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This invention relates to heat sealable
thermoplastic films.

Thermoplastic films for use in packaging

5 applications are typically provided with a heat-seal
coating to allow the films to be heat sealed to
‘themselves. Some heat seal coatings are, however, so
aggressive that attempting to unseal a packaged film
tends to destroy the package. With films that are

10 unoriented or oriented to.unbalanced'extent, during
separation of a sealed region, the films will tend to
tear in the direction of least orientation. An ideal
heat sealable film, therefore, is one which permits
effective heat sealing of the £film to itself while

15 - also permitting the seal to be easily peeled apart
without destroying the film.

It is an object of the present invention to
provide such a heat-sealable film, which film when
heat-sealed. is readily peeled apart at the heat seal.

20 There has now been discovered a film structure -
which can be heat-sealed effectively and yet unsealed
by hand-force when desired. The film comprises a
thermoplastic base layer coated with a ternary blend
comprising a random ethylene-propylene polymer, a

.25 butene polymer and a low density polyethylene polymer.
When the film is sealed to itself, the seal opens by
separation at the original seal surface without film
tear, or by delamination of the sealant material from
the film substrate without the formation of strands of

30 sealant extending between substrate surfaces.

._ The contemplafed base layers include polyethylene-
films, polypropylene films, polyester films such as
polyethylene terephthalate films, and polyamide films.
Polyethylene will be employed as exemplary of the

35 contemplated films. While a high density polyethylene
' (HDPE) film will be used, it is also understood that,
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separation of a sealed region, the films will tend to tear in the

~direction of least_orientation. An ideal heat sealable film
therefore, is one éﬁﬂ?ﬁ{g ef fective heat sealing of the
filmto itself while 15 al so permtting,the seal tlole—eastty—mrErled
apart wi t hout destroying the film | THIS SHERTCHAS, 355“3 ct -
of the present invention to provi de such a heht - se/ERbAGER i | m

whi ch fil m when heat-seal ed is readily peel ed=apart—at the heat
seal . 20 There has now been discovered a filmstructure

whi ch can be heat -sRaldshSiteC thedivm ddény ety /NS eALAE low densily
hand-force when desired.. The film asti c base

onprjses a t her nop
| ayer coated wi t h BPY¥sth¥iengs Rp éE&turegOHB§Fg9ﬁgmayrgiagnke used.
et hyl ene- propyl ene pol \attordiip to the bhptesenpoigventior, athewbdsesiciym

pol yet hyl ene poly : . A the fi | S e [ 1. the _sea
opens by %[Rfﬁﬁ*%end a"{ﬂ?ﬁga ol?:é%{: n% jée]ésf%r géghvmgﬁ ﬁ%%?’sfﬁl fh
tear, or Sy del anmbimndebithrre conponents cvihichiape formulated to

ensure that each component is present in an amount
which effectively interferes with the seal strength
development of any other single component: a

_ controlled seal strength is generated by the

10 interaction of the three components, resulting in a
heat seal which is strong enough to provide an
adequate seal which can, however, be peeled apart
without tearing the base film. Seal strengths of 100
to 500 grams per inch which permit ready peel-apart

15 separation can be obtained with seal temperatures in
the range of about 170° to about 250°F (measured with
a WrapAide Crimp Sealer run at 20 psi, 0.75 second
dwell time). In commercial operation, sealing may be

_ successfully achieved over a wide range of

20 temperatures suitable for commercial equipment while

retaining the desired peel separation characteristics.

The sealant blends are composed of at least one
component from each of the three groups (A, B, C).
below.

.25 The Group A polymeric component is a random
ethylene~propylene copolymer. This may be derived
from ethylene and one or more co-monomers. The
propylene content of these random copolymers is
typically from 70 to 85 weight percent, more usually

30 from 75 to 85 percent, with the balance of ethylene
and any other comonomers such as butylene. Suitable

'copolymers of this type are random copolymers of
ethylene and propylene or random terpolymers of
ethylene, propylene and butylene. Preferred

35 copolymers of this type include the following:
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the'filrh substrate without the formation of strands of 30 seal ant

ext endi ng between_substrate surfaces. The contenpl at ed base

| ayers include poFySBRPI(Eeet) filns, polypropylene films, polyester
films such as pol yet hyl ene terephth _ate filnos. and nnlu

films. Pol yet hyl ene wi | | . be enpl oyed as exETBISIBHEBT HABEREEN
contenplated films. Wiile a high density polyethyl éne REPLACED(HDPE) film

will be used, it is also understood that,
-2-

Ethylene—propylene copolymers containing 2 ~ 10
weight percent random ethylene, e.g. 3 ~ 7 weight
percent ethylene.

Ethylene-propylene-butylene random terpolymers

5 'containing 1 - 5 weight percent random ethylené, 10 -
25 weight percent random butylene. The amounts of the
- random ethylene and butylene components in these
copolymers are typically in the range of 10 to 25
. percent total (ethylene plus butylene). Typical
10 | terpolymers of this type include those with about 1 -
5 percent ethylene and 10 - 25 percent butylene.

These copolymers typically have a melt flow rate
in the range of about S to 10 with a density of about
0.9 and a melting point in the range of about 115° to

15 about 130°C.

The Group B polymer component comprises a low
density polyethylene. This may be a linear low
density polyethylene (LLDPE) or a non-linear
polyethylene. These polymers typically have a meit

20 index of 1 to 5. The low density polyethylenes should
have a density of 0.88 to 0.93 while the linear
materials may have a density as high as 0.94, usually

" in the range 0.90 - 0.94, e.g. 0.918 or 0.921, with a
melt index from 1 to 5. 'The linear low density

25 - polyethylenes may be derived from ethylene together
with other higher comonomers such as hexene-~i or
octene-1. ' - _

The Group C polymer component is a butene polymer
which may be a homopolymer or copolymer with minor

30 amounts of comonomers such as ethylene and/or
propylene. These butene polymers typically have a
molecular weight of at least 10,000 and a melt index
from 1 to 6, usually from 2 to 4.

