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(87) Abstract

A silicone-free release film comprises a linear ethylenic polymer having a density from 0.865 to 0.900 g/cc and an index of
polydispersity of less than 5.0 and yields a maximum release force value of 39 g/cm at a film thickness of 0.10 to 0.15 mm in an
adhesive peel test. The film is useful in manufacturing rolls and sheets of pressure-sensitive adhesive tape.
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Silicone-Free Release Films

Background of the Invention

The i1nvention relates to silicone-free release f£films

having low force release characteristics which are made o
thermoplastic materlials, especially substantially linear
ethylenic polymers and copolymers. The invention includes
pressure-sensitive adhesives 1n the form of solid and foamed

films, sheets, and tapes produced using the release films as

)

release liners. The invention is particularly useful in the
production 0f release films, release liners, non-stick carrier

webgs utilized as the casting surface for adhesives and foams,

and coatings for paper and polymer liners for adhesives.

A release film or release liner is a component of a

laminated film construction, e.g., pressure-gensitive adhesive

foam f£ilm, which functions as a protective carrier for the film
during handling and storage of the film prior to use. It 1is
separated from an adhesive film and/or face stock of a

laminated f£ilm construction prior to the application of the

p—

film to a substrate. The many types of release liners and

films produced in industry may be categorized according to the

preel force regquired to separate the liner from a pressure-
sensitive adhesive coated tape under specified test conditions.

The most desgirable release films for pressure-sengitive

adhegives (e.g., adhesives which are tacky upon mechanical

contact, without thermal or chemical activation) have a peel

e

test release force value of less than 39 g/cm (0.22 lbs/inch)

in an adhesive industry standard peel test. Release liners
and films for less demanding applications, such as thermally or

chemically activated adhesives, or facestock for labels or

printed materials or surfaces requiring protection during
shipping and handling, may have release force values much

higher, e.g., 55 g/cm (0.308 1lbs/inch) and up to peel values

tvpical for low strength adhesive materials.

Conventional thermoplastic materials typically exhibit

higher adhesive release force values than are acceptable for

pressure sensitive adhesive release films. For example, medium

density polyethylene (MDPE) film known as MRLX from Atlantis

Plastics has an average force-to-release in the 71-89 g/cm (0.4

SSJSAVANQH LIBOMATY i
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- 0.5 lb/inch) range. Similar, undesirable, high release

force values are disclosed in U.S5. Pat. No.s-A-¢,339,485 and A-
4,425,176 for low density ethylene/alpha-olefin copolymers and
blends of these copolymers with medium density polyethylene

5 used as release liners for pressure sensitive acrvlic adhesive
articles. High pressure sensitive adhesive release force

values are disclosed for a broad range of low density
polvyethylene and alpha-olefin copolymers in JP-A-94-99551, JP-
A-93-329985 and JP-~A-93-286096.

10 A new class of low dengity polyolefins manufactured utilizing
metallccene catalysts ("metallocene polymers") are inherently tacky, blocky
and self-adherent materials and would be expected to yield even higher
release force values from pressure gensitive adhesives than the
conventional'polyolefips degcribed above. PFor example, WO 95/00333

i5 discloses the adhesiva.lamination of metallocene polymers to make flexible
films and packages, such as heat shrinkable films for packaging foods. o

Commercially used premium, low force release films for &
pressure sensitive adhesives presently are fabricated from '
flucropolymers or silicone polymers, or by using silicone

20 coatings on support materials such as polyester or paper. See,
for example, U.S. Pat. No.-a-=5,380,572, and U.S. Pat. No.-A-
5,451,440. The fluoropolymers; fluorcethylene propylene
copolymer (FEP) and polytetrafluorocethylene (PTFE), typically
exhibit force~to-release values from pressure-sensitive

25 adhesives in the 14-27 g/cm(0.08 - 0.15 lb/inch) range, while
silicone coated polyester (Mylar) has an average force-to-
release value in the 9-18 g/cm (0.05 - 0.10 l1lb/inch) range.

These release film materials are effective, but have
caertain deficiencieg. Silicone materials migrate into the

30 adhesive and are carried over into the finished product
assembly containing the adhesive where the silicone may reduce
the effectiveness of the adhesive, interfere with the

application of paint or other coatings and components, or

present defectg upon storage or use of the final product
35 assembly. The cost of FEP and PTFE is a deterrent to their

use as disposable liners 1n adhesive film production. These
fluoropolymers are typically used as release films only in
expensive specialty applications requiring very high
temperature tolerances.

2 a
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Other materials suggested for release films are primarily
intended for release fronm non—-adhesive surfaces and inciude,

for example, the pelymethylpentene materials described in t1.S8.

Pat. No-A~5,080,9792 for use as a coverlay in the manufacture of

printed circuit boards for electrenic compcnents. another
example of a non-adhesive surface release naterial, a

carboxylic anhydride cross-linked ethylenic polymer which
leaves a clean surface a<ter peeling, is disclosed in JP-A-35-
245549,

Copolymers of acrylate esters are suggested 1n U.&. Pat.

No.-A-5,393,608 for use with pressure sensitive adheslive tape,
but no release force values are provided.

