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ORIENTED HDPE FII.MS Wl:'m SKIN I.AYERS 

'l'his invention relates to thermoplastic filJns and mare 
particularly to f il111s of oriented hiqh density polyethylene 

s (Hl>PE) which have good dead-fold characteristics, twistabili ty, 
printability-and receptivity of water-l:1asaa coatinqs. 

Blown films of HDPE having an ethylene-vinyl acetate heat-· 
seal coatinq are used ~or tood packaqinq but such films ~uat· 

have a thickness ot about two mils to meet the water vapor 

10 transmission (WVTR) requirements for paokaqinq suitable 'for dry 

foods such as cereals. Moreover, b1own HOPE films do not 

exhibit tha dead-fold properties desirable in ~ood paeJcaqes 

particularly of the baq-in-box type. 

u.s. Patents Nos. 4,870,122 and 4,916,025 descri~• HOPE 
15 films which have good WVTR properties: at film thicknesses of 

about ona mil. The films are proc:luccac:l from hiqh density 

polyethylene (HDPE) having a density of 0.96 or hiqher and are 

biaxially oriented in an imbalanced manner to a deqree of 

1. 25: l to 2: l in the ir.achina direction ·(MD) and to a degree of 
20 6: 1 to 12: 1 in the transverse direction (TO) • These films have 

reduced water vapor transmission (WVTR) ,. improved dead-fold 

characteristics and other physical characteristics which are 
:markedly better than blown HDPE films which can be further 

_improved by the addition of microcrystalline wax. When provided 

25 with a heat seal layer by co-extrusion or coatinq, the films are 

particularly well suited for use in packaging foods in baq-in­
box operations conducted on vertical, form, fill and seal (VFFS) 

machinery. While the imbalanced orientation confers the Clesired 

overall combination of properties on the film, the high deqree 

30 of orientation in the transverse direction tends to make the 
film weak in this direction so that it tears relatively easily. 

The present invention relates to providinq a film having 

good dead fold properties, optical clarity, good slip 
properties, and qood receptivity to water based coatings, 

3 5 incl.udinq water based inks, water based adhesives and other 
common water based coatinqa s:uoh as polyvinylidane chloride 
(PVOC), and acrylics. . 
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The present invention relates to a film of high density 
polyethylene (HDPE) that has coextruded skin resins, laminated 
film or coatings on botb sides of the HDPE base layer. Up to 
three layers o~ skin resins can be on each side of the base 

5 layer and can include heat sealable or non heat sealable type 
skins. For present purposes heat soal.abl.e skin resins are those 
which seal at a minimum seal temperature below tne distortion 
temperature of HDPE base layer film. 

More particularly, the present invention relates to an 
10 oriented polymer film which cClllprises: 

a) a treated upper skin layer (a) capable of receivinq a 
water base coating, layer (a) havinq a surface coextensively 
adherent to the upper surface of a base (or core) layer (b) , and 
an exposed surf'aca, tn.e upper layer (a) comprisinq ethyl.ene-

l.5 propylene-butene-1 terpolymer, ethylene-propylene random 
copolymer, ethylene-propylene block copolymer, isotactic 
polypropylene, low density polyothylene (LOPE), very low density 
polyethylene (VLDPE), linear low density polyethylene (LLDPE), 

medium density po1yethylene (MOPE), polyvinylidcanca cl'tl.oride 
20 (PVDC) , polyvinyl a.lco:tiol (PVOH) or an acrylic homo- or 

copolymer, the upper $kin layer (a) being optionally compounded 
with an effective amount of anti-blocking agent, but beinq 
substantially dovoid of silicone oil, the exposed surface of 
upper layer (a) containing a coefficient of friction-reducing 

25 amount of silicone oil transferred. to the surface of {a} by 

contact with a silicone oil present upon the exposed surface of 
a lower skin layer (c): 

b) a base layer (b) derived from HOPE, havin9-an upper 
surface and lower surface, 

30 c:) lower skin layer (c) having a surface adllerent to the 
lower surface of base layer (b). and an exposed surface, the 
layer { c) comprising e.thylene-propylene-butene-1 terpolYl'ler, 
ethylene-propylene random copolymer, ethylene-propylene bloek 
copolymer, isotactic polypropylene, low density polyethylene 

35 (LOPE), very low density polyethylene (VLDPE) , linear low 
density polyethylene (LLDPE), medium density polyethylene 
(MOPE), tne lower skin layer (c) being compounded with i) an 
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etrective 8.lllOUnt of anti-blockinq aqent, optionally compris1ng­
a particulate cross-linked hydrocarby !-substituted polysiloxane, 
and ii) a quantity of silicone oil such that a coefficient of. 
friction-reducing amount is prasant on the exposed surface of· 

5 layer (c) as well as the exposed surface of layer (a) after·· 
m'iltual contact of said surfaces. 

