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This invention relates to low-coefficient of
friction oriented films; more particularly, this invention
relates to a oriented multi-layer polypropylene films
having a low film-to-film coefficient of frictiom (COF).

an

film-to-film COF which makes it difficult or impossible
for it to be successfully utilized in automatlc packaglng
equipment. The film will not respond to the packaging

10 speed capability of the system and, as a consequence,

jamming results.
In the past, the COF characteristics of

polypropylene film have been beneficially modified by the
inclusion in the polyprépylene of OF-improving additives;
15 for example, fatty acid amides. The effectiveness of an _
amide to reduce COF depends upon its ability to migrate to .
the sur.ace of the film. While such amides can improve
 the COF of the. film, the value of the COF is, however,
subject to wide variation depending upon the thermal

20 history of the film durlng storage, -.shipping and certain
converting processes. The presence of such amides on the

film surfaces can, furthermore, adversely affect the
film's appearante as manifested by an increase in haze, a

decrease in gloss and the presence of streaks. The

25 presence of such amides on the surface can also adversely

affect their wettability and the adhesion of solvent and
water base inks, ceatings, adhesives; and of metals.

In an effort to improve the COF of

polypropylene Film without adversely affecting the £ilm's

30 appearance, wetting and adhesion, it has been proposed in

US 4578316 _
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5  ablend thereof, and (2) polypropylene. This document

- further discloses that the two materials in the surface
layer can be blended in an amount from 2% by weight to 60%
by weight of the medium or high density polyethylene with
the remainder being the polypropylene. The document also

10 suggests that at percentages of 60 to 100% MDPE or HDFE,
the surface layers are too soft and too hazy. That such
high MDPE or HDPE content films would have comparatively.
inferior optical properties is not unexpected, because
MDPE and HDPE films are known to be hazy and opaque.

15 This invention seeks to provide polypropylene
f£ilm having a low COF which is stable with respect to
thermal history; and good optical, wetting and adhesion
properties.

This invention provides an oriented multi-layer

'20  film which comprises at least a first surface layer of a
polymeric material comprising high density polyethylene
(HDPE) and a second layer of a polymeric material
comprising polypropylene wherein the £ilm has been
oriented by stretching it at a temperature above the

25 melting point of the high density polyethylene but below
the melting point of the polypropylene, preferably without
added prior COF or antiblock agents; for example, fatty
acid amides. ' -

The polypropylenes which can be used to prepare

30 the film of this invention are well known in the art.
They are generally formed by polymerizing propylene in the
presence of stereospecific catalyst systems. These _
polypropylenes can have a melt flow rate from 1 to 25,
preferably from 1 to 8. The crystalline melting point of

35 these materials is from 160°C (320°F) to 169°C ( 336°F).
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. to prepare a polypropylene fil mhaving on at |east one surface

thereot a layer of a blend of (1) a nenber selected fromthe group
consi,sting of a nedlun1den5|t pol yet hyl ene (MDPE), a hig ' S
nolyethyleneTQHQRElkmBam thereof and (2) polypropyjfe :
docurnent furth ﬁ hat the two materials in the er’can
be bliended in 2% by wei ght to 60% by wei ght of the nedi um or
hi gh |density p ene mnth

P S

The number average molecular weight ranges from 25,000 to
100,000 vwhile their specific gravity ranges from 0.90 to
0.91. Although it is preferred to use a pure

| polypropylene layer in the films of this invention, the

5 pblypropylene may also be modified; for example, by
copolymerization with small amounts of another moncmer or
by blending with another material, so long as the melting
point of the resulting material is sufficiently above that
of the HDPE layer to allow for orientation of the film at

10 a temperature between the melting boints of -the materials
of the two layers.:

The comparatively low COF material of which the
surface layer is comprised is high density polyethylene
(HDPE). For the purposes of this invention, the HDPEs
15 have specific gravity from 0.941 to 0.965 and a melt index
from 0.5 to 18. It is preferred ‘that at least one surface
layer of the film consist solely of HDPE; however, the
HDPE may be blended with other materials; for example,
polypropylene or MDPE, so long as the melting point of the
20 blend is sufficiently below that of the polypropylene
‘ layer to allow for orientation of the film at a
_ temperature between those two melting points.
i The preferred oriented multi-layer films of this
invention are two or three layer films having the
25 configuration A/B, A/B/A or A/B/C where A is the HDPE
layer, B is the polypropylene layer, and C is one or more
" of any number of functional layers (e.g. sealant).
Additional layers of polymeric material may be
incorporated in these films, however.. For example, tie
30 layers of adhesives may be used to add other functional or
cost reduction layers. An example of a preferred third

- layer is' a layer comprising a copolymer of ethylene with

propylene; a terpolymer of ethylene, propylene and a
further olefin (for example l-hutene) or a hlend thersof.

'35 Such copolymers and/or terpolymers generally contain from

2 to 7 weight % ethylene und 2 to 7 weight 3 l-butane.
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The oriented multi-layer £ilm of this invention
may be prepared by ccextrusion, extrusion coating or
casting methods known in the art. The coextrusion of HDPE
with polypropylene, like other coextrusions, requires the

10  proper matching of polymer viscosities and flow velocities
in the die. It has been found that this can be
accomplished by pairing low melt flow (1.9 to 2.5)
polypropylene resins with comparable melt index (1 to 3.0)

HDPE resins. It is also possible to improve the flow

15 compatibility of the two resins through extrusion
condition changes. It has been found that the
HDI_’E/polypropylme coextrusion can be most successfully
cast onto a cast roll having a temperature from 60°C
(140°F) to 72°C (160°F).

20 . . The multi-layer film structures of this
invention are oriented, generally biaxially, for added
strength and enhanced properties. Generally, the films
are stretched from 300 to 700% in the machine direction
and from 500 to 900% in the transverse direction. As

25 indicated previously, it has been found to be critical,
for preparing a film with low haze and high gloss, to
orient the film structure at a temperature above the
melting point of the HDPE layer and below the melting
point of the polypropylene layer. To achieve best

30 results, the film should also be rapidly quenched after
orientation. Orientaticn of a HDPE/polypropylene film
according to this invention has been successfully achieved
At over temperatures from 125°C (260°F) to 160°C (320°F).
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st ereogpeci fi c catal yst systé““Tﬁése pol ypr opyl enes caqHﬂggﬁga—pgégﬁflow
rate-frfom 1 to 25, THieShes dRd Meek to 8. The crystal ljj ne nglgeds R@epol Nt of
t hese terials is f 20[err] F) to 169[ ert-CfS=bterrdt= = -
-3- . %he nunber ave:mmmaam wei ght ranges from 25 000 to 100, 000
while their specific gra s from0.90 to 0.91. Although it is

prefefred to use a pure pol ypropyl ene Laygec-in the filns of this invention,
t he ppl ypropyl ene may al so be nodified; for exanple, by

The process of the present inventicn is
illustrated in greater detail as follows: polypropylene
homopolymer resin (melt flow 3 to 4) is fed into the main
extruder of an A/B coextrusion system while HDPE resin

5 (melt index 3.0) is fed into the satellite extruder. The

 ratio of these materials is 95/5. The melt temperature of
the polypropylene is 254°C (490°F) while that of the HDPE
is 257°C (495°F). The molten materials are joined in a
multicavity die and cast onto a polished chrome chill roll

106 with a set point of 60°C (140°F). The cast sheet is 30

{ mils thick and enters a water bath 38°C (100°F).

. Following this initial quench, the sheet is reheated to
132°C (270°F) and stretched in the machine direction five
times. The thinned sheet is then fed into a tenter frame

i5 where it is preheated at a temperature of 168°C (335°F)
and stretched eight times in the transverse direction. It
- is heat set at 149°C (300°F), trimmed and wound into a
roll.

