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1. A biaxially oriented multilayer film comprising;

a) a core layer comprising a very low density polyethylene;

b) two outer layers each comprising a styrene butadiene copolymer; and

€) two intermediate layers each bonding the core layer to a respective
outer layer, and comprising a polymenc adhesive.

8. A method of makmg a biaxially oriented polymenc film comprising:

a) coextruding a first melt stream of a very low density polyethylene, a
second and third melt stream of a polymeric adhesive, and a fourth and fifth melt
streams of a styrene butadiene copolymer;

b)  extruding the melt streams through an annular die such that the first
melt stream forms the central laﬁer of the coextrudate, and the fourth and fifth melt
streams form the outermost surfaces of the coextrudate;

c) hot blowing the extruded film;

d)
temperature;

heating the hot blown film to a temperature above its orientation

e)  directing the heated film through a first set of pinch rolls;

.
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f) reinflating the hot blown film by a blown bubble process wherein the
bubble is expanded in both its longitudinal and transverse directions; and

g) | collapsing_ the reinﬂatgd film through a second set of pinch rolls.
1S. A method of making a polymeric film oriented in primarily one direction
comprising:

a) coextruding a first melt stream of a very low density polyethylene, a
second and third melt stream of a polymeric adhesive, and a fourth and fifth melt
streams of a styrene butadiene copolymer;

b) extruding the melt streams through an annular die such that the first
melt stream forms the central layer of the coextrudate, and the fourth and fifth melt
streams form the outermost surfaces of the coextrudate;

¢)  hot blowing the extruded film;

d) heating the hot blown film to a temperature above its orientation
temperature;

e) directing the heated film through a first set of pinch rolls;

f)  reinflating the hot blown film by a blown bubble process wherein the
bubble is stretched in the longitudinal direction but substantially unstretched in the
transverse direction; and |

2 collapsing the reinflated film through a second set of pinch rolls.

18.  An oriented multilayer film comprising:

a) a first layer comprising very low density polyethylene; and

b) a second layer adhered to the first iayer, said second layer comprising
a styrene butadiene copolymer; wherein the very low density polyethylene has a melt
index before blending of no more than about 0.45 grams/10 minutes (ASTM D
1238) (Condition 190/5.0).
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" COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED:

Oriented film of high clarity and gloss

The following statement is a full deséription of this invention;, including the best method

of performing it known to me/us:~



¢ &
"Qﬂ..
e o
e 8 e
» -
»e
* @ ,
L} (XX J
X R L ¥ XY
[2 X 23
[ X
[T Y]
eriee
ad&a
&
-i [
od &
e & o
¢ e

R,

A
,Q
1:&

e

Background of the Invention

The present inVentien pertains to packaging £ilm,
and more. particula’rly to a thin polymeric film suitable for
replacing polyvinyl chloride film especially in packaging and
labeling applications. e

Polyvinyl chloride (PVC) has long been used in many
applications in. the packaging art. ) One parttcularly wide-
spread epplication for Evc i.s the use of ‘such material as an
overwrap . material for trayed retail cuts ef meat and other

'food preducts in a retail environment such as a supermarket.

PVC has several des:n.rahle propertiee for this use.
For example, it has excellent optiés and good elasticity and
stretch properties at use temperatures.

Unfortunately, PVC also has several disadvantages,
including the preduction ‘of hydrogen chloride gas during heat
sealing and the generally corrogive effects of such gases in
the packaging room. . '

It would be of great benefit to the packaging indus-
try, and parti.cuiar to applieations requiring an instore £ilm
for overwrapping traved food products, to provide a film with
many of the advantages of PVC but without the disadvantages
described abeve‘ ‘ .

la
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PVC is also used in producing labels for cans and bottles, It would also be

of benefit to the label industry to provide a film which can be used as a label on a
rigid container such as bottles artd cans, but without the disadvantages of PVC.

Films or laminates used as label material for the labels of beverage bottles
and the like are ‘pr\eferably monoaxially oriented in order to permit a tight label to
be produced around the bottle or vessel, without undesirable wrinkling and shrinking
of the label which can occur with some ‘biaxially oriented films. These label films

~can also be used to produce band type seals for tamper evidence. Such label
‘matenal uieally possesses several propertxes makmg it partlcularly useful for this end

For example the matenal should have the required stiffness (ie. higher .

‘ A Kmodulus) to pernnt the use of the film or lammate in a roll stock form in
‘conjunctlon wnh label manufactunng apparatus Prmtablhty of the label is also

‘\ t:desn'able, as wcll as excellent optxcal propertles

e The mventor has dlSCO‘Vel'Cd that 1t 1s possxblc to produce a relatlvely thin

: polymenc film, mcludmg a layer of a polyoleﬁn, and more preferably very low

20

‘density polyethylene (VLDPE), oombmed w1th a layer of styrene butadiene

o :‘COPOIYmer (SBC) ‘Such ﬁlms are typlcally produced by hot blowmg and thcn stretch |
,~ H.‘°nentm8 the extruded ﬁlm Saxd fﬂms exhxblt excellent elasnenty, toughness, stretch
~ cand opncal propemes | T

.25 .
: dxsclosed in’ many patents mcludmg the followmg patents of interest.

30

Processes for producmg onented f' lms and onented films themselves are

- U, S Patent No. 3, 456044 (Pahlke) mentxons thin films of thicknesses less
than 1 mil such as 0.5 mils, and discloses a double bubble method for biaxially
onentmg thermoplastxc films mcludmg the steps of producing a prima-

\ 940411,p: \oper\ee, 73616gra.spe 2
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ry tubing which is inflated by introducing air into the inte-
rior therecf, and a coolirig ring 22, as well as sgueeze rolls
34 and 28, with rolls 34 having a greater speed than rolls
28. Between the two pairs of squeeze rolls is a reinflated

secondary bubble. 1If annealing is desired, the tubing can be
- reinflated to form a bubble 70.

