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MDm'I-IAYER OPAQUE FnM smDC1tlRES OF RmDD 

SURFACE FRICI'ICN AND psrg§S FOR PRmX!lNi SAME 

In the packagJn; of certain types of foods (far example, snack foods 

such as potato chips am cookies) it is 01111111 practice to enploy a 

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

q>acity which prctects the packaged product frail deterioration causai 

by mcposure to light. It has been fc:urxi that certain wavel.erxft:hs Of 

s light up to abait 450 nm cause increased spoilage in such packaged 

prcduct:s. F.Wt1 when a degree of opacity is present in the film, 

spoilage oc:x::Urs if the film allows pasMge of sane light. 

It is known in the art that thenncplastic polymers can be loaded with 

10 opacifyin;J fillers; cast into fillDs; an:i thereafter st:ret:ched to fa:m 

orient.ad thenncplastic f illDs. 

It is also koown that polymeric film struc:tm:es CXJ114lCisin; a ca.vitated 

care contaL"1in; numerous voids provide a DIL1Ch higher degree of 

15 opacity, possibly due to the effects of light scatterin;, than is 

possible fran the use of cpacifyin;J fillers alone; an:i that such film 

structures may be used in food packagin;J. 

Despite significant advances in the art, many films prove to be 

20 sanewhat fragile in certain erx:l-use aR>lica.tions. While highly 

cavitated or voided films are ideally suited for certain applications 

such as ~in; biscuits,. in other awlications such as these 

enployin;J Vertical Farm Fill an:i Seal (VFFS) pack.agirg machinery, as 

well as sane which errploy Horizontal · Form Fill an:i Seal (HFFS) 

25 madri.nery, the fOJ:IDirg collars of the machine often damage or shear 

the package bein;J formed an:i filled. In addition, films converted 

into packages which are filled with both product am air, so as to 

provide an air cushion for product p~on, often benefit fraa the 

use of a less fragile film. However certain neans enployed to provide 

30 a less fragile voided film can reduce the film's pleasin; aesthetic 

appearance or nay ~ the al::!.ility of the film to inhibit the 

transmission of light therethrough • 

. . ' ·.• .• 
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'lberefare, what is needed is a less fragile, opaque film structure 
which prcvides an :i:ap:cved ranJe of ptceeSS operability, while 
mai.nt:aini.n:J its appearance, sb:mr;Jth an:i stiffness. 'lb.is inventicn 
seeks to provide such a film. 

Aa:x1l:din; to the pi: esent invention, there is prcvided an opaque, 
biaxiall:y oriented, polymeric film structure which cxmp:ises at least 

three layers, there beiiq : 

(a) a voided care ~yer cx:mp:-isilg a matrix of (i) a 
10 thernrJplastic polymeric material in which are dispersed (ii) 

void-initiatinq soU.d particles which are J;base-distinct fran the 
thernq>lastic polymeric material of · the matrix arxi aba1t which 

particles are located opacifyin;J voids; 

(b) a non-voided layer canprisin;J a t:hernq>lastic polymeric 
15 material adherent to one side of the care layer (a) ; arxi a third layer 

which may either be : 

(b') a layer canprisin;J a thm:llcplastic polymeric material an:i 

adherent to the other side of the care layer (a) ; or may be : 

(c) a skin layer canprisin;J a thm:llcplastic polymeric material. 
20 am adherent to intermediate layer b), the skin layer bei.rX] thick 

enoogh to prevent the asperities of the core layer fran bein;J 

manifest; 

arxi wherein: 

1) 

25. 2) 

(a) canprises a light al:sarbin;J lalnellar pigment; ard/or 
where the third layer is (c), (b) caiprises a migratcz:y 

slip agent an:i a migratory antiStatic agent. 

Acc:mdin:J to one aspect, the film structure of the present invention 
is an an opaque, biaxially oriented polymeric film structure produced 

30 by orientirg the film to a degree which provides low light 

transmission am llproved machinability. 'Ihe film structure includes 

(a) a thm:llcplastic polymer matrix care layer havin;J a first surface 
and a secon:i surface, within which is located a strata of voids; 

positioned at least substantially within a substantial munter of the 

35 voids is at least one ~ical void-initiatin; particle which is 
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phase distinct and iro 111etible with the matrix material, the void 

space occupied by the particle bein:;; substantially less than the 

volume of the void, the pc:p1l atiun of the voids in the cace bein;J such 

as to cause a significant degree of opacity, the care layer i.ncludinJ 
5 a light atsarl:rl.rJJ pigment of lamel 1 ar mrpholcgy, (b) a first 

. llCl'l-VOided thel:llq)lastic polYJDE~ intermediate layer havin:J a first 

surface am a secxni surface, the second surface of the first. 

intet:mediate layer adherin;J to the first surface of the care layer, 

am (b') a seccn:l non-voided therllq:>lastic polyner intet:mediate layer 

10 ha.vin; a first surface and a secorxi surface, the seconi surface of the 

seconi intermediate layer adherirxJ to the second surf ace of the care 

layer, wherein the level of light transmission of the film is less 

than 10% and the degree of orientation is about s 'IDO by less than 

about 5 MOO. 

15 
Mare preferred is a five-layer film structure, in:xs:pcn:atin;J the 

al:Jcve-described (a) I (b) and (b') layers, and further irx:ludirq (C) a 
first ncm-voided ther.aq>lastic skin layer adherin;J to said first 

surface of said first intermediate layer; and ( c') a secand nai-voided 

20 theJ:llq>lastic skin layer adhe:rin;J to said first surface of said secaxl 

intermediate layer, the void-free skin layers bein} of a thickness 

such that the outer surface of the skin layers do not, at least 

substantially, manifest the surface irregularities of the matrix care 

layer. 

25 
Also provided is a process for i:>J:"eparinq an opaque, biaxially oriented 

polymeric film structure of low light transmission and biproved 

mach.inability, c:cmpris.irg the steps of: (a) mixin;J a major prqxrtion 

of a first thel:ncplastic polymeric material with a mimr proportion of 

30 a first material of higher nel.tin;J point or ·ha.v.irg a higher glass 

transition tenq;>erature than the first thernclplastic polymeric material 

to produce a core layer mixture and. a nP-nor anDJrrt: of a light 

aksarbil'g pigment of lamellar ll'Oqilology; (b) heatin;J the core layer 

mixture produced in step (a) to a tecrperature of at least above the 

35 neltirg point of the first thernclplastic polymeric material; (c) 

dispen;irq the first material of higher meltirg point or higher glass 
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transition te11erature of the mixture produced in step (a) unifaz:mly 

1:hJ:cuj1alt the mlten first thenq>lastic polymeric material in the 

fam of m:ic::rospleres; (d) mixin;J a seccn::l t:hm:Dqllastic polymeric 

material to pccduce a first intermediate layer mixture; (e·) heatin;J 

5 .the intermediate layer mixture prcduced in step (d) to a te11-:r::at:m:e 

of aba1t the meltin;J point of the second thermc.plastic polymeric 

material; (f) mixin; a third thernq>lastic polymeric material to 

produce a secan:i intermediate layer mixture; (g) heatin;J the secan:i 

intermediate layer mixture produced in step (f) to a tentet.ature of 

10 abcut the meltin;J point of the seccni thermc.plastic polymeric 

material; am (h} f~ a biaxially oriented coextnx1ed film 

structure fran the care layer mixture, the first intermediate layer 

mixture am the secxni intermediate layer mixture, the farmin;J step 

. carxiucta:i at a ten"pe.rature am to a degree to form a strata of 
15 opacifyin;J voids within the core layer; where.in the degree of 

orientation is about a '!DO by less than about s MOO. 

Acx:o.rd.in;J to another aspect, the film structure of the present 

invention is an an opaque, biaxially oriented polymeric film st:ruct:ure 
20 of redlloed surface coefficient of friction. '!he film structure 

inclmes: (a) a thermc.plastic polymer natrix care layer havin3' a first 

surface ard a second surface, within \<hlich is located a strata of 

voids; positioned at least substantially within a su1::stantial number 

of the voids is at least one spherical void-initiatinJ particle which 

25 is pmse distirx:t am iiranpatible with the matrix material, the void 

space occupied by the particie bein:J sul::stantially less than the 

volume of the void, with one generally cress-sectional cilinension of 

the particle at least ~tin3' . a can:~ cress-sectional 

dimension of the void; the pcptlation of the voids in the core bein;J 
30 such as to cause a significant degree of opacity; (b) at least one 

thermc.plastic polymer interne::li.ate layer havin:J a first surface am a 

secon:l surface, the secon:i surface of the interne::li.ate layer adherin;J 

to at least the first surface of the care layer, the intermediate 
layer fcmoed fran a mixture carprisin:J the thermc.plastic polymer, a 

35 migratory slip agent and a migratory antistatic agent; and (c) a 

nan-voided thermc.plastic skin layer adherin:J to the first surface of 
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the intermediate layer, the void-free skin layer am the intennediate 
layer tcqether beiDJ of a thickness such that the cuter surface of the 
skin c0re layer does not, at least sul:stantially, manifest the surface 
in'e;ularities of the matrix care layer; wherein the slip agent am 

s the antistatic agent migrate to the outer surface of the ~._layer 

and are effective to reduce the surface coefficient of fricticn 
thereof. 

