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SEALABLE PLASTICS FILM LAMINATE 

This invention relates to heat-sealable, multi-layer, 
oriented plastics film structures. 

U.S. Patent 4,419,411 discloses an oriented multi-layer 
polypropylene film structure comprising coextruded layers of: 

(a) a base· layer comprising polypropylene of comparatively 
high stereoregularity, the precursor resin of which contains an 
amide of a water-insoluble monocarboxylic acid having about 8 to 
about 24 carbon atoms, and mixtures of said amides; 

(b) a skin layer comprising a polyolefin of comparatively 

10 low stereoregularity on at least one surface of (a), said skin layer 
containing a surface-modifying proportion of a combination of finely 

15 

divided silica and a silicone oil; 
the surface of (b) having bloomed thereon a 

surface-modifying proportion of ·at least some of the amide of (a). 
Such film structures are very satisfactory for most 

high-speed packaging operatons; nevertheless, the present invention 

seeks to provide film structures with still further improved 
properties, notably low coefficient of friction; excellent 
anti-static properties; good optical clarity; and a reduced tendency 

20 to adhere together when used in high-speed packaging machinery, 
especially at locations where heat sealing has occurred. 

According, therefore, to the present invention there is 

provided a heat-sealable, multi-layer·, oriented, preferably 
biaxially oriented, film structure which comprises: 

25 a) a core layer comprising a crystalline polyolefin, 
preferably polypropylene, especially isotactic polypropylene, 
comprisinq an antistatic additive, both surfaces of which layer are 
coated, directly or !ndirectly, with 

b) at least one heat-sealable layer comprising a 

30 polyolefin of comparatively low stereoregularity and an antiblocking 
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agent wherein only one external layer (b) (skin layer) contains 
silicone oil, this being transferable in service to the other 
external layer (b) (skin layer). 

Desirably, the plastics film structure of the invention 
5 comprises a core layer both surfaces of which are directly coated 

each with one heat-sealable layer. The core layer may be coated to 
form the plastics film structure of the invention by coextruding the 
layers. Thereafter, the plastics film structure is oriented by 
uniaxial or, preferably, biaxial deformation. 

10 The preferred crystalline polypropylene is highly 
crystalline, highly stereoregular polypropylene with a melt flow 
index (MF!) at 446°F from 1 to 25, preferably from 1.5.to 8, 
especially from 1.5 to_S; a crystalline melting point from 321°F to 
325°F; a number average molecular weight from 25,000 to 100,000; and 

15 a density from 0.90 to 0.91. 
The antistatic additive in the core layer perferably 

comprises an amine or a glyceride such as glycerol monostearate. 
The amine may be a mono- or di-amine, preferably a monoamine; for 
example, cocoamine or stearylamine. It is preferred that the amine 

20 is a tertiary amine such as N,N-bis substituted alkyl or alkenyl 
amines; for example, N,N-bis(2-hydroxyethyl) such amines. It is 
especially preferred that the tertiary amine is a c6 to c18 
alkyl or alkenyl amine; for example, N,N-bis(2-hydroxyethyl) 

25 

cocoamine or ~,N-b±s(2-hydroxyethyl) stearylamine. 
It is found that where both a glyceride and an amine, 

especially a tertiary amine, are present the resulting plastics film 
structure is resistant to dust pick-up. 

The polyolef ins of comparatively low stereoregularity 
comprising the heat-sealable layers are preferably random 

30 copolymers; for examole, comprising ethylene and propylene residues, 
and/or terpolymers; for example, comprising ethylene, propylene and 
hutene-1 residues. The copolymers preferably comprise from 2% to 
9%, preferably from 2% to 7% and, more preferably, from 3% to 5% by 
weight of ethylene residues. Particularly preferred copolymers are 

35 ethylene-propylene-butene-I copolymers comprising from 2% to 9%, 
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preferably from 3% to 7%, especially from 4% to 5% by weight of 
butene-I. Suitable polymers generally have a MFI at 446°F from 2 to 
15, preferably from 3 to 8; a crystalline melting point from 245° to 
302°F; a number average molecular weight from 25,000 to 100,000; and 

s a density from 0.89 to 0.90. The terpolymers have excellent heat 
seal.characteristics. They do not, however, have the excellent 
physical characteristics inherent in the polypropylene of 
comparatively high stereoregularity. Thus, the polypropylene of 
high stereoregularity comprising the core layer possesses the 

10 excellent characteristics of good moisture barrier auality, 
stiffness, high strength and optical properties while the thin, 
coextruded surface layers of the terpolymers of comparatively low 
stereoregularity provide excellent heat seal characteristics. To 
take advantage of these characteristics the skin layers must be 

15 modified so as to exhibit the characteristics of good slip and the 
tendency not to stick to an adjacent film region ~fter being exposed 
to heat-seal temperatures. At the same time it is desired to avoid 
additions of amounts of additives which lead to non-uniformity and 
haze. 