" U. S. Patent No. 3,555,604 (Pahlke) is a patent
based on a divisional application which was derived from the
same priority application as the '044 patent described above,

- and discloses the same information described above for the

'044 patent.

" U. S. Patent RNo. 4,258,166 (Canterino et al) dis-

) closes a uniaxially oriented plastic film material with im-

proved‘ strength and clarity in the direction of orientation
preferably comprising homopolymers and copolymers of
ethylene. ‘ -

.U :s,,, ?atent No6. 4,355,076 * (Gash) discloses
monoaxially oriented polypropylene film laminated to a
monoaxially oriented high density polyethylene £ilm, the
films produced by for example tubular blowing.

~Us S. Patent No. 4,440,824 (Bonis) discloses a
thermoformable coextruded multilayer structure useful for
thermoforming into containers, the structure having
polyolefin coextruded with a high impact polystyrene layer.
A five layer structure is shown.

U. $. Patent No. 4,464,439 (Castelein) discloses a
coextruded laminate having a sheet of polypropylene and a
sheet of a mixture of high impact polystyrene, crystalline
polypropylene, and styrene/dienic monomer block: copolymer.

U. S. Patent No. 4,626,455 (Karabedian) discloses a
multilayer sheet and sleeve label for bottles, the sheet

4/901010.5/SPECFLDR/04:03:18 Pg/lﬂ/lﬁ/%
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being a skin layer/brittle polystyrene foam layer structure,
the skin layer comprising a polyolefin, a block copolymer of
butadiene and styrene as compatability agent, and polysty-
rene,

U. S. Patent No. 4,879,177 (Boice) discloses a
monoaxially oriented shrink £ilm having a core layer of buta-
diene styrene copolymer, outer layers of ethylene propylene
copolymer, and intermediate bonding 1layers of ethylene
copolymer.

) .

1 . Cenw
]

see ow

a thermoplastic £ilm «useful“ as an overwrap material for tragde
retail cuts of meat and other food products in a super mdrket
or other retail environment. ’

It is a) =0 an object of the present invention to
provide a thermoplastio £ilm useful n” forming labels or
tamper evident bands for vessels sychi as bottles, cans, and

'the like. ‘

It is also an bjecf of the present invention to
provide a film havipg “excellent ‘optical properties, specifi-

_cally excellent gifss and clarity..

‘ It is also an object of the present invention to
providée a film which can be either primarily monoaxially :

ented, or biaxially oriented to substantially the same

BEE 23 T

I

) : T
Summary of the Invention N

In one aspect of the present invention, a biaxially
oriented multilayer £ilm comprises a core layer comprising a
very low density polyethylene; two outer layers each compris-
ing a styrene butadiene copolymer; and two intermediate lay-
ers each bonding the core layer to a respective outer layer,
and comprising a polymeric adhesive.

N /901010, 5/SPECFLOR/04:03:18 /10/10/90
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In another aspect of the present invention, a meth-
ed of making a thin biaxially oriented polymeric film compris-
es coextruding a first melt stream of a very low density

. polyethylene, a second and third melt stream of a polymeric

adhesive, and a fourth and fifth melt stream of a styrene
butadiene copolymer; extruding the melt streams through a
tubular die such that the first melt stream forms the central
layer of the coextrudate, and the fourth and fifth melt
streams form the outer surfaces of the coextrudate; hot blow-
ing the extruded f£ilm; heating the hot blown £ilm to a temper-
ature above its orientation temperature; directing the heated
film through a first set of pinch rolls; reinflating the hot
blown film by a blown bubble process wherein the bubble is-
expanded in both its longitudinai and transverse directions,
and collapsing the reinflated film through a second set of
pinch rolls.

In still another aspect of tﬁe present invention, a

multilayer £ilm oriented in primarily one direction, compris-

es a core layer comprising a very low density polyethylene;
two outer layers each comprising styrene butadiene copolymer;
and two intermediate layers each bonding the core layer to a
respective outer layer, and comprising a polymeric adhesive.

In yet another aspect of the 1nvéntion; a method of
making a thin, polymeric £ilm oriented in pfi.marﬂy one direc-
tion comprises extruding a. first melt stream of very low
density polyethylene, second ‘and third melt. streams of &
polymeric adhesive, and  fourth and fifth melt streams of
styrene butadiene copolymer through a tubular d:l.e wherein the
first melt stream forms the central layer of the coextrudate
and the fourth and fifth melt streams form the outer surfaces
of the coextrudate; hot blowing the coextruded £ilm; heating
the hot blown £ilm to a temperature above its orientation
temperature; directing the heated film through a first set of
pinch rolls; inflating the hot blown £ilm by a blown bubble
process wherein the bubble is stretched in the longitudinal
direction but substantially unstretched in the transverse

4/901010.5/SPECFLDR/04:03:18 xsrsa/m/m/go
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~«irection; and collapsing the xefgnflated film through a sec-

ond set of pinch rolls.

In yet another aspect of the invention, an oriented
multilayer £ilm comprises a first layer comprising very low
density polyethylene; and a second layer adhered to the first
layer, said second layer comprising a styrene butadiene
copolymer.

Definitions

The term "polyolefin" is used herein in its strict-
er sense to mean a thermoplastic polymer derived from simple
clefins. Among these are polyethylene, polypropylene and
copolymers thereof with olefinic comonomers. For example,
very low density polyethylene may be considered a linear
ethylene copolymer with a comonomer comprising such materials
as butene, hexene or octene." The term "polyolefin" is also
used herein in a broader sense to include copolymers and
terpolymers of ethylene with comonomers that are not them-
selves olefins, such as vinyl acetate (e.g. ethylene vinyl
acetate copolymer or EVA). '

The term "“very low density polyethylene", or
"VLDPE" is used herein to describe linear ethylene alpha-
olefin copolymer (flexomer) having densities of generally
between about 0.880 and 0.915 grams/cubic centimeter, and
produced by a catalytic, low pressure process. "Ultra low
density polyethylene" is also included in this term.