In another aspect, the present invention relates to a 
process for producinq a film, which process comprises: . 

(1) providinq the upper major surface of tha abava-
10 described core layer (b) darivad from a biqh density 

polyathylane with a cooxtensive water-based coatinq rocoiving 
upper skin layer (a) comprisinq ethylene-propylene-butana-1 
terpolymer, ethylene-propylene random copolymer, ethylene­
prapylene block copolymer, isotacticpolypropylene, low density 

15 polyethylene (LOPE), very low density polyethylene (VLDPE), 
linear low density polyethylene (LLDPE), medium density 
polyethylene (MOPE), polyvinylidene chloride (PVDC), polyvinyl 
alcohol (PVOH) or an acrylic homo- or copolymer, tha upper skin 
layer (a) beinq optionally compounded with an effective amount 

20 of anti-blocking agent, but bainq substantially devoid o:f 
silicone oil; 

(2) providing the lower major surface of core layer (b) 
with a coextensive surface lower skin layer (c) comprising 
ethylene-propylene-butene-1 terpolymer, ethylene-propylene 

25 random copolymer, ethylene-propylene block copolymer, l.sotactic 
polypropylene, low density polyethylene (LOPE), very low density 
polyethylene {VLDPE), linear low density polyethylene (LLDPE), 
med~wn density polyethylene (MDPE), said polymer being 
compounded with i) an eftective amount of anti-blockinq aqent, 

30 optionally comprisinq a particulate cross-lined hydrooarbyl­
substituted polysi1oxane, and ii) a quantity of si1icone oil 
such that a coefficient ot friction-reducing amount will be 
present on the exposed surface of layer (c) as well as the 
exposed surface of layer (a) after 111t1tual contact of said 

3 5 surfaces; and 

(3) contacting the exposed surface of layer (c) with the 
exposed surface of layer (a) such that a coetficient of friction 
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reducinq·amount: of silicone oil is transferred from tna exposed 
sarfac• of layer (c) ta the exposed surface of layer (a). 

Th• film composition of the present invention can comprise. 
a biaxially oriented high denai ty basa layer of at least ·· !50 

5 weiqht: percent of a high density polyethylene havinq a density 
of 0.96 or higher. The skin layers are usad with HDPB film&~ 
Whieh have been biaxially oriented to provide product havinq· 
qood WVTR propert~es as weii as other characteristics, e.g., 
barrier properties for gases such as oxyqen, which. are desirable -

10 in packaqiiiq films. 
Those embodiments wherein a skin layer consists essentialiy 

of PVDC, PVOH or acrylic exhibit reducad water vapor 
transmission rate and oxygen transmission rate. 

The skin layers help provide a film which is readily 
.l.5 cast.able while maintaininq the desirable properties of HDPE · 

inclucUnq dead fold, twist reten-cion, TD taar · and moisture 
barrier. The films can .be cast, and oriented in the solid state 
up to about two times in the machine direction and six times or 
more in the transverse direction to qive films having qood dead-

20 fold and watar vapor transmission rate charactari~tics makinq 
them highly suited for packaging, part1·cular1y for dry foods. 

Th• films with or without hQat saa.l composit~ons in the 
skins can be used on a wide variety of packaqing machines such 
as vertical form, fill and seal (VFFS) and high speed horizontal 

as. clug wrappinq ~achines and can also be used for twist wrapping 
machines and lam~nations. 

The films of the present invention are especially suited 
for applications requiring good dead fold characteristics. The 

present films can exhibit crease retention (as measured by ASTM 
30 D 920-49) in either or both directions of greater than 70t, 

greater than 85t, or even greater than 95t after JO seconds, 
e.q., 70t to est TD and 75t to g5i MD. 

Tbe present films can possess both qood lubricity and good 
receptivity for water-based surface coatinq materials and 

35 optical clarity allows the convertor/e~d user to utilize inks 
and/or adhesives which do not incorporate organic solven-cs.. 
organic solvents generally present health, expiosion and fire 
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hazards and resort must be had to expensive ventil.ation and 
safety equipment to provide an acceptable workinq environment­
Whara they •ra used. Even ·with tha usa of suc:b equipment, in­

scme jurisdictions, the atmospheric emission o~ orqanie solvents-
5 is prohibited and expensive solvent rocovery systems are. 

required to _comply with leqal. limitations. The :films herein 
avoid orqanic solvent-containinq coating materials thet"eby 

eliminatinq the health, safety and environmenta.i problems 

attendant their usa as well as the cost of tha equipment-
10 required to deal with the hazards w~ich they pose. 