It has been discovered that a selected class of Linear,
low density ethylenic polymers and Copolymers characteriz=d by
a uniform molecular distribution have excellent low ferce
release film properties and may be used as economical,
disposable release liners in adhesive filn prodauction without i
silicone coating. This class includes certain of the nhew :
metallocene polymers known to be tacky, blocky and self-
adherent. Thus, the low release forece values fron pressurs
sensitive adhesives described herein were entirely unexpected
for this class of pclymeric materials.

The invention is a release film for adhesives comprising ar leas* one
olefinic polymer, characterized in that the release film is 0.01 td C.5 ram
(0-% to 20 mils) in thickness and has & maximum release force valug of 33
g/em (0.22 lbs/inch) in an Instron Model No. 1445 Machine adhesive peel
test &t a film thickness of 0.1 toc 0,15 mm (4-§ mils}; and the release
film consists of a linear ethylenic polymer having a density
from 0.865 g/cc to 0.990 g/¢cc and an index of polydispersity of
less than 5.0, wherein the relesase film isg substantially free
of silicone.

The linear ethylenic polymer may be a polvner of ethylene
oY A copolymér cf ethylene and at least one comonomer,
preferably an alpha-olefin, selected from the group consisting

of propylene, butene, pentene, hexene, methylpentene and
octene. Blends of these polymers may be used.

The release film may be a monolayer film or may furthesr
comprise an even number of polymeric £ilm lavers laminated onto
& core layer to provide a multi-layer construction having two

—_—. . . . = j ;
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release surfaces, each surface having a maximum release force

Value of 39 g/em (0.22 lbs/inch) at a film thickness of 0.1 to
0.15 (4-6 mils) in an adhesive peel test,
construction may comprise at least one polymeric film laver

5> having a tensile modulus at 5% elongation of at least 8.27 MPa
(1,200 pgi) for mechanical support.
layer may comprise at least

The multi-laver

This mechanical support

one high density ethylenic polymer
(e.g., having a density greater than about 0.%40 g/ce). The
mechanical support layer may conprise films

of other polymers
10 or combinations of polymers,

such as polvamide, polypropylene
or polymethylpentene, having a tensile modulius at 5% elongation
of at least 8.27 MPa.

The multi-layer release film may cons:st of ocuter layers having

different maximum release force values to form a differential releage film.

The invention also includes presgure-gsensitive adhesive tape
comprising

15

at least one laminate of a pressure-sensitive adhegive layer and

a silicone—~freec relaage £ilm liner, characterized ln that w

0

nan the tape i.s!

14435 Machine ashesive pegl teSt, the releas
film liner hag a maximum release force value of 39 g/cm (0.22

tested in an Instron Model No.

ibs/inch)
20 from the pressure-gensitive adhegive layer at a film thickness of 0.1 +O

C.15 (4=-6 mils), and the release film Comprisas at least one linear

ethylenic polymer having a density from 0.865 g/ce to Q.90C g/cc and
index of polydispergity of less than 5.0.

an

The pressure-sensitive adhesive tape may o€ irn the form of a rolled

25 sheet suitable for conversion into smaller articles. The rolled gheets of

tape may be supplied in bulk for use in the assembly of products bein
manufactured using a layer of the adhesive.

9

The adhesive laver is
preferably in the form of a solid or textured sheet or a foam.

Degscription of the Drawing
30 Figure 1 graphically illustrates the relationship between

the density of the polymers used in +he release films of the

invention and the films release force values for release from a

pressure-saensitive adhesive. Details of the test used to
genarate Figure 1 are provided in Example 9, below.

35 Depcription of the Preferred Embodimen

Conventional linear ethylenic

polymers and/or copolymers
have good adhesion to substrates at elevated tenperatures as

well as to themselves at room and elevated temperatures. For

this reason, anti-block agents andg slip additives are usually

4
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added to the polymers toe sliminate Gaifficulilties during
processing and during the winding and unwinrnding of film rolls
made from these polymeric fillms. We unexpectedlyv discovered
that 1n contrast to these characteristics of conventional

5 polymers, certain linear iow density ethvienic polymers and/or
copolymer £ilms exhibit exzellent release propertiess from
pressure sensitive acdhesive surfaces, for example, acrviic-
bagsed, pressure-gensitive adhesive films.

As used herein, "low density polvethylene® refers ro
10 conventional branched polymers of ethylene having a deansity of

about 0.910 to 0.925 g/cc at 25 °C. '"Medium density
polyethylene” and "high densitv polysthylene®” refer.
respectively, to linear ethylene homopolymers having densities
in the range of about 0.925 to 0.940 g/cc ard 0.940 g/cc and
15 greater. "Linear low density polvethylene" refers to the
conventional class of substantially linear polyners of etnylene
having a density no ¢greatrer than 0.3%310 g/cc. Where these i

density classifications are indicated for Yethylenic polviersY

!

ana copolymers of ethylene with one

v

they include homopoclyners:

20 QY nmore comononers.
Linear low density ethylenic polvmers suitable for use in

the release films of the irnvention (hereinafter "LILDPEVY) incliude

substantially linear polymers of ethvlene, with or without onre

Oor more ccmoncmers, having a density freom 0.865 to 0.800 g/co,
25 and a narrow molecular weirght distribution. Preferred

comonomers for use in the copolymers include a-clefins at a
mole percentage of 1 to 19 percentt., While the LLDPEs preferred
for use in the invention are those polymerized with metallocene
catalysts, any LLDPE having the necessary density and molecular
30 weight distribution and yielding acceptable peel test relesase
force values fromn pressure-sensitive adhesive surfaces may be

used.
As used herein, "metallocenes" refers to polymerization
catalyst systems such as the system disclosed in U.S. Pat. No.-
35 A-5,191,052. Metallocenes are complex combinations of a metal

atomr compound with cyclopentadienyl groups (Cp). The
metallccenes are a "sandwlicnh complex" arrangement of two Cp

groups and a Groap IV Transition
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Metal (Ti, Zx, HIL, Cr). Such catalysts are also named "single
site" or "constrained geometry! catalysts. The metallocenes

differ significantly in structure and reactivity from the
conventional Ziegler-Natta catalysts used 1n the conventional

polymerization oO:

)y 1

ethylene polymers and copolymers. The

metallocenes typlcally yield a narrow molecular weigh:

e
Pguirlt

distribution, uniform chain lengths, uniform comonomer

distribution along the molecular chain and low bulk density in

contrast to conventional catalysts for ethylenic polymers.

The metallocene catalyzed polymers are preferred because

the metallocene catalysts are single gite catalysts and they

F

control the orientation of each monomeric unit added to the
polymeric chain. The LLDPE materials produced with these
catalysts have a uniform compositional distribution and all

polymer molecules within such materials have substantially

gsimilar compositions. Some copolymers prepared with

metallocene catalysts contain long-chain branches within the

ethylene backbone of the molecules. In contrast, conventional

linear low density polyethylene typically does not contain long

chain branches. Conventional ethylenic polymers have a wide

compositional distribution and differ significantly in physical

and mechanical properties, such as crystallinity, from

metallocene polymers having substantially equivalent molar

compositions and average molecular weights. For example, the

Py

metallocene catalyzed LLDPE materials useful in the f£ilms of

" N

the i1nvention are amorphous

chermoplastic materials, having a

much lower crystallinity than conventional linear low density

polyethylene.

Linear ethylenic polymers and/or copolymers with density

values greater than 0.900 g/cc do not provide force-to-release

values less than or equal to 39 g/cm at a f£ilm thickness of 0.1

to 0.15 mm. As density decreases, the force-to-release

decreases substantially until the density falls below 0.865.

g/cc at which point the force-to-release begins to 1lncrease.

This is i1llustrated in Figure 1.

F

Films made of substantially linear ethylenic polymers

and/or copolymers with density less than 0.865 g/cc are soft

and difficult to handle. Therefore, use of such materials as

release films also i1s impractical.

: RN I ' .
wee o 30 EL L T i LY
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Another notable trend exhibited by the LLDPEs used herein
the
polydispersity index decreases, with the strength of this

is the decrease 1n force-to-release valuesgs as

b

correlation 1ncreasing as density decreases. As used herein,

——

the index of polydispersity (IP), is a value equal to the ratio

of the weight average molecular weight (Mw) to the number
Mw/Mn) .

The LLDPEs preferably have a weight average molecular

average molecular weight (Mn) (1.e. IP

1}

weight in the range from 50,000 to 200,000, preferably from
75,000 to 200,000, and most preferably from 75,000 to 150,000.
The LILDPEs preferably have an index of polydispersity less

than 5.0, preferably less than 3.0, and most preferably less
than 2.5.

Two or more LLDPEs may be blended together to form the

release films Small guantities, e.g., 0.01 to 10.0%, by

weight, of other thermoplastic materials may be blended with

the LLDPE, provided that the average density of the blend
remains in the 0.865 to 0.900 g/cc range, and the film made

from the blend has a maximum release force value of 39 g/cm a

{ |

a film thickness of 0.1 to 0.15 mm. The texrm "otherxr

thermoplastic materials" refers to materials chosen from the
following: LDPE, conventional LLDPE, MDPE, HDPE, and other

polyvolefins and their blends and alloys.

Othexr conventional film additives, processing aids,

pigments and the like may be added to the release film in small

quantities, e.g., 0.01 to 5.0%, by weight, provided the density
of the LLDPE remains in the 0.865 to 0.900 g/cc range and the

——

+

release film made with these additives has a maximum release

grve

force value of 39 g/cm at a film thickness of 0.1 to 0.15 mm.

The film may be crogs-linked using techniques known in the art

to permit high temperature use.

Films may be produced using various film processing

equipment known in the art, including for example, extrusion

L

and compression molding. Where LLDPE blends are used, the

blends may be made by combining the polymers in a dry

mechanical mixer at room temperature, or in a melt mixing

process. In the latter, a dry mechanical premix may be

prepared and loaded into a twin screw extruder, heated to a
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molten stage, extruded into strands and cut 1nto uniform

pellets.
In the alternate, blending of polymers and blending of

polymers and additives may be achieved in a single screw

extruder prior to the film being extruded onto a flat casting

extrusion die.