The term "ethylene vinyl acetate copolymer" (EVA)
as used herein refers to a copolymer formed from ethylene and
vinyl acetate monomers wherein the ethylene derived units are
present in major amounts and the vinyl acetate derived units
are present in minor amounts, generally cne to 30 percent by
weight.

4/901010.5/SPECFLDR/04:03:18 PIGQIIOIJ.U/QO
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The term "styrene butadiene copolymer" (SBC) is
used herein to denote thermoplastic copolymers, especially
block c¢opolymers containing a major portion (greater than
50%) of styrene and a minor proportion (less than 50%) of
butadiene comencmer.

The terms "melt flow" and "melt index" are used
herein to mean the amount, in grams, of a thermoplastic resin
which is forced through an orifice of specified length and
diameter in ten minutes under prescribed conditions in accor-
dance with ASTM D 1238.

The term "flow rate ratio" (FRR) is used to mean a
dimensionless number derived by dividing the flow rate (melt
flow or melt index) at one Condition with the flow rate at
another Condition (ASTM D 1238). FRR is indicative of molecu-
lar weight distribution. The higher the FRR, the broader the
molecular weight distribution.

Brief Description of the Drawings

The invention niay be further understood by refer-
ence to the drawings herein, where:

FIG. 1 is a schematic cross section of a preferred
embodiment of a multilayer £film in accordance with the inven-
tion; and

FIG. 2 is a schematic diagram indicating the appara-
tus and process by which the films of the present invention
are made.

Description of the Preferred Embodiments

The preferred film structure is a multilayer compos-
ite having a core layer 10 comprising a very low density
polyethylene (VLDPE).

4/901010.5/SPECFLDR/04:03:18 PM/lO/lﬁ 90



e e 4

LRI

fnd | [y o Vs {0 00 U | e 1] | ) DN

o ol | 1)

LI T

Preferred VLDPE resins are characterized by high
molecular weight (i,e. relatively 1low melt index), broad
molecular weight distribution (i.e. relatively high flow rate
ratio), and relatively low crystallinity at processing temper-~
atures.

For the VIDPE, a melt index (MI) of no more than
about .15 grams/ 10 minutes (ASTM D 1238) (Condition
190/2.16) is preferred. A more preferred MI is .12 grams/ 10
minutes. '

Preferred VLDPE resins can also be characterized by
a melt index of no more than about .50 grams/ 10 minutes,
more preferably no more than about .45 gramns/ 10 minutes
(ASTM D 1238) (Condition 190/5.0); no more than about 1.50
grams/ 10 minutes, and more preferably no more than about
1.35 grams/ 10 minutes (ASTM D 1238) (Condition 190/10.); or
no more than about 10 grams/ 10 minutes, and more preferably
no more than about 6 grams/ 10 minutes (ASTM D 1238) (Condi-
tion 190/21.601). '

For the VLDPE, a molecular weight distribution
(flow rate ratioc) of at least about 10 (I,,/Is) (ASTM D
1238) is preferred. This value is derived by dividing the
flow rate at Condition 190/21.6 by the flow rate at Condition
190/5.0. A more preferred FRR is 13.

Preferred VLDPE resins can also be characterized by
a FFR of at least about 40, more preferably at least about S0
(I22/Ia.2) (ASTM D 1238). This value is derived by divid-
ing the flow rate at Condition 190/21.6 by the flow rate at
Condition 190/2.16.

An especlally preferred VLDPE is a high molecular
weigl'at resin such as DEFD 1015 from Union Carbide. This
resin has a density of about .900 grams/cc, a melt flow rate
of about 6 grams/ 10 minutes (ASTM D 1238, Condition
190/21.601), and a FFR (I;5/I5..) of about 50.

4/901010.5/SPECFLDR/04:03:18 PM/10/10/90
8
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Outer layers 12 comprise a styrene butadiene
copolymer such as that commercially available from Phillips
under the designation KR-10 having a butadiene content of 25%
by weight of the copolymer; or KK 36 (for fatty food con-
tact). '

In the multilayer £ilm of the invention, the outer
layers 12 are bonded to the core layer 10 by means of interme-

~diate layers 14 each comprising a polymeric adhesive and

preferably a copolymer of ethylene, and more preferably an
ethylene vinyl acetate copolymer (EVA). An even more pre-
ferred EVA is one having a vinyl acetate content above about
18% by weight of the copolymer, and more preferably about 28%
by weight of the copolymér. Other polymeric materials may be
used for layers 14 provided they process adequately in pro-
cesses such as that disclosed ir more detall below. Blends
of polymeri¢c materials and polymeric adhesives can also be
used for intermediate layers 14.

For outer 1layers 12, SBC 1resins having minor

"amounts of butadiene, ranging from about 1 tc 50%, are most

preferred and provide an optimum balance of stiffness and
flexibility to the £film.

The films of the present invention are preferably
made by coextrusion techniques well known in the art, com-
bined with an apparatus and process depicted in Figure 2 and
described in more detail below.

Figure 2 shows schematically a device 10 for making
the oriented films of the present invention.

Five melt streams, including a first melt stream of
VLDPE, second and third melt streams of an ethylene copclymer
such as EVA, and fourth and fifth melt streams of SBC are
coextruded and exit as a coextrudate through an annular die
12 in a conventional manner. The extruded f£ilm is hot blown
by conventional techniques to form a blown bubble 14.