According to tha procant invention, the upper skin layer 
is derived from at least one polymer selected from the qroup 

consistinq of ethylena-propylene-butene-1 terpolymer, ethylene­
propylene random copolymer, ethylene-propylene block copolymer, 

15 isotactic polypropylene, low density polyethylene (LOPE), very 

low density polyethylene (VIDPE) , linear low density 

polyethylene (LLDPE), medium density polyethyl.ene (MOPE), 
polyvinylidane chloride (PVDC}, polyvinyi alcohol (PVOH) and 

acrylic. Any polymer blends beinq of polymers which are 

20 compatible with one another. It should be noted that PVDC, PVOH 

and acrylic are incompatible with the other named polymers so 
that the former are used singly. 

In one embodiment the upper skin layer (a) is derived from 
a random ethylene-propylene copolymer. This may be derivcad from 

25 ethylene and one or more co-monomers. The p?:opylene content of 
these random copolymers is t~ically from 70 to 85 weight 
percent, more usually from 75 to 85 percent, with the balance 
of ethylene and any other comonomers such as butylene. Sui table 

copolymers of this type are random copolymers ot ethylene and 
· JO propylene or random terpolymers ot ethylene, propylene and 

butylene. Preferred copolymers of this type include the 

tollowinq: 
Ethylene-propylenca copolymers contai.ni:nq 2 - lO weiqht 

percent random ethylene, e.q. 3 - 7 weiqht percent 
35 ethylene. 

Etbylene-propylena-butyl~ne random terpolymers containing 
l - 5 weiqht percent random ethyJ.ene, 10 - 25 weiqht 

•. 
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percent random butylene. Th• amounts ot the random 
ethylene and hutylene components in these copolymers are•­
typically in the range of 10 to 2!5 paraant total (ethylene 
plus butylene). Typical terpolymcars o:t this type inc.lUde 

5 those with about l - 5 percent ethylene and 10 - 25 

percent butylena. 

'l'hasa copolymers typical.ly have a malt flow rate from s to 
10 with a density 0£ about o.9 and a maltinq point from 11s•c 

10 to l.30•c. 

In another embodimant tha upper skin layer (a) is derived 
from a low density polyethylene. This may be a linear low 

density polyethylene (LLDPE) or a non-linear polyethylene. 

These polymers typically have a melt index of 1 to 10. The low 

15 density polyethylenes should have a density of 0.88 to 0.93 

while the linear materials •ay have a density aa high as 0.94, 
usually in the range 0.90 - 0.94, e.q. 0.918 or 0.921, with a 
mait index from 1 to 10. The linear low density polyethylen•• 
may be derived from ethylene together with other higher 

20 comonomers such as hoxene•1 or octane-1. 

Prior to incorporation in the film, e.q., before extrusion, 

upper ·layer (a) can be compounded with an anti-blockinq 

effective amount of an anti-J::)locking .aqent, e.9., silica, clays, 
. . 

talc and qlass which are preferably provided in the form of 

25 approximately spheroidal particles. The major proportion of 

these particles, for example, fr_Clll ~ore than half to as high as 
90 weight percent or more, will be of such a size that 

significant portion of their surface area, for example, from 10 

to 70 percent thereof, will extend beyond the exposed surtaca 

30 of layer (a). In a preferred embodiment, the anti-blockinq 

.agent com.prises particulate cross-1 inked hyc:irocarbyl-substi tuteel 
polysiloxane anti-b1ocking aqent. Particularly prefarred 
particulate cross-iinked hycsroearcyl-substituted poiysiloxanes 
include the pclymonoalkylsiloxanes. Most particularly preferred 

35 are non-meltable polymonoalkylsiloxanes cbaracterizecl as havinq 

a mean particle size of o.s to 20.0 microns and a three 

dimens;ional structure of siloxane linkages. Such material$ are 

•. 
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available from Toshiba Silicone Co., Ltd., worldwide, and in the -
United States from General Electric co., and are marketed under 
the trad~e Tospearl. Other commercial sources of similar­
suitable materials are also known tc exist. Such materials are 

s further described as non-meltal:ile crosslinked orqanosiloxane 
restn powders in u.s. Patent 4,769,418. Effective amounts of· 
the particulate cross-linked hydrocarDyl-sUbstituted 
polysiloxane anti-blocking agent can ranga from 100 to 5000 PP2Dr 
prefarably 1000 to 3000 ppm, say, from 2500 to 3000 ppm, based 

10 on loadinq of the resin from which the upper .layer (a) is -
prepared. 