Mare preferred is a five-layer film st:ruCture, incxn:i;xn:at:in;J the 

10 above-desc:ribe (a), (b) and (c) layers, am further i.nclm:in;r (b') a 

secard t:hm:nr::lplastic polymer intenm:dia.te layer havin;J a first surface 
and a second surface, the second surface of the second intermediate 
layer adherirx] to the secorn surface of the core layer, the second. 

intecmediate layer far:med fran a mixture cx:auptisin;J the thernq:>lastic 
15 polymer, a migratory slip agent and a migratory antistatic agent; am 

( c •) a second non-voided theJ:mcplastic skin layer adherin;J to the. 

first surface of the inter.mediate layer, the second void-free sldn 
layer beinq of a thiclmess such that the outer surface of the sldn 
care layer does not, at least sumtantially, manifest the surface 

20 irregularities of the matrix care layer wherein the slip agent and the 

antistatic agent migrate to the outer surfaces of each skin layer and 

are effective to reduce the surface <Xlefficient of friction of each 

surface. 

25 In either embodiment, the skin layers (c) a.rd/or (c') can be sillple, 

ecananical thin encapsul.atin:J layers or they can be Ilm'e elalxlrate 
heat sealable layers. 

Also provided is a process for preparin;J an opaque, biaxially oriented 
30 polymeric fillll structure, canprisin;J the steps of: (a) m:i.xin; a major 

pzoportion of a first thermplastic polymeric material with a mimr 
proportion ot a first material of higher melting point or ha'Vi.rg a 
higher glass transition teq;:ierature than the first thel:m:plastic 
polymeric material to produce a core layer m:ixblre; (b) heatin;J the 

35 care layer mixture produced in step (a) to a telrperature of at least 
above the meltin;J point of the first thermplastic po;tymeric material; 
( c) dispersin;J the first material of higher meltirq point or higher 
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glass transition tenper:ature of the mixture produced in step (a) 

uniformly ~ the molten first thel.'m:Jpl.ast polymeric material 

in the f0m of m:icrcst:beres: (d) mixin:;J a seccni theDq>lastic · 

polymeric material with a ~tcry slip agent and a migratary 
5 antistatic agent to pcaliJce an :i.nteJ:media.te layer mixture; (e) ~ 

the intecmedi.ate layer mixture pr:cduced in step (d) to a te•tecatum 
of abcut the meltin;J' point of the secard tlle'rnr:lplastic polymeric 

material: (f) pccducin; a thecmrplastic skin layer mixture: (g) 

facmin; a biaxially oriented ooextruded fillil structure fran the care 
10 layer mixture, the :i.nteJ:media.te layer mixbJre and the skin layer 

mixture, the fatlllin; st.ep c:xnhJcted at a teH\e:ature and to a degree 

to form a strata of opacifyinq voids within the core layer: wherein 

the thm:Jlcplastic skin layer in o:nhination with the intet:mediate 
layer are of a thickness such that the aiter surface of the matrix 

15 core layer does not, . at least sutstantial.ly, manifest surface 

.i.J:regul.arities of the matrix care layer; and (h) agin;J· the film 
structure prcduced in step (g) for a period of time sufficient to 
pez:mit the migration of an effective anamt of· the· migratory slip 

agent and the migratory antistatic;: agent so that surface coefficient 
20 of friction is reduced. 

In the drawin;Js: 

Fig. 1 is a sdlematic diagram of a method for dete:rmini.n;J percent 

25 light transmission. 

Fig. 2 is a sdlematic diagram of a method for det:erminin;J percent 

~ty. 

30 In order· to adrl.eve the unique film structure of the present _ 

invention, it is inp:rt:ant that a particular thickness relationship 

exist between the thickness dimension of the core and the thickness of 

the skin layers. It is preferred that the care thickness be fran 60 

to 95% of the overall structure with about 65-90% prefe:cred. '!his in 

35 canbination with the pcpilation and configuration of the voids . 
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in a total st:ruct:ure at least ,U:Xut 1. o mil thick, will materially 
ccnt:ril:ute to the overall decp:ee of opacity of the structure. 
Likewise, by maintain:in; the thickness of the skin layers within 
partiallar ra?XJeS in relation -:.o the overall structure and to the 

5 thickness of the core layer, the. overall CXJDbination results in-~ 
advantages. Intermediate layer (b) , adherirq to the first surface of 
care layer ·(a) and, when present, .intermediate layer (b') adberin;J to 
the secancl surface of care layer (a) eac:h have a thickness of fran 
5 to 30% of the overall structure, with a thickness of 5 to 15' 

10 preferred. ~layer (b) and, when present, (b') are far:med 

fran a ~lastic polymer and either or both may include a 
migratory · slip agent and a m:i.gratcry antistatic agent, as will be 

described in ncre detail hereinbelCM. once the multi-layer structure 
of the present invention is fotmed, the slip and antistatic agents 

15 migrate to the outer surface of skin layer (c) ard/or (c') to reduce 
the surface coefficients of friction thereof. '!he intermediate layer 
serves an ililpcrtant furction in reducin; water vapor transmission rate 
(WIR) and may also contain Ti0

2 
as a contact whitenin;J agent. Skin 

layers (c) ard (c'), which, when present, are preferably Tio2-free, 
20 adherin:; to the surfaces of the intermediate layers not in contact 

wit.h the ccre layer, have thicknesses fran 0.10% to 5.0% of the 
overall structure wit.h thicknesses f:ran 0.20% to 3.0% preferred. '!he 

relative thinness of this layer adds to eccnany in production 
especially when the layer is an expensive heat-sealable material. A 

25 preferred five-layer structure might include, for example, .a care 
layer with a thickness of alDit 79% of the overall structure wit.h 
intermediate layer (b) ard (b') havirg thicknesses of about 8% each 
ard skin layers ( c) ard ( c') havirg thicknesses of about 2. 5% eadl. 

30 'lbe care is a ther:llq>lastic polymer matrix material within which is 
lcx:ated strata of voids. Fran this it is to be umerstood that the 
voids create the matrix configuration. 

'!he films of the present invention have high opacity and low light 
35 transmission. A distinction should be made between opacity and light 

transmission. Opacity is the ~ite of transparency and is a 



--------··------

5 

·--·--·--

F-6374(6376)-L(SGC) 

This Sheet Has Been Replaced 

111111~ 1111~ fill 1111111 
-8-

function of the scatterin;J and reflection of light transmitted thrcugh 

the film. Opacity is the ability, far exzmple, to block out writiD;;J 

bel.atl it. Light transmission is a furctial of light passin; llDCe 

directly through the film. 

Referrin1 new to Figure l, the p:a:cent light transmission through a 

film is determined by usin;J light sairce 2 to transmit light rays J 

directly through film 4 and meaSJJrin; at light sensor 5, value T
2 

which is the aDDl1lt of light which is transmitted through film 4. 'lbe 

10 anomt o~ light rays 3 which can be directl.y transmitted, value T
1 

~ is 
determined by measurin] the light 3 directly transmitted by light 

san:ce 2 with no int:ervenin:J film. '!he percent light transmissicri 

through the film can then be determined usin;J the fannula: 

15 

20 

T2 
% Light Transmission = _ 

Tl 

where: T2 = light transmitted through a film; and Tl = 

light directly transmitted. 

Referrirg now to Figure 2, for a measure of percent opacity of a film, 

light swrce 2 transmits light through film 4 onto a white surface 9 

25 and the same procedure used to project light onto a black surface 10. 

With bath white and black surfaces, measurement at light sensor 5 is 

of all of the follCMirq: light reflected off the upper surface of the 

film 6; light transmitted through . the film and reflected by the white 

or black surfaces 7 on- the side of the film opposite fran the light 

30 san:ce; am, light scattered by the film s. 

