates are 
then melt-bletXled with additional isotactic polypropylene of 4.5 melt 
i.rxiex, am after unifonn mi.xirq, the blem is formed into solid 

pellets. '!he cxauposition is 1'lC1tl 99.5% polypropylene, 2400 ppn 
Sipernat 44 arxl 3000 ppm by weight Kaopolite 1152. 

A mixture of 92 percent, by weight, isotactic polypropylene (MP = 
320°F. , melt irdex = 4. 5) , oantain.ing 8 weight percent PBr (MP = 
440°F.), as the core layer void- initiatin;J material, is melted in an 
extruder with a screw of L/D ratio of 20/1 t.o provide the core layer 
mixture. A secom extruder, in association with the first extruder, 

is supplied with the same isotactic polypropylene as the first 

extruder I to which is added 4 percent Ti02, this extruder used to 
provide the first skin layer mixture. A third extruder, in 
asscx:iation with the first an:i seoorxi extrude.rs, is supplied with the 
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pellets produced as described ab:>ve, having a c::an;>osition of. 99.5% 

polypropylene, 2400 ppn Sipernat 44 am 3000 ppm by weight Kaopolite 

1152. '1he third extruder is used to provide the secom skin layer 

mixture. 

A three-layer film laminate was coext.ruded with a core thickness again 

represe.ntin;J about 80 percent of the overall extruded thickness, with 

the thicknesses of the first am. secorrl skin layers each represent:.iRj 

about 10 percent of the film's overall thickness. '!he resultant film 

sheet was subsequently oriented eight by about five am one-half times 

usin;J a c:amnercially available sequential biaxially orientin;J 

apparatus to provide a multi-layer film structure. As in the previous 

exanples, the ma.chine direction (MD) orientation is con:iucted at about 

285°F. am the transverse direction ('ID) orientation is c:::oIXiucted at 

about 300°F. '1he resultant multi-layer film has a first side of 

higher whiteness than that of the film of Exarrple 1 ard a secom side 

havinj an appearance sumtantially the same as that of Example 1. '!he 

properties of the film so produced are as follows: 

Filll'I thickness 
Density 

Gloss 
Light transmission 

coefficient of friction 

. . 

. . 

. . 

1.20 mills 

0.62 g/cc 

90% 

21% 

0.30 

'lhe coefficient of friction of the finished film not only is desirably 

low blt also is stable over · c:xnlitions which simulate typical 

convertin:J operations involving t:e.npe.ratures reachirq as high as so0 c. 
for three secoms. 'Ihe percent gloss is considered to be remarkably 

good considering the excellent coefficient of friction ard anti-blcx:::k 

characteristics of the structure. Moreover, no blocking of slit rolls 

cxx:ured after three days at 60°C. 

Example 4 

'lhe structure of Ex.altple 3 is corona discharge treated on both sides 

thereof in order to inprove wettability am adhesion by inks or other 
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surface layers which may terxi to have .inferior wetting an:l adhesion in 

the absence of corona treatment. 'Ihe finished film has the followin;J 

characteristics. 

Gloss 
Coefficient of friction 

: 90%. 

0.30 

'Ibis film deloonstrates that the coefficient of friction of the surface 

of the film fran Example 3 is unaffected bY corona disc.haJ:qe 

treatment. It is known that amide-nmified polypropylene films 

significantly increase in coefficient of friction upon such treatment 

an:l must thereafter be coniitioned to restore the coefficient of 

friction to useable levels. Again, no blockinq of slit rolls oc:x:ured 

after three days at 60°C. 
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1. An opaque, biaxially oriented, polymeric film structure, 
Which carprises: 

(a) a voided core layer carprising a matrix of (i) a 
t.henooplastic polymeric material in which are dispersed (ii) void­
initiatirxj solid particles which are phase-distinct frau the 
t.henooplastic polymeric material of the matrix arxl about which 
particles are located opacifying voids; 

(b} a first thenooplastic polymeric skin layer adhering to 
one surface of the core layer arvi incl~ up to 12% by weight of 
titanimn dioxide contact pigment; arxl 

(c) a secon:i t:henooplastic polymeric skin layer adhering to 
the other surface of the core layer arxi includin::J finely divided, 
unifonnly dispersed inorganic material in an amunt effective to 
inpart antiblocking characteristics arxl decrease the inherent film-to­
film coefficient of friction thereto; 

wherein the skin layers are thick enough to prevent the 

asperities of the core layer from bein:J manifest. 

2. A film structure according to claim 1, wherein 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 carprises aluminum silicate, sodium-alumirnnn silicate, 
dehydrated kaolinite or a mixture thereof. 

4. A film structure accordirg to any preceding claim, wherein the 
core layer matrix comprises isotactic polypropylene. 

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

6. A film structure acx:ordirq to any precedin1 claim, 'Wherein the 
void-initiating particles camprise polybutylene terephthalate. 
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7. A film structure according to any precedin:J claim, wherein the 

inorganic material in ( c) ccq>rises a silica-alumina ceramic 

particulate material in spherical form. 

a. A film structure according to any precedinq claim, wherein the 

first ard/or secom. skin layer conprises a haoopolymer of propylene; a 

linear low density polyethylene; a high density polyethylene; a raJXlan 

copolymer of propylene ard ethylene; a block copolymer of propylene 

ard ethylene; a copolymer of propylene ard rutylene; a terpolymer of 

ethylene, propylene ard l:lltene; a terpolyner of ethylene, propylene 

ard bltylene; or a mixture thereof. 

9. A process far preparin;J an opaque, biaxially oriented, polymeric 

film structure, which process c::onq:>rises: 

(a) mix:in;J a ltlajor proportion of a first therm:>plastic 

polymeric material with a minor proportion of a first material of 

higher melt.in] point or havin;J a higher glass transition 

temperature than the first t:hentq>lastic polymeric material to 
produce a core layer mixture; 

(b) heatin} the core layer mixture produced in step {a) to a 

temperature at least above the meltin;J point of the first 

thernq>lastic polymeric material; 

( c) dispersing the first material of higher meltirg 

point or higher glass transition temperature of the mixture 

produced in step (a) uniformly throughout the nolten first 

thenroplastic polymeric material;· 

(d) mixin3' a secoIXi thenooplastic 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 meltin} point of the 

seconi thenooplastic polymeric material; 

(f) mixiixJ a third thenooplastic polymeric material 

with a finely divided, inorganic material to produce a secom 
skin layer mixture; 
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(g) heatirg the secorxi skin layer mixture produced in step 
(f) to a t:enparature of about the meltinj point of the third 
therlooplastic polymeric material; am 

(h) formin:.;J a biaxially oriented coextruded film 
structure frcm the core layer mixture, the titanium dioxide­
containin:J first skin layer mixture arxi the inorganic material­
containinJ secon:i skin layer mixture, said form.in:J step c:orducted 
at a temperature arxi to a ~ to form strata of opacifyin;} voids 
within the core layer; 

wherein the inorganic material of the secom skin layer 
inpnts anti.blocking characteristics arxi re.duced inherent film­
to-film coefficient of friction at its surface am the first arxi 
sec:orxi theriooplastic skin layers are of a thickness such that the 
outer surface of the matrix core layer does not, at least 
substantially, nanifest surface the irregularities of the matrix 
core layer. 