Where the release film 1s a laminate of three or more

layers of polymeric films, a coextruded blown film may be

manufactured on equipment known in the art. In a preferred .

embodiment, a six laver (A1lBA2A2BAl) laminated film may be
manufactured. The A laver ig the LLDP]

L

material suitable for

use as an adhesive release surface herxrein and the B layer is a

mechanical support polymer, such as HDPE, or some other

extrudable material having required mechanical strength

properties to provide structural support for the LLDPE release

film. This laminate may be manufactured using a three laver

pl—

coextrusion die and permitting the bubble of extrudate to

collapse on itself to form a single laminated f£ilm, having two

surfaces with a release force value of less than 39 g/cm at a

film thickness of 0.1 to 0.15 mm. Following manufacture, the

film is, in effect, a five laver f£ilm (A1BA2BAl) because the
inner A2A2 layers heat seal and become a single A2 layer.

A similar ABA film laminate may be manufactured using

blown film coextrusion or cast film coextrusion equipment known

in the art.

The film may be cast or extruded into any desired

thickness, length, width or configuration as determined by

further adhesive tape or end use manufacturing reguirements.

In a preferred embodiment, the LLDPE release film 1s from 0.01

to 0.50 mm (0.5 to 20 mils) in thickness, most preferably 0.05

to 0.15 mm (2 to 6 mils) in thickness for release liners used

in the typical manufacture of pressure-sensitive adhesilve tape

p—y
=

rolls. The selection of the particular thickness depends upon

whether a multilayver construction is used, the type of polymers

used, whether the film is cast or extruded, and the type of

extrusion, and other factors. As with a monolithic release

1

film, multilayer film constructions are preferably 0.01 to 0.50

mm (0.5 to 20 mils), more preferably, 0.05 to 0.15 mm (2 to 6
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nils), and most preferably, 0.10 to .15 mm (4 to 6 mils) in
thickness.
Following the extrusion of a film having the reguired

thickness, the film may be cut to the required size and/or

> wound upon itself to form a roll of tape in bulk for further
handling, e.g., c¢oating with an adhesive composition, solution
or foam, or use industrially in the manufacture of other
progaucts.,

Force—to-release valuee cf the filmgs a-—m determined according *oc “he
10 following procedure used indusctrially for testing pressure-sengitive-
adhesive release liners (an Instron Model No. 1445 Machinege adheszive peel

test). Samples of film or liner at a £film thickness of 0.1 to C. 13 T Are
cut using a standard device for cutting samples to 2.54 c<m (1

* 1/32 inches) in width by 25.4 cm (10 inches) in length
15 representing different prarts of an adhesive film roll, i.e.
the front, center, and back of each finished roll tested. The

/

sample 158 applied to a pre-cast sheet (substrate) and placec iT
an Instron tensile test machine (model No. 1445) capable of
operating at 101.6 cm (40 inches) Per minute cross-head sp=2ad

20 with the recorder set tc record on a 2.2 Kg (1 pound) £full
scale load range. The £ilm being tested is clamped 1n the top
grip of the machine and the pre-cast sheet in the bottom grip,
As the cross—-head of the machine moves at the preset speed, the
film and the substrate are allowed to sSeparate at a natural,

25 uninfluenced angle. Force-to-release readings are taken from
the chart recorder, and any spikes in release are marked and
any assignaple causes such as air pockets are noted. TestTs of

and then repeated after aging the samples at 52 °C (125 °F) for

30 72 hours. For film samples having a thickness putside of the
test specification, the force-to~release values are observed to
be proportional to the thickness of the film and are a
function, 1in part, of the modulus of the film which is also
proportional to the film thickness. For exanple, a sample of a

35 film tested at 0.1 mm in thickness which has a force—to release
value of 30 g/cm, will have a force-to-release value of abkout
300 g/cm when the identical film is tested at a sample
thickness of 1.0 mm,.
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The followling examples are vrovided as an illustration,

not a limitation, of the invention.
Example 1
Control samples of 0.1 mm (0.004 inch) thick medium
density polyethylene MRLX film werxe obtained from Atlantis
Plastics. The force-to-release of this film was evaluated

according to the procedure detailed above for comparative

i1

purposes. Properties o:

this film appear below in Table 1.

Example 2

Control samples of f£ilm were manufactured from a

conventional, linear low density polyethylene, Petrothene GR502

resin, obtained from Quantum Chemical Corporation, for

comparative purposes. The film extrusion line contained a

single screw extruder, a flat cast film die, and a roll stack
down stream unit to cool and

J— -

cake-up the final f£ilm. The

extruder screw had a 5.08 cm (2") diameter and a length to

diameter ratio (L/D) of 24:1. The compression ratio of the

scyew was 3.5:1.0. The screw rotated in an extruder barrel of

the same length. The rotational screw speed was 7 xrpm. The

barrel was heated with outside electrical heaters. The

temperatures of the barrel sections were maintained in the

following ranges:

zone 1 (feeding section) 110-120 °C (230- 250 ©OF)

zone 2 (melting section) 145-155 °C (290- 310 ©CF)
zone 3 (plasticizing section) 160-171 °C (320- 340 ©OF)

zone 4 (metering section) 180-190 °C ({(350- 370 ©F)

The melt from the extruder was discharged into the flat cast
film die 46 cm (18") wide and formed into a flat film web,

which was taken, calibrated, and cooled by the two roll casting

unit. The temperature of the extrusion die was kept in the

range from 190-210 °C (370 to 410 ©PF). The temperature of the

upper roll was from 77-88 °C (170 to 190 ©F), and the

temperature of the bottom roll was from 66-77 °C (150 to 170

r—

©F) . The surface speed of the two casting rolls was 1.5 meters

(5 feet) per minute to produce film having a thickness of 0.1

mm (0.004 inch). The cooled f£ilm was wound in a roll, and then

slitm;ofth§,;gqgir§g width and length for use and evaluation.
vd g 3o

"5~"r‘c’l ) ;,ﬂ;‘.
> * '.o‘ X -~
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The force-to-release value of this f£ilm was evaluated according

to the procedure detailed above. Properties of this film
appear below in Table 1.