35 

'!he percent opacity of the film can then be determined usin:; the 

f ot111ll.a :· 



F-6374(6376)-L{s:;c) 
- 9 -

Ra 
% Opacity= 100 x -

1\, 
5 

where: Rw = Reflected light + scattered light + light 

transmitted thrcugh the film am reflected off a white surface; 

10 and ~ = Reflected light + scattered light + light transmitted 

through the film am reflected off a black surface. 

Accordin;ly, a highly reflective film may provide high opacity 'While 
15 al.l.owirq light transmission. '!his is because percent light 

transmission is not the equivalent of percent opacity. Light 
transmission is the am::unt of light passirg directly through the film. 
To prevent food spoilage decreased light transmission is desirable. 

20 In fOJ:mirg the core layer, as in u. s. Patent No. 4,377 ,616, a master 
batch tedmique can be enployed by either in the case of fOJ:nlin;J the 
void initia~ particles in situ or in add.in;; preformed~ to a 
nDlten therJ!cplastic matrix material. After the fonnaticn of a master 
batch, ~c:p:ciate 'dilution of the system can be made by aalin; 

25 acliitional thernrJplastic matrix material until the desired proportions 
are obtained. However, the c::crcp::ments may also be directly mixed and 
ext:nx1ed instead of utilizin;J a master batch method. 

'!be void-initiatin;J particles which are added as filler to the polymer 
30 matrix material of the core layer can be any suitable organic or 

.inorganic material which is i.rxDrpatible with the care material at the 
tempe't"ature of biaxial orientation such as polyl:utylene terephthalate, 
nylon, solid or hollow preformed glass stiJeres, metal beads or 
si;:beres, ceramic spheres, calcium carbonate, etc. 

35 
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'!be polyolefin cxntemplated as the core material .includes 

polyprcpylene, polyethylene, polytutene am copolymers and bl.ems 

thereof. Particularly preferred is an isotactic polypropylene 

cant:ainin; at least alxut SM by weight of isotactic polypropylene. 

5· It is also preferred that the polypropylene haVe a melt flClll ~ of 

frail aJ:xut 2 to 10 g/10 min. 

It is prefet:red that the · average diameter of the void-initiatin; 

particles be fran 0.1 to 10 microns. '1bese particles may be of any 
10 desired shape altha.lgh it is preferred that they be substantially . 

spherical in shape. 'Ibis does not mean that every void is the same 

size. It means that, generally speakin}, each void tams to be of· 

l:ike shape when like particles are used even ~ they vary in 

dimensiais. 'lbese voids may assnne a shape defined by two orposed an:i 

15 edge cantac:tin; concave disks. 

As i.rxli.cated above, the matrix polymer am the void initiatiDJ 

particle mJSt be i.rvxmpltible am this tem is used in the sense that 

the materials are two distinct i:xmses. '!be si:herical void initiatln1 
20 particles constitute a dispersed phase thralghout the la.er meltin:J 

polymer which polymer will, ult.illlately, upon orientation, beo •ne a 

void-filled matrix with the Sfberical particles positioned sanewheie 
in the voids. 

25 As a result of the biaxial orientation of the fi~ structure herem, 
in addition to opacifyin; tlle core layer of the structure, the 

orientation improves other physical properties of the cxxc;iosite layers 

such as flex-crack resistance, EllDen:klrff tear strerqth, el0l'J38ti.on, 

tensile stce«:Jtb, i1rpact stren;th arx:l cold st:re?X1th properties. '!he 

30 resultirr;J film can have, in addition to a rich high quality~ 

am excellent opacifyirq characteristics, lc:M water vapor transmissiai 
rate characteristics arxi lc:M oxygen transmission rate characteristics·. 

'!his makes the film ideally suited for packagirr;J foc:xi prcducts 

includin;J liquids. 'Ihe film also has attractive utility as a 

35 dea:>rative wrap material. 
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It is believed 'that because of carparative Slilericity of the 

void-initiat:in;J particles, the voids are closed cells. '!his means 
that there is virtually no path open fran one side of the care the 

other thralghait which liquid or gas can transverse. 

'1he opacity and lcw light trarsni ssian of the film may be further 
enhanced by· the addition to the care layer of fran al::alt 1% by weight 
and up to alDlt 10% by weight of opacifyi.DJ ~, which are added 
to the melt mixture of the care layer before extrusion. Opacifyi.DJ 

10 canpoums which may be used include iron oxides, carbon black, 
aluminum, Ti02, and talc. '!he opacifyi.DJ canpoums do not contril::ute 
to void formation. 

Preferred for use in the care layer are pigment particles of a 
15 lamellar ncri:tlology. 'lbe pigment particles of lamellar nx:xq;:hology 

(lamellar pigment) may carprise an m:ganic pigment, preferably 
g:rapllte, or an inorganic pigment, such as a silicate, preferably a 
silicate which has a prancunced ten::!eD::y to cleave in one preferred 

planar di.i:ection, for exanple, a mica. Graphite is a particularly 
20 preferred lamellar pigment. '!he lamellar pigment shculd have an 

average particle size which, of itself, is insufficient to cause 
voidin:J of the matrix; this will depen:i on the nature of the matrix 
and the processin;J corxlitions, especially deformation tenp=-..rature and 

the aI!DlJlt of the pigment in the matrix. '!he term "void.in; of the 

25 matrix" as used herein designates creat:in;J a space within the matrix. 
HclrieVer, good resllits are obt:ciined when the lamellar pigment has an 
average particle size fran o. 2,. to 2. O micrcmeters, preferably fran o. 5 

to 1. o micrcmeters. '1he lamellar pigment may be present in an anomt 
frail 0.2 to 12 wt. %, suitably fran 0.5 to s.o wt. % of the film, 

30 preferably·fran 1.0 to 2.0 wt. % of the film. 

35 

'!he polyolefin contemplated as the material for use in form:in; 
intermediate layers (b) and (b') includes polypropylene, polyethylene, 
polyb.ltene and copolymers and blems thereof. As was the case for the 
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care layer, particularly preferred is an isotactic polyprcpylene · 
cont:ainirq at least alxl1t 80% by weight of isotactic polypropylene. 
It is also preferred that the polypropylene have a melt flow imex of 
fran alxllt 2 to 10 q/lQm. 

To ad1ieve the desired c:haracteristic of redllnri CX>efficient of 
fricticn. at the surface of the skin layer or layers, it has been 
disoJvered that the use of cert:a:i.n slip aqents in canjurcti.cn with 
certain antistatic agents in the intermediate layer, when each such 

10 aqent possesses migratory properties, will reduce the CX>efficient of 
frictial at the surface of the skin layer or _ layers, when SUfficient 
agin:J time is provided to permit the canbination of aqents to migrate 
to the outer surfaces of the film. By ''migratory" is meant the 
property or trait of bleedin;J throogh the polymeric matrices of the 

15 intennediate and skin layers so at least an effective amamt of the 
agents reside on the surf ace of the skin layer to reduce the surf ace 
CX>efficient of friction thereof. 

While a variety of migratory antistatic agents are available 
20 camnercially, preferred for use in the practice of the present 

invention is the 9roJp of ethoxylated amines and ethoxylated amides. 
Ethoxylated amines are available fran the HUnco Cllemi.cal Division of 
White:> O>emical Corp. un:ier the trademark of Kemamine, fran the Noory 
Cllemi.cal Crmpany umer the trademark of ArDcstat and fran other 

25 sources. Ethcxylated amides are available fran Akzo Cllemi.e America 
urxJer the trademarlc of Et:hmid, -fran the Oxynol Cllemi.cal carpany W'Der 
the trademark of Qxynol and fran other sources. Particularly 
preferred for their migratory ~ies is the group of ethcxylated 
amines. 