Althouqh the polymer from which layer (a) is formed is not 
compounded with a silicone oil, this layer will u.ltimately 
acquire a coefficient of friction-reducinq amount of silicone 

1!5 oil. Thus, when the finished :tilm laminate containinc;i sil.ic:ona 
oil on the exposed surtace of layer (c) is taken up on a windinq 
coil, some of the silicone oii will be transferred from this 
surface to the exposed surface of iayer {a), primarily to the 
exposed surfaces of the anti-blocking- aqent particlos which 

20 protrude from layer (a). However, sinca the interior of layer 
(a) contains no amount of silicone oil which could interfere 
with the heat sealing or other properties of this layer (and 
ordinarily contains no silicone oil at all), the presence 
thereon of the transferred silicone oil serves to reduce the 

25 coefficient of friction of the layer without significantly 
impairinq its receptivity to water-based coatings, its heat 
saalability or its optical clarity. 

Optionally, layers (a) and/or (c) can contain a minor 
amount of a wax, e.q., a microcrystalline wax for added 

30 lubricity and/or reduced water vapor transmission rate. Amounts 
of wax from 2 to 15 weiqht percent of either or both layers (a) 
and (c) can be used if desired. Either er both of these layers 
can also contain pigments, fillers, stabilizers, light 
protective aqents, antistatic agents, or otner suitable 

35 modifyinq ingredients it desired.. 

While a variety of antistatic agents are available 
com.111ercially which are suitable for use herein, the group of 
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ethoxylated amines and ethoxylatad amides is preterre~ for use 
in the practice of the present invention. Ethoxylated amines 

are available from the HWICO Chemical Division of Whi tea 
Chemical Corp. under the trademark of Kemamine, from the Noury 

5 Chemical Company under the trademark of Armostat and from other 
sources. Ethoxylated ·amides are available from Akzo Chemie 
America under th• trademark of Ethmid, from tha Oxynol Chemical. 

company under the tradename of oxynol and frcm other sources. 
Particuiarly preferred tor their miqratory properties is the 

lO c;roup of ethoxylated amines. 
'I'he ranqe of antistatic aqent levels use~u1 in the praceicca. 

of the present invention is from soo ppm to 2000 ppm of layers 

(a) and/or (c), with 1000 ppm to 1500 ppm being particularly 
preferred. 

15 In order to enhance its receptivity for water-based 
coatinqs and inks, layer (a) ean be treated by such known and 
conventional tachniquiraa as corona discharqo and flame treatinq. 

Lower layer (e) of the film laminate can be of 
substantially the same composition as that of upper sw:-fac:e 

20 layer (a) except that i) the polynter is not derived fror.\ 

components selected from tha group consisting of PVDC, PVOH and 

acrylic, ii) the polymer constituting layer (c) is compounded 

with a sil.icone oil and coefficient of friction reducing amounts 

of an anti-blocking agent which preferably comprises particulate 

25 cross•linked hydrocarbyl-substituted polysiloxane as discussed 

above. The silicone oil advan~ageously possesses a viscosity 

of from 350 to 100,000 eentistokes with 10,000 to 30,000 

centistokes beiD9 especially preferred. Examples of suital:>l.e 
silicone oils are polydialkylsiloxanes, 

30 polyalkylphenylsiloxanes, o1e£in-modified siloxane oils, 
olefin/-polyether-modified silicone oils, epoxy modified 

silicone oils and alcohol.-modified silicone oils, 

polydialkylsiloxane.s which preferably have fro:m. about 1 to about 

4 carbon atoms in tb.e alkyl group, in particular 

J5 polydimethylSilOXaneS • or thO fcreqoinq I the 

polydialkylsiloxanes, in particular apolydimethylsiloxane, are 
preferred for use herein. 

~ 

•. 
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Th• silicone oil can be -added to l.ower skiri layer (c) 

generally in the form of a dispersion er emulsion, the silicone· 
bainq present within, as well as on the exposed surface of this 
layer as disarata microqlobulas, frequently of an avera9e si2a .. 

s from 1 to 2 microns. The l'iilicone oil, whieh is qenerally 
substantiaily unitormly distributed on the exposed surtaca of 
layer (c), is responsible fer impartinq a raduced coefficient 
ot friction to this sur~ace as well aa to the exposed sur~aca 

of layer (a) when same of the oil ig transferred thereto after 
10 these surfaces have been placed in mutual contact, e. q. , as will 

occur when the laminate film has baan wound on a windinq coil. 

Polydimethylsiloxane or other silicone oil can be present 
at from 0.15 to 1.s weight percent of lower layer (c). Some of 
this silicone oil ·will, of course, be present on the exposed 

15 surface of layer (c). The amount selected should in any event 
be sufficient to provide a coefficient of friction of ·l.ayers (a.) 

and (c) (followinq transfer of sil.icone oil micro9lobules to the 
latter) of about 0.4 or less, preferably ~etween 0.25 to 0.3 up 
to at least about 60°c. Because of the manner in which the 

20 silicone oil is applied to just. the ex.posed surface of upper 

layer (a), such layer exhibits an improved coeffici~nt of 

friction but not at tha expense of its receptivity to Yater­
based coatings, its heat sealability or its optical clarity. 