Multi-layer film scructures can be prepared
20 according to this invention which exhibit coefficients of
friction of below 0.40, generally from 0.30 to 0.40, good
gloss (greater than 80) and low haze (less than 3.0)
without the use of migratory or nn-migratory additives to
the polypropylene or its surface. These films possess the
25 unique ability to develop weld bands between the film and
laminate when used in extrusion laminaticn with low
density polyethylene. They also offer a unique slip
surface for metallization as well as a surface which
accepts water and solvent based inks when surface treated

30 in a manner known to the art.
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PP-3 = Melt flow 2.5
PP-4 = Melt flow 1.95
PP-5 = Melt flow 3
The HDPE resins used are designated as follows:
~ HDPE-1 = Melt index 1.1
HDPE-2 = Melt index 3.0
The oriented polypropylene film used as a
comparison in several of the examples, PP, is Bicor(R)
LQM-W Oriented Polypropylene Film, available from Mobil
Chemical Company, 1150 Pittsford-Victer Road, Pittsford,
N.Y.
' Test results presented in the examples were
obtained using the following test procedures:
Haze ~ ASTM D1003
Gloss - ASTM D2457 -
Film to Film Coefficient of Friction (COF)
- ASTM D189%4

Film to Steel Ccefficient of Friction
(COF) - ASTM D189%4 '
Force-over-the-forming-collar (FOFC) - A

packaging structure is pulléd through a
MIRA-PAK vertical form fill and seal

- machine over a polished 11-1/2" forming
collar. The film is attached to a Hansm
gauge while pulling which has a 0 - SO 1b.
scale with 1 1b. increments. '
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Bond Strength - During lamination, a paper

sheet is inserted between layers. These
separated layers are used as the tails to
be gripped in the Instren where the actual
strength is measured.

Dyne Solution Test - ASTM D2378

EXAMPLES 1 TO 17

Biaxially oriented mlti-layer
HDPE/polypropylene film structures were prepared by
coextruding the polymers and orienting the cast film at a
temperature above the melting point of the HDPE and below
that of the polypropylene as described above. The optical
characteristics for a number of these films are presented
in TABLE 1.

ther olefin (for exanple 1-butene) or a
Such copolyners and/or terpol yners generally contain from?2
% ethyl ene and 2 to 7 wei gkt P64- but ene.

Each surface or skin |layer or HDPE generally

nmay be incorporated:-in-these fi1ng,
tie Iayers of adhesives may be used 't:§ Qdd=lotABEL:

ti ( eplaggpbr s, An exanple of a preferre hirr:dll ayer
is a l|layer conpr r of ethylene with propy1ene “a“terpolrymer
bl

TABLE 1
layer
. Structure ~ Thicknesses Haze Gloss
1 HDPE-1/PP- 1/HDPE-1 5/90/5 1.7 81.5 .
2 L & 3.0 84.8
3 o t 1.8 %0.1
4 g s 2.6 86.4
'S HDPE-1/PP-2/HDPE-1 g 6.2 9.3
6 HDPE- 1/PP-1/HDPE-1 L 1.0 79.2
7 | " 0.9  93.6
8 HDPE- 1/PP-3/HDPE-1 " 0.9 93.2
9 PP-5/HDPE-1 95/5 2.4 94.8
10 " / " 2.3 96.7
11 " . . 1.9 85.5
12 " o 2.4 78.0
13 " X 3.7 4.6
14 " ' 1.7 35.7
13 PP-3/1{DPE-1 " 1.9 873
L5 PP- 4 HDFE -] " L0 39.5

,-.

i
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conpri ses from2 to 15% preferably from2 to 5% -of the overal | thickness
of the film al Iayers could be used to pre.'dTe d au__ffer fllm
pr a.filmwth bet er ced er properties. ﬂe %B

mul ti-|ayer fil ion may be prepared by co‘-xtrusmn’*

bxt rusi on coati ng \‘B thods known in the art. The coextrusion of
HDPE wi t h pol ypro Ot her coextrusions, reqw res the proper

mat chi ng of pol ymer vi scosities and flLowgvelocities in the die. It has been
ound that this can be acconplished by palrlng low nelt flow (1.9 to 2.5)
pbol ypropyl ene resins with conparable nelt index (1 to 3.0) HDPE resins. It

s al so possible to inprove the flo t|b|||ty of the two resins
hrough extrusion condition changes%been found that the

ADPE/ pol ypr opyl ene coextrusi on can be nost successfully cast onto a cast

?61)[ 2?\;5 E)g a temperat UFQ:ofGECQfﬂéQ][ giﬂlg}i)fl%% {Jd:i:Ph%PEZEﬁ#S i nvention

uctures
re oriented, géﬁ@%ca*-ilr?s ACERE @mgytOftinSauu@ntson étege hextmds dothanced

roperties. Congiginated! 8 othbf e idhe " e4HRRYedr QLR 91 4P WYl 1 the
? cnd strength as well as coefficient of friction. The
film structures of this inventic which were tested are
identified as follows:
. Film A = HDPE-1/PP-1/HDPE-1
Film B = HDPE-1/PP-1/HDPE-1

10 - Film C = HDPE-1/PP-3/HDPE-1
' Film D = PP-5/HDPE-1
Film E = PP-5/HDPE-1
Film F = PP-5/HDPE-1
Film G = PP-5/HDPE-1
15 : Film H = HDPE-2/PP-5/ (ethylene/propylene
' copolymer)

In the A/B or A/B/C film structures, Films A-C and H, the
"HDPE layer comprises from 2 to 5% of the overall thickness
of the £film. In the A/B/A structures, the total HDPE

20  layers comprise from 5 to 10% of the overall thickness of

 the film. Although a number of the film structures

- comprise the same polymer layers (e.g., Films A and B),
they are designated separately because they were prepared

~at different times in different rums.

25 . The coextruded film structures of this
invention or, for purposes of compariscan, a biaxially
oriented polypropylene film (PP), were extrusicn laminated
with low density polyethylene films (LDPE) to either
glassine or PXS, optionally being coated with polyethylené

30 imine primer. The results of machinability and bend
strength tests are presented in TABLE 2

- |
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Structure

Trial 1 _

1) Film A/LDPE/PXS**

~ 2) PP/LDPE/Primer/

~ Glassine

Trial 2

3) Film B/LDPE/
Primer/Glassine

4) Film A/LDPE/

Primer/Glassine
5) PP/LDPE/Primer/
Glassine

Trial 3

6) Film C/LDPE/
Glassine '

7) Film D/LDPE/
Glassine

'8) Film E/LDPE/
Glassine

9) Film F/LDPE/
Glassine

10) Film F/LDPE/
Glassine

11) Film G/LDPE/PXS**

12) PP/LDPE/PXS

Trial 4 o

13) Film H/LDPE/ .
Primer/Glassine
(HDPE out)

14) Film H/LDPE/
Primer/Glass ine
(HDPE buried)

'15) PP/LDPE/Primer/
Glassine (HDPE
buried)

X

for

As |
preparing a fil

Lcated previously,

of a HDPE/ pol ypropylene filmaccording to
fully achi eved at over tenperatures from

Paper tore ar :zhis strength, so hend was

TABLE 2

FOFC COF Bond Strgth
1bs. Film-Film Film-Steel g/in

- 0.31 - 82.6

- - - 6.5

41 0.51 0.23 350%

20 0.52 0.19 34 8%

50 0.31 0.22 51

20 0.39 - -

18 0.37 . - -

17 0.34 - -

15 0.36 - -

38 0.33 - -

14 0.40 - -

17 0.34 - -

18 0.37 0.17 Inseparable
38 - 0.45 0.22 Inseparable
40 0.31 0,22 142

strenger chan rhis



The protess of the present invention is illustrated in greater detail as
foll ows: pol ypropﬁ—a#e-honnpﬁmm n (melt flow 3 to g

mai n 'extruder of ang, Q&dsystem whi | e HDPE reliqpmi{ el t - mdex—*zNT
3.0) |sfed|ntothe ruder. The ratio of thgse nmaterials is
95/5. The nelt terrpe ﬂﬂ poI ypropyl ene is 254C € rnat

of the HDPE is 257[e The nolten naterials are joined in a
mul ticavity die and cast onto a pollshed chrome chill roll with a set point
of 60[err]C (140[err]F). The cast sheet is=80tits)thick and enters a water
bath 38C (100[err]F). Following this initial quench, the sheet is reheated
to 132[err]C (270F) and stretched in the nachine direction five tinmes. The
thinned sheet is then f&teiddta présented i&;rmwvlzemhjchtwmﬁemaﬂqd at a