30 

Likewise, a wide variety of migratory slip agents are available 
oamnercially, sane of which are disclosed in u. s. Patent No. 
4, 510, 281, the contents of which are hereby irrnrparated by reference 
for those details.· Preferred for use in the practice of the present 

35 invention is the group of cc•111ercially available amine- and 
amide-based slip agents, with erucamjde beirY;J nost particularly 
preferred. 
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'lbe rarKJe of antistatic agent levels useful in the practice Of the 
present :invention is frail alx11t 500 ppn to about 2000 ppn of the 

intennediate layer mixture when a film is produced aa::crclin;; to the 

ratio of materials and layer thickness described herein, with aba1t 
5 1000 ppn to alxut 1500 ppn beirq particularly prefe:red. It is 

.iJlpartant to note that when the Dill.ti-layer films of the present 
inventiCll are to cane in contact with foods, governmental regulatory 
agencies generally lilnit the al1DJl1t of additives materials which can 
be eq>loyed therein. For example, amine- and amide-based antistatic 

10 materials are l:imi.ted to approximately 1200 ppn of the intermediate 
layer mixture when a film is prcduced acccrdin; to the ratio of 
materials and layer thickness described herein. Nevertheless, this 
limitation does net inhibit the ability of the agent to cooperate with 
the migratory slip agent to yield the beneficial properties ascribed 

15 thereto. '1be ran;e of slip agent levels useful in the practice of the 
present invention is frail alx11t 200 ppn to about 2000 ppn of the 

intermediate layer mixture when a film is produced acccrdin; to the 

ratio of materials and layer thickness described herein, with aba1t 
800 ppn to alxut 1500 ppn beirq particularly preferred. Far exanple, 

20 wheri seekinJ to fODll a 0.8 mil thickness multi-layer structure, in 
a~ with the present invention, abrut 1500 ppn of en>camide is 
required. When fonnin; a 1.6 mil thickness structure, about 800 ppn 
of ernramide is required. Amine- and amide-based slip agents, such as 
the IOOSt particularly preferred agent, erucamide, are permitted by 

25 governmental regulatory agencies to be present at significantly higher 

levels than necessary to :perform the function interxied by the present 

invention. 

It has been discovered that the canbined use of a migratory antistatic 
30 agent with· a migratory slip agent results in a synergistic reduction 

in the coefficient of friction. It is tha.Jght that this occurs due to 
the fact that a film havin; poor slip characteristics will tern to 
generate and stare nore static charges and a film havin;J a high level 
of stored static charge will tern to clin; nore to any surface with 

35 which it canes in contact with, thus exhibit~ a higher coefficient 
of friction. 
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Mcreover, it has been disoovered that the placement of the migrata:y 
slip agent am the migratary · antistatic agent in the .intermediate 
layers (b) ani/or (b') produces a nuch higher level of effectiveness 

than can be achieved thrcujl their pl.aoellTent within the care layer (a) 

5 or the skhl layers (c) artJ./or (c'). With regard to the placerent of 

the agEints in the care layer, this is due to the fact that the 

migratary slip agent and the migratary antistatic agent will tend to 
cling to the interior surfaces of the voids f0t1Ded withln the care 

layer. With regard to the pl.aceJle! it of the agents in the skin layer 

10 or layers, it is the volatile nature of the agents themsalves whidl 

tem to limit their effectiveness. As described herein, the 

tenrm-atures required to fOt"m the multi-layer structures of the 

present invention will tern to "boil" away the agents, inhibitinJ 
their ability to fUnction as intemed. 

15 

'!be opacity, 'Whiteness am low light transmission of the film may be 

further enhanced l7f the addition to intecmedi ate layers (b) am· (b') 

'of Tio2 in aDDll1t of fran abcut 1% l7f weight am up to al:x:ut 10% by 

weight, whid1 is aci:ied to the melt mixture of the intennecl:i.ate layer 

20 before extrusion. Preferably, the intermediate layers contain fran 

about 2% l7f weight to 6% l7f weight of Ti02 • . Ad:litionally, the 

intermediate layers may also contain talc. 'Ille whiteness resultin;1 

fran the inclusion of Tio2 provides an excellent surface for graprlcs. 

Furtherncre, the whiteness allaNS print.irg of laminated or unlaminated 

25 structures without requirin;J white ink. 

I.ayers (c) am (c'), where pzesent, are thin skin layers ~lied to 

the surfaces of intermediate layers (b) am, where present, (b') which 

are not in contact with the care layer (a) • I.ayers ( c) am ( c •) are 

30 preferably of a material havin:J a lCY.17 WVTR. '!his layer may consist of 

a propylene; high density polyethylene; linear lCY.17 density 

polyethylene; block cqx>lymer of ethylene and propylene; raman 

cqx>lymer of ethylene arxi propylene; other ethylene haocp:>lymer, 

cqx>lymer, terpolymer; or blerxis thereof. 'lbe haocp:>lymer 

35 contenplated herein is formed l7f polymeriz~ the respective nauner. 
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'lhis can be aax:aplished by b.llk or solution polymerization, as these 

sldlled. in the art would plainly undet:stani. One of the preferred 

materials far layers (c) and/or (c') is isatactic polypropylene. Skin 
layers (c) ard (c') are of a tt.J.ckness sufficient to encapsulate the 

5 intermediate layers, and, when 'J.'i02 is employed in :interJIEd:i.ate -~ 

(b) and (b'), the des:ired effect of rednari prccess:irg machinery wear 
problems associat.e:i with Tio

2
--cant:a.inin:J outer layers is achieved. 

Mareover, the cnnhination of inbmDediate layer (b) and skin layer (c) 

and intermediate layer (b') and skin layer (c') provide a thic101ess . 
10 such that the outer surface of each skin layer does not, at least 

sul::IS'tantially, manifest the surface irregularities of the matrix care 

layer (a). 

'Ibe copolymer contemplated herein far skin layers (c) and/or (c') can 

15 be select:ed. fran these copolymers typically enployed in the 

manufacture of Dlllti-layered films. Far example, a block copolymer of 

ethylene and propylene is farmed by sequential polymerization of the 

respective Dale.IDerS. '!be feedinq of the naoners in farm:in} a block 

copolymer is m1Ltolled so that the nax:mer employed in one stage of 

20 the sequential polymerization is not added until the iicrx::mm- employed 

in the precedirg stage has been at least substantially consumed 

thereby insurin:.J that the conce11tration of the nrmner remainin;J 

stage is sufficiently le1t1 to prevent formation 

of an excessive proportion of ran:lan copolymer. Also, as 

25 i.n:licated above, a rarx:1cm copolymer of ethylene and propylene can 

be advantageaisly employed to fn skin layers ( c) and/or (c •) • 

'Ibe contemplated terpolynrars which may be used far skin layers (c) 

and/or (c') , where present, are 0"JYP3ratively le1t1 stereoregular 

·polymers. 'lhe terpolynrars can have a melt fle1t1 rate at 446°F rarqinJ 
30 fran 2 to ·10 grams per 10 minutes and preferably fran 4 to 6 grams per 

10 mimltes. '!be crystalline melt:irg point can raIY:Je fran less than 

250°F to sanewhat greater than 371°F. 'lbe terpolymers will 
predcminate in propylene, and the ethylene an;i 1-mtene nonaners can 

he present_ in a~tely fran 0.3:1- 1:1 llDle percentage in 

35 relation to eadl other. 
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If desired, the exposed surface of skin layers (c) and/or (c') can be 

treated. in a known and conventional manner, for example, U:f c::x:D:'aB 

discharge to llp:cve its receptivity to pri.ntirq inks and/or its 
suitability for such sutsequent manufactur:i.n:J operations as __ 

5 lamination. 

'1he exposed treated. or untreated surface of layers (c) ard/or (c') nay 

have cg>lied to it, cx:at:in; o 111positians or substrates ~ as another 

polymer film or laminate; a metal foil suc:::h as aluminum foil; 
10 oellulosic webs, for example, IllJllllet'alS ·varieties of paper such as 

c::arru;ated. paperboard, craft paper, glassine, cartonboard; ncnwoven 
tissue, for example, spunbomed polyolefin fiber ard melt-blown 

microfibers. '!he cg>lication may enploy a suitable adhesive, for 

example, a hot melt adhesive such as lCM density polyethylene, 

15 ethylene-methac:rylate copolymer, water-based adhesive such as 
polyvinylidene chloride latex. 

Iayers (c) and/or (c') xra.y also include up to 1% U:f weight, with 500 

J:PD. to 5000 J:PD. preferred and 1000 J:PD. nDSt preferred, of inarganic 

20 particles, suc:::h as am::u:phous silica or talc to provide antiblock 

properties. 

Skin layers (c) ard/or (c') ·can also be fabricated fran arrJ of the 

heat seal.able copolymers, blerrls of hcm:Jpolymers ard blen:3s of 

25 copolymer(s) and hcm:Jpolymer(s) heretofore enployed for this pn:pose. 