Example 3

Control samples of a 0.05 mm (0.002 inch) thick polvester

film, which had been silicone coated, were obtained from

Release International. The force-to-release of this f£ilm was

evaluated according to the procedure detailed above for

comparative. Properties of this film appear below in Table 1.

Example 4
Samples of 0.075 mm (0.003 inch) thick film were

manufactured from a metallocene catalyzed LLDPE copolymer,

Exact™ 3033 plastomer, obtained from Exxon Chemical Company.

This polymexr has a density of 0.900 g/cc, measured according to

ASTM D-792. The film extrusion line used to produce film

samples was 1dentical to that described in Example 2 with the

following exceptions: the extruder screw had a 2.54 cm (1v)
diameter, the extruder had 3 barrel zones, and the flat cast
film die was 25.4 cm (10 inches) wide. The extruder

processing conditions were as follows:

zone 1 (feeding) 154-165° C(310-330°F)

zone 2 (melting/plasticizing) 193-204° C(380-400° F)
zone 3 (metering) 232-243° C (450-470C F)

screw gpeed 15 rpm

film die temperature 257-268° C (495-515°C F)

upper casting roll temperature 38-60° C (100-140° F)

lower casting roll temperature 38-54° C (100-130° F)

casting roll surface speed 0.76 mpm (2.5 fpm).
The force-to-release of this film was evaluated according

to the procedure detailed above. Properties of this film

appear below in Table 1. In addition to low absolute force-to-

release values, the films did not exhibit undeslirable spikes of

high release force (the so-called "zippy" behavior).

Example 5
Samples of film were manufactured from a blend of a

metallocene catalyzed LLDPE, Exact™ 3033 plastomer, obtained

from Exxon Chemical Company, with another metallocene catalyzed

11
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LLDPE, Engage™ KC8852 elastomer available from Dow Chemical

Company. The weight ratio of the Exact™ 3033 component to the

Engage™ KC8852 component wag 9:1. Monolayer film samples were

prepared from this blend of materials using the equipment and

5 procedure described in Example 4. The extruder processing
conditiong used to produce 0.075 mm (0.003 inch) thick fildm

were ag follows:

zone 1 (feeding section) 154-165° C (310-3309 F)

zone 2 (melting/plasticizing) 193-204° C (380-4000 F)

10 zone 3 (metering) 232-243° C (450—4700 EF)

screw speed 15.3 rpm
film die temperature 257-268° C (495-5150 F)

upper casting roll temperature 38-60° C (100-1409 F)

lower casting roll temperature 38-54° C (LOO—lBQO EF)

15 casting roll surface speed 0.76 mpm (2.5 fpm)

P

The force-to-release of this film was evaluated according to

-

~he procedure detailed above. Properties of this film appear
below i1n Table 1.

Example 6 )
20 Film samples were extruded usging conventional, industrial

scale, blown film technology, f£rom metallocene catalyzed LLDPE

copolymers obtained from Exxon under the name, Exact™

plastomer, and the following grade designations: 4011, 4015,

3028, and 3033. Exact™ 4011 ethylene-based plastomer has a

25 density of 0.885 g/cc and is designed for use in blends with

polyolefins to improve heat sealing performance and toughness

in film applications. Exact™ 4015 ethylene-based butene

plastomer has a density of 0.896 g/cc and is designed for use

in monolaver and multilayer blown film applications. Exact™

FII
—

30 3028 linear ethylene-based butene copolymer has a density of

0.900 g/cc and is designed for both monolayer and multilayer

coextruded blown f£ilm applications requiring excellent

toughness and outstanding heat sealing performance. Exact™

3033 linear ethylene-based terpolymer has a density of 0.900

35 g/cc and is designed for similar applications as Exact™ 3028

copolymer. The force-to-release of these films was evaluated

12
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according to the procedure detailed above. Properties of these
films appear below in Table 1. The results i1llustrate the

uniformity of low force-to-release values (i.e. no "zippy"

behavior) as well as the decrease in force-to-release value

with a decrease in density.

| Example 7
Film samples were extruded using conventional, i1ndustrial

scale, blown film technology from metallocene catalyzed LLDPEs,

Exact™ plastomers obtained from Exxon and having the following

grade designations: 4011, 4015, 4041, and 4051. Each film

contained an anti-block additive manufactured by A. Schulman

Incorporated. The force-to-release of these films was evaluated

according to the procedure detailed above. Properties of the

films appear below in Table 1.