L over et ot or e, PR L Gl AL AL GGt at ARGy S BRihe g

wound into a roll. invention duiperfdrayérilei briattedcPRifdbn ctirubeuyssepar ed
according to this i mﬁﬁgtfo%eWe%btﬁé(-%ghfngqggiﬂrc'(?6%63 SBést. In all but
3 cne test, the f£ilm structures of this invention produced

FOFC of 20 1bs. or less. FOFC of 25 Ibs. or less is
considered to be good machinability. The PP film
performed in its usual range of 38 to 450 1bs. The
HDPE/PP £ilm structures performed as well in the PXS

1@ lamination as the PP films. The reason for the poor
performance of Film Structure 3 is not known but may be
due to uneven skin distribution experienced during parts
of the early rum.

The other test for machinability, film-to-film COF,

5 indicated slightly higher coefficients of friction for the
film structures of the invention than for the PP film
laminations.

The data in TABLE 2 also show that the HDPE skins of
~ the films of this invention have excellent bonds in LDPE

3. extrusion laminations. In Trial 1, the extrusion
temperatures were low, resultimng in poor bond strengths.
The PP lamination, which would normally have a bond of

- 25-40 g/in., had a bond strength of only 6.5 g/in. Other
variables run during that trial had similarly low bend

25 strengths. Despite the poor processing conditions, the
HDPE skin film had a bond strength of 82.6.g/in.

' In Trial 3, normal lamination conditions were run and
a slightly higher than normal PP bond of 51 g/in. was
measured compared to the 350 g/in. bonds for the HDPE skin

38 films. In addition, the 350 g/in. was the strength of the
face of the glassine tearing with the actual £ilm to poly
bond strength being even gfeater.
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frictiron of bel ow 0.40, generally fron10 30 to 0.40, good gl.oss (greater_

t han 80) and | ow haze (less than 3.0) without the use of m gratery or
non-ni gratory additTives to the pol ypropylene or its surface; Thésg: £ 1.ns '”"
possess the uni querlﬂ’stﬂhhdtHysBean iseddop wel d bonds bet ween t h:fidim ARt

| am nat e when used i n1nat|on with | ow density pol yethyl ene. T
They also offer a u ace for nmetallization as well as a
_'surfage whi ch accept

_ an sol vent _baged.i nks when surface treated in
er known to the art. 6

The extrusion temperatures were run hot in Trial 4
which, it is believed; is why the bend strengths were
higher for all variables.

EXAMPLE 19

5 A film structure according to this invention, a
coextrusion of PP-S/HDPE-1 (Film G), was tested in
adhesive laminations to PXS and compared to laminations
with oriented PP film. For these laminations, the HDPE
side of the film structure was buried. To test for bond

10 strength, two substrates were joined together at a nip
point under pressure and heat. The first substrate was
coated with adhesive and then dried. The coated substrate
was then joined to the second substrate at a high pressure

_ heated nip. Bond strengths were measured initially and

15 after aging. The adhesives used were either a
polyvinylidene chloride (PVdC) a urethane, or Duro-Flex 56
(composition unknown, available from National Starch and

T Chemical Corporation, Bridgewater, NJ). The results are

bl Clen et e

presented in TABLE 3.
20 TABLE 3
Bond Strength (g/in.)

Structure Initial 2 Week Aged
Film G/PVdC/PXS ' 186 147
PP/PVAC/PXS 122 : 120

25 Film G/Urethane/PXS 458 357
PP /Urethane/PXS 482 Tear
Film G/Duro-Flex 56/PXS - 262 ' 198

PP/Duro-Flex 56/PXS 293 107

The results in TABLE 3 indicate that the PVdC
30 hond strengths of the HDPE skin Film of this invention are



The fqld{ow ng Exanples illustrate the invention. | n these exanpl es, the

pol ypropyl ene resins used are deS|gnated as follows: PP-1._=
Melt flow 4 PP Z=Mett flow 6 Nek
flow 2.5 ThlsShEEl?Hés Sl ow 1.95 THIS S” %g‘;s v t”
flow 3 The HDPE re5|n gnated as follows:

HDPE-1 = Melt index 1 uj HDPE-2 = Melt index 3.0

The oriented polypropy d as a comparison in several of the

exanpl es, PP, is Bi cor(R) LOMWOi ent ed Pol'yp%py‘l ene Film available from
Mobi | Chem' cal Company, - 1150 Pittsford-Victor Road, Pittsford, N.Y.

Test results presented in the exanples were obtali ned usi ng the fol |l ow ng
test procedures:s better than thdagzeofASHM AP EGBn. The urethane bondsossre

ASTM D2457 : slightly {&d0 ch' L §B8E (kGheptiml Fut Thepdlebtill
well within the fitness-for-use range. Duro-Flex 56 bonds
were very good.

EXMPLE 20

10 . High density polyethylene has a reputation for
being an easy to treat substrate., This was verified by
tests on A/B film structures or polypropylene (melt flow
2.25)/HDPE (melt index 1.1). The results are presented in

'TABIE 4.
15 - TABLE 4-
. - Dune _

Power Sol. Test Centact Angle 1 Ink
Setting (dyne/cm)  Advan. Reced. Block= Block
Not treated -~ 31 99.5  92.0 1.6 6.

20 60V., 2a. 33+ 80.8  73.8 1.5 24.
105V., 4.4a. 39 61.0  43.3  25.2 33,
150V., 6.4a. 42 62.3  31.0 35.7 31.¢
185V., 12a. 54- 58.0 . 14.0  46.0 24,
1 one hour block test at 750 psi, 140°F

25 2 Three day ink block test at 100 psi, 125°F

The data in TABLE 4 illustrate that a level of
' 42 dyne/am was achieved at a power setting of 150V.,
6.4a., the same power setting normally used to treat
oriented homopolymer polypropylene £ilm to 36-37

30 dynes/am. A value as high as 54- was measured on one
sample.



- AS|I M D1894 Filmto Steel Coefficient of Friction

(COF) - ASIM D184 . Force-over-the-form ng-col:
M RA{ PAK»vert i cal

1- 1/ 23 hog, Qg‘:t"’

Porm il Zﬁ&”é’%ﬁ it Bt eed,aéeQrOUggcﬁ, ne over a pol i shed (
collar. The fil HIIHIH mmj 0 a Hanson ~ gaut s
pul l'ing which ha scale with 1 Ib.
i ncrengnt s. e 13 -
EXAMPLE 21
Several film structures according to this
invention were evaluated for waterbased ink blocking using
the follaving test. Ink (CZ Aqualam P waterbased ink) was
5 placed on the film and drawn down using a Meyer Rod
metering system and then dried thoroughly. The sample was
then placed in a standard 3-day blocking test at 100 psi,
i . 125°F. The test was rtn treated side to printed treated
| side. Separation bend strength was measured using an
10 Instron machine. The results are presented in TABLE 5.
TABLE 5
Film Stmcture. Ink Blocking (g/in.) Ccmments
: | PP-5/HDPE-1 _ 24.8 33+ dyne/cm
k 2 | . " ‘ 33.1 39 dyne/am
ck= 15 " _ 31.4 ' 42 dyne/am
2 " ' 24.1 54~ dyne/am
8 " 6.2 31 dyne/am
.1 PP 55.7% - 36 dyne/am
4 ’ PP , 58/ 5a* : 36 dyne/cm
1 i 20 PP-1/HDPE-1 33.1 N.A.
L PP-1/HDPE-1 15.8 N.A.