The three components of the compos1t10n are used

35 in a blend which is formulated to provide a seal
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| ow density, mediumdensity, |inear |ow de pol yet hyl enes and

m xt ures t hereof Y, gqéxi eafwed - According to the present
i nvention, the basee? - is provided with a heat seal layer which
conprises a 5 bl end of -three conponernjs whic

ensure that each conmponent is present in an anount ‘
effectively interferes with the seal strength any
ot her single conponent: a ‘control |l ed seal stTength TS gener at ed

by the 10 interaction of the three conponents, resulting in a

heat seal which | stxtemyth erfOoUd0 tto HOO igimwsy inch (measwrle@uui'éhseal

- whi ch can, however neel a { t hpu e n base
film Seal streng?% %?&ﬁbéﬁgalgaél t%ﬂ?%ﬁiFu%%ﬁgg L7 6|ﬁ%% a% ﬁ QE 2?
ready peel -apart PBi and a siyeddattiize afh b lﬁ%ﬁ?m}m t hT%%aPeSt

tenperatures in regults drtf dbtddted MM tHd OfiRréd cOmpoRehtgoRLer thF

(neasure%\Mth a . . . .

pproximate balance with one another, i.e. with no
more than 50 weight percent of the total blend from
one component. This implies that each component will
be present in an amount from 10 to 50 weight percent,
usually 15 to 45, typically 20 to 40, weight pércent

10 of the total blend. As shown below, blends which
' contain about 20 weight percent of one of the three

components with the balance made up of equal amounts
of the other two components, give very favorable

results. .

15 Thus it is desirable that the three components
comprise a blend of 10 to 50% of a random copolymer of
ethylene and propylene, from 10 to 50% of low density
polyethylene and from 10 to 50% of polybutene; or a
blend of 10 to 50% of a random terpolymer of ethylene,

20 propylene and butylene, from 10 to 50% of low density

' polyethylene and from 10 to 50% of polybutene; or a
-blend of 30 to 50% of the random copolymer of ethylene
and propylene, from 10 to 30% of low density
polyethylene and from 10 to 30% of polybutene; or a

25 blend of 10 to 30% of the random copolymer of ethylene
and propylene, from 10 to 30% of low density
éolyethylene and from 30 to 50% of polybutene; or a
blend of 30 to 50% of the random terpolymer of
ethylene, propylene and butylene, from 10 to 30% of

30 low density polyethylene and from 10 to 30% of
polybutene; or a blend of 10 to 30% of the random
terpolymer of ethylene, propylene and butylene, from
30 to 50% of low density polyethylene and from 10 to
30% of polybutene; or a blend of 10 to 30% of ﬁhe

35 random terpeclymer of ethylene, propylene and butylene,
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a WapAi'de Crinmp Sealer run at 20 psi, 0.75 second dwel | tine).

I n commerci al opeﬁgggggxtseiking may be successful ly achieved
over a wide range o - tenperatures suitable F CoORe-cLal ,
equi pnent whil e retaining the desiiged. peel é%@rﬁ‘ﬂfﬁnHAs BEEN
characteristics. The seal ant bl ends arf_comPEPEACES at |Jeast
one conponent from each of the three groups (A BT el

bel ow. 25 The Group A polyneric conponent is a random

et hyl ene- propyl ene copol yner. This may be derived from et hyl ene

and one or nore cproemnaoets. 30Rcof low densptypyodyethylierd ard tfwsme 30

random copol yners_js iLcally from70 to 85 wei ght percent, nore
usual ly 30 t#r%ﬂ$7gft8°§gbégf§§ht, wi th the bal ance of ethyl ene

and any ot her conononeThespolyaerbaompenentSuptfalalld three groumspaiayrers of
o o ooy SO ASROLMIBL ks, co minialldl IR UGl
5 degradation, as well as other additives to achieve
other functionality including static reduction, ease
of processing, and ink receptivity. Silicone ocil may
be added, e.g. in amounts from 0.2 to 2 weight percent
to impfove slip characteristics and ‘ease of

10 processing; polydimethylsiloxane is preferred for this
purpose. Wax, preferably Fischer-Tropsch or
microcrystalline wax, may be added to the blends in an
amount typically up to about 10 weight percent for
‘improved WVTR performance. '

15 The heat seal compositions are used on HDPE films
which have been biaxially oriented to provide good
WVTR properties as well as other characteristics which
are desirable in packaging films. The seal blends may
be used on one or both sides of the base HDPE films.

20 Where the base film is HDPE, the base film is
preferably biaxially oriented to a deformation ratio
from 1.1:1 to 2:1, usually from 1.25:1 to 2:1, in the
machine direction (MD), and to a deformation ratio
from 6:1 to 12:1 in the transverse direction (TD).

25 These films, preferably not having a thickness of more
than 2.5 mils, have reduced water vapor transmission
iWVTR), improved dead-fold, and other physical
properties which are markedly better than blown HDPE
films, even when the total film thickness is reduced

30 to less than 1 or 2 mils. When provided ﬁith a
blended heat-seal layer of the ethylene-propylene
random copolymers the films are particularly suited
for use in packaging, especially of dry foodstuffs.
The films may be used in a wide variety of packaging

35 | equipment inciuding vertical form, fill and seal

I —

{This Sheet Has Been Replacec

[ELL




-copolyners of this type include the foll ow ng:

35" 7 :
- 3- Et hyl ene- propyl ene copol yners containing 2 - 10
wei ght percent raﬁﬁﬁﬁ?%ﬂﬁ?%éhe e.g. 3 - 7 weight per cent

et hyl ene.

Et hyl ene- propyl ene-hutyl ene r . '
containing 1 - 5 weight percent random ethy@ne, 10 - ‘| THIS SHEET HAS BEEN
: : . REPLACED

10

15

20

25

30

(VFFS) and high speed horizontal wrapping machines.
These biaxially oriented films are made using a
major proportion of a high density polyethylene (HDPE)
having a density of at least 0.96. The film can be
composed exclusively of a single HDPE resin, a mixture
of HDPE resins, or of HDPE containing a minor
proportion of other resource polymers. These high
density polyethylenes typically have a melt index from.