4/901010.5/SPECFLDR/04:03:18 Pg/lﬁ/l@/BO
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' The preferred process for carrying out the present
invention permits the bubble tc be reinflated into the secon-
dary bubble 20 and then expanded to impart orientation of the
material in primarily the transverse direction, primarily the
longitudinal direction, or in both the transverse and longitu~
dinal directions. This "flexibility" in the process permits

- £ilms of the invention to be produced which are oriented

primarily in one direction (moncaxially oriented £films) or
films which are oriented in both the longitudinal and trans-
verse directions'(biaxially oriented films).

Alr cooling ring 16 positioned circumferentially
around 'che blown bubble at the position shown cools the
thermoplastic melt as it exits die 12.

-An optional auxiliary chilling ring 17 may also be

positioned 'circumferentially around the blown bubble down

stream £from air- cooling ring 16 to further chill the hot

:,‘blownﬁfilm.

The primary bubble 14 is melt. oriented in both the

. tnachine and - transverse directions. | Various hlow up ratios . |

may “be used, but preferably the primary bubhle 14 is hot

N blown to a blow up ratio of be@ween l 5 and 3. 0.

tp-o

£y /

The primary bu.‘oble 14 is collapsed at pinch rolls

' 166‘ : ' ) L . \?u:, o m"

To assist in this process, guide plates 18 are
positioned at the extremities of the blown bubble 14

| The collapsed huhhle is then rizinflated ' in a blown
bubble process to stretch orient the blown and c¢ollapsed

; £ilm. This is done in a conventional manner hy trapping air

or other hot gas Awithin the secondary bubble 20 so that the
material stretches at its orientation temperature transverse-
ly to impart further orientation of the material in the trans-

‘ verse directiom The secondary bubble 20 is collapsed at a

J&/ﬁﬁiﬁla 5/3?ﬁ¢FLDR/G4:O§ 18 ?M/lb/iO/Qo
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second set of pinch rolls 22, A second set of guide plates
24 may be employed to assist in the collapsing process.

The second set of pinch rolls 22 is rotated at a
speed faster than the first set of pinch rolls 16 if it is
desired to impart stretch orientation in the machine or longi-
tudinal direction to the thermoplastic material.

The recollapsed bubble 20 then passes from the
second set of pinch rolls 22 to take up roll 26,

The take up roll 26 may be a mill log which can be
immediately stored or shipped to a distributor or customer,
or may be stored for further processing such as slitting into
single wound film machine or natural center fold £ilm.
Thus, as used herein the take up roll 26 represents any fur-
therx process:.ng, ' storage, or further modification of the
double wound, collapsed film once it exits the second set of

pinch rolls 22, and is used herein to denofle any of these

possible further processing steps.

It is preferred that a reservoir 28 of heated flu.td

'be disposed at the lower end of pri.mary bu‘.bhle 14 in such a
‘way -that the collapsing material drawn threugh the primary

set of pinch’ rolls lG will pass in comunica.tion with the
heated fluid. In- t;his manner, the £ilm is, more uniformly
heated and. temperature control €an  be achleved. ; 'J.'hickened
tape edges can be suhstantially avo:med by Sueh meéans.
Although the heated fluid of reservoi.r 28 is prefer-
ably hot water, other media may be used if temperatﬁre@ above
the 212°F 1limit of . hot ‘water are desired. ¥or example
propylene glycol (a foocd approved material) ‘ hot @i or hot
emilsions may be used. One skilled in the art will under-
stand that the exact nature of the heated fluid iz not as
critical as its effee'ei*v“tehess in helping to uniformly heat
the collapsing bubble 14 as it is drawn through pinch rolls

4/901010..5/SPECFLDR/04:03118 7M/10/10/50
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16, and to uniformly heat the collapsing bubble 14 to a tem-
perature above its orientation temperature.

The heated fluid may also be an "active" substance
which not only reheats the surrounding film, but also actual-
ly coats the interior of the bubble as it passes over the
reserveir. An example is a hot wax or other functional coat-
ing.

The heated fluid may be recirculated from the reser-
voir through a heating means 30 by means of conduits 32 or
other suitable transfer means. x Using the reservoir 28 of
heated fluid, the types of materials which may be effectively
used in the present process and device are increased.

Bilaxially ‘oriénte'd films of the present invention
are useful in overwrap applications for overwrapping reta.il
cuts of meat and non-food products.

Monoaxially oriented films are useful in shrink
label applications for producing labels for vessels such as
bottles and cans. '

The term "monoaxially oriented" is used herein to
mean £films oriented primarily in the longitudinal direction.
However, some incidental orientation can be present in the
transverse direction, and this is sometimes desirable to help
the £ilm to grip a container or vessel after heat shrinking-
and to reduce the incidence of wrinkles in the final label.
The teirm can also be used to refer to films oriented primari-
iy in the ,%ransvegse direction, with or without some inciden-
tal orientation in the longitudinal direction.

The invention may be further understood by refer-
ence to the examples which follow.

The resins used in these examples are identified in
Table 1.

4/901010.5/SPECFLDR/04:03:18 P%Iéi@/lb/%
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EVA,

. EVAL

EVA,

VLDPE,

. VLDPE.

VLDPE, .

VLDPE,

(

4

TABLE 1

COMMERCIAL NAME

KR-10

KK-36

ELVAX 3182

ELVAX 3165

3170

- XU 61509.32 .

DEFD 1161

'TAFMER 0680
1015

: 22-164

DESCRIPTION

STYRENE BUTADIENE

COPOLYMER

STYRENE BUTADIENE
COPOLYMER WITH

FATTY FOOD
COMPLIANCE

EVA (28% VA)
MELT INDEX =
grams/

10 min.