* Avg. of 2 'tests
x% Avg. of 10 tests

The data in 'E‘\BLE 5 show the HDPE films of this
25 invention to having a blocking force of 24-33 g/in.
compared to PP films with ap average oE 58.5 g/ln This

is a 50% decrease in blocking force.

" b ATttty st



Bond Strength - During |amnation, a paper sheet is

inserted between |ayers. These separated | ayers are used as__
the tails to be grlpped in the. Instron wh ' .
strength i s neasur ed. : Dyne Sol ution Test {| MEENMHEETAHAS BEEN 4

LAGED f
WA

EXAMPLES 1 TO 17 Iy oriented nulti-layer  REP
ety INNHMUBRGer - o5 ' o

pol ymers and orienti*ngctthe casts mﬁperature above the nelting
poi nt of the HDPE and bel ow t hat of the polypropylene as descri bed above.
The optical characteristics for a nunber of these filns are presented in

TABLE 1 CLAINS : TABLE |

1. An oriented multi-layer film which
comprises at least a first surface layer of a polymeric
material comprising high density polyethylene (HDPE) and 2

- second layer of a polymeric material comprising
5 . polypropylene wherein the film has been oriented by
stretching it at a temperature above the melting point of
the high density polyethylene but below the melting p01nt
~ of the polypropylene.

2. A film according to claim 1 wherein the
first surface layer consists ‘essentially of HDPE,

3. A film according to claim 1 or 2 wherein
the HDPE has a melt flow index from 0.5 to 18.

4., A film according to any preceeding claim
wherein the surface layer comprises frow 2 to 15% of the
total thickness of the oriented multi-layer film.

5. A film according to claim 4 wherein the
first surface layer comprises from 2 to 5% of the total
thickness of the oriented multi-layer £ilm.

6. A film according to any preceeding claim
wherein the second layer consists essentially of
polypropylene.

7. A film according to any preceeding claim

wherein the polypropylene has a melt flow index from 1 to
3. '

This Sheet Has Been Re;

[ fill
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Lay fr Ex. Structure ThicknesseETHKHazér"_GxxﬁN};
1 HDPE-I/PP- 1/ HDPE- | 5/ 90/ S 1.7 gL.5 REFLavED 2 !
" : 84;11_———ff—'*‘ 3 . " o
1.8 90*1’/"’ 2.6

'86_ HOPE- 1 | “‘ﬁm‘u‘m“m\mpp T P 7o

93.-615 -- 8
HDPE- 1/ PP- 3/ HDPE- 1 0.9 93. 2 9
PP- 4/ HDPE- 1 95/5 2.4 94. 8 10

" 8. A%l@mlzccogélr?g to-any preceéd]ang claim

! 1.9
2.4 78. 0 Whlé% further comprises a second surface layer comprising 3 7

84. ¢ HOEE, 1.7 85.7
15 _ PP- 3/ HDPE- 1 " 1.9 87.5 . _ 16 .
PP- 4/ HDPE- 2 . 1.0 89.6 17

" 1.6 92.6 9. A film according to any preceeding claim

which further comprises a second surface layer comprising
a copolymer of ethylene with propylene; a terpolymer of
ethylene, propylene and a further olefin; or a blend

5 thereof. '

10. A film according to any preceeding claim
which is biaxially oriented.

11. A film according to any preceeding claim
which exhibits a coefficient of friction of less than 0.40.

12. A film according to any preceeding claim
which exhibits gloss of greate1 than 80 and haze of less
than 3.0.

13. A process for preparing an oriented
mlti-layer film ha&ing low coefficient of friction and
good optical properties, which procéss comprises
stretching a multi-layer film comprising at least a first

5 surface layer of a polymeric material comprising high
density polyethylene and a second layer of polymeric
material comprising polypropylene at a temperature above
the melting point of the high density polyethylene but
below the melting point of the polypropylene,

" 14, A process according to claim 13 wherein
the stretching is effected at a temperature from 125°C

(260°C) to 160°C (320°F). . -~ :
—_—

This Sheet Has Been

Il lllll ] llll i




EXAMPLE 18 Coextruded biaxially
| ented PP/ HDPE film structures according to this invention were extrusion
mnated to other filTms and tested for machinability and bond strength as

Il as coeffici, g[ mﬂnnmg The filmstructures of Cghis. |nvent|6‘|‘_r"i\ g
ich were test “l !"as fol | ows: : {( EﬁL@théhﬂm—

E-1/PP-1 - HDPE- m B = HDPE- |/ PP- |4
- 16 --

15. A process according to claim 13 or 14
wherein the multi-layer film is stretched from 300 to 700%
in the machine direction,

16. A process according to any of claims 13 to
15 wherein the multi-layer film is stretched from 500 to
' 900% in the transverse directiom.

17. A process according to any of claims 1 to
16 wherein the multi-layer f£ilm is defined in any of
claims 1 to 12,

, 18. Use, in a multi-layer'film as defined in.
any of claims 1 to 12, of a stretching temperature above
the melting point of the polymeric material comprising the
surface layer but below the melting point of the

5 polypropylene.

—_—

“‘ﬁﬁ‘iiﬁ‘:i’i‘itﬁi:i“uﬂm



FllmC=
Fi'lmE = PP-S/HDPE-1 : FilmF = PP-5/HDPE-1
Film G = PP-5/ HDPE- 1 FilmH = '

HDPE- | / PP- 3/ HDPE- | FilmD = PP-5/ HDPE- 1
HDPE- 2/ PP- 5/ (et hyl ene/ propyl ene - WN .
copol'ymer) {my-sheg A/B or A/B/C filmstructures, Films A-C §
| ayer conprises from2 to 5% of the overall thlckness of th :
Al B/ A structures, the total HDPE | ayers conprise from5 to 10% of the

overal | thickness of the film Al though a nunber of the film-structures
conprise the sane polyner layers (e.g., Filns A and B), they are designated
separately because they were prepared at different tinmes in different runs.
The coextruded fi | mLow r@erRI@sNio PRFCFIGNQNIE@%DOFIM or purposes of
conparison, a biaxialTy oriented potypropytene P), were extrusion

| am nat ed wlth | ow density polyethylene films (LDPE) to either glassine or
PXS, optionally being coated wt hAmm(gt hyl ene imne prinmer. The results of
machi nabi lity and bond

Oriented multi-layer polypropylene films having
low coefficients of friction and good optical properties
. (haze and gloss) are disclosed. The films of this

invention comprise at least a first surface layer of a

5 material consisting essentially of polypropylene, said
film being oriented by stretching at a temperature above
the melting point of the material of said first surface
layer and below the melting point of the material of said
second layer. |

This Sheet Has Been Reﬂlaced




strength tests are presenfed I n TABLE 2.

TABLE Z Bond Strgth  Structure - FilmFiIm
Fi I'm St€el (g/in) Trial 1 1) Film A/ LDPE/ PXS** T O

- 33 (82.6) 2) PP/ LDPE/ Pri mer/ -
(6.5) .d assi ne Trial 2 3) Film B/ LDPE
P riner/d assine .

-1 -

LOW COEFFICIENT OF FRICTION ORIENTED FILM

This invention relates to low-coefficient of
friction oriented films; more particularly, this invention
relates to a oriented multi-layer polypropylene films
haVing a low film-to-film coefficient of friction (QOF).