The silicone oil should ~e incorporated as homogeneously 
25 as possible in the polymer constituting layer (c). This can be 

achieved by either incorporating the silicone oil as a 
dispersion or emulsion at room temperature and then heatinq the 
blend with the application ot shaarinq forces or bf 

incorporatinq the oil while the blend is being meltea. The 
30 mixing temperature must be hiqh enouqh to soften the blend and 

enable a very unitorm mixture to be formed. The temperature 
required in a kneader or extruder is generally frol:l l.70 to 

21o•c. 
In addition to silicone oil, layer (c) is compounded with 

35 an effective anti-l:>lockinq and coefficient of friction reducinq 
amount of an anti-blockinq agent which comprises particulate 
cross-linked hydrocarbyl-subatituted polysiloxane, ·as described 
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above. Effective amounts can ranqe trom 500 to 5000 ppm, 
preferaDly 1000 to 3000 ppm, say, from 2500 to 3000 pPlft, based 
on loadinq of the resin from whicb the layer is prepared. 

Coro layer (b) is derived from imbalanced biaxially 
5 oriented film base layer m.ada from a major propor1:ion of a high 

density polyethylene (HOPE) havinq a d~sity of at ·least 0.9&. 
Th• film can be composed exclusively or a sinqle HOPE resin, a 
mixt.ure of HDPE resins, or of HOPE containinq a minor proportion 
of other ~esourca polymers. These hiqh density polyethylenes 

10 typically have a melt index from o.s to 10, usually from 0.7 to 
2. The mixture of HDPE resins gives better processinq 
characteristics in the extruder by reducing extruder torque. 
Fi1ms made with a blend of HDPE resins reduce splittiness of the 
film which manifests itself as the tendency of the film to break 

15 in the TD direction durinq operation on vertical, form, fill and 
seal (VFFS) machinery. 

Th• blenda of HOPE polymers can. comprise two or more 
polymers all of which preferably have densities of o. 96 or 
greater. Bl.ends of HDPE polymers advantaqeously comprise a 

20 major proportion of HDPE having a melt index of o.s to 6 and one 

or more polymers having a different melt index. 
·Terblends have been found particularly desirable. suitable 

terblends qenerally comprise so to 98 weight percent, preferably 
84 to 96 weiqht percent of HOPE havinq a density of 0.96 or 

25 higher and a melt index of graater than o.s to about 1.0; 1 to 
25 weiqht percent, preferably ~ to 8 weight percent of ~..DPE 

havinq a density of 0.96 or greatar and a melt index of 0.1 to 
o. 5: and 1 to 25 we.iqht perc:ant, preferably 3 to a weight 
percent, of HOPE having a density of 0.96 or higher and a melt 

30 index of qreater than 2 to about s. Preferably, tne second and. 
third HDPE polymers which are minor components are present in 
about equal amounts. 

In a preferred embcdi~ent, 

invention has both its upper skin 
the film of the present 

layer and lower skin layer 
35 comprising a mixture ot Gthylene-propylene-hutene-1 terpolymer 

and low .density polyethylene (LDPE). For example, the upper 
skin layer and lower skin layer can comprise 85 to 95 wtt, say 
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90 wtt, of ethylene-propylene•butene-1 terpolymer and 5 to 15 
wt:,, say 10 wtt low density polyethylene (LOPE). 

'l'he proper deqree of orientation in the tilm contrittutas·. 
~o th• desired physical properties, as wall as good WVTR and 

5 deac:l-fold characteristics. For example, it has been determined 

that films with a thiekness of 1. 4 to 4 mils will have 

acceptable WVTR (9-mil/100 in2/24 hr - l atm) of less than about 

0.2/mil whereas a sOJ1Lewhat heavier qauqe (1.5 times thicker or­
more) is needed in a blown HOPE ~ilm to achieve tho same WVTR. 

10 The benefits of reduced WV'1'R are due to the improvements 
obtained by biaxial orientation below the HOPE meltin9 point. 
Althouqh higher density HOPE ~esin havinq a density or 0.957 or 
greater can be made diractly into thin f il~s by cast ·extrusion, 
problems of curlinq, uniformity, flatness and hi9h WVTR remain 

15 as obstacles. Accordingly, thin HOPE films of 0.8 to 1.5 milsr 

sueh as 0.5 to 1:2 mils, having the best balance of properties, 
particularly tor VFFS appl.ications, are obtained with imbalanced 

biaxially oriented films prepared from films having a cast qauqe 
of 12 to 20 mils reduced to the desired gauge by orientation. 