0.5 to 10, usually from 0.7 to 2. The mixture of HDPE

resins gives better processing characteristics in the
extruder by reducing extruder torque. Films made with
a blend of HDPE resins reduce splittiness of the film
which manifests itself as the tendency of the film to -
break in the TD direction during operation on
vertical, form, £ill and seal (VFFS) machinery.

The blends of HDPE polymers can comprise two or:
more polymers all of which preferably have densities
of at least 0.96. Blends of HDPE polymers
advantageously comprise a major proportion of HDPE
having a melt index of 0.5 to 6 and one or more
polymers havinq'a different melt index.

| ‘Terblends have been found particularly desirable.
Suitable terblends generally comprise 50 to 98 weight
pérceht, preferably 84 to 96 weight percent of HDPE
having a density of at least 0.96 and a melt index of
greater than 0.5 to 2; 1 to 25 weight percent,
preferably 3 to 8-weigh£ percent of HDPE having a
density of at least 0.96 and a melt index of 0.1 to
0.5; and 1 to 25 weight percent, preferably 3 to 8
weight percent, of HDPE having a density of at least
0.96 and a melt index of greater than 2 to 8.
Preferably, the second and third HDPE polymers'which
are minor components are present in about equal
amounts. _ |
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25 ‘wei ght percent random butyl ene. The ampunts of the random
et-hyl ene and butyl ene conponents in these copol yners are

typically in the Fa6R320 68249 to 25 " percent +e+atﬁ§§Lh¥Lene_;wLw
butyl ene). Typical 10 - terpol ymers of _this typq THISI TtHAS BEEW § h

about 1 -

These copol yners typically have a nelt flowrate
about 5 to 10 with a density of about
t he range of about 115[err] to 15

5 percent ethylene and 10™- 25 pgr cent RERILACEENe.

0.9 and a mel ti ng point
about 130[err]C.

The Group B pol yner copponesie o8Pl i BojeR L&W be appl:.eddeaS'th)é HDPE
This nmay _be a, i near | ow enS|t¥ | ene
b o ekente.ch

pol yet hyl ene.

(LLDPE) or a non- 4%%a§11m “in any conveRkireal MaRBeE.

have a nelt 20

shoul-d

coatinddsx edextiwsbon BaforevodeBathyripal pet lbyl enes

: have. a_densi 88 to 0,93 |l e t I in
materi al s may hav%"%tjd%?]self @Plﬁ ?ﬁteo@ 6934?rug\ég#‘l t&ﬁe b x"f”ﬂ' t he
range 0.0 - 0. QMrBexyzaﬂ&i&zpnrwtﬂdns. with a
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- The base films of this invention can include
other polymer layers in addition to the heat seal
layer, for example, polymers having barrier properties
for gases such as oxygen.

The proper degree of orientation in the fllm
pfovides the desired physical properties, as well as
good WVTR and dead-fold characteristics. For example,
it has been determined that films with a thickness of
1.4 to 4 mils will have acceptable WVTR (g-mil/100
in2/24 hr - 1 atm) of less than about 0.2/mil whereas
a somewhat heavier gauge (at least 1.5 times thicker)
is needed in a blown HDPE film to achieve the same
WVTR. The benefits of reduced WVTR are due to the
improvements obtained by biaxial orientation below the
HDPE melting point. Although higher density HDPE
resin having a density of at least 0.957 can be made
directly into thin films by cast extrusion, problems
of curling, uniformity, flatness and high WVTR remain
as obstacles. Accordingly, thin HDPE films of 0.8 to
1.5 mils having the best balance of properties,
particularly for VFFS applications, are obtained with
imbalanced biaxiallf oriented films prepared from
films having a cast gauge of 12 to 20 mils reduced to
the desired gauge by orientation. The final film
gauge will typically be not more than about 2.5 mils.

The films may be produced and oriented in the
conventional manner. When the heat sealable layer is
present on one or bbth sides of the HDPE film, cast
extrusion is generally accomplished using a multl-roll
stand system hav1ng three or more rolls.
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melt index from1 to 5. The |inear | ow density 25 pol yet hyl enes may

be derived fron1et%y|ene t oget her w th ot her higher conononers
such as hexene-1 o 35(6-2+)oct ene- 1. ' at D€ C?o_;pj: pol virer
conponent is a butene pol yner ) whi ch gay be R TARRREEY M

copolymer with mnor 30 anount s of connnoners ,

and/ or _ propyl ene. These butene pol yners typitcall s - SR

nmol ecul ar melght of at least 10,000 and a nelt index fron11 to 6,
usually from2 to 4. _ The three conponents of the conposition

are used 35 in arhl eRd WBuLEN mSnhermthal edind i Ndated tealts
' orientation temperature and first subjected to MD
orientation between two sets of nib rolls the second
rotating at a greater speed than the first in an
5 amount equal to the desired draw ratio. Then the £film
is TD oriented by heating and subjecting it to
transverse stretching in a tenter frame. Typically MD
orientation is conducted at 60° to 120°C and TD
orientation at 110° to 145°C. ' ,
10 The invention is illustrated by the following
Examples in which all parts are by weight unless
otherwise specified. .
' EXAMPLES 1-3
These examples used a heat seal blend comprised
15 of: i .
a random ethylene, propylene, butene-l1 terpolymer
with a weight ratio of 1.5 - 3% ethylene and 12 - 18%
butene-1l, a low density polyethylene (LDPE) with a
_ density of .92 and a melt index of 2.2, and a
- 20 - polybutene-i (PB) with a melt index of 4.
The amounts of the blend components were varied
as shown below:

Blend Component Terpolymer LDPE EB
Example 1 20 40 40
25 Example 2 40 20 40
Example 3 | 40 40 20