Highly crystalline polypropylene film is an
excellent packaging material, but it has a high
film-to-film COF which makes it difficult or impossible
for it to be successfully utilized in automatic packaging
equipment. The film will not respond to the packaging
speed capability of the system and, as a consequence,
jamming results. |

In the past, the COF characteristics of
polypropylene film have been beneficially modified by the
inclusion in the polypropylene of (OF-improving additives;
for example, fatty acid amides. The effectiveness of an
amide to reduce COF depends upon its ability to migrate to
the surface of the film, While such amides can improve
the COF of the film, thé value of the COF is, however,
.subject to wide variation depending upon the thermal
history of the film during storage, shipping and certain
converting processes. The presence of such amides on the
film surfaces can, furthermore, adversely affect the
film's appearance as manifested by an increase in haze, a
decrease in gloss and the presence of streaks. The
presence of such amides on the surface can also adversely
affect their wettability and the adhesion of solvent and
water base inks, coatings;'adhesiveS; and of metals.

| In an effort to improve the COF of
polypropylene film without adversely affecting the film's
appearance, wetting and adhesion, it has been proposed in
US 4578316



4) Fi |l m A/ LDPE/ 0.52 0.19 PrlnerlplassLne—-—Ja—m—

PP/ |.DPE/ Pri nmer/ 0.31 0. 22 d assi ne tealacRaan6) SEETD |
¢/ LDPE/ 0.39 Qdassine 7) FilmD LDPEPH{F% i) mﬁ |
d assi ne 8) Film E/ LDPE 0.34 D&% ...................... )
Fi | m F/ LDPEI 0. 36 - d assi ne =

0. 33 . d assi ne 11) Fi'l m G LDPE/ PXS* * 0. 40 12) PP/ LDPE/ PXS
0.34 - Trial 4 13) Fil mH LDPE/ 0. 37 0.17

| nsepar abl e Primer/d assine =-- 2 -{HDPE out) 14) Fil m H LDPE

0.4S 0.22 | nsepar abl e. '

to prepare a polypropylene film having on at least one
surface thereof a layer of a blend of (1) a member
selected from the group consisting of a medium density
polyethylene (MDPE), a high density polyethylene (HDPE) or
a blend thereof, and (2) polypropylene. This document
further discloses that.the two materials in the surface
layer can be blended in an amount from 2% by weight to 60%
by weight of the medium or high density polyethylene with
the remainder being the polypropylene. The document also
suggests that at percentages of 60 to 100% MDPE or HDPE,
the surface layers are too soft and too hazy. That such
high MDPE or HDPE content films would have comparatively
inferior optical properties is not unexpected, because
MDPE and HDPE films are known to be hazy and opaque.

This invention seeks to provide polypropylene
f£ilm having a low OOF which is stable with respect to
thermal history; and good optical, wetting and adhesion
properties.

This invention provides an oriented multi-layer
film which comprises at least a first surface layer of a
polymeric maté?fgfk et ﬂgzﬁbﬁeg§1ty polyethylene
(HDPE) and a second layer of a polymeric material
comprising polypropylene wherein the film has been
oriented by stretching it at a temperature above the
melting point of the high density polyethylene but below
the melting point of the polypropylene, preferably without
added prior COF or antiblock agents; for example, fatty
acid amides.

The polypropylenes which can be used to prepare
the film of this invention are well known in the art.
They are generally formed by polymerizing propylene in the
presence of stereospecific catalyst systems. These
polypropylenes can have a melt flow rate from 1 to 25,
preferably from 1 to 8. The crystalline melting point of
these materials is from 160°C (320°F) to 169°C (336°F).



Prinmer/ d assine (HDPE buri ed) |'S) PP/ LDPE/ Pri nmer/ 0.31

0.-22 ' ,- dassine (HDPE buri ed) Paper tore at ttl'[:ﬁs“@?gfﬁ"w%? 4.
bond was stronger than this. PYS * saran coated pol ypropyl éne film _
- 10 -- The data presented in TABLE 2 indicate thadee 35 gﬁse‘ﬂSBt :e

ori ented HDPE/ PP fllmstructures of thig _. 3

The number average molecular weight ranges from 25,000 to -
100,000 while their specific gravity ranges from 0.90 to
0.91. Although it is preferred to use a pure
polypropylene layer in the films of this invention, the
polypropylene may also be modified; for example, by
copolvmerization with small amounts of another monomer or
by blending with another material, so long as the melting
point of the resulting material is sufficiently above that
of the HDPE layer to allow for orientation of the film at
a temperature between the melting points of the materials
of the two layers.:

The comparatively low COF material of which the
surface layer is canprc:;;éd i5- high dg'rsw.ty polyethylene
(HDPE). For the purposes of this invention, the HDPEs
have specific gravity from 0.941 to 0.965 and a melt index
from 0.5 to 18. is—pEe edTIa T At TEas T one 50
layer of the film consist solely of HDPE; however; the
HDPE may be blended with other materiats; for example,
polypropylene or MDPE, so leng as the melting point of the
blend is sufficieptt¥ below that of the polypropylene
layer to altow for orientation of the film at a

a-ty betwee 05 & 0 me P poTtSs T

The preferred oriented multi-layer f£ilms of this
invention are two or three layer films having the
configuration A/B, A/B/A or A/B/C where A is the HDPE
layer, B is the polypropylene layer, and C is one or more
of any number of functional layers (e.g. sealant).
Additional layers of bolymeric material'my be
incorporated in these films, however. For example, tie
layers of adhesives may be used to add other functional or
cost reduction layers. An example of a preferred third
layer is a layer comprising a copolymer of ethylene with
propylene; a terpolymer of ethylene, propylene and a
further olefin (for example l-butene) or a blend thereof.
Such copolymers and/or terpolymers generally contain from
2 to 7 weight ¢ ethylene and 2 to 7 weight % l-butene.



I nvention outperforned the oriented PP filmstructures in the
force:over-the-formng-collar (FOFC) test. In all but one-test-—tde-film

structures of this invention produced FOFC of (20 | bsﬁé‘b@cmEMEQHEEF C of
(25 I'bs. or less is considered to be good nachi nabi Li ty. The RR: filqh

performed in its usual range of (38 to 50 |bs.)The HDRRLRP.f.id.m 5t suct

res

performed as well in the PXS |am natign_as the PP fii r the
poor performance of Film Structure 3 is not known but may be due to uneven
skin distribution experienced during parts of the early run. The ot her

test for machinabilit filmto-fil m i ndj kght Iy higher
coefficients of frict #%)%1 Fgﬁatcﬁeml fﬁ%ﬁﬂc“ﬂu#ﬂg@t g&%ﬁg nvention than for
the PP film ¢Q_mrimsi 6ram 2 to 1¥he prraferdbdy THREE: Xoabs0 Oihblw that the HDPE
skins of the {§jdriapy q}i%@esﬁlwgﬂélﬂmmhﬁﬁow%i&& PoRds in LDPE extrusion

| am nations. In _Tria e extrusion tenperatures were low, resulting in
poor bond stréNgdrke used topprepara Sehifarnfed ap@A dilwmiah y have a bond of

(25-40 g/in) haded VAQBE barte0blopdrt@esy (6.5 g/in). O her variables run

during that trial hadTgé rgrlig{ge)é llnuolvgllg?any%r film of this invention
may be prepared by coextrusion, extrusion coating or
casting methods known in the art. The coextrusion of HDPE
with polypropylene, like other coextrusions, requires the
proper matching of polymer viscosities and flow velocities
in the die. It has been found that this can be
accomplished by pairing low melt flow (1.9 to 2.5) _
polypropylene resins with comparable melt index (1 to 3.0)
HDPE resins. It is also possible to improve the flow
compatibility of the two resins through extrusion
condition changes. It has been found that the
HDPE/polypropylene coextrusion can be most successfully
cast onto a cast roll having a temperature from 60°C
(140°F) to 72°C (160 °F}.