Illustrative of heat sea J able· copolymers which can be used in the 

present invention are et.hylene-propylene copolymers contain:i.n:J fran 

1.5 to 10, and preferably f:ran 3 to 5 weight percent ethylene and 

ethylene- prcpylene-J:utene terpolymers contain:i.n:J fran 1 to 10, and 

30 preferably f:ran 2 to 6 weight percent ethylene and fran 80 to 97, and 

preferably f:ran 88 to 95 weight percent propylene. Heat sealable 

blems of · hcmq;x>lymer which can be utilized in prcvid:i.n:J layers ( c) 

and/or (c) i.rx:lude fran 1 to 99 weight percent. polypropylene 

hcmq;x>lymer, for example, one which is the same as, or different fran, 

35 the polypropylene hcmq;x>lymer canstitutin:;J core layer (a) blen:led with 

fran 99 to 1 weight percent of a linear lCM density polyethylene 
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(I.OPE). If layers (c) an:l/or (c') are heat-seaJahle, carcna or flame 

treatment of layers (c) a.rd/or (c') is net requjred. 

·-
Heat sealable bl.ems of ocp:>lymer(s) an:l haoc{>olymer(s) suitable far 

5 prcvidirq layers (c) ard/or (c') include: a blend of fran 5 to 19 

weight percent of polyl:utylene and fran 95 to 81 weight percent of a 
cqx>lymer of propylene (80 to 95 'D>le percent) an:l b.ltylene (20 to 

5 mle peccent) ; a bleni of fran 10 to 90 weight pecceut of . 

polylutylene ard frc::m 90 to 10 weight percent of a ocp:>lymer of 

io ethylene (2 to 49 mole percent) an:l a higher olefin havin:} 4 or m:re 

carbon atans (98 to 51 lIDle percent) ; a blem of fran 10 to 90 weight 

percent polybltylene ard fran 90 to 10 weight pet:c:ent of a copolymer 

of ethylene (10 to 97 ncle peccent) ard propylene (90 to 3 1lDle 

percent) ; an:l, a blerxi of f:z:an 90 to 10 weight percent of 

15 polybltylene, an:l frc::m 10 to 90 ~ percent of a oopolymer of 

propylene (2 to 79 m:Jle percent) a.rd hltylene (98 to 21 nole percent) • 

If skin layers ( c) ard/or ( c 1 ) are not heat seal able, ard that 

property is desired on one or both of these surfaces, then a heat 

20 sealable layer (d) may be applied to one or both of those surfaces. 

Heat sea.lable layer (d) may be, for example, vinylidene dll.oride 

polymer or an acrylic polymer; or it may be coext:ruded frc::m any of the 

heat sealable materials ~ibed herein. Vinylidene dll.oride polymer 

or acrylic polymer coa.tin;s are preferred materials which may be 

25 applied to the exposed exterior surfaces of the skin layers. 

It is preferred that all layers of the multi-layer film structures of 

the present invention be coextruded. '1hereafter, the film is 

biaxially oriented. For example, when employ:in] polypropylene for the 

30 care matrix arxi the skin layers an:l employin!J PBT as the void 

initiatin;J particles, a machine direction orientation may be fran 

4 to a arxi a transverse orientation may be fran 4 to 10 tiJDes at a 

drawin;J tei•1erature of ioo0 c to l 70°C to yield a biaxially oriented 

film. A preferred film thickness is fran o.5 mil to 3.5 mils. 

35 
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Whiteness am opacity is created in the structures of the present 

i.nvent:ial by biaxiaJJy orientin;J first in the machine directicn (MOO) 

and subsequently in the transverse direction ('IDO). As in:licated, in 

the orientation ptocess the st:retchirKJ farce causes the t:henq>lastic 

5 polymer to part arcurr:i the f:inely disperse:i void-initiatinj ~ 

and fran oval shaped cavities or microvoids, s.gxrted by the 

particles. 'lhe whiteness and opacity of the resultinj cavitated film 

deperxi on the fo~ factCrs: 

10 

15 

- Polymer volume, i.e., polygage 

- care am skin ratios 

- care 0: ••tcsition 
- 'lhe degree of cavitation as irxlicated by the film 

density g/oc as cala1Jated by divid:in; the weight 

of one square meter by the optical gage (µ) 

1lle higher the cavitation, that is the lower the film density, a 
whiter am nm'e opaque film results; the lower the degree of .. 

cavitation, the . lower the whiteness ard opacity. Yet anat:her way 

to increase the opacity of the cavitated filDi is to add pigment 

20 opacifiers sudl as iron oxide, ard ·as is ncre preferred, by usilg 

a l.amellar structure pigment, sud1 as lamellar grapute. 

As inii.cated, sane a:r;plications, such as VFFS packagir¥3 machines ard 

sane HFFS packagi.rg machines ~ higher density films that will 

25 pass over the fa:mi.rg collars of the machine withoot damage due to 

film crazi.rg or sheari.rg of ~package. It has been discovered that 

this can be adrl..eved by reducirx} the cavitation. To retain the film's 

pleasi.rg aesthetic a~, reducir¥3 the cavitation requires 

reduci.rg the pigment volume as well, which results in loss of opacity 

30 am an increase of light transmission. I.DSs of whiteness producinq 

cavitation can be offset by the use of Tio2 in the inter:nEdiate ard./or 

skin layers of the structure each c::cqrisi.rg 10% by weight . of the 

total structure. 

35_ 
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As indicated above, films which employ titanium dioxide-whitened outer 
skin layers do prcvide certain cJeSirable benefits, particularly frail 

an appearance stampo:int. Hawevi!r, sucil filll& can also yield certain 

umes:irable characteristics. 'D'...ese undesirable charact:eristics stem 

s fl:an the fact that titanium ciia.dde (Ti02) is quite abrasive ~, in 
fact, possess a hardness greater than even the ducme platinl fourxi on 
gravure rolls. '!his can result in excessive wear of expensive. 
pri.ntin; ani ooat:in; gravure roll surfaces, as well as any other 

surface which is oontact:ed by such a film. other problems Which arise 

10 f:ran the use of Ti02 in the outer skin layers of such films is that 

fine deposits are laid on canvertiD;J machinery, extruder die lips, 

treater bar exhausts, etc. Also, appearance problems caused by 

streaks on the fillll, sli:i;:paqe on Stretdl.in:J either by roll or . 

tenterjn;J can result. '!he films prcduced :in aoccrdmx:e with the 

15 pi: esent invention avoid the problems of films havirq titanium 

d.ioxide-wh.itened outer skin layers thrcugh the encapsulation of a 
titanium · d.ioxide-wh.itened intermediate layer with a thin, titanium 

dioxide-free, nan-voided t:herllq>lastic skin layer. 

20 '!he follciwin;J Examples illustrate the invention. 

a::MPARATIVE EXAMPLE 1 

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

320°F. , melt :imex = 3) , oant:ainin:;J 8 percent by weight PBT (MP = 

2s 440°F. ) as the core layer void-:initiatinq material, is melted in an 
extruder with a screw of L/D ratio of 20/l to provide the core layer 

mixture. A secxni arxi third extruder, in association with the first 

extruder, are each supplied with the same isatactic polypropylene 

(withait PB!') as the first extruder, l::ut each ccntaini.n;J titanium 

JO dioxide particles at 4 percent by weight. '!be titanium dioxide 
particles are errployed as a contact whitener far this intermediate 
layer mixture. A fa.nth extruder, in association with the first three 

extruders, is supplied with the same isotactic polypropylene/titanium 

dioxide as the seccni extruder, this extruder ~ used to provide 

35 the skin layer mixture. A melt coextrusian is carried out While 
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maint:ain:ilX] the cylimer of the core polymer material at a teu1erature 
sufficient to melt the polymer~. i.e., fran 4SO°F. to sso°F. 
'lhe polyprcpylene mixture of the second and third extruders to be 

extruded as intm:mediate layers is maintained at about the same 

5 terperature as the ·polypropylene used in fabricatin;J the core -~yer, 
as is the mixbire be.iDj used to facn the skin layers. 'lbe mixture of 

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

of skin layers an each surface of the inteJ:mediate layers. A 

five-layer film laminate was cOextruded with a core thickness 
10 represent:llq about 80 percent of the overall extruded thickness, with 

the thiclalesses of the intermediate layers represel'ltinJ about 16 

percent and the skin layers representllg abcut 4 percent of the film 

thickness. 'lhe uriariented film measured abcut 40 mils in thickness. 
'lbe resultant film was sutsequentl.y oriented eight by five and 

15 one-half times usirg a c::armm:cially available sequential biaxial Jy 
orientin;J cq:paratus to provide a l'llll.ti-layer film structure. '1be . 

machine direction {MD) orientation is conducted at about 2ss°F. and 

the transverse direction ('ID) orientation is conducted at about 300°F. · 

'Ihe resultant 1.3 mil lmllti-layer film exhibits a lustrals ~. 
20 

25 

CXJ"!PARATIVE rnMPLE 2 

'lhe film 0:1opc:sitian, and its production, was as in catparative 

~le 1 except that the skin layer mixture did not contain titanil.DD. 
dioxide. 