Two layer biaxially oriented films having final
thicknesses in the range of 0.4 to 5 mils were
; prepared by coextruding a primary HDPE layer
30 comprising 90% of the film thickness with the sealant
layer. The primary layer HDPE had a broad molecular
weight distribution and a density of 0.96 with a melt
index of about 1.
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-4 strength of 100 to 500 grans/inch (nmeasured with a
W apAi de at a seal tenperature of 170[err] to 250[err]F, at 20

psi and a dwel| t F+6505(6>x2%)seconds). The best results are
obt ai ned when the three conponents are in 5 ap '
with one another, i.e. with no nof @t han 50
total blend from one conponent. This inplies
wi || be present in an anount from 10 to 50 wel.glhiamseteceritt
usual ly 15 to 45, typically 20 to 40, weight percent 10 of the t ot al

l;la(ra(r:]ceint Qfs zggwgf b'?lhce)wg"lth%la?lq‘%s deﬁ P&Sﬁ&&r‘?&nt@?% %%%*’ance made up

of equal anpunts system. The films were then oriented 1.3 times in the
MD at about 115°C, and 10 times in the TD direction
115°-160°C in a tenter frame. '

5 The films were run on a horizontal wrapping
machine producing slugs of wrapped crackers. They
performed well in crimp sealing at the temperatures
shown below, providing seal strengths of 100-500 grams
per inch, with seals peeling open without tearing the

10 film.
Seal Temperature, °F WrapAide*, °F
Example 1 200~-300 170-240
Example 2 200-290 170-230
Exahple 3 200-280 : 180-230
5 %20 psi, 0.75 sec. dwell time

The WVTR in all cases was 0.18-0.22 g-mil/100 in%/24
hr at 1 atmosphere. '
4-6
_ These examples used a heat seal blend coﬁprised'
20 of: '
: a random ethylene-propylene copolymer containing
4 ~ 8% random ethylene, a low density polyethylene
(LDPE) with a density'of .92 and a melt index of 2.2,
and a polybutene-1 (PB) with a melt index of 2.

25 . The amounts of the blend components were varied
as shown below: _ _
Blend Component Copolymer LDPE PB
Example 4 20 40 40
Example 5 40 20 40
30 Example 6 40 40 20

A two layer biaxially oriented fllm hav1ng a
final thickness of 1.15 mils was prepared by
coextruding a primary HDPE layer comprising 90% of the
film thickness with the sealant layer. The primary

R
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of ‘the ‘other two conponents, give very favorable results. 15

Thus it is desir?@g;égzﬁ\t e three conponents conprise a bl end
of 10 to 50% of r om-copol ynmer of et hyl ene and propyl ene,
from10 to 50% of | ow density . pol §1hylene an : D% of
pol ybutene; or a bl end of 10 to 50% of a qnﬂpsHEETpMEWBEﬁN.ﬂ

et hyl ene, 20 propyl ene and butyl ene, from 10i{to SORERIIACEQW dengity
pol yet hyl ene and from 10 to 50% of pol ybutene; or a:— ~temdoT 30
to 50% of the random copol yner of ethyl ene and propyl ene, from 10

toI 38'% of | ow denwyet HDPE xTad d&a&rﬁmm@mwmrf fwheﬂgaﬁdamsae%laftion f
pol ybut ene; or a 25 nl end. o to .30% o e La opol ynmer o
et hyl ene and, &y %’!ﬁf%’%n"ef 4?%%1‘1’0“? o 3‘5%‘ flflgﬁ#dgrﬁnsﬁ't‘y
pol yet hyl ene and fromTe tfiG wireqreparen; inraathree roll Bitagdt of 30
to 50% of the ra(r)g:igg rp : Pr 9P¥k d
butylene, from1l 0 e%xg.% of ifhs wef%#l'a%?]g%%%xgg?get hyl e%@agngﬂf Fg% 10
to 30% & MD at about 115°C, and 10 times in the TD direction

115°~160°C in a tenter frame.

The films were run on a horizontal wrapping
machine producing slugs of wrapped crackers. They

performed well in crimp sealing at the temperatures

10 shown below, providing seal strengths of 100-500 grams
per inch, with seals peeling open without tearing the
- £ilm. o |
| Seal Temperature, °F WrapAide, °F#
Examplie 4 220-280 180-230
15 Example 5 220-270 180~-200
Example 6 ' 220-300 180-230

- * 20 psi, 0.75 sec. dwell time
The WVTR in all cases was 0.18-0.22 g-mil/100
in2/24 hr at 1 atmosphere.
20 EXAMPLES 7-9
These examples used a heat seal blend comprised
of:
a random ethylene, propylene, butene-1 terpolymer
with a weight ratio of 1 - 2% ethylene and 20 - 25%
25 butene~1, a linear low density polyethylene (tLDPE)
with a density of .92 and a melt index of 2.2, and a
polybutene-1 (PB) with a melt index of 4.
The amounts of the blend components were varied
as shown below: '

30 : Blend Component  Copolymer LLDPE PB
Example 7 - 20 40 40
Example 8 40 20 40
Example 9 40 40 20
Two layer biaxially oriented films having final
35 thicknesses in the range of 0.4-5 mils were prepared

4This Sheet Has Been Rerlaoec




pol'ybutene; or a blend of 10 to 30% of the random t er pol ynmer of

et-hyl ene, propyl ene and butylene, from 30 to 50% of | ow density
pol yet hyl ene and RO  yo-4) 30% of pol ybutene; or a blend of 10 to
30% of. the 35 random t er pol ymer of et yLene, prs | ene,

- 5- from10 to 30% of | ow densiTy pol yet hj

by coextruding a primary HDPE layer comprising 90% of
‘the film thickness with the sealant layer. The
primary layer HDPE had a broad molecular weight
distribution and a density of 0.96 with a melt index

-5 of 2. _

The films were prepared in a three roll stack
system. The films were then oriented 1.3 times in the
MD at about 115 C, and 10 times in the TD direction
115°-160°C in a tenter frame.