20 The final. film qauqa wil1 typically be not more than about 2.5 

mil.s.. 

The HOPE base film is oriented either before or after tha 

skins are applied to a degree of 1.1:1 to 2:1, usually from 
l. 2·5: l to 2: 1, in the machine direction (MD) , and to a degree 

25 of 6: 1 to 12: 1 in the transverse direction (TD) • The films 

exhibit improved dead-fold, and.other physical properties which 
are markedly better than cast and blown HOPE films, even when 
the total film thickness is reduced to less than 1 or 2 mils. 
When prcvided with a skin layer as described below, the films 

30 are particularly suited for usa in packaqinq, especially of dry 
foodstuffs. The fil:ms may be used in a wide variety of 

pac:kaqin9 equipment includinq vertical form, fill and seal 

(VFFS), hiqh speed horizontal slug wrapping, as well as twist 
folding packaging maohines. 

35 The skin layers can be applied to the HOPE base film in any 
conventional canner, for example, by coatin9 or coextrusion 
before orientation or by coating the HOPE after one or both of 

•. 
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the biaxial orientation operationa. Generally, the akin layers 

of tha film of the invention comprise less than so wtt, 
preferably less than lS wtt,. say al:lout 10 wt% of the total film. 

Tha films may be produced and oriented in the convontional 
s manner. Whan the skin layer· is present on ona er both sides of 

th• HDPE film, cast extrusion is qenerally accamplished usinq 
a standard cast roll and water bath system .. 

Xn th• usual manner the film is heated to its·orientation 
temperature and tirst sUbjected to MD oriantation between two 

10 sets of nip rolls, the second rotatin9 at a qreater speed. than 

the first in an amount equal to t~e desired draw ratio. Than 
the film. is TD oriented by heating .and subjecting it to 
transverse stretchinq in a tenter frame. Typically MD. 
orientation is conducted at 60° to l20°C and TD orientation at 

1!5 110• to 160°C. 

'I'h• skin layers and/or base layer may contain stabilizers 
to minimize oxidative and thermal degradation, as well as othar 
additives to achieve other functionality includinq, but not 
limited to. static reduction, ease of processinq, ink 

20 receptivity, etc. 

Tha fellowing Examples, in which all parts are by weight 
unless otherwise s·pecified, illustrate the invention. 

EXample 1 
25 A three-layer biaxially oriented film having a 1.1s mil final 

thickness was prepared by coextruding: . 
a base layer HOPE (M-6211 obtained frcm oxychem of Houst:on, 

Texas) comprisinq 90% of the total film thickness; 
a first skin layer on one side of the base layer comprisinq 

30 s• of the total film thickness which is Chisso 7510, obtained 
from Chisso Corp. of Japan, consisting of ethylene-propylene­
butene-1 terpolymer and 2300 ppm sylobloc 44TM, an antiblock 

aqent available from w. R. Grace (USA), the first skin layer 
being subjected to treatment by corona discharqe; and 

35 a second skin layer on the other sida of the base layer 
(Chisso 7820, obtained frcm Chisso Corporation of Japan), 
comprising 5% of the total film ·thickness, whose resin c::o:npcnent 

•. 
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is a bland of about 90' ethylene-propylene-butene-1 terpolymer 
and lOt LOPE with 2300ppm Sylobloc 42TM, an .ant1:blcck aqent· 
available from w. R. Grace (USA), which second skin layer·· 
further contains about 1 wtt of silicone oil. 

5 The film was praparea in a standard cast rol1 system and 

than oriented 1.l timoc in tha MD at about 1l.5°c, a:nd 9.0 time•. 

in the 'rD direction at i10°-160°C in a tenter frame. 
Tha film waa tested tor dead fold properties by AS'l'M D-920-

49 (% creasa retention after 30 seconds). In the transverse 

10 direction,, the film of tha present invention (HDPE with 

terpolymer skins) exhibited abou1: 15' craasa retention, and 
about 85!t crease retention in the maehino direction. This 
compares favoral>ly with o.ao mil polypropylene fill:& with 
terpolymer skins (80 BSR-ONE available frc~rMobil Chemicai co. 

15 of Pittsford, NY (B!t TO, 6l MD)); 1.25 mil 100% polypropylene 
film (240 B available from Mobil Chemical Co. of Pittsford, NY 
(lSi TO, lJt MD)); i.85 mil HDPE film with ionomer skin (Blown 
HD, available from American ttational can co. of Neenah, w:r (47t 
TD, 36' MD)); and 2.0 mil· wax coated qlassine (55t). 