A five-layer film · laminate was coext:ruded with a core thickness 

represent:.llg about so percent of the overall extruded thickness, with 

the thicknesses of the intermediate layers represent:llq about 16 

percent and the skin layers representin;J about 4 percent of the film 
30 thickness. · 'Ihe unoriented film measured abcut 40 mils in thickness. 

As in Exalrple 1, the resultant film was oriented eight by five and 

one-half times usirg a o: 1•o•ercially available sequential biaxially 

orientirg cq:paratus to provide a Imll.ti-layer film structure. 'Ihe 

machine direction (MD) orientation is conducted at about 2ss°F. and 

35 the transverse direction ('ID) orientation is carx:iuct:ed at about 300°F. 
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'll'Je resultant 1.3 mil Imll.ti-layer film exhibits a simxJtll arxi lust::rcus 

~· 

CD1PARATIVE EXAMPLE 3 

5 'll'Je film o 111asitian, ard its production, was as in ~tive 
Exanple 2 except that the skin layer mixture cantained 1000 Riil 

amatPnis silica. 

CllJPARATIVE EXAMPLE 4 

10 'lbe films 0111ia;itian, and its production, was an in Ca!parative 
Example 3 except that the skin layer mixture polymer was an ethylene, 

l-l:utene, polypropylene terpolymer. 

EXAMPLE 5 
15 A mixture of 90 percent by weight isotactic polypropylene (MP = 

320°F., melt imex = 3), cant:ain:i.rq 8 pezcent by weight PBT (MP = 
440°F.) as the care layer void-initiatiDJ material am 2 percent 

by weight Jamel Jar grapri.te, is melted in an extruder with a screw of 

L/D ratio of 20/1 to proVide the care layer mixture. 'lhe lamellar 

20 grapiite lNaS enployed far its beneficial effect on ·reduced light 

transmission am overall film ~ am has no effect on the 

ccef f icient of friction of the outer surf ace of the skin layers of the 

resultant film. A ~ ani third extruder, in association with the 

first extruder, are each supplied with the same isotactic 
25 polypropylene (without PBT or graprite) as the first extruder, mt 

each contain.in':J titanium dioxide particles at 4 percent by weight, 

about 1200 RD of Arncstat 410 (trade marlt), an amine-based antistatic 

material; ani about 1200 ~ of e.rucandde, by weight. 'lbe titanium 

dioxide particles are enployed as a contact whitener far this 

30 intermediate layer mixture. A fourth extruder, in association with 

the first three extruders, is supplied with the same isotactic 

polypropylene as the seoom extruder rut without titanium dioxide 
particles, Arm:Jstat 410, or e:r:ucamide, this extruder beiig used to 
provide the skin layer mixture. A melt c::oext:rusion is can-ied out 

35 while mainta.i.nin;J the cyliroer of the care polyner material at a 
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te•terature sufficient to melt the polymer mixture, i.e., frcm 4SO°r. 
to sso°r. '!be polypropylene mixture of the second am tbiJ:d 
ext:ruders to be extruded as intetmediate layers is maintained .at abcut 
. the same te•tetature as the polypropylene used in fabricatin;J the care 

s layer, as is the mixture bein; used to facm the skin layers. 'Iba 
mixture of the fairt:h extruder is split into two streams to enable the 
formation of skin layers on each surface of the intmmediate layers. 
A five-layer film laminate was coextruded with a care thidmess 
representin; about 75 perceit of the overall. extruded thiclmess, with 

10 the thic1messes of the inbmnediate layers representin; about 20 
percent am the skin layers representirr;r about 5 percent of the film 
thickness. '1be uncriented film measured about 40 mils in thiclmess. 

'lbe resultant film was subsequently oriented eight by five am 
15 one-half times usin;J a camiercial.ly avajJable sequential biaxially 

orientinJ ~tus to provide a multi-layer film structure. 'l1Je 
maciline direction (MD) orientation is ccrxiucted at about 285°r. am 
the transverse direction ('ID) orientation is ccrxiucted at about 300°r. 
'!be resultant 1.2 mil multi-layer film exhibits a lustrous~. 

20 

25 

30 

35 

'!he films produced in the five E>canples were tested. Light 
transmission, gloss, coefficient of friction (CDF), optical thickness 
and film density were measured. Results obtained are presented in 
TABLE 1, below. 

TANiE 1 

Unit Optical Light Ccef. 
EK. Weight '!hick. Transmis- Gloss of 

No. (glm2} (mils} sion 1 % __.i Ecict. 
1 20.62 1.26 22.8 69 0.46 
2 20.82 1.30 20.6 82 0.80 
3 20.51 1.26 21.6 79 0.60 
4 19.61 1.26 20.8 74 o.ao 
5 21.30 1.18 4.0 70 0.35 
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It will l::e otserved that the f.ilm producai in aocxrdance with the 

ptesent invential exhibits the highly desirable property of reduced 

surface coefficient of frictio:i, even lower than a film havinJ 
Ti0

2
-ccmt:a.iniD;J skin layers ani greatly reduced light transmiss~. 

.. 

CD!PWJ'IVE EXAMPLE 6 

A mixture of 92 percent by ~eight isotactic polypropylene (MP = 

320°F. , melt imex = 3) , ccntain:in; 8 peroent by ~ PBl' (MP = 

440°F.) as the car:e layer void-initiatin:; material, is melted :in an 

10 extruder with a screw Of L/D ratio of 20/1 to provide the car:e layer · 

mixture. A secord extruder, in association with the first extruder, 

is SUR>lied with the same isotactic polypropylene (witha.it Pm') as the 

f:irst extruder, this extruder used to provide the skin layer mixture. 

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

15 the car:e polymer material at a temrecature sufficient to melt the 

polymer mixture, i.e., fran 4So°F. to sso°F. 'lbe polypropylene 

mixture of the seoon:i extruder to be used to farm the skin layers is 

maintained at a1xut the same te111e1:ature as the polypropylene used in 

fabricatinj the car:e layer. 'lbe mixture of the seoon:i extruder is 

20 split into tW'O streams to enable the f armation of skin layers on each 

surface of the car:e layer. 

A three-layer filln laminate was coextruded with a core thickness 

represent.in; about so percent of the overall extruded thickness, with 

25 the thiclmesses Of the skin layers representin;J about 20 percetlt Of 

the filln thickness. 'lhe resliltant filln was sutsequently oriented 

eight by five arxl threEHJuarter times usirg a cawercially available 

sequential biaxially orienting apparatus to provide a nulti-layer film 

structure. 'lbe machine direction (MD) orientation is camuctecl at 

30 abait 2ss°F. am the transverse direction ('ID) orientation is 

an:luct:ed at abait JOO°F. 'lbe resultant multi-layer filln exhibits a 

lustrous, white a~ an:i the follow:in;J prope:t.ties. 

35 
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Optical gage (measured thralgh micrcscq>e) : 33µm 
Poly gage (Polypropylene equivalent) 22.4µm 

Density 0.62 g/a; 
Light transmission 22% 

'!be degree of cavitation is indicated by film density, in g/a;, 
as calculated by di~ the weight of one square meter of film 
by the optical gaqe (µm) • 

10 EXAMPLE 7 

'!his exairple denalstrates the effect on light transmission when 

lamellar graphite is added to the care mixture. 

A mixture of 90 percent by weight isotactic polypropylene (MP = 
15 320°F. I melt imex = 3) I containirq 8 percent by weight PBT (MP = 

440°F.) , as the care layer void-initiatin:r . material, am 2 percent 

by weight lamellar grapute, is nelted in an extruder with a screw of 
L/D ratio of 20/1 t.o provide the care layer mixture. A secard 
extruder, in association with the first extruder, is st.JRllied with the 

20 same isatactic polypropylene (withalt PBT) as the first extruder am _ 
abait 1500 ppn of a finely divided silica antibloc::kin;J agent, this 
extruder used to provide the skin layer mixture. A melt coextrusion 
is can-ied out while maintainin;r the cyl.in:ler of the care polymer 
material at a tempecature sufficient to melt the polymer mixture, 

25 i.e. , fran 450°F. to 550°F. 'lhe polypropylene mixtures of the seoc:n:i 
extruder to be used to form the. skin layers is maintained at about the 

same t:enperature as the polypropylene used in fabricatin:J the care 
layer. 'lbe mixture of the secom. ~ is split into "b¥o streams 
to enable the formation of skin layers on each surface of the core 

30 layer. 