10 The films were run on a horizontal wrapping
machine producing slugs of wrapped crackers. They'
performed well in crimp sealing at the temperatures
shown below, providing seal strengths of 100-500 grams
per inch, with seals peeling open without tearing the

15 film.
' Seal Temperature, °F -WrapAide*, °F
Example 7 230-280 180-240
Exampie 8 200-270 180-220
Example 9. 230-300 190-240
20 * WrapAide 20 psi, 0.75 sec. dwell time '

The WVTR in all cases was 0.18-0.22 g~-mil/100
in2/24 hr at 1 atmosphere.
EXAMPIES 10-11
These examples used a heat seal blend comprised
25 of:
| _ a random ethylene, propylene, butene-1 terpoiymer
with a weight ratio of 1.5 - 3% ethYlene and 12 - 18%
butene-1, a low density polyethylene (LDPE) with a
density of .92 and a melt index of 2.2, and a
30 polybutene~1 (PB) with a melt index of 4.
The amounts of the blend components were varied
as shown below: |

Blend Component Copolymer LLDPE PB
Example 10 60 20 20
35 Example 11 | 40 .0 a0
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to '50%'of pol ybut ene. The pol yner conponents of all three
groups may - contain stabilizers to mnimze oxidative and thernal
5. degr adat i #6596 (@9l14)as ot her additives to achigye ot he
functionality including static reduction, ease THIS SHEETE4AS BEEN 4nd
ink receptivity. Silicone oil may ~12s added, €. 9. i RERPACBD S frgm
0.2 to 2 weight percent to inprove slip chara s+ ' '
of 10 processi ng; pol ydi net hyl sil oxane is preferred for this

pur pose. Wax, preferably Fischer-Tropsch or m crocrystal line wax,

may be added to the bl S ,i_n P Vi I Yhd © t 10
wei ght percent for %%% laYF%gP&ﬁé&aﬁ&ﬁQﬁyggﬂgﬁéuéigi%fﬁh : é ffHQfThe
heat seal conposi thicknessessof dm MDRErhnges of 0.4-5 mids #erewve been
biaxially oriente Vinde 9% rudi ﬁﬁ%q%ﬁﬂﬁﬁygti s well as
ot her characteris?ﬁ%ga%%%bhge iy lgpéadggira e 1 n pac af?hg films. The
seal blends may Ccomprisinge993e@fofhendidm ghirknans with Haesealpre
films. s layer. The primary layer HDPE had a broad molecular
weight distribution and a density of 0.96 with a melt

index of 1.
' The films were prepared in a three roll stack
system. The films were then oriented 1.3 times in the
10 MD at about 115°C, and 10 times in the TD direction
115°-160°C in a tenter frame.
The WVTR in all cases was 0.18-0.22 g-mil/100
in2/24 hr at 1 atmosphere. '
The films were run on a horizontal wrapping
15 machine producing slugs of wrapped crackers. The
films of Example 10 performed well in crimp sealing .
temperatures of 200-210°F (170-190 on the WrapAide at.
20 psi, 0.75 sec. dwell time), providing seal
g strengths of 100 ~ 400 g./in but the temperature range
20 ~ is too narrow for commercial opqratioh (2 minimum 30°F
range, and preferably 40°F, is desired for commercial
cperation). At higher seal temperatures above 220°F,
seal strength increased to values of 400 - 1,000 grams
per inch, and the base film tore when the packages
25 were opened. '
The films of Example 11 performed well at crimp
sealing temperatures of 200-210°F (170-190 on the '
WrapAide at 20 psi,'0.75 sec. dwell time), providing
seal strengths of 100 - 400 g./in but the temperature
30 range is too narrow for commercial operation. At
higher seal temperatures, seal strength ihcreased to
values of 400 - 900 grams per inch, and the base film
tore when the packages were opened.
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20° - * Where the base filmis HDPE, the base filmis

preferably biaxially oriented to a defornmation ratio : froml.1:1to
2:1, usually fronpleg9stedeay: 1, in the ' machi ne direction (M),
and- to a defnrnnfunn ratln : fron16:l to 12:1 in the transverse

irec ms, prefedddly not HaFHISESHERTHHAK BEER | of
nor e ve reduced wat er vapor ftranspj
(WTR), inpro l!!w ﬂ H IILI"mE ot her physi cal - - REPRACED
b

?rF naLkegly better than films, even when the toté[
iI'mthickness is reduced 30 to |l ess than 1 or 2 mls. \Wen provided
with a bERRIMEheat - seal | ayer of the ethyl ene-propyl ene

random copol yners the fI|nB are particularly suited for use in
packagi ng, especi IIy

a wde variety of pack ;gé% gggggaﬂgéscomﬁglflnﬁklu zlnlQ:Prtlca form "

fill and seal layer having a heat sealable layer on at least
one side which, on heat seallng, forms a seal
5 which is separable at the original seal surface
without film tear, or by delamination of the
sealant matérial from the base ;ayer.

2. A film structure according to claim 1 in which
the heat sealable layer has a seal strength of
10 " 100 to 500 grams per inch (170° to 250°F seal
' temperature, 20 psi, 0.75 séc. dwell time).

3. A film structure according to claim 1 or 2 in
which the heat sealable layer comprises a ternary
blend of:

15 a) a random copolymer of ethylene and propylene
and/or a random terpoclymer of ethylene,
propylene and butylene; and

b) low density polyethylene; and
c) peolybutene,

- 20 there being no less than 10 wt%, and no more than
50 wt$%, of ariy one component a), b) or c) present
in the blend, the weight percentage being by
weight of the total blend.

4. A film structure according to claim 3 in which
25 _ one of the components a), b) or c) is present in
the blend in an amount from 30 to 50 wt%, the
other two components each being present in the
blend in an amount from 10 to 30 wt%, the weight
percentage being by weight of the total blend.

iThis Sheet Has Been Rerlacet




(VFES) "and hi gh speed horizontal w apping nmachi nes. , These
biaxially oriented filns are nade using a maj or proportion of a
hi gh density ponBtﬁ?BﬁﬁéyéﬂbPE) having a d ' gast
0.96. The .i.m can—be—5 ._conposed excl usivel y |EEJIHA31@§EN
HDPE resi ns, ~3#~of HDPH_cont BEHLA@EDa m ng

resin, a m

proportion Bg& ﬂ!’lﬁgﬂ!ﬂﬂz pol yners. These hi gh

pol yet hyl enes a nelt index from
5. A film structure eccording to claim 3 or 4 in

which the random copolymer of ethylene and
propylene has a propylene content from 75 to 85

weight percent.