Example 8

e
—

Samples of film were manufactured from Flexomer™

Polyolefin DFDB-1085 NT and DFDB-9042 semi-crystalline ethylene

copolymers obtained from Union Carbide Chemicals and Plastics

Company. These copolymers are not polymerized with a

metallocene catalyst, but are examples of LLDPEs suiltable fox

use herein which have been polymerized with conventional
catalysts. The DFDB-1085 NT polymer has a density of 0.884

g/cc and is typically used as an impact modifier for

Polypropylene and polyethylene, a property enhancer for

recycled polyolefins, and as a base resin for varlous

masterbatches. The DFDB-9042 polymer has a density of 0.900

g/cc and is typically used as an impact modifier, a carrier fox

masterbatches and color concentrates, and as a processing aid.

Monolayer film samples were prepared from each polymer

using the equipment and procedures described in Example 4. The

extruder processing conditions used to produce 0.1 mm (0.004

inch) thick films were as follows:

zone 1 (feeding) 127-143° C (260-2900 F)

zone 2 (melting/plasticizing) 143-160° C (290-3200 F)

zone 3 {(metering section) 143-160° C (290-3209 F)

screw speed 20 - 25 rpm

film die temperature 138-160° C (280-3200 F)

{3
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upper casting roll temperature 38-60° C (100-1400 F)

lower casting roll temperature 38-60° C (100-1400 F)

casting roll surface speed 1.2-1.8 mpm (4-6 fpm).

The force-to-release of these films was evaluated according. to

the procedure detailed above. Properties of these films appear
below 1n Table 1.

Example 9
A series of films were made by compression molding as

described below from a group of experimental and commercial
copolymers having a density range from 0.857 to 0.880 g/cc, as

measured by ASTM D-732 method, and from some of the copolymers

d

described in Examples 6,7 and 8.

Using a compression molding technique, monolayer f£ilm

————

samples at a thickness of about 1.0 to 1.5 mm (50 * 10 mils)

were produced by pressing resin pellets on a hydraulic Carver

Laboratory Press. (Film thicknesses of 0.01 to 0.5 mm could

not be achieved in the laboratory scale compression molding

apparatus.) The press has a 25 ton load capacity and 22.9 cm (9

inch) by 22.9 cm (9 inch) electrically heated and water cooled

platens. Film samples were produced by placing a 0.075 mm
(0.003 inch) thick PTFE release sheet on top ofia 22.9 cm (S

inch) by 22.9 cm (9 inch) steel caul plate having a thickness

of 2.29 mm (0.090 inch). A steel ring mold having a 16.5 cm

(6.5 inch) inner diameter and a height of 1.91 mm (0.075 inch)

was placed on top of the PTFE release sheet. Resin pellets

were then placed within the ring mold, a second PTFE release

sheet was placed on top of the resin and mold, and a second

steel caul plate was placed on top of the second PTFE sheet.

Both platens of the Carver press were heated to 180 °"C (360

OF). The mold assembly was placed into the press and the

heated platens wexre brought together until contact was made

with the top and bottom caul plates. Without applyinc

-ty

pressure
to the resin, the mold assembly was held 1n the press for 5

minutes to melt the resin pellets. The platens were then

slowly closed to apply pressure to the mold assembly, thereby

forcing the molten polymer to f£ill the ring mold without air

entrapment. The mold assembly was held under pressure for 10

minutes. The platen heaters were then turned off and the

b4
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platen cooling water was turned on until the press and mold

assembly returned to room temperature. The press was then

opened, and the film sample disk was removed

-

from the mold
agsembly.

Release force values were measured by the procedure

degscribed above, except that the sample film thickness was

about 10 times higher than the specified test thickness of 0.1

to 0.15 mm. Therefore, force-to-release values are about 10

times higher than values for the same films using a sample

thickness of 0.1 to 0.15 mm (i.e., samples and values reported

for Examples 6, 7 and 8, above, using thinner, extruded samples

of the same films). Results are shown in Figure 1 and Table 1.

Example 10
Three layer coextruded blown film samples of the ABA type

were produced using a metallocene catalyzed LLDPE, EXACT™ 4011

plastomer, obtained from Exxon Chemical Company, as the skin

layvers (A) surrounding a high density polyethylene (HDPE) core

layer (B). This configuration was designed to combine the

F

advantages of the low force-to-release propexty of LLDPE with

the high stiffness and modulus of HDPE. This multilayer

configuration also i1illustrates a differential release liner,

with a force-to-release that differs from one surface of the

film to the other, as a result of using different types of
LLDPE as the skin lavers.

4

The skin layers were produced using two 8.89 cm (3.5")

diameter extruders. The core layer was produced using a 6.35

cm (2.5") diameter extruder. The three extruders fed a

coextrusion feed block which in turn fed a 40.6 cm (16")

diameter blown f£film die. The blow up ratic was approximately

2.4 to 1 to vield a film layvflat width of approximately 152 cm
(60") and a trimmed film width of 147 cm (58").