20 

Example 2 
A three-layer biaxially oriented film having a l.15 mil final 
thick.ii.ass vas prepared in accordance with Example 1 except that 
3000. ppm of Tospearl SF-344 available from GE, with a particle 

25 size of 4. 5 microns, was com.pounded with the resin used for both 

skin layers prior to coextrudin9. 

Example 3 

A three-layer biaxially oriented film havinq a 1.15 mil final 
30 thickness was prepared in accordance with Examplo 1 except that 

1000 ppm of Tospearl SF-344 available from GE, with a particle 
size of 4.5 microns, was compounded with the resin used £or the 
second skin layer prior to coextrudinq. 

35 Example 4 

A three-layer biaxially oriented film having a 1.15 mil final 
thickness was prepared in accordance with EXample 1 oxoept that 



!'-7251(7316)-t. 

- 14 -

2000 ppm of Toapearl SF-344 available from GE, with a particle 
size of 4.5 microns, was compounded with th• racin uaad for the 
saaond skin layer prior to coextrudinq. 

5 EXAJD.p1e 5 

A three-layer biaxially oriented ~ilm havinq a 1.15 mil final 
thickness was prepared in accordance with Example 1 except th.at 
3000 ppm of Tospearl SF-344 available from GE, with a partiaie 
size of 4.5 microns, was compounded with the resin used £or the 

10 second skin layer prior to coaxtruding. 

Example 6. 
The films cf Examples 1 to 5 were tested for kinetic coefficient 
of friction values for both their treated and untreated skins 

15 according to the procedure of AS'l'M D 1894-78. 
The results are set out below in the Table. 

TABLE 
Untreated Skin COP 

20 EX.1 (O ppm 'l'oapearl.) 0.47 

Treated Skin COF 

0.33 

25 

EX.2 (3000ppm Tospearl) 0.23 

(both. layers) 

EX.3 (1000 ppm Toapearl) 0.34 

EX.4 (2000ppm Tospearl} 0.34 
EX.S (3000ppm Tospearl) 0.23 

0.21 

0.35 

0.35 

0.35 

The addition of particulate cross-linked hydrocarbyl­
substi tuted polysiloxane as an antibloekinq/slip aqent in the 
resin of both layers (Ex. 2) results in a significant decrease 
in coefficient of friction values both for untreated surfaea to 

30 untreated surface and treated surface to treated surface. Th• 
addition of particulate cross-link.eel hydrocarbyl-substituted 

polysiloxane as an an~iblockinq/slip agent in tha resin of the 
lower untreated skin layer (Ex. J to 5) results in a significant 
decrease in coefficient of friction values for untreated surface 

35 to untreatad. surface. Thia provides enhanced machina.bility of 

the f il:m for both horizontal and vertical packaqinq maoh!°nes. 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill lllt 
•. 



This Sheet Has Been Replaced 

·11111111 lllU ~I lti llE 
F-1251(1316)-L 

- 15 -

er.am 
1.. An oriented polymer filll which comprisaa: 
a) a treated upper skin layer (a) capaDle of receiving a 

water ba•• ocatinq, layer (a) having a surface coextensively 
5 adherent to th• upper surface of a base layer c~·) , and. . an -

exposed surface, the upper layer (a) comprising ethylene-­
propylene-butene-1 terpolymer, e~ylena-propylene random 
copolymer, ethylene-propylene block copolymer, iaotactic ._ · 
polypropylene, low density polyethylene (LDPE), very low density 

10 polyethylene (VLDPE),. linear .low density polyethylene (I.LOPE), 
medium density polyethylene (MOPE) , polyvinylidene chloride 
(PVDC) , polyvinyl alcohol (PVOH) or an acryl.ic, homo- or 
copolymer, the upper skin layer (a) ):)einq optionally compounded 
with an effective amount of anti-blockinq aqent, but beinq 

15 substantially devoid of silicone oil, the exposed surface of 
upper layer (a) optiona1ly containing a coefficient o~ :!riction­

·reducinq amount of silicone oil transferred to the surrace or 
(a) by contact with a silicone oi~ present upon the exposed 
surface of a lower skin layer (c): 

20 b) a base layer (b) derived_ from HOPE, having an upper 
sur~ace and lower surface, 

c) a lower skin layer (c) havinq a surface aclho:rent to the 
lower surface of base layer (b), and an exposed surfaco, the 
layer (c) comprisinCJ ethylana-propylene-butene-1 terpolymer, 

25 ethylene-propylene random copolymer, ethylene-propylene bloelt 
copolymer, isotactic polypropylene, low density polyethylene 
(LDPE), vary low density polyethylene (VLDPE), linear low 
density polyethylene (LLDPE), medium density polyethylene. 
(MOPE), the lower skin layer (e) beinq compounded with i) ~n 

30 effective amount of anti-blocking- aqent, optionally comprisin9 
a particulate cross-linked hydrocarbyl substituted polysiloxane, 
and ii) a quantity of silicone oil such that a coefficient cf 
f riction-reducinq amount is present on the exposed surf ace of 
layer (c) as well aa the exposed surface of layer (a) after 

35 mutual contact of said surfaees. 