5 6. A film structure according to any one of claims
| 3, 4 or 5 in which the random copolymer of
ethylene and propylene has a random ethylene
content from 2 to 10 weight percent

7. A film structure according to claim 3 or 4 in
10 which random terpolymer of ethylene, propylene
and butylene has a random eihylene content from 1
to 5 weight percent and a random butylene content
from 10 to 25 weight percent.

8. A film structure according to any one of claims 3
15 to 7 in which component a) has a melt flow rate
from S to 10 with a density of 0.9 and a melting
point from 115° to 135°C.

9. A film structure according to any one of claims 3
to 8 in which the low density polyethylene
20 component comprises a linear low density
polyethylene.

10. A film structure according_tc any preceding claim
wherein the base layer comprises high density
polyethylene (HDPE).

25 11. A film structure according to claim 10 wherein
the HDPE has a density of at least 0.96.

his Sheet Has Been Replacec




-

0.5t6°10, usually from0.7 to 2. The mixture of HDPE 10 resins
gi ves better processing characteristics in the ext ruder by
reduci ng extruder torEe&S95(69it)mde with ' a bl end of HDPE resins

reduce Sp|IEL%DE§E_QL_LIELILL311 whi ch mani fests ' .
tendency of The filmto ' break in the~¥®directi :ﬁ@]ﬁ‘ T HAS BEEN
operation on rm“mu“ﬁﬂlﬂﬁﬂu form fill and seal (VFFS}_nacht ED

The bl ends of n conprise two or nore pol yners a

of which preferabfy havt densities of at |east 0.96. Blends of

HDPE pol yners va e I rise_a.nyj rtinon. o E
20 having a ke | i et eESrA:BY £h, BLAB" 16°1n"bniidR
‘pol ynmers having a differentherdidse nkayer comprises an HDEEbbdeund pivéwocar
found particularly desiraG.e polymers é%ﬁﬁagfewﬁfg lﬁggsagﬁaﬂﬁikbyof at

conprise. 50 to 98 wei ght 5@ cent, prefera
percent of HDPE 25 IeasthP P@lensity of at Ieast 0.96 and a nelt
i ndex of greater than 0.5 to 2; 1 to 25 wei ght percent,
5 13. A film structure according to claim 12 in which

the HDPE blend comprises a major proportion of
HDPE having a melt index of 0.5 to 10.

14. A film structure according to claim 12 or 13 in
which the HDPE blend comprises a terblend of:
10 i) 50 to 98 weight percent of HDPE having a
density of at least 0.96 and a melt index
greater than 0.5 to about 2; :

ii) 1 to 25 weight percent of HDPE having a

density of at least 0.96 and a melt index
15 from 0.1 to 0.5;

iii) 1 to 25 weight percent of HDPE having a
density of at least 0.96 and a melt index
greater than 2 to 8, the weight percentage
being by weight of the total HDPE blend.

20 15. A film structure according to any one of claims .
10 to 14 wherein the base layer is oriented in
the solid state to a deformation ratio from 1.1:1
to 2:1 in the machine direction, and to a '

_ deformation ratio from 6:1 to 12:1 in the

25 transverse direction.

16. A heat seal composition for oriented films which
comprises a blend of components a), b) and c) as
defined in claim 3 or 4.

17. Use of a composition defined in claim 16 for
30 ' .~ forming heat seals in biaxially oriented f£ilm
structures comprising high density polyethylene.
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T




preferéblva to 8 wekght percent of HDPE having a density of ‘at

| east 0..96 and a nelt index of 0.1 to. 0.5; and 1t et

percent, preferably 3 to 8 30 wei ght _percent, of HDPE -1ﬂ&E§ﬂENT'SHEET

density of at |east ' 0.96 and a nelt” index of greater [han Z 10 B
1273 00IL996

Preferably, the second and B%é%ﬂgggﬁﬁﬂﬂﬂiiﬁﬁiiﬂ&giﬁgT c FT
conponents are present in a - :

This invention relatgs'to heat sealabl

thermoplastic films.
- Thermoplastic films for use in packaging

5 . applications are typically provided with a heat-seal
coating to allow the filns to be heat sealed to
themselves. Some heat seal coatings are, however, so
aggressive that attempting to unseal a packaged film
tends to destroy the package. With films that are

10 unoriented or oriented to unbalanced'extent, during
separation of a sealed region, the films will tend to
tear in the direction of least orientation. An ideal
heat sealable film, therefore, is one which permits
effective heat sealing of the £film to itself while

15 also permitting the seal to be easily peeled apart
without destroying the film.

It is an object of the present invention to
provide such a heat-sealable film, which film when
heat-sealed is readily peeled apart at the heat seal.

20 There has now been discovered a film structure
which can be heat~sealed effectively and yet unsealed
by hand-force when desired. The film comprises a
thermoplastic base layer cocated . with a ternary blend
comprising a random ethylene-propylene polymer, a

- 25 butene polymer and a low density polyethylene polymer. .

When the film is sealed to itself, the seal opens by
separation at the original seal surface without film
tear, or by delamination of the sealant material from
the £ilm substrate without the formation of strands of

30 sealant extending between substrate surfaces.