EVA (18%VA)

MELT INDEX =

6 grams/
10 min.

EVA (18% VA)

- MELT INDEX =

2.5 grams/
10 min.

VERY LOW DENSITY
'POLYETHYLENE
DENSITY = .911

grams/cc .

VERY LOW DENSITY

POLYETHYLENE

VERY LOW DENSITY

POLYETHYLENE

DENSITY = .88

grams/cc

VERY LOW DENSITY

POLYETHYLENE

DENSITY = .900
~ grams/c¢

50% POLY-
ISOBUTYLENE
IN LLDPE

COMPANY
PHILLIPS

Phillips
DU PONT

DU PONT

DU PONT

UNION
CARBIDE

MITSUL

UNION
CARBIDE

SANTECH
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Example 1

A £film having the construction SBC./EVA,/80%
VLDPE, + 20% EVA,/EVA,/SBC, was produced by the pro-
cess described above. Tubular film was blown into pinch
rolls and reinflated into a secondary bubble without losing
width dimensions. The secondary bubble was stretched at a
ratio of 2.5:1 in the machine direction and substantially
tinetretched, in the transverse direction to produce an ultra-
clear and glossy l-mil £ilm. The temperature of the liquid

- inside the 1iquid reservoir was 210°F.

The o\;ter‘_ layers of SBC, each formed about 13% of
the final £ilm gauge. The core layer of the blend of 80%

VLDPE, and -20% EVA; formed about 42% of the final film

gauge by thickness.f” The intermediate adhesive layers of
EVA, each comprised about 16% of the fina.l film gauge.

‘ The film of Example 1 was evaluated 1n bench top
tests with soft drink cans. This film was fomed into’ shrink

"Iabels that were rwrapped around the cans ‘me ma.terial ap-

peared to shrink adequately wher: shrunk at a temperature of

- 300°F and - a ‘conveyor setting of '60% with a Weldctron 7141

tunnel. 'rhe ma.teria.l shrank tightly around the surface and
contours of the can. g
‘ \ It was also noted that a drop o_f;methylene, chloride
solvent, when placed on the surface of the film with the film
pressed to it, resulted . in immediate bending to itself with-'
out £ilm shrinkage. )

The. f“:llm of Example‘ 1 was also used to overwrap a
tray. Hot plate seals were made without undue film shrink-
age. The hot plate temperature was 220°F.

Prim seals were also made with the film of Example
1 at 2.6 pounds with an L bar sealer.

4/901010.5/SPECFLDR/04:03:18 P?ilﬂ/iO/Qo



e A
T 5 B ot i o

i Coowe
LR s R b

© VBkning [ o £

ol i

[TRH]

row.

——
|

‘e
ST

2
1‘
M’F

P

When making the shrink labels for the Dbench top
test, 4 inch width sections of the material were applied to

3-1/8 inch outside diameter cores and shrunk at 300°F, with a

conveyor setting of 60% on the Weldotron 7141 tunnel. The
results indicated a width 1loss of approximately 3% (1/8
inch).

Seal strength evaluations conducted with the

Weldotron ‘L-bar sealer yielded a mean transverse seal
strength of 2. 6 pounds per 1inear inch with a standard devia-

tion of 0.45 and a range of 2.0 .to 3.3 pounds. Longitudinal
evaluations resulted in material stretching until the f£film

broke rather than the sea]’..

In producing the film of Example 1, the deflate
roll speed in the primary bubble was ahcut 30 feet per minute
and the deflate roll speed in the secendary bubble was about
75 feet per minute. , ; : -

a

The tubmg width of the primary buhble at the d.e-)

 flate roll, and the £inal film width at the deflate roll’ ef

the secondary bubhle were 28 inches. .

] The inventién may be further understood with refer-
ence to the following addi.tional examples l.i.sted in tabular
form in Table 2 s

&/901016.s/spscrnnn104=dﬁgms ’¥§1°’1°’§°



A oo N | e

EXAMPLE*

10
1

12

VFILM’STRUCTURE

SBC;IEVA,/BD% VLDPE;/EVA,ISBC;,\~

+20% VLDPE,

SBC;/EVA,/EO% VLDPE,/EVA;/SBC;
. +20% VLDPE, - ;

ssc,;zva,/sos vmma/zvz.,/ssc1
~ +20% VLDPE; g

, SBC;[EVA,/BO% VLDPE;/EVA:/SBC;

+20% VLDPE,

e

s o

SBC;]EVA,/BO% VLD?E;/EVA;/SBCL

‘»+2o% VLDPE,

+2o%*vnnpz, ;7

SBC;/EVA;/aﬁ%
+20%

SBC, /EVA./80%
+20%

SBC, /EVA,/80%
+20%

SBC./EVA,/80%

vmrz,/zva,/ssc1 )
VLDPEs

VLDPE;/EVA,/SBC;
VLDPE,

VLDPE,/EVA,/snc,
VLDPE,

VLDPE;/EVA,/SBC,‘?

+20% VLDPE,

SBC;/EVA2/80%

VLDPE;/EVA;/SBC;“

+20% VLDPE,

4/901010.5/SPECFLDR/04:15:50 PM/10/10/90
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- PRIMARY

)2,3511

2.33:1

o \,3".‘1=1Q
',2;273} :
J:i.éés} .
.-f2;02=ij

2.02:1°

2.44:1
2.44:1

2.33:1

2.44;1;

SECONDARY THICKNESS TEMP(°F)

T L {MILS)
2/9:1 3.1:1 .30
2.9:1 3.1:1 .27

““1,b:1'2;o:1A .70
1lé;i‘ ;;7:; .40
5%1311 3,0:1 .60
3.i:1 0 3.1:1 .30
3;}:1 3.1:1 .30
2.5:1 3.1:1 .30
2.5:1 3.1:1 .30
2.77:1 3.1:1 .35
2.61:1 3.1:1 .35

S0CK

210

210

210

210

210

209

209

210

210

210

210
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20
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SBC, /EVA,/80% VLDPE,/EVA,/SBC,**
"+20% VLDPE,

SBC;[EVAzIBO% VLDPE;/EVA,ISBc,i? -

. +20% E‘Vaz

v

- #20% VLDPEa

BCIIEVAzISO% VLDPE,IEYA;/SBC;" ‘

- +20% VLDPE,

snc,/zvlesos VLDPE,/BVAz/SBC;“ .