2. A film according to claim 1 wherein the base layer (b) 

111111111111111111111111111111· 
• C L • S * 
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comprises a biaxially oriented base layer 0£ at least 50 weight· 
percent of a high density polyethylene having a density of 0.96 
or higher. 

5 3. A film accordinq to claim 1 or 2 which is oriented to 

10 

15 

a deraree of 1.1 to 2:1 in th• machine direction. 

4. A film according to claim 2 or. 3 whic:h is crianted to 

a d8C)ree of 6:1 to 12:1 in tha transverse direction. 

5. A film acc:ordinq to any precedin9 claim wherein at· 
least one skin lay•r comprises ethylene-propylene-butene-1 

terpolymer, or a mixture of ethylene-propylene-butene-1 
t~rpolymer and low density polyethylene (LDPE). 

6. A film acc:ordin9 to any precadin9 claim wherein the 
upper skin layer (a) comprises PVDC, PVOH or acryiic homo- or 
copolymer. 

20 7. A tilm accorcUnq to any preceding clai:m wherein upper 
skin layer (a) is compounded with an anti-blockinq aqent. 

B. A film according to claim 7 

aqen1: comprises a particulate 
25 substituted polysiloxane. 

wherein the anti-blockinq 

cross-linked hydrocarbyl 

30 

35 

9. A film accordinq to any preceding claim wherein lower 
skin layer (c) is compounded with, as anti-blocking agent, a 
particulate cross-linked hycsrocarbyl-substituted polysiloxane. 

10. A film accordinq to any precadinq claim wherein the 
anti-blockinq aqant is present in upper skin layer (a) and/or 
lower skin layer (c) in an amount from 1000 to 3000 ppm of the 
layer. 

11. A film accordinq to any precedinq claim wherein the 
exposed surface of the upper skin layer (a) is treated by flame 

l lllllll llllll .lllll lllll ll llll 
* c· L M S * 
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treating. 

12. A film acccre11nq to any pracedinq claim which ha• 

crease retention of at least 1ot· aftor 30 seconds. 

13. A film accardinq to any precadinq claim wherein th•~ 

lower skin layer (c) is com.pounded with an anti-static agent. 

14. ·A precess for producing a f ilJa, which procesa-
10 comprises: 

(1) providinq the upper major surface o~ a core layer (b) 
darived from· a high density polyethylene with a coextensive 

water-based coating receiving upper skin layer (a) comprisinq 

ethylena-propylene-outane-1 tarpolymer, ethylene-propylene 

15 random copol.yiaer, ethylene-propylene block copolymer, isotaci:ic 
polypropyl.ene, low density polyethylene (LOPE), very low density 

polyethylene (VLDPE), linear low density polyethylene (LLDPE), 
medium density polyethylene (MDPE) , polyvinylidena chloride 

CPVDC), polyvinyl alcohol (PVOH) and acrylic, said upper skin 
20 layer (a) being optionally compounded with an effective amount 

of anti-blocking aqent, but beinq substantially devoid of 

. silicone oil; 

(2) providing the lower major surface of core layer (b) 
with a coextensive surface layer (c) comprising ethy1ene-

2S propylena-butene-l terpolY111er, ethylene-propylene random 
. copolymer, ethylene-propylene - block copolymer, . isotactic 

polypropylene, low density polyet.hylene (LOPE), very low density 

polyethylene (VLDPE), linear low density polyetnylane (LLDPE), 
medium density polyethylene (MOPE), said· polymer bainq 

30 compounded with i) an efteci:ive amount of anti-blocking agent, 
optionally comprisinq a particulate cross-linked hydrocarDyl­

substituted polysiloxane, and ii) a quantity ot silicone oil 

such that a coefficient of friction-redu~inq amount will be 
present on the exposed surface of layer (c) as well as the 

35 exposed. surface of layer (a) after mutual. contact of said 

sur!acesJ and 
(3) contaetinq ~he expcse~ ~urface of layer (c) with tho 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\\II\ 
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expoaad surface of layer (a) sueh that a coefficient of friotion 

raducinq aiaaunt of silicone oil is transferred fram the exposed 
surface of layer (c:) to the exposed surface ot layer (a). 

This Sheet Has Been Replaced 
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