The contemplated base layers include polyethylene
films, polypropylene films, polyester films such as
polyethylene terephthalate films, and polyamide films.
Polyethylehe will be employed as exemplary of the

35 contemplated films. While a high density polyethylene
(HDPE) film will be used, it is also understood that,




Thé heat seal |ayer can be applied to the HDPE basepg s "}%gm——ﬁﬁv

convent i onal manner, for exanple, by coating or coepi
before orientation or by coating thg_HDPE after ong
the biaxial 5 orientation operations.

of this invention can include ot her pol yner |ayers
the heat seal | ayer, for exanpl e, polymers having.
properties for gases such as oxygen. 10

degree of orientatican dendileyf imedium densityf ovineart hewddsimstd '
properties, as well_.as =f agte I CS.
For exanpl e, polyethyienes & gg%%¥%$%%3g?%§€gfi8%§ %??h %gtklcéﬁess
of 1.4 to 4 Miceomding Howecthe cepesent iwrentioni| theobase film
inferr]/24 hr - 1 3 r&fldﬁi@%ﬂ?%%sgegi %&yé‘@e{rﬁiéh comprises®a

sonewhat heavi er 'S needed in
a bl own HDPE fil m%ﬂ@reﬂ:m%\ﬁéw% Gepgenents which are formulated to

ensure that each component is present in an amount
which effectively interferes with the seal strength
development of any other single component: a
controlled seal strength is generated by the

10 interaction of the three components, resulting in a
heat seal which is strong enough to provide an
adequate seal which can, however, be peeled apart
without tearing the base film. Seal strengths of 100
to 500 grams per inch which permit ready peel-apart

15 separation can be obtained with seal temperatures in
the'range of about 170° to about 250°F (measured with
a WrapAide Crimp Sealer run at 20 psi, 0.75 second
dwell time). In commercial operation, sealing may be
successfully achieved over a wide range of

20 temperatures suitable for commercial equipment while
retaining the desired peel separation characteristics.

The sealant blends are composed of at least one
component from each of the three groups (A, B, C)
below.

25 The Group A polymeric component is a random
ethylene-propylene copeolymer. This may be derived
from ethylene and one or more co-monomers. The
proﬁylene content of these random copolymers is
typically from 70 to 85 weight percent, more usually

30 from 75 to 85 percent, with the balance of ethylene
and any other comonomers such as butylene. Suitable
copoclymers of this type are random copolymers of
ethylene and propylene or random terpolymers of
ethylene, propylene and butylene. Preferred

35 copoclymers of this type include the following:



W/TR. The benefits of reduced WTR are due to the - q.§ﬁﬂ§ﬂ;s
obt ai ned by biaxial orientation bel ow the 20 H P i '

Al t hough hi gher density HDPE . ' resi nahaving ensity of at ljegst
0. 957 can be nade : directly into thin filnms by] c390 JBKI199&i dn,
pr obl ens of curling, uniformty, flatness and hi gh WTR renpin
as obstacles. Accordingly, thin HDPE filns of 0.8 to R% =5—mrts
havi ng the best bal ance of properties, partijcularly for VFFS
applications, are obtagprgishéipropylene toballgneed eomtadhinegra entxa
films prepared from f% ns avingBa cast gauge of_ yZﬁx)%a mils
reduced to welght RetFeRY HANARRLSBYLEREat Fof: The i T -FH m 30
gauge wi || typi cagpéycént nethyberet han about 2.5 mls. The

When the. heat " seal abl o T3y erhEckEbp lehdioucylene rANBLETaRpRI RS
the HDPB film casentaining 1lext? usedmhtspgraens| kandomorhydiene usihg a
milti-roll 35 5 Gbaghk SYSEEMEANAAGchNbEEYEnED! €The! bfounts of the
random ethylene and butylene components in these
copolymers are typically in the range of 10 to 25
percent total (ethylene plus butylene). Typical
10 terpolymers of this type include those with about 1 -
5 percent ethylene and 10 -~ 25 percent butylene.
These'copolymers typically have a melt flow rate
in the range of about S5 to 10 with a density of about
0.9 and a melting point in the range of about 115° to
15 about 130°C. '
- The Group B polymer component comprises a low
density polyethylene. This may be a linear low
density polyethylene (LLDPE) or a non-linear
polyethylene. These polymers typically have a melt
20 ' index of 1 to 5. The low density polyethylenes should
have a density of 0.88 to 0.93 while the linear
materials may have a density as high as 0.94, usually
in the range 0.90 - 0.94, e.g. 0.918 or 0.921, with a
_ melt index from 1 to 5. The linear low density
.25 _ polyethylenes may be derived from ethylene together
with other higher comonomers such as hexene-l1 or
octene-1. '
The Group C polymer compeonent is a butene polymer
which may be a homopolymer or copolymer with minor
30 amounts of comonomers such as ethylene and/or
propylene. These butene polymers typically have a
molecular weight of at least 10,000 and a melt index -
from 1 to 6, usually from 2 to 4.
The three components of the composition are used
35 _ in a blend which is formulated to provide a seal



- 82 In the usual manner the filmis; ?ﬂﬂHEN SHEET
orlentatlon tenperature and first subjected to MD ﬁE?LA t'nntag§on
bet ween two sets of nip rolls the second —4- rojalin ey
speed than the first in an 5 anmount equal to {hg &%@ U@dﬁ@g
ratio. Then the film is TD oriented by hea{ipg and subj ecti np
to
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strength of 100 to 500 grams/inch (measured'with a
WrapAide at a seal temperature of 170° to 250°F, at 20
psi and a dwell time of 0.75 seconds). The best
results are obtained when the three components are in
approximate balance with one another, i.e. with no
more than 50 weight percent of the total blend from
one component. This implies that each component will
be present in an amount from 10 to 50 weight percent,
usually 15 to 45, typically 20 to 40, weight percent
of the total blend. As shown below, blends which
contain about 20 weight percent of one of the three
components with the balance made up of equal amounts
of the other two components, give very favorable
results.