_ #20% VLDPE,

snc,/EVA,IGO% VLDPE;/EVA;/SBC;"
" +40% VLDPE, ,

SBC;IEVA,/ 60% VIDPE./EVA./SBC,*"
+40% VLDPE,

SBC, /EVA./80% VLDPE./EVA,/SBC,*®
+20% VLDPE.

SBC, /EVA3/VLDPE,/EVA3/SBC; *°

SBC,/EVA,/80% VLDPE, JEVA,/SBC, **
+20% VLDPE,

SBC, /EVA>/90% VLDPE,/EVA,/SBC,22
+10% Pl,

4/901010.5/SPECFLDR/04 :15:50 PM/10/10/90
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' SECONDARY THICKNESS TEMP(°F)

oNa SO e L ] 28

Q'* ] ;. ’: :.

o o9 & 0

° « 0 08 © oo

[ * L X 2 [

"PRIMARY

A T L (MILS)
2.44:1  2.6:1 3.1:1 .35
2.33:1 2.8:1 3.1:1 .35
2,33:1 . 2.8:1 3.1:1 .35
'2.33:1 - 2.8:1 3.0:1 .25
'2.33:1 - 2.8:1 3.1:1 .35
2.33:1 - 2.8:1 3.1:1 .35
2.33:1  2.8:1 3.1:1 .35
2.33:1 2.8:1 3.1:1 .35
2.33:1 2.8:1  3.1:1 .35
2.33:1 2.8:1 3.1:1 .35
2.33:1 2.8:1 3.1:1 .35

SOCK

210

210
210
210
210
210
210
210

210
210

210



Notas:

‘In each of Examples 2 through 23, the intermedi-
ate EVA layers were mualiy made wp of & blend of 65%
EVA; and 35% of a blend composition. The blend composi~
tion consisted of 88% EVi,, 6% of an antifog material
{Atmar 645 from ICI) and 6% of a glycerol monoleate (Atmer
1010 froa IC1),
In sach of Examples 2 through 23, .1% Irganox(T®)
1010 (a bigh molecular weight stabilizer available fres
Ciba Geigy) was present in the VLDPE layer,
In Exazples 8 through 23, 2% by weight of the outar-
most layers constituted Atmer 845 and 2% constituted Atmer
- 1010, ‘
nw«zmmghs,mv:mmmlorm -
layer asctually was producad freu t\lo apmte axtroders
vith identical blend materials: |
e, extruders foocung the outamst see layers
(KR-10) were run @15 RPN, E )
SYR-10 €10 RPM.
“KR-10 €20 RPM L, 0. Matartal. )
SBIAX films are weak.
“Piin is stroger.
*$iin 15 softer. RS
*Reduced KR-10 frow 10 to § Rm?:inry became
 vider with tail. ' I
educed K10 from to 25 R, . Pla mre
elastic. Thctotalmmtofmnmhnduadtona “
st:wtmo:abwthauwcuuchﬂn _
%% ©@.0 KM ram 12-4/2 bours. To produce
130,000 ft. of fila witbout bubkle break. ,,zs‘;-"‘s‘z‘"" 1 5000
£5. will logs. ' o
ot stahle operation. Weaker filn than Example -
1. . o \
‘ *2stahle oparation but strength is peam; than
bow resin blend: o o
1¢suldn't melotain ﬁwndnyhhhlc. )

4/901010.5/SPECFLDR/08 141239 AN/10/11/90
18




&
(XX 2L X ]
L] >

séen
*

['3

R L ]
v e

(X L]
[
eone

‘*Had to remove Irgancx 1010 from core becauss of
feed problema. 48-S2" X 5000 ft, mill logs.
“*Mhinner fila.
‘¢Secondary bubble breaks dus to gels.
17Secondary bubble breaks due to gels.
‘*Secondary bubble breaks due to gels.
IMPS and shear temp. increased to 475°F.  Gels
reduced for stable secondary bubble,
”Shar temp. @S00°F. Mo gel and very stable
secondary bubble.
Sm:ondary bubble very unstable.
Sceondary Yabble vety gtable.

» It was found that as the thickness of the outermost
layers was downgauged (by reducing the speed of the extrud-
ers feedlng the SBC resin), . the final film had better elas-
ticity but more shrinkbaok as the film was aged. The addi-
~tives (Atmer 645 and Atmer 1010) made the coextrudate sofc-
er. :
Espeoiéliy‘prefefréd $ilms aie those in which:  the
total film thickness is less than about 1 mil, more prefera—
- bly than about .5 mils* the two outer layers each include’
" between about 0 1% and 6%, more preferably about 4% of a
plastmcizer which makes ‘the film more ‘elastic (such as the
Atmer 645 and Atmer 1010 ‘antifog materzals discussed
above); the two outer layers each have a thickness of less
than ' about .04 mils, more preferably less “than about .02
mils, and most preferably about .01 mils (1 gauge); and the
two outer layers each comprise less than about 4% of the
total. £ilm thickness, and more preferably between about 1%
and 3.5% of the total film thickness.

.~ Films of the present invention can opticnally be

cross-linked. This can be doné chemically or by the use of
irradiation. ‘ e - .