L

Two f£ilm samples, both having O0.lmm (0.004 1inch) total

thickness, were produced using different ratios of skin lavex

=
h—

to core lavyver thickness and di:

ferent additive packages in the

skin layers. The first sample was comprised of 0.025 mm (0.001

inch) thick skin layers and a 0.05 mm (0.002 inch) thick core

lavyer.
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5% loading level otf

Polybatch® FSU-303-JD2 slip and s

obtained from A. Schulman Incorpo

e

concentrate is composed of 30% na

in a carrier of Exxon Exact™ 4028 resin and 1s produced using

industrial equipment known in the

'

comprised of 0.0125

0.076 mm (0.003 inch)

this sample contailn

ntiblock concentrate,

rated. This additive

tural silica and 3% erucamide

art. The second sample was

mm (0.0005 inch) thick skin layers and a

ed a 10% loading level of Polybatch® 505, a

thick core layer. Both skin layers for

commercially available slip and antiblock concentrate obtained

from A. Schulman

films described above wsa

s evaluat

detailed above. Properties of th

Table 1.

Incorporated. The force-to-release of the

ed according to the procedure

ese films appear below 1in

Example 11

A six layer f£ilm construction (of the type ABA,A5BA4) was

produced using a three layer coextrusion blown film eqgquipment

configuration by allowing the ext

heat seal to itself

at the nip of

A, and A, were composed of a meta

copolymer, Exact™ 4011 plastomer, obtained from Exxon Chemical

Company. Layer B wec

having a density of 0.960 g/cc.

designed to combine the advantages of the low

property of substan

ruded bubble to collapse and
the collapsing towexr. Layers
llocene catalyzed LLDPE

s composed of high density polyethylene

This configuration was

- -

force-to-release

tially linear ethylenic polymers and/ox

==,

copolymers with the high stiffness and modulus of HDPE. The

skin layers A, cont

alned

the foll

level of Polybatch EXT 2017S, an

obtained from A. Schulman Incoxrpo

Polyvbatch EXT 209,

a slip concent

owing additives: 10% loading

antiblock concentrate,

rated; 5% loading level of

rate obtailined from A. Schulman

Incorporated; and 1% loading level of Polybatch EXT 206F, a

processing aid concentrate, obtai
Incorporated. The Polybatch EXT

ned from A. Schulman

20178 antiblock concentrate 1s

composed of 20% natural silica in a carrier of Exxon Exact™

4011 resin and is produced using industrial equipment known 1in

the art. The Polybatch EXT 209 slip concentrate 1s composed of

5% oleamide in a metallocene catalyzed polyethylene resin

carrier and is produced using industrial equipment known in the

16
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5% oleamide in a metallocene catalyzed polyethylene reSLn

carrier and is produced using industrial eguipment known in the
art. The Polybatch EXT 206F processing aid concentrate is

composed of 3% processing aid in a metallocene catalyzed
5 Ppolyethylene resin carrier and is produced using industrial

equlpment known in the art. The skin layers A, were produced
using a 60mm (2.36 inch) diameter extruder while the inner
layers A; were produced using a second 60mm (2.36 inch}
diameter extruder. The HDPE layers (B) were produced using a

10 3.5 inch (88.9mm) diameter extruder. The three extruders fed a
coextrusion feed block which in turn fed a 40.8cm (16 inch)
diameter blown film die. The blow up ratio was approximately
2.4 to 1 to yield a film layflat width of approximately 152.4
cm (60 inches) and a trimmed film width of 147.3 cm (58

15 inches). The overall film thickness of the samples produced
was 0.127 mm (0.0os'inches) with the individual layer thicknessa
as follows: A, = A, = 0.0127 mm (0.0005 inches), and B = 0.038
mm (0.0015 inches). The force to release of the film described’
above was evaluated according to the procedure detailed above.

20 Properties of this film appear below in Table 1.

It is understood that various other modifications will be
apparent to and can be readily made by those skilled in the art
without departing from the scope of the present invention.
Accordingly, it is not intended that the scope of the claims

25 appended heretc be limited to the description set forth above
but rather that the claims be construed as enconpassing all of
the features of patentable novelty which reside in the present
invention, including all features which would be treated as
equivalents thereof by those skilled in the art to which the

30 invention pertains.

17 a.
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Example #

Exact™4011
Exact™M4015

Exact ™M3028

Exact™3033

7

i

Exact ™Ma011

Exact™agpis

Exact ™M4041

Exact ™M4081

8

DEFDB-1085-NT
DFDB-95042
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0.888 2.1 12.5(0.
0.896 2.1 25.0 (0.
0.900 2.1 39.3(0
0.900 E 2.1 41.1(0.
0.888 2.1 9.5(0.053)
0.896 2.1 15.4(0.086)
0.878 2.1 6.8(0.038)
0.895 2.1 22.7(0.127)
i
0.884 4.009 19.7{(0.110)
0.900 3.7 35.7{(0.200)
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Table 1
Polymer Properties Avg. Force-to~Release |
g/cm (lb/in)
Density I.P. initial | after aging
(g/cc)
0.918 5~8 77(0.43)
1.4 - $-18(0.05-0.10) 5-18(0.05-0.10)
54(0.30)

21.4(0.12)

25.0(0.14)

N———

¢«1.1(0.23)

iy

46.5(0.26)

l 12.5(0.070)

17.7(0.099)

8.0(0.045)

h,
.