20 It is preferred that each skin layer has a thickness of 
less than 0.8 microns. So long as the continuity of the film 
structure is maintained, the minimum thickness of the skin layer is 
not important. 

The antiblocking agent pref erred for inclusion in the 
25 heat-sealable layers may be any particulate inorganic material, 

preferably having a mean particle size from 0.5 to 5 microns. One 
commercially available silica has a mean particle size of 0.75 

microns and another has a mean particle size of 4.5 microns and 

these are found to be very satisfactory. Metal silicate.s; glasses, 

30 clays and other comrninuted inorganic materials may also be used. 
The antiblocki~g agent preferably comprises from 0.05% to 0.5%, 
preferably from 0.1% to 0.3% by weight of each of the heat-seaiable 
layers. 
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An important component of the plastics film structure of 
the present invention is the silicone oil. The silicone oil is 
incorporated into one of the heat-sealable layers in an amount such 
that low coefficient of friction is maintained on the layer into 

s which it is incorporated and also on the exposed surface of the 
other heat-sealable layer following contact of their surfaces in 
service. The silicone oil preferably comprises from 0.5% to 5.0%, 
for example 3.0%, by weight of the heat-sealable layer but more 
preferably from 1.1 to 1.5% by weight. 

10 The plastics film structure of the present invention can be 
prepared employing commercially available systems for coextruding 
resins. Thus, a polypropylene homopolymer of comparatively high 
stereoregularity may preferably be coextruded with an 
ethylene-propylene random copolymer of comparatively low 

15 stereoregularity containing conventional optional components such as 
wax and also the antiblocking agent. The polymers may be brought to 
the molten state and coextruded from a conventional extruder through 
a flat sheet die, the melt streams being combined in an adapter 
prior to being extruded from the die~ After leaving the die 

20 orifice, the plastics film structure is quenched; and the quenched 
structure is then preferably reheated and stretched, typically from 
4 to 6 times in the machine direction and subsequently, typically 
from 4 to 10 times in the transverse direction. The edges of the 
film may then be trimmed and the film next wound onto a core. 

25 It is preferred that the thus-formed structure be 
conditioned or equilibrated by holding the same for a period of 
about 6 hours to 1 week at a temperature from about 80° to about 
125°F. The resultino plastics film structure will have a 
coefficient of friction (COF) from 0.10 to 0.40, preferably from 

30 0.20 to 0.30; for ~xamcle 0.25, and will not block under conditions 
of tight windin9 after being held at temperatures up to 140°F. 

Coefficients of friction (COF) may be determined by the 
"moving slide-stationary film" method of U.S. Patent No~ 3,399,156. 
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A commercially available homopolymeric polypropylene and 
several copolymers and their approximate at least melting points are 
tabulated in the t_able below: 

TABLE 

s Polymeric Material 
Homopolypropylenes 

Point Range 
321°-325°F 

273°f' 

10 

15 

20 

A (ethylene-propylene random 
copolymer 3.3-3.6 wt. % ethylene) 

B 

c 

D 

E 

(ethylene=propylene random 
copolymer 4-8 wt. % ethylene) 

{ethylene-propylene-butene-! 
terpolymers, 4-5-1/2 wt.% ethylene 
3.5-6 wt. % butene-1) 

(ethylene-propylene random 
copolymer) 

(ethylene-propylene random 
copolymer 3.4-4.0 wt. % ethylene) 

{ethylene-propylene random 
copolymer, 4-6% ethylene) 

250°F" 

270°F 

270°F 

The prepared plastics film structures may be tested by 
feeding a roll of the film structure into a packaging machine of 
either the vertical or horizontal type. These machines are equipped 
with high precision control. During transport through the machine 
each package is subjected to three heat seal regions which can cause 

25 package-to-package stick and drag. The heat seal time is a fraction 
of a second. The film must maintain a COF at room temperature of 
between about 0.2-0.3, usually about 0.25 in order to avoid 
unacceptable drag which would lead to pack jamming and machine 
down-time. Success of the operation depends on the virtual absence 

30 of pack-to-pack stick and drag, a moderate to low force necessary to 
move the packs through the system and a seal range of at least 40°~, 
preferably 70° to 90°F on all seal surfaces. 

.i 
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The following Examples illustrate the invention. 

COMPARATIVE EXAMPLE l 

A polypropylene homopolymer (MFI about 4; DSC melting point 
about l60°C) of high stereoregularity was melted and coextruded with 

s two skin layers which comprised, respectively, a top layer of 
ethylene-propylene-butene-! terpolymer containing about 0.3% of 
silica, as antiblocking agent, and a bottom layer of the terpolymer 
but containing 1.2% of a fluid silicone and 0.2% of silica, as 
antiblocking agent. The coextrudate was then quenched to 80° to 

10 110°F; reheated to 240° to 280°F; and stretched 4 to 10 X in the 
machine direction. The resulting uniaxially oriented film was next 
oriented in the transverse direction, at an appropriate temperature 
profile, in a tenter frame. 