4/901010.5/SPECFLDR/08:41:39 A?élﬁ/ii/BQ
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Irradiation may be accomplished by the use of high
energy electrons, ultra violet radiation, X-rays, gamma
rays, beta particles, etc. Preferably, electrons are em-
ployed up to about 20 megarads (MR) dosage level. The
irradiation source can be any electron beam generator oper-
ating in a range of about 150 kilovolts to about 6 mega~-
volts with a power output capable of supplying the desired
dosage. The voltage can be adjusted vo appropriate levels
which may be for example 1,000,000 or 2,000,000 or
3,000,000 or 6,000,000 or higher or lower. Many apparatus
for irradiating films are known to those of skill in the
art. The irradiation is usually carried out at a dosage up
to about 20 MR, typically between about 1 MR and about 20
MR, with a preferred dosage range of about 2 MR to about 12
MR. Irradiation can be carried out conveniently at room
temperature, although higher and 1lower temperatures, for
example, 0°C to 60°C may be employed.

Single layers from a roll of £film having the con-
struction ~SBC,/EVA3/WLDP§./EVA3/SBC; were . irradiat-
ed in .5 MR increments from 1 through 7.0 MR using an elec-
tron beam irradiation system.  The roll was then placed on
a heat seal hand-ove‘r'}“lrap ‘'station using a 275°F hot bar
cutter and a variable temperature seal pad and subjectively

evaluated for cutting ease while wrapping trayed product.
All irradiated samples from 1 MR to approximately 5.0 MR

cut satisfactarily for wtapping (Table 3). From 5.5 MR to

- 7.0 MR, however, cuttability was marginal to unacceptable.

It should be noted that as the irradiatian doses increased,
shrinkback in the £ilm increased which may have reduced the
perceived cuttability as well. Y

The burn through threshold at each dose level was

. also evaluated by wrapping a single layer of sample £ilm

over the bottom of a 20S foam tray containing a. 1/2-1b.

" blocks The wrapped tray was then placed on a hot pad for

one second at varyi.ng temperatures, then removed and evalu-

" ated for burnouts. '.rhe results appear in Table 3 and demon-

6!992036 5/5?3@?1&1%/01 $ 43 :12 Pﬁ/10/11/96



strate the effect of the varying dosages on £ilm burnout
resistance. Values in parentheses denote a 10-second dwell
time at 300°F without £ilm burnout. The results also demon-
strate an irradiation threshold of 4.5 MR to achieve seal
characteristics and heat tolerance characteristic similar

to PVC,
Table 3
Electron Beam Irradiated Film
, ‘ ‘ Approximate Film Burnout
Dosage (MR) Hot Bar Cutting Threshold (°F for 1 Sec.)
O T © Acceptable 230°F - 240°F
ceseis 2 ‘ - Acceptable A 250°F - 260°F
. e 3 7 Acceptable , 260°F -~ 270°F
o 3.5 Acceptable = 270°F - 2B0°F
sS40 i : Acceptable ‘ 280°F - 290°F
e 4.5 . Acceptable - ~ (>300°F)
5.0 - Acceptable © (>300°F)
5.5 Marginal : (>300°F)
. 6.0 - Slightly vnacceptable (>300°F)
cesner 6.5 - Unacceptable - (>300°F)
TS 7.0 Unacceptable ( >300°F)
v e ' : *
oses ~ Four rolls of the film were also gamma irradiated,

ssae

as finished rolls, for similar evaluation. The dosage
cuttability, and f£ilm butrnout. threshold appear in Table 4.
evos The response of these samples to gamma irradiation is dif-
[ ]

':' : ferent from that of electren beam jrradiated samples. On a -
‘e Yot dose-for-dose basis, the gamma samples did not have the

burnout resistance nor cuttabi.lity‘ characteristics observed
with electron beam irradiated samples.

4/901010. SIS?ECFmﬂ/m. +53:25 PM/10/11/90
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Table 4

Gamma Irradiated Film

Approximate Film Burnout

Single layers of £ilm from the outside and the in-
side portions of each of the four gamma irradiated rolls
were then wrapped around foam trays containing a 1-1b.
block, placed on the hot pad sealer for up to 10 seconds at
varying temperatures, then checked'for burn threugh. Re-
sults of the evaluation appear in Tabkle 5., Two and 4 MR
dosage results in little to no burn through resistance

‘regardless of location in the roll. Six and 8 MR dosage

results in appreciable burn through resistance towards the
inside or ceore of the roll as compared to the outer layers;
this eguates to greater sealability of the film.

' 4/901010.5/SPECFLDR/01:58:52 przaélo/n/so

Dosage (MR) Hot Bar Cutting Threshold (°F for 1 Sec.)
2 Acceptable 230°F = 240°F
4 Acceptable 250°F =~ 260°F
6 Acceptable 250°F - 260°F
8 Acceptable with less 270°F = 280°F
edge curl than other
samples.
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Table §

Gamma Irradiation Analysis

Handwrapper, 4S Trays, l1-Lb. Blocks

Dosage Burnout Threshold, 10 Seconds
Outside 2.0 230=240°F
Insicde 2.0 230-=240°F
Outside 4.0 240-250°F
Inside 4.0 260-270°F
Outside 6.0 ‘ 240-250°F
Inside 6.0 230-330°F

(340-350°F for 1 Second)

Outside 8.0 290-300°F
Inside 8.0 >340°F

While the invention has been disclosed with refer-
ence to illustrative examples, those skilled in the art
will understand that various modifications may be made to
the invention as disclosed without departing from <the
sphere and scope of the claims which follow.

For example, in an alternative embodiment, a single
layer of VLDPE may be adhered, either directly or by means
of a polymeric adhesive layer, to a single layer of styrene
butadiene copolymer by one of the methods disclosed herein,
to produce a film with a preferred thickness of less than
about 1 mil.