The multi-lé;f'.ér film structures of this
invention are oriented, generally biaxially, for added
strength and enhanced properties. Generally, the films
are stretched from 300 to 700% in the machine direction
and from 500 to 900% in the transverse direction. As
indicated previously, it has been found to be critical,
for preparing a f£ilm with low haze and high gloss, to
orient the film structure at a temperature above the
melting point of the HDPE layer and below the melting
point of the polypropylene layer. To achieve best
results, the film should also be rapidly quenched after
orientation. Orientation of a HDPE/polypropylene film
according to this invention has been successfully achieved
at over temperatures from 125°C (260°F) to 160°C (320°F).



strengths. Despite the poor processing conditions, the HDPE skin film had a
bond strength of (82.6 g/in.) In Trial 3, normal |am nation conditions
were run and a sli ghtly higher than nornmal PP bond of (5% ng‘ﬁ~—)'“V\)aS—‘——
nmeasured conpared to the (350 g/in) bonds for the HDPE Skl*ﬁff‘»‘f»r’fﬁﬂ@‘ﬂﬁg@“
addition, the (350 g/in.)was the strength of the face df the gl assi ne
tearing vmth the actual filmto poly bond strength bei hg agen- -greater.. -

-- 11-- The extrusion terpegyatures were run hot in Triaf 4 s

The process of the present invention is
illustrated in greater detail as follows: polypropylene
homopolymer resin (melt flow 3 to 4) is fed into the main
extruder of an A/B coextrusion system while HDPE resin
(melt index 3.0) is fed into the satellite extruder. The
ratio of these materials is 95/5. The melt temperawre of
the polypropylene is 254°C (490°F) while that of the HDPE
is 257°C (495°F). The molten materials are joined in a
multicavity die and cast onto a polished chrome chill roll 7_6,‘,;?%_
with a set point of 60°C (140°F). The cast sheet isr
mils)thick and enters a water bath 38°C (100°F).

Following this initial quench, the sheet is reheated to
132°C (270°F) and stretched in the machine direction five
times. The thinned sheet is then fed into a tenter frame
where it is preheated at a temperature of 168°C (335°F)
and stretched eight times in the transverse direction. It
is heat set at 149°C (300°F)}, trimmed and wound into a
roll.

Multi-layer film structures can be prepared
according to fhis inventia'_i-'-_' which exhibit coefficients of
friction of below 0.40, generally from 0.30 to 0.40, good
gloss (greater than 80) and low haze (less than 3.0}
without the use of migratory or non-migratory additives to
the polypropylene or its surface. These films possess the
unique ability to-develop weld bonds between the film and
laminate when used in extrusion lamination with low
density polyethylene. They also offer a unique slip
surface for metallization as well as a surface which
accepts water and solvent based inks when surface treated
in a manner known to the art.



which, it is believed, is why the bond strengths were higher for all
vari abl es;: EXAMPLE 19
according to this invention, a coextrusion of PP-5/ HDPH-

oriented PP film For these | am nations, the HDPE sidello
structure was buried. To test for bond strength, two sup -
j oi ned together at a nip point under--pbessure and heat. The first substrate
was coated with adhesive and then dried. The coated substrate was then
joined to the second substrate at a high pressure heated nip. Bond
strengths were rreasuredhérﬂotlila}i@ Bampdéd cdllagimae diee adhesives used were
ei ther a pol yv Wgene r| de PVdC) uregfpane 185 E Dur o- Fl ex 56
(conposition un F@efe i r?aPo X OPNLe0q TeHBSi cal

Cor por ati on, Buseibemtdes;gmyd asTlﬁellroasuI ts are presented in TABLE 3.

PP-1 = Melt flow 4
PP-2 = Melt flow 6
PP-3 = Melt flow 2.5
PP-4 = Melt flow 1.95
PP-5 = Melt flow 3

The HDPE resins used are designated as follows:
HDPE-1 = Melt index 1.1
HDPE-2Z = Melt index 3.0
The oriented polypropylene film used as a
comparison in several of the examples, PP, is Bicor(R)
LOM-W Oriented Polypropylene Film, available from Mobil
Chemical Company, 1150 Pittsford-Victor Road, Pittsford,
NLY.
Test results presented in the examples were
obtained using the following test procedures:
Haze.3 ASTM D1003
Gloss - ASTM D2457
Film to Film Coefficient of Friction (COF)
- ASTM Di89%4

Film to Steel Coefficient of Friction
(COF) - ASTM D189%4
Force-over-the-forming-collar (FOFC) - A

packaging structure is pulled through a
MIRA-PAK vertical form fill and seal
machine over a pol1she%1211 1/ Z")fonnmg
collar. The film 15035t§ched to a Hanson
gauge while pulling which has al(o - 50 1b )
scale with 1 1b. increments.



TABLE 3 : Bond Strength((g/in

Initial » 2 Wek Aged Fi | m G PvVdC/ PXS PP/ PVdC/ PX Rspfﬁqﬁmﬂﬂ mcm
@ Ur et hane/ PXS PP/ Ur et hane/ PXS
G Dur o- Fl ex 56/ PXS PP/ Dur o- Fl ex 56/ PXS The r &5-a- wutABﬁ _____

3 indicate that the PvdC bond strengths yof- the HDPE skin filmo
i nvention are

Bond Strength - During lamination, a paper
sheet is inserted between layers. These
separated layers are used as the tails to
be gripped in the Instron where the actual
strength is measured.

Dyne Solution Test - ASTM D2378

EXAMPLES 1 TO 17

Biaxially oriented multi-layer
HDPE/polypropylene film structures were prepared by
coextruding the polymers and orienting the cast film at a
temperature above the melting point of the HDPE and below
that of the polypropylene as described above. The optical
characteristics for a number of these films are presented

in TABLE 1.
TABLE 1
Layer
K. i Structure Thicknesses Haze Gloss
1 HDPE-1/PP-1/MDPE-1 5/90/S . 1.7 8L.5
2 " L 3.0  84.8
3 L " 1.8 .1
4 " 2 2.6 86.4
5  HDPE-1/PP-2/HDPE-1 e 6.2 9.3
6  HDPE-1/PP-1/HDPE-1 " 1.0 79.2
7 " " 0.9  93.6
8  HDPE-1/PP-3/HDPE-1 " 0.9  93.2
9 PP-5/HDPE-1 95/5 2.4 .8
10 " g 2.3 . 96.7
11 " " 1.9 85.5
12 " " 2.4 78.0
13 " o 3.7 84.6
14 " L 1.7 85.7
15 PP-3/HDPE-1 " 1.9 87.5
16 PP-4/HDPE-2 " 1.0 89.6

17 " 1.6 92.6



- 12 -, Dbetter than those of the PP film The urethane bonds were slightly:

| ower on,-the HDPE skin filns, but they were still well within the
fitnéss-for-use range. Duro- Fl ex 56 bonds were very good.
EXAMPLE 20 H gh density polyethyl ene has a rgputation” f qr _.bei-ng

an easy to treat substrate. This was verified by tests | rh»A/Bfr%!m“ 9%
structures or polypropylene (nelt floy 2.25)/HDPE (meItTl ndex ) )J ‘The

results are presented in TABLE 4. L______d___‘______ """"" :

EXAMPLE 18

Coextruded biaxially oriented PP/HDPE film
structures according to this invention were extrusion
laminated to other films and tested for machinability and
bond strength as well as coefficient of friction. The
film structures of this invention which were tested are
identified as follows:

Film A = HDPE-1/PP-1/HDPE-1

Film B = HDPE-1/PP-1/HDPE-1

Film C = HDPE-1/PP-3/HDPE-1

Film D = PP-S/HDPE-1

Film E = PP-S/HDPE-1

Film F = PP-5/HDPE-1

Film G = PP-5/HDPE-1

Film H = HDPE-2/PP-5/(ethylene/propylene

copolymer)

In the A/B or A/B/C film structures, Films A-C and H, the
"HDPE layer comprises - fgom 2 to 5% of the overall thickness
of the film. In the A/B/A structures, the total HDPE
layers comprise from 5 to 10% of the overall thickness of
the film. Although a number of the film structures
comprise the same polymer layers (e.g., Films A and B),
they are designated separately because they were prepared
at different times in different rums. :

The coextruded film structures of this
invention or, for purposes of comparisan, a biaxially
oriented polypropylene film (PP), were extrusion laminated
with low density polyethylene films (LDPE) to either
glassine or PXS, optionally being coated with polyethylene
imine primer. The results of machinability and bond
strength tests are presented in TABLE 2.