26.4(0.148)

25.9(0.145)
51.8(0.290)
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S
Exp-1 0.857 1.2 l 98.3(0.550) 143 (0.800)
EXp-2 0.858 1.2 53.6(0.300) 116 (0.650)
EXp-3 0.860 1.2 42.9(0.240) 76.8(0.430)
Exp-4 . 0.860 | 1.4 42.9(0.240) 59.9(0.335)
ExXp~5 0.862 1.2 l 63.5(0.355) 75.1(0.420)
ExXp-6 0.865 l 1.6 30.4(0.170) 34.0(0.190)
Exp -7 0.880 1.04 31.3(0.175) 59.0(0.330)
DFDB-1085-NT | 0.8BB6 4.9 161 (0.900) 170 (0.950)
Exact™ 4015 0.896 2.1 | 179(1.000) 179(1.0000)
DEDR-9042 0.900 3.7 223 (1.250) 241 (1.35G}
Exact™ 3033 0. 2.1 223 (1.250) 223 (1.250)
| 10 | R
+10% slip/antiblock 0.888 2.1 23.2(0.130) | 25.9(0.145;
+5% slip/antiblock 0.888 2.1 24.1(0.135) |  31.3(0.175)
11 layer A, 2.1 27.7(0.155) |  34.5(0.193)
| 0.888 2.1 |
layer A, | -
| 0.888
laver B 0.3960

19
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CLATMS:

1. A release f£ilm for adhesives comprising at least one

alefinic polymer, characterized in that the release film is
0.01 to 0.5 mm (0.5 to 20 mils)
release force value of 39 g/cm (0.22 lbs/inch) in an Instron
Model No. 1445 Machine adhesive peel test at a film thickness
of 0.10 to 0.15 nmm;
ethyvlenic polymer having a density from 0.865 g/cec to 0.800

in thiekness and has a maximun

and the release film consists of a linear

g/cc and an index of polydispersity of less than 5.0; and the
release film is substantially free of silicone.

2. The release film of claim 1, wherein the linear ethylenic
polymer is a copolymar of ethylene and at least one comonomer

selected from the group consisting of propylene, hutene,

hexene, methylpentene and octene, and combinations

rentene,
therect.
3. The
polymer
4, The

release film of claim 1, wherein the linear ethylenic
release film of <claim 3, wherein the linear ethylenic
has an index of polydispersity of less than 2.5.
release film of claim 1, further comprising at least
two layers of polymeric film laminated with the release film to
provide a multi-layer construction having an add number of
lavers of polymeric film and having twe release surfaces, each
surface having a maximum release force value of 39 g/cm (0.22
lbs/inch) at a £ilm thickness of 0.10 to 6.15 mm in an adhesive

peal taest.
6. The release film of c¢claim 5, wherein the multi-layar

construction comprises a core layer of at least one polymeric
film having a tensile modulus at 5% elongation of at least 8.27
MPa (1,200 psi) for mechanical support.

%. The release film of claim 6, wherein the core layer 1is
selected from the group of films consisting of pelyethylene
polymers and copolymers having a density greater than 0.°240
g/cc, polyamide, polypropylene, polymethylpentene and polyester

and combinations thereof.
8. The release film of claim 1, wherein the release film 1is

0.05 to 0.15 mm (2 ToO 6 mils) in thickness.
9., The release film of claim 1, wherein the linear ethylenic

polymer has been polymerized using a metallocene catalyst.
' 20 b
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14, A pressure-sensitive adheaive tape comprising at least one laminate

©I a pressure-sensgitive adhesive and a Silicone-free release film liner,

characterized in that when the tape is tested in an Instron Model Na. 1445

Machline adhesgive peel test, the release film liner Ras s maximum ralease

S force value of 39 g/em (0.22 lbg/inch) from the pressure-sensit ive adhesive

at a release film liner thickness of 0.10 o 0.1%5 mm, and the release #ilm

liner comprisas at least one lirear ethylenic polymer having a density from

0.8B65 g/cc to 0.800 g/ce and having an index of
2.0,

relydispersity of less than

10 11. The pressure-sensitive adhesive tape of claim 10,
the tape is in the form of a rolled Sheet.

wherain

12. The pressure-sensitive adhesive tape of claim 10, wherein

the silicone-free releaze film liner further comprises a multi-

layer construction having an odd number of layers of

paelymeric
15 £ilm and having two release surfaces,

each release surface

pressure-sensitive adhesive.

13. The pressure~sensitive adhesive Cape of claim 12, wherein

20 the multi-layer construction comprises a care layer of at least
one polymeric f£ilm having a tensile modulus at 5% elongaticn of
at least 8.27 MPa (1,200 psi) for mechanical support.

14, The pressure-sensitive adhesive tape of claim 13, wherein
the core layer is selected from the group of polymeric films

25

consisting of polyethylene polymers and copolymers having a
density greater than 0.940 g/cc, pelyamide, polypropvlene,
polymethylpentene, polvester and combinations thereof.

15. The pressure-sensitive adhesive tape of claim 10, wherein

the silicone-free release film is 0.05 to 0.15 mm (2 to 6
30 mils) in thickness.

16. The pressure-sensitive adhesive tape of claim 10, wherein
the silicone-free release film liner consists of at least one
linear ethylenic pelymer which has been polymerized using a
metallocene catalyst.

35 17. The release film of claim 5, wherein the two release
surfaces have different maximum release force values.

18. The pressure-sensitive adhegive tape of claim 12, wherein

the two release surfaces have different maximum release force
values.

21 b
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