A three-layer film laminate was coext:ruded with a core thickness again 
representin;1 abait so percent of the overall extruded thickness, with 
the thicJalesses of the skin layers representin; about 20 percent of 

35 the film thickness. '!he resultant film was subsequently oriented 
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weight by five am three-quarter times usirg a c:x.mnercially available 

sequential biaxial Jy arientiDJ ~tus to provide a mlti-layer film 

structure. 'lbe machine direction (MD) orientation is conducted at_ 

alxut 2_s5°F. am the transverse direction ('ID) orientation is 

5 can:lucted at alxut Joo°F. 'Ihe ·resuitant multi-layer film ~ts a 

pleas:in:J, silvery ~, not m'llike aluminum foil, but ccntaini.nJ 
no metal additive. '!he prqe:ties of the film so produced wm:e as 

follows. 

10 

Optical gage 

Poly gage 

Density 

Light transmission 

: 35.5µm 

: 22.Jµm 

: 0.56 q/cc 

: 1.25% 

Additionally the film of this example provides a very high 

15 bar.rier in the visible to the ultra violet light rarge arxl is 

acceptable for use as a lcw density packaqin} material far 

processin;J on printirg presses arxl packaqirg machines. 

EXAMPLE a 
20 'Ibis Exanple demnstrates the effect of recD1rai cavitation, adlieved 

through a reduction in machine direction orientation, on film 

properties. 

25 

'lhe film muposition, and its production, was as in Example 7. 

A three-layer film laminate waS coextruded with a core thiclmess agajn 

representirg aba1t so percent of the overall extruded thiclmess, with· 

the ~cknesses of the skin layers representin:;J about 20 percent . of 

the film thickness. '!he resultant film was sutsequently oriented 

30 eight by abalt five and one-third times usirq a oommercially available 

sequential biaxially orientirg apparatus to provide a nul.ti-layer film 

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

abalt 290°F. ·and the transverse direction ('ID) orientation is 

can:lucted at abrut 300°F. 'lbe resultant nW.ti-layer film exhibits an 

35 ~which is darker, less attractive than the silvery 
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~of the film of Example 7. -'Ibis is due to the reduction in 
whiteness and qacity which results fran the reduction in cavitat:ial. 
other prcparties of the film are as follows. 

Poly gage . 22.Jµm . 
5 Optical gage 

Density 

. . . . 
34µm 

0.62 g/cc 
Light transmission 2% 

EXliMPLE 9 

10 '!his EXanple denKlnstrates that the level of whiteness lost through 
redlJCed cavitation, can be recovered through the use of a whitenin:J 
agent. 

'llle film 011\asition, and its production, was as in E>cample 7 except 
15 that the skin layer mixture contained 4 peCcent by weight titanium 

dioxide tut not silica. 

A three-layer film laminate was coext:ruded with a care thickness 
represent.in;J about so percent of the overall extruded thiclcness, with 

20 the thiclmesses of the skin layers representin;J about 20 peroont of 
the film thickness. '!he resultant film was subsequently oriented 
eight by about five and one-third tilDes us~ a CtilllLet:Cially available 
sequential biaxially orientirg apparatus to provide a multi-layer film 
structure. '!he machine direction (MD) orientation is ccniuct:ed at 

25 about 290°F. and the transverse direction ('ID) orientation is 
oorxmcted at about 300°F. '!he resultant multi-layer film exhibits a 
pleasin;, silvery appearance, essentially equivalent to that of the 
film of Ex.anple 2, with a lighter appearance than the film of Exanple 
2, and a nu::h lighter appearance than the film of Exa?rple 3. '!he 

30 properties of the film so produced are as follows: 

35 

Optical gage 
Poly gage 

Density 
Light transmission 

33µm 

22.4µm 

: 0.62 g/cc 
2.2% 
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.m·.MPLE 10 

'lbe film of this EK.anple c.em:rstl:ates the effect of addirlJ 
encapsn.latin;J skin layers to the film structure of EK.anple 9 to fot'Dl a 

five-layer structure. 

A mixture of 90 percent by weight i.satactic polypropylene (MP = 
32o°F. , melt irdex = 3) , cantainiD;J a percetrt: by weight PBr (MP = 

440°F.), as the care layer void-initiat:in; material, and 2 percent 

by weight Jamellar grapute, is melted in an extruder with a screwof 

10 L/D ratio of 20/l to provide the care layer mixture. A secam and 

third extruder, in association with the first extruder, are each 

SURJlied with the same isotactic polypropylene (without Pm') as the 

first extruder, cant:ai.nin;J 4 percent by weight titanium dinx:ide 

particles far the intermediate layer mixture. A fa.Jrth extruder, in 
15 association with the first 'three extruders, is SJR>lied with the sam 

isotactic polypropylene, without titanium dioxide, to provide the sJdn · 

layer mixture. A melt caextrusion is carried out while mainta.inin; 
the cyl.i.mer of the core polymer material at a terrq;>erature sufficient 

to nel.t the polymer mixture, i.e. , fran 4SO°F. to sso°F. 'lbe 

20 polypi-opylene mixtures .to be extruded as intermediate layers are 

maintained at about the same terperature as the polypropylene used in 
fabrica:tin] the core layer, as is the mixture bein] used for the skin 

layers. 'lbe mixture of the fourth extruder is split into two streams 

to enable the formation of skin layers on each surface of the 

25 intermediate layers. 

A five-layer film laminate was coextruded with a care thickness 

represent:i.n; about 75 percent of the overall extruded thickness, with 

the thicknesses of the intennediate layers representinJ aba1t 20 

30 percent and the skin layers representin; abait 5 percent of the f illll 

thickness. As in Example 9, the resultant fillll sheet was oriented 

eight by five and one-third times usin;J a camuercially available 
sequential biaxially orientin;J ~tus to provide a ltlll.ti-layer film 

structure. '!he machine direction (MD) orientation is camuct:ed at 

35 aba.tt 290°F. and the transverse direction ('ID) orientation is 

corxiucted at about :30o°F. '!he resultant nu.ll.ti-layer film exhibits a 
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SDDJth am l\lStrals a.i;:peararx:e am exhibits the foll<Min;J properties. 

Optical gage : 33µm 

Poly gage 

Density 

Light transmission 

EXAMPIE 11 

22.4µm 

: 0.62 g/rx 
: 2.2% 

'lhis Exanple demasLtates the effect of a :reduction in cavitation en 

film properties, achieved thralgh a reduction in machine direction . 

10 orientation. 

'!he film o:•opasition, arxl its prcduction, was as in Exanple 10. 

'!he resultant film sheet was oriented eight by four arxl three-quarter 

15 times usin:J a amnercially available sequential biaxially 0rient:llg 

~tus to provide a multi-layer film structure. '!he machine 

direction (MD) orientation is coniucted at about 295°F. arxl the 

transverse direction ('ID) orientation is carxiucted at about 300°F. 

'Ihe resultant nulti-layer film exillhits a sncoth am lust:rcus 

20 ~am exhibits the follc:iwin;J properties. 

Optical gage 3lµm 

Polygage 23.Jµm 

Density 0.7 g/cc 

25 Light transmission 3.8% 

EKAMPLE 12 

'Ihis E>canple dena'lstrates the effect of sul:stitutin;J a terpolymer far 

i.sotactic polypropylene to form the encapsulatin:J skin layers of the 

30 multi-layer structure. 

'!he film CXtt\XlSition, arxl its production, was as in Exanple 10 except 

that the skin layer mixture was an ethylene, 1-l:::utene, polypropylene 

terpolymer, instead of isotactic polypropylene, together with 1500 R:lll 

35 of a finely divided silica antiblock agent. A five-layer film 

laminate is coextruded with a core thickness representin; about 75 
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· percetlt of the overall extruded thickness, with the thicknesses of the 

intermediate layers representiD; aba1t 20 percent and the skin layers 

representin:J aba1t 5 percent of the film thickness. '!he resultant 

film was subsequently oriented eight by four and three-quarter times 

5 usirq a cc.mnercially avai J able sequential biaxially ~ 

apparatus to provide a multi-layer film structure. 'lbe machine 

direction (MO) orientation is carr:hJct:ed at abcut 295°F. and the 

transverse diJ:ect:ion ('lD) orientation is aniuct:ed at about 300°F. 

'1be resultant multi-layer film exhibits the same ~ as the 

10 film produced in Exanple 10, with sanewhat l~ gloss. Properties 

15 

detmmined. for the film are as follows. 

Optical gage 

Polygage 

Density 

Light transmission 

Coefficient of friction 

. . . . 