TABLE 4 Dune Power  __._.S0l-- Fests:

Cont,act Angl e | nk Setting (dyne/.emr AGNSHEET
Reced. Bl ock[err] Block[err] Not treated 31 ‘Q 5qq5
92. 0 1.6 6.2 . 60V., 2a. 33+ 80, 8% AN
1.5 24.8 105V., 4.4a. == B9- 61.0 . 43 3. : B2 ——33*‘f
| 50V., 6. 4a. 42 62. 3 31.0 35.7 31.4 185V., 12a.
54- 58.0 14.0 46. 0 24.1 [err] One hour block test at
[err] Three day ink block test at (TABREpSi ) (125[err]F) The data
in TABLE 4 illustrate that a |evel ofggg2 dyne/cm ygs achi eved " ﬁxp )éver
setting of 150V., t he 333-»72% seftin gormal |y useg 0]
ori ented honopol yn'g&’ﬁ&$propyl as
measur ed on one saffpial. 1l n
1) Fila A/LOPE/PXS®* - 0.51 - 33 (2.6
2) PP/LDPE/Priger/ - - - g (6.5)
Glassine
Trial 2
3 fitm 80P/ [ (61)  o.s1 0.5 137 (3s00)
Primer/Glassine '
9 File P 9.({(20)  0.52 0.19 137 (348%)
Primer/Glassine
5) PP/LDPE/Primer/ 23(50)  o0.31 0.22 = (s1)
Glassine '
Trial 3
6) Fila c/LOPE/ -1 (20)  0.39 - -
Glassine -
7) Film pDPEr - 2(18)  0.37 - -
Glassine
8 File /0P T-T(17)  0.34 . -
Glassine -
o) Film F/LOPE/ ~ L% (1S)  0.36 . ;
Glassine
10) Fila F/LOPE/ (1.2(38)  0.33 . ]
Glassine ' :
11) Fila GADPE/PXS* (1)  0.40 - -
12) pe/LDPE/EXS 771 17 0.34 . -
Trial ¢ |
1) film wiDP ¢ 2 {18)  0.37 0.17  Inseparable
Primer/Glass ine
(HDPE out) .
14) Film wioPes 1 3(38)  o.ss 0.22  Inseparable.
Primer/Glassine
(HDPE buried)
1S) PP/LDPE/Primec/ 17 {60)  o0.31 0.22 < (142)
Glassine (HDPE ‘
buried)

* Paper tore at this strength, so band was stronger tham du.s.
** PYS = saran coated polypropylene fils.



- 13 -- EXAMPLE 21 Several film="""
stryctures according to this invention were eval uated f ‘based B
bl ocki ng using the following test. Ink (CZ Aqual am P wal qxﬁa—sed |_nk, ‘vvmﬁ :
pl aced on the filmand drawn down using a Meyer Rod netefling sys@ 511\3};3 ,"";
then dried thoroughly. The sanple was ' '

-- 10 --

The data presented in TABLE 2 indicate that in all
cases, the oriented HDPE/PP film structures of this
invention outperformed the oriented PP film structures in
the force-over-the-forming-coilar (FOFC) test. In all but
me test the film structures, of thls invention produced
FOFC osi(zo b4 hr less. FOFC OE[(25 1bg="hr less is
considered to be good mach1nab11 o :_I"he PP f11m
performed in its usual range ofLéB to %50 1bi~/The
HDPE/PP film structures performed as well in the PXS
lamination as the PP films. The reason for the poor
performance of Film Structure 3 is not known but may be
due to uneven skin distribution experxenced during parts
of the early run.

The other test for machinability, film-to-film COF,
indicated slightly higher coefficients of frictian for the
film structures of the invention than for the PP film
laminations.

The data in TABLE 2 also show that the HDPE skins of
the films of this inveng_jon have excellent bonds in LDPE
extrusion laminations. In Trial 1, the extrusion
temperatures were low, resulting in poor bond strengths.
The PP lamination, which would normally have a band of A 2 - 16 3[C—W\

(25-40 g/m) had a bond strength of onlyl(6 5 g/m) Other
variables run durmg that trial had similarly low bond
strengths. Despite the poor 3>gt'o¢t3551rxg condltlons, the
HDPE skin film had a bond strength of£82 6 g/m)

In Trial 3, normal lammatzon condlltmns were run and
a slightly hlghei thagﬁnomal PP bond ofLSl g/m)was
measured <:c>m]:oar§<~ib ‘t)ocﬁxe]\(sso g/ m)bonds for the HDPE skin
films. In additior, the)350 g/m)was the strength of the
face of the glassine tearing with the actual film to poly
bond strength being even greater.



then pl,aced in a standard 3-day blocking test at (100 psi) (125[err] F) The
test,was,run treated side to printed treated side. Separatlgn bond
strength was measured using an Instrcn machine. The resuﬂ Lgm Q&Qeﬂgresented

i n TABLE 5. TABLE 5 Fi l mI hstruc uge‘]

Bl ocking (g/in.) Comment s PP- 5/ HDPE- 1 Data -, ‘é‘3+ }f
(33.1) 39 dyne/cm " l : 4
42 dyne/cm ' (2411)-- 54- dyne/cn "

" (6.2) . 31 dyne/cm PP

(55.7%) 36 dyne/cm PP

36 PP- 1/ HDPE- 1 The extrusion (téfipenatures were run hot in TrialMA.

PP- 1/ HDPE- |

. * Avg. of 2 tests -
x% Avg. of 10 th% it is lgejlle%d, is why the bcmliJ ﬁrengths wer
higher for all variables.

EXAMPLE 19

| A film structure according to this invention, a
coextrusion of PP-S/HDPE-1 (Film G), was tested in
adhesive laminations to PXS and compared to laminations
with oriented PP film. For these laminations, the HDPE
side of the film structure was buried. To test for bond
strength, two substrates were joined together at a nip
point under pressure and heat. The first substrate was
coated with adhesive and then dried. The coated substrate
was then joined to the second substrate at a high pressure
heated nip. Bond strengths were measured initially and
after aging. The adhesives used were either a
polyvinylidene chloride (PVdC) a urethane, or Duro-Flex 56 -
(composition unknown,javailable from National Starch and
Chemical Corporation, Bridgewater, NJ). The results are
presented in TABLE 3.

TABLE 3

Alene
Bond Strength((g/in.)
Structure : Initial 2 Week Aged
Film G/PVAC/PXS 73 (186) S€ (147)
PP/PVAC/PXS 4y (122) o4-7(120)
Film G/Urethane/PXs 120 (458) 1y (357)
PP /Urethane/PXS 19 (482) Tear
Film G/Duro-Flex 56/PXS .os(zsz) “18 A98)
PP/Duro-Flex S56/PXS 1S (293) 42 (107)

The results in TABLE 3 indicate that the PVdC
bond strengths of the HDPE skin film of this invention are



The data in TABLE 5 show the HDPE filmof this invention to having a )
bIocklngforce of (24-33 g/in.) conpared to PP films with "T::'
(58.5 g/in.). This is a 50% decrease in bl ocking force. o L ST ST
-14 - CLAIMS 1. An oriented nmulti-Ilaye
conprises at least a first surface |layer of a polyneric
consists solely of higdgh density pol yethyl ene (HDPE) and
pol ymeric material conprising po.l_yi){ opyl ene wherein

better than those of the PP film. The urethane bonds were
slightly lower on the HDPE skin films, but they were still
well within the fithess-for-use range. Duro-Flex 56 bonds
were very good.