4/901010.5/SPECFLDR/01:29:36 pgglolxl/so
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" Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise’, or variations such as "comprises’ or
“comprising", will be understood to imply the inclusion of a stated integer or group
of integers but not the exclusion of any other integer or group of integers.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A bnamally oriented multxlaycr film comprising:
, ~a)  acore layer compnsing a very low density polyethylene;
s b))
| c) two mtermedxate layers each bonding thc core layer to a respective
outer Iayer, and compnsmg a polymenc adhesrve.

two outer layers each compnsmg a styrene butadiene copolymer; and

-~

o

‘ -'2. 3 A film aceordmg to clalm 1 wherem the two. outer layers each include

10 between about 01% and 6% by Welght of each outer layer, of a plastxclzer.

- - L ' . (. 1

| 3. A film accordmg to claxm 1 or clann 2 wherem the two outer layers each have
- a thickness of izss than abouf 4 rmls e T |

.
H‘T .

[ XL

[T T TN

1

| A methﬁd of makmg a biamaﬂy onentcd pol)menc film eompnsmg‘ «
' “ o o :"a)‘;‘ 2 toex i‘f‘dmg a fim~ mélf stream of a very low denslty polyethylene, :

1» A

streams 0f a styrerie butadxene eopofyméf* el

" mil.m(mwm;w

36 §é¢dﬂd and tmr&“ melt stream of 4 poiymenc adhesxve, amd a fourtla and fifth melt :

b} extrudmg the mett smams thmugh aﬁ armulaf die such that the ﬁrstl .

w I T
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melt stream forms the central layer of the coextrudate, and the fourth and fifth melt
streams form the outermost surfaces of the coextrudate;
. V ~ ¢) . hotblowing the extruded film;
’ ~d)  heating the hot blown film to a temperature above its orientation
5 temperature; / | |
e) dtrectmg the heated film through a first set of pinch rolls;
f) remflatmg the hot blown film by a blown bubble process wherein the
bubble is expanded in both 1ts longxtudtnal and tranrverse dtrectxons, and
S ‘g} collapsmg the remﬂated film through a second set of pmch rolls

10
' 9. A method accardmg to claxm 8 further compnsmg the step of cross-hnhng the
: extmdedfilm N

’((..u
R
v

A : .;»“f | 11 'A polymenc film on ted in pnmanly one dxrectlon compnseS' S
| “ws:m’g B a) ¥ a cere lesier comprtsmg a very low densuy polyethylene,
' _..d | i . b) two outer layers) "ach compnsmg styrene butadxene copolymer, and
' :::::' 20 €) two mtermedxate laye S each bondmg t.he core layer o a respecttve
R o " outer layer and compnsmg a polymenc adhestve ‘

- 12 A ﬁlm accerdmg to claxm 11 wherem the very low densrty polyethylene has'
a melt index before blending of no more than about 10 grams/10 minutes (ASTM

25 11238) (Condmon 190/21.601).
: RISl . N
i %e? o . .

-
b
.
.
k4

e 713‘;. ’ A fiIm aceordmg to clatm Il or claim 12 wherein the very low denstty
[ eees o polyethylene has a flow rate rano (I21/ I 1) before blendmg of at least about 40
' (ASTMD 1233) o ’

L eed L 14 A film aceording to any one of claim¢ 11 to 13 wherein the film is cross-

940411, pr\oper\se, 73616gra.5pe.25
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15. A method of makmg a polymeric film oriented in pnmanly one direction .
comprising: -
a) - coextrudmg a ﬁrst melt stream of a very low density polyethylene, a
second and third melt stream of a polymenc adheswe, and a fourth and fifth melt
5 streams of a styrene butadxene copolymer,
b) extrudmg the melt streams through an annular die such that the first

j‘ - E melt stream forms the central layer of the coextrudate, and the fourth and fifth melt

- | streams form the outermost surfaces of the coextrudate' |

S 9. hot blowmg the extruded film; | o

L 10 f . ,,) ’ heatmg the hot blOWn film to a temperature above its orientation
_temperature; B o

T 'e) . dn'ectmg the heated film through a first set of pmch rolls' |
F.- '_A . 3 3 f)j : remﬂatmg the, hot blown film by a blown bubble process wherein the
bubble 1s stretched m the longltudmal dlrecuon but substantlally unstretched in the

. 1 | astytene butadteﬁe oooolyme whereut the Very low densnty polyethylene has a melt

“j‘f‘f“”‘;‘ e mdex before bIendmg of no more than about 045 gramsllo rmnutes (ASTM D , :

f}.ﬁ . 1238) (Condxtton 190/5 Oi ,( RN G
u"‘ . LI .- ‘\\{‘Hr‘] : U":’ 'j‘/ i i
":f;"*“g“ Tl A film aceordmg to elaxm 18 wrerein the secoxid layer 1s adhered dxrectly to

theﬁrstlayem T, e T

2 ! it
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20.  Afilm according o claim 18 wherein the second Jayer is adhered to the first
layer by means of a polymeric adhesive disposed between the first and second layers.

-2 Afilm aécdfdixig to any one of claims 18 to 20 wherein the second layer forms
5 less than about 8% of the total film thickness. |

L2, Afim according to any one of claims 18 to 21 wherein the film is cross-
linked, . *

§

16 23 A ﬁlm accordmg to any one of clalms 18 to 22 wherein the very low density

K _— pulyethylene has a ﬂow rate ratxo (1211 12 1) before blendmg of at least about 40
(ASTM D 1238) |

ERE 1' 5o,
o \“ S b BT "
. PR ’M,r

«Anorxented multx]ayer film accordmg to clalm 1 clalm 11 or clann 18 ora
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