. . 

. . 

30µ.m 

23µ.m 

o.71 g/cc 

4.0% 

0.80 

As indicated, the film of this example has a teJ:polymer skin with 

antiblock for reducir¥} surface friction. 'Ihis film is m:&t 

20 suitable for coatin; after carona or flame treatment with a 

pr:iJner an:i subsequently with acrylic or polyvinylidene chloride 

to yield good madrlnability, sealability with good seal stren;Jt:h 

an:i hot tack properties. 

25 ~13 

'lhis Exanple denalstrates that the use of a migratory slip agent an:i a 

migratory antistatic agent in the intennediate layer blern reduces 

surface coefficient of friction characteristics. 

30 '!he film mupc::sition, an:i its production, was as in Example 12 except 

that the intermediate layer mixture was as in EKample 5. 

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

~ about 75 percent of the overall extruded thickness, with 

35 the thicknesses of the intermediate layers representin] abcut 20 

percent and the skin layers representin; about 5 percent of the film 
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thickness. 'lbe resultant film was sutsequentl.y orient:ei eight by fan: 

am th1:ee-quarte:c times usinJ a camne:t:eially avai 1 able sequential 

biaxially orient:in:J ~ to provide a m.ll.ti-layer film strucblre. 

'lbe madline direction (MD) orientation is corxmct:ed at alDlt 29S°F. 

s and the transverse direction ('ID) orientation is caXluct:ed at-~ 

Joo°F. '!be resultant lllll.ti-layer film exhibits the same ~ as 

the film of Exmrple 12, with the folla.rilx] pi:opecties. 

10 

15 

20 

Optical gage : 30,. 

Polygage : 23µm. 

Density . 0.71 q/cx:J . 
Light transmission . 4.0% • 
Coefficient of friction * . 0.35 . 

* Measured after one week of agiDJ to pecnit migration. 

EXAMPLE 14 

'lbis Exaq:>le demalst:rates that effect of an increase in film thickness 

on the prcperties of a llllllti-layer film simjlar to the film of Exanple 

13 in other respects. 

A five-layer film laminate, prepared in aoocrdarDa with Exanple 13 was 

coextruded to achieve an overall thicker film, agajn with a core 

thickness represent:irxJ alx1lt 75 percent of the overall ext:nD:d 

thic1aiess, with the thicknesses of the intennediate layers 

25 represent.in} about 20 percent and the skin layers representin;J abcut 5 

percent of the film thickness. 'lhe resultant nulti-layer ·film 

exhibited the follow:inj p:rcper.ties. 

Optical gage 

Polygage 
: 54µm 

30 .Density 
38.Sµm 

0.7 g/CXJ 

35 

Light transmission : 0.2% 

'!he coefficient of friction of this film is also aJxut 0.35 after 

a week of storage for migration. 
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As may be appreciated by these s}·j]] ed in the art, the above exanples 

illustrate: the value of grapnt:e added to a white cavitated care to 

produce a high opacity film; the effect of the degree of cavitation en 

qacity ani film ~; that reduced cavitation llpccves films 

5 machinability in HFFS arxi VFFS packagin:J machines am ~-film 

hamlinq arxi redlJCeS the . damge due to hamlinq; that nrixad 

cavitation ·makes white opaque f5.lm less opaque an::l ~te pigmented 

opaque film darker arxi l:q>leasant in appearance; that the addition Of· 

Ti02 will offset the darkenirq effect to preserve the good awearame 
10 of the film; that addin;J copolymer oUt:er skins in a five layer 

structure will inprove the seaJahility of the film when coated with 

accylic on PvDC am the "soft" EP cx.p::>lymer or terpolymer layer will 
redlice .the oore to skin layer de]amjnation am also llprcve hat tack; 

addin;r migratory slip arxi antistatic aqents in the intermediate layers 

15 will produce migration to the surface an:i reduce CDF to a level on the 

order of 0.35. 

20 

25 

30 

35 
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I If Ill~ 1111~ 11,1111!1 II If JI 

l. ~ qlaqUe, biaxially oriented, polymeric film~ which 
ccatprises at least three layers, there be:iJg : 

(a) a voided care layer canprisin;J a matrix of (i) a 
thm:m:plastic polymeric material in which . are dispersed (ii) 

5 void-initiati.n;J solid particles 'W'hich are phase-distinct fran the 

theclq>l.astic polymeric material of the matrix and abalt which 
particles are located opac~ voids; 

(b) a non-voided layer canprisin;J a therncpl.astic polymeric 

material adherent to one side of the care layer (a); and a third layer 

10 which may either be : 

(b') a layer canprisin;J a therncplastic polymeric material am 
adherent to the other side of the care layer· (a);· or may be : 

(c) a skin layer ccmprisiD;J a therm:Jplastic polymeric material 

and adherent to intermediate layer b) , the skin layer be.in; thick 
15 emuji to prevent the asperities of the care layer fran be.in; 

manifest; 

and wherein: 

1) (a) canprises a light absarbin;J lamellar pigment; and/or 
2) where the t:hlid layer is (c), (b) canprises a migratory slip 

20 agent and a migratory antistatic agent. 

25 

2. A film structure ac0onun;J to claim 1 wherein the light 

transmission of the film is less than 10% and the degree of 
orientation is less than 10 'IOO by less than 6 MOO. 

3. A film structure aocordin;J to claim 1 or 2 wherein the matrix (i) 

canprises a polyolef in. 

4. A film structure acoard:in;J to claim 3 wherein the polyolefin 

JO canprises isotactic polypropylene. 

•. 
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5. A film structure aocardiD;J to any prec93in;J claim 'Wherein 

the void-initiatin:;J particles (ii) are sul:lstantially ~. 

6. A film structure aocardiD;J to any pt:ecedjrg claim wherein the 

5 void-initiatin:;J particles {ii) caiprise polybltylene terepithala~. 

7. A film structure aocardiD;J to any preoe'i?XJ claim wherein layer 

(b) ccmp:ises a polyolefin. 

10 a. A film structure aocardiD;J to claim 7 wherein the polyolefin 

cc:mprises isatactic polypropylene. 

9. A film structure aocardiD;J to any ~:i.rg claim wherein layer 

(b) contains fran 2 to 6 percent by weight of titanium dioxide. 

15 

10. A film structure aocardiD;J to any pt:ecedin; cla.im wherein skin 

layer (c) cc:mprises a polyolefin. 

11. A film structure aocordirq to claim 10 wherein. the polyolefin 

20 c::axprises a llaocp>lymer of prqiylene; a linear low density 

polyethylene; a high density polyethylene; a ramcm or blcx::k copolymer 

of propylene ain ethylene; a terpolymer of ethylene, propylene and 

l:utene or a mixture thereof. 

25 12. A film structure aocordirq to any preceding claim wherein the 

skin layer a:nprises a heat sea.iable material. 

13. A film structure aocordirq to claim 10, 11 or 22 wherein the skin 

layer cc:mprises a terpolymer of ethylene, prqiylene ain 1-b.rt:ene. 

30 

14. A film structure aocordirq to any preceding claim wherein the 

skin layer contains an antiblockirg agent. 

35 
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15. A film structure aooardiD;;J to mrz preoedjn:J clajm caupcisin;J 

layers (a), (b) and (c) and further caiprisin;r (b') a seccni 

ncn-voided layer carp:"isllg a thetllq>lastic polymeric material and 

adherent to the other side of the care layer (a) and ccntaininJ up to. 

5 12 percent by weight of titanium dioxide. 

16. A film structure ac:x::ardin;J to arrt of claims 1 to 14 caupcisin;J 

layers (a) , (b) and (b') and :further oczprisirq (c) a non-voided skin 

layer cx:mprisirq a 't:hfmD:Jplastic polymeric material and adherent to 

10 intermediate layer (b) , the skin layer bein; thick ~ to prevent 

the asperities of the care layer fran bein; manifest. 

17. A film structure aooardiD;;J to arrt preoming claim and further 

oczprising ( c •) a secc:n:l non-voided skin layer CUDpLisin;J a 

l5 thm:m::lplastic polymeric material and adherent to intermediate layer 

(bl) I the skin layer beirq thick enoogh to prevent the asperities Of 

the .care layer fran Dain; manifest. 

18. A film structure ac:x::ardin;J to clajm 17 wherein the skin layer 

20 (CI) is free fran titanium dioxide. 

25 

30 

35 

19. A film structure aooardiD;;J to aey of claims 15 to 18 wherein (b') 

or (c') can be as defined for (b) or (c), respectively, in artI of 

claims l to 14. 

.• 