The resulting film had an overall thickness of 21 microns 
15 with the skin layers each being 0.6 microns thick. The film was 

subsequently treated with corona discharge and was then wound to 
form a roll. 

Such film ran acceptably in both vertical and horizontal 
packaging systems. It also gave acceptable perf ormace in a Scandia 

20 cigarette packaging machine but the resulting packages had poor 
antistatic behaviour. 

COMPARATIVE EXAMPLE 2 

Comparative Example l was repeated except that the 
polypropylene homopolymer contained about 1000 ppm of !':!_,!i-bis (2 

25 hydroxyethyl) cocoamine; 1000 ppm of N,N-his (2-hydroxyethyl) 
stearylamine; and 500 ppm glycerol monostearate; and that both skin 
fayers were identical in composition, both comprising the fluid 
silicone. 

Tests showed that the heat-sealing capability of the top 
30 layer was essentially destroyed; and that the film was unacceptible 

for vertical, horizontal or Scandia packaging applications. 
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COMPARATIVE EXAMPLE 3 

Comparative Example 2 was repeated except that both the 
silica and silicone were omitted from the top layer. 

Tests in vertical, horizontal or Scandia packaging systems 
s jammed in less than a minute because of the poor coefficient of 

friction characteristics of the film. 

10 

EXAMPLE 4 

Comparative Example 2 was repeated except that silicone was 
omitted from the top layer. 

Tests in the vertical packaging system ·ran well at 22 
packages per minute. (On newer systems, which can run at higher 
speeds, up to 70 packages per minute are possible.) On a horizontal 
packaging system the film ran well at 170 packages per minute. In a 
Scandia cigarette packaging machine the film ran well at 172 packs 

15 per minute. 

20 

Film samples exhibited a coefficient of friction of 0.25 to 
0.30 on top and bottom substrates; good static half life behavior; 
and do not register dust pick-up. Packaging could be successfully 
accomplished with a virtual absence of package to package sticking. 

EXAMPLE 5-

Comparative Example 4 was repeated except that the 
polypropylene homopolymer contained 1000 ppm of N,N-bis 
(2-hydroxyethy l) c·oco=3IT'.ine only. 

Tests showed that the film gives acceptable performance 
25 with negligible dust; ~ick-up in vertical, horizontal and Scandia 

packaging applications. 
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· CLAIMS: 

1. A heat-sealable, multi-layer, oriented plastics film 
structure which comprises: 

a) a core layer compising a crystalline polyolefin 
comprising an antistatic additive, both surfaces of which layer are 

s coated, directly or indirectly, with 
b) at least one heat-sealable layer comprisirg a 

polyolefin of comparatively low stereoregularity and an antiblocking 
agent, 

characterized in that only one of the external layers (b) 
10 contains silicone oil, this being transferable in service to the 

other external layer (b). 

2. A plastics film structure according to claim 1 which 
comprises a core layer both surf aces of which are directly coated 
each with one heat-sealable layer. 

3. A plastics film structure according to claim 1 or 2 
wherein the coating is effected by coextruding the layers. 

4. A plastics film structure according to any preceding 
claim wherein the antistatic additive in the core layer comprises an 
amine or a glyceride. 

5. A plastics film structure according to claim 4 wherein 
the amine comprises a mono- or di- tertiary amine. 

6. A plastics film structure according to claim 4 or 5 

wherein the glyceride comprises glycerol monostearate.· 

7. A plastics film structure according to any preceding 
claim wherein the polyolein comprising layer (b) comprises a random 
copolymer. 

-- I 
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8. A plastics film s~ructure according to claim 7 wherein 
the random copolymer comprises ethylene and propylene residues and 
may be the same or different in different heat-sealable layers. 

9. A plastics film structure according to any preceding 
claim wherein the polyolefin comprising layer (b) comprises a 
terpolymer. 

10. A plastics film structure according to claim 9 wherein 
the terpolymer comprises ethylene, propylene and butene-! residues 
and may be the same or different in different heat-sealable layers. 

11. A plastics film structure accorindg to any claims 7 to 
10 wherein the copolymer comprises from 2% to 7% by weight of 
ethylene residues. 

12. A plastics film structure according to any'· preceding 
claim wherein the antiblocking agent comprises particulate inorganic 
material of mean particle size from 0.5 to 5.0 microns. 

13. A plastics film structure according to any preceding 
claim wherein the antiblocking agent comprises from 0.05% to 0.5% by 
weight of each of the heat-sealable layers. 

14. A plastics film structure according to any preceding 
claim wherein one of the external layers (b) comprises from 0.5% to 
3.0J6 of silicone oil. 

IS. A plastics film structure according to any preceding 
claim wherein the ext~rnal layer (b) substantially free from 
silicone oil ls subjected to corona discharge, chemical or flame 
treatment. 
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