EXAMPLE 20

High density polyethylene has a reputation for
being an easy' to treat substrate. This was verified by
tests on A/B film structures or polypropylene (melt flow
2.25)/HDPE (melt index 1.1). The results are presented in

TABLE 4.
TABLE 4
Dune

Power Sol. Test Contact Angle Ink

" Setting (dyne/cm) Advan. Reced. Block: Block®
Not treated . 31 99.5 92.0 1.6 6.2
60V., 2a. % 33+ 80.8  73.8 1.5 24.8
105V. , 4.4a. 39 61.0 43.3  25.2 33.1
150V., 6.4a. 42 62.3 31.0 35.7  31.4
185V., 12a. 54- 58.0 14.0  46.0 24.1

S1 1o kfo LOQ

! one hour block
2 The our block test at SO ps1), &4 sa° c
ree day ink block t.e (100 ps1)L ZS'F)

The data in TABLE 4 illustrate that a level of
42 dyne/an was achieved at a power setting of 1SOV.,
6.4a., the same power setting normally used to treat
. . - -3 N
oriented homopolymer polypropylene film to 3633 3¢ {5 37 Xlo /m .

_dynes/a—"A value as high as 54- was measured on mne
sample.



the film has been oriented by stretching it at a tenperature above the
mel t.i ng point of the high density pol yethyl ene but bel OW:TE[FM:E};&Q,__QQLEH_

of the pol ypropyl ene. 2. A filmaccordi pg'd6-sekaim.l. . -3
wherein the surface |ayer conprises from2 to 15% of theg[total t. igk ESead!
the oriented nulti-layer film 3. Afiln é’@‘csr-.cli.bg__.t‘_~ cl

2 wherein the first surface layer conprises from2 to 5% of t

t hi ckness of the oriented nulti-layer film 4. Afilm
according to any preceeding claimwhreddi+ in the second | ayer consists
essential ly of pol ypropyl ene. 5. Afilmaccording to any

preceedi ng claimwhich further conprises a second surface | ayer conprising
HDPE. : 6. AfilmaEXaMPdEN) to any preceedi ng cl ai m whi ch
further conprises a second surfac€ layer conprising a copolyner of ethylene
W th propyl ene; a terpolyner of ethylene, propylene and a further olefin;
or a bl end thereof. Several film structures according to this

invention were evaluated for waterbased ink blocking us ing

the following test. Ink CCZ Aquilam P waterbased ink) was

placed on the film and drawn down using a Meyer Rod

metering system and then dried thoroughly.é QTE sample was

then placed in a standard 3-day blocking test JEKIOO psi)LS S C
(125‘@. The test was run treated side to printed treated

side. Separation bond strength was measured us ing an

Instron machine. The results are presented in TABLE S.

TABIE 5
glere
Film Structure Ink Blocking[(g/in.) Canments
PP-5/HDPE-1 V76 (24.8) X1s 7N
g 13 o (33.1) o

" 1y (1.4)

" ' 'q,;_{,e‘ (24.1)

o a6
PP 1. o (s5.7%) \
PP Q3. o (58/5%) .

PP-1/HDPE-1 13- o (33.1)

PP-1/HDPE-1 714 (18.8)

* Avg. of 2 tests
** Avg. of 10 tests

T - i - -
. fle data in TABLE § s?how the ql-{DSPE_fl\l‘%m%lgf -_this
invention to having a blocking for{.e of @4-33 g/ in.)
<
compared to PP films with an averag?? o’:‘:'LSB.S g/in.). This
is a 50% decrease in blocking force.



7. Afilmaccording to any preceeding clai mwhich is biaxially oriented.

8. Afilmaccording g claimwhich exhibits a coefficient of
friction of |ess th“lm,mﬂ"m Mﬁgwured i n accordance w trh,_ASIM.-Q:ﬂ:&%:--j—’ '
9. Afilmaccording to anyt pre g claimwhich exhibit i gi”eﬁggr
t han 80 when neasured in accordance w th-ASEMD 2457 and K 'ze ofi} teé

| Date 1ne Qe Boaseereerrers

3.0 when neas 'Sn accordance 'wth ASTM D 1003.
process for p g an oriented nulti- |ayer filmhaving

of friction and good optical4pr egg_,&gﬁt ‘ghlpr £S PR S Lehing
a nulti-layer fd |yBLmy i #1748 ady ﬁ} r?aéerma‘% r% Yikh! C
mat eri al conprdcugigthi goLeBpT£ MlQE'&&iMﬁ@@l?Q@lhﬁléﬁé?QMP 2Y8hd &f second
pol ymeric nat deyelr ednpr ipsilggept Vi gy 1N &ciiprad si RGPS By pydlaase whatein

mel ting point tdfe thdohikgs deses) toripoited: byl ereretehibgl dw lte andlampegapaicat
of the ponprGﬁ&*’ cghe melting point of the high density polyethylene but

below the melting point of the polypropylene.

2. A film according to claim 1 wherein the
surface layer comprises from 2 to 15% of the total thickness of
the oriented multi-layer f£ilm.

3. A film according to claim 2 wherein the first
surface layer comprises from 2 to 5% of the total thickness of
the oriented multi-layer f£ilm.

4. A film according to any preceeding claim
wherein in the second layer consists essentially ofpolypropylene.

5. A film according to any preceeding claim which
further comprises a second surface layer comprising HDPE.

6. A film according to any preceeding claim which
further comprises a second surface layer comprising a copolymer
of ethylene with propylene; a terpolymer of ethylene, propylene
and a further olefin; or a blend thereof.

7. A film according to any preceeding claim which
is blax1ally oriented.

8. A film according to any'precéeding claim which
exhibits a coeffidient of friction of less than 0.40 when
measured in accordance with ASTM-D 1894.

9. A film according to any preceeding claim which
exhibits gloss of greater than 80 when measured in accordance
with ASTM-D 2457 and haze of less than 3.0 when measured in
accordance with ASTM-D 1003.

10. A process for preparing an oriented multi-
layer film having low coefficient of friction and good optical
properties, which process comprises stretching a multi-layer film
comprising at least a first surface layer of a polymeric material
comprising high density polyethylene and a second layer of
polymeric material comprising polypropylene at a temperature
above the melting point of the high density polyethylene but
below the melting point of the polypropylene.

' 11. A process according to claim 10 wherein the
stretching is effected at a temperature from 125°C (260°C) to
160°C (320°F).



11. A.process according to claim10 wherein the stretching is effected at a

tenperature from 125[err] C (260[err]C) to 160[err]C (320[ BFF =

mél5t| -layer film ““lmmmnlm'mﬁm 2880[ gl ggog/fu ﬁl f[alhren }rgcﬁr);ilngggglgmggg |
1 -

A process accordifhg 4 o"any ot clains-1kto 12 wherei m{ Phie M. YiLY: ayer

filmis stretched from500 to 900%in the transverse directiom

12. A process according to claim 10 or 11 wherein
the multi-layer £ilm is stretched from 300 to 700% in the machine
direction.

13. A process according to any of claims 10 to
12 wherein the multi-layer film is stretched from 500 to 900% in
the transverse direction.

14. A process according to any of claims 10 to
13 wherein the multi-layer film is defined in any of claims 1 to
9.



14. A process according to any of clains 10 to 13 wherein the mul ti-1|ayer
filglr§,defined in any of clains 1 to 9:

?vﬁgPﬁACLMZNT ”f ;

‘3 Date u5,.4\1&..}99§

LOW QOEFFICIENT OF FRICTION ORIENTED FILM

ABSTRACT

Oriented multi-layer polypropylene films having
low coefficients of friction and good optical properties
(haze and gloss) are disclosed. The films of this
invention éomprise at least a first surface layer of a
material consisting essentially of polypropylene, said
£ilm being oriented by stretching at a temperature above
the melting point of the material of said first surface
layer and below the melting point of the material of said
second layer. |

oo