Thus it is desirable that the three components
comprise a blend of 10 to 50% of a random copolymer of
ethYlene and propylene, from 10 to 50% of low density
polyethylene and from 10 to 50% of polybutene; or a
blend of 10 to 50% of a random terpolymer of ethylene,
propylene and butylene, from 10 to 50% of low density
polyethylene and from 10 to 50% of polybutene; or a
blend of 30 to 50% of the random copoclymer of ethylene
and propylene, from 10 to 30% of low density
pelyethylene and from 10 to 30% of polybutene; or a
blend of 10 to 30% of the'random copolymer of ethylene
and propylene, from 10 to 30% of low density
polyethylene and from 30 to 50% of polybutene; or a
blend of 30 to 50% of the random terpoclymer of
ethylene, propylene and butyiene, from 10 to 30% of
low density polyethylene and from 10 to 30% of
polybutene: or a blend of 10 to 30% of the random
terpolymer of ethylene, propylene and butylene, from
30 to 50% of low density polyethylene and from 10 to

30% of polybutene; or a blend of 10 to 30% of the

random terpolymer of ethylene, propylene and butylene,

it



transverse. stretching in a tenter frame. Typically ation
I's conducted at 60[err] to 120[err]C and TD : lfﬁﬁmﬂﬂfg$ﬁﬁgf
110[err] to 145[err]C 10 . The imygention Jig-illustrated Ry |t he
fol | owi ng Exanpl es in which all parts are |y Mlﬂg.lﬂﬂl.dmées<

ot herwi se specifi ed. EXAMPLES 1-3

These exanpl es used a heat seal blend conprised 15 of .

a random et hyl ene, propyl ene, butene-1 terpolyner wi th a weijght

ratio of 1.5 - BWEEbhyneneoaa@%lbf-lba%density polyetmeldne sandvwExmmsi oy

pol yet hyl ene (LDP h egdensity of .92 and a nelt index of
2.2, and a 20 & @b% Butg Xfufﬁg) 'wWith a nelt index of 4.

The anounts of the bI eﬁ‘uewnémm sompeaengsi @f all three groupsurarl ow
Bl end Conponent contzéﬁeéﬁﬁbiﬁﬁ&ers tbPREnimizePBxidative arfel WY Analy

20 5 40 degradation, as well as other additives to achieve
| other functionality including static reduction, ease
of processing, and ink receptivity. - Silicone oil may
be added, e.g. in amounts from 0.2 to 2 weight percent
to improve slip characteristics and ease of

10 processing; polydimethylsiloxane is preferred for this
purpose. Wax, preferably Fischer-Tropsch or
microcrystalline wax, may be added to the blends in an
amount typically up to about 10 weight percent for
improved WVTR performance.

15 The heat seal compositions are used on HDPE films
which have been biaxially oriented to provide good
WVTR properties as well as other characteristics which
are desirable in packaging films. The seal blends may
be used on one or both sides of the base HDPE films.

- 20 Where the base film is HDPE, the base film is
preferably biaxially oriented to a deformation ratio
from 1.1:1 to 2:1, usually from 1.25:1 to 2:1, in the
machine direction (MD), and to a deformation ratio
from 6:1 to 12:1 in the transverse direction (TD).

25 These films, preferably not having a thickness of more
than 2.5 mils, have reduced water vapor transmission
iWVTR), improved dead-~fold, and other physical
properties which are markedly better.than blown HDPE
films, even when the total film thickness is reduced

30 to less than 1 or 2 mils. When provided with a
blended heat-seal layer of the ethylene-propylene
random copolymers the films are particularly suited
for use in packaging, especially of dry foodstuffs.
The films may be used in a wide variety of packaging

35 equipment including vertical form, £fill and seal



25° Exanmpl e 2 40 2 Qe ' : :
Exanpl e- 3 40 40 20 |REPLACEMENT § | ayer

biaxially oriented films having final -~ Lhicknksses in the range of

0.4 to5 mls were prepared by coextrudi ng}al prg gL 1996E | ayer

conprising 90% of the filmthickness with the seal afpt

primary | ayer HDPE had a broad nol ecul ar ght—drstTTbut | op and

a density of 0.96 with a nelt i ndex of abqut 1
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(VFFS) and high speed horizontal wrapping machines.

These biaxially oriented films are made using a
major proportion of a high density polyethylene (HDPE)
having a density of at least 0.96. The film can be
composed exclusively of a single HDPE resin, a mixture
of HDPE resins, or of HDPE containing a minor
proportion of other resource polymers. These high
density polyethylenes typically have a melt index from
0.5 to 10, usually from 0.7 to 2. The mixture of HDPE
resins gives better processing characteristics in the
extruder by reducing extruder torque. Films made with
a blend of HDPE resins reduce splittiness of the film
which manifests itself as the tendency of the film to
break in the TD direction during operation on
vertical, form, fill and seal (VFFS) machinery.

The blends of HDPE polymers can comprise two or
more polymers all of which preferably have densities
of at least 0.96. Blends of HDPE polymers
advantageously comprise a major proportion of HDPE
having a melt index of 0.5 to 6 and one or more
polymers having a different melt index.

Terblends have been found particularly desirable.
Suitable terblends generally comprise 50 to 98 weight
percent, preferably 84 to 96 weight percent of HDPE
having a density of at least 0.96 and a melt index of
greater than 0.5 to 2; 1 to 25 weight percent,
preferably 3 to 8 weighé percent of HDPE having a
density of at least 0.96 and a melt index of 0.1 to
0.5; and 1 to 25 weight percent, preferably 3 to 8
weight percent, of HDPE having a density of at least
0.96 and a melt index of greater than 2 to 8.
Preferably, the second and third HDPE polymers which
are minor components are present in about equal

amounts.

30

| aypr! The



The filnms were prepared in a three roll stack 135 '
were then oriented 1.3 tines in the MD at abo 10
times in the TD direction . 115[err]=160[err]C-ijn fa tenter framg.
5 The filnms were run on a horizontal w appin 30 JUL 19%&ch
produci ng slugs of wapped crackers. They perflorjmed well in cr
sealing at the tenperatures shown bel ow, providi Mg sear streng
of 100-500 grans per inch, with seals peeling ppen wthout
tearing the 10 théheat seal layer can be appliedSeasd theseneg ure,

E?BE£ZO mraijde*biéggﬁlgmzin any cog%gggkggégzggnner, for é¥§k§¥é§zﬁm
Exampl e 3 coating20P- @8é8xtrusion beforeld@izi®tation or by 20 psi
0.75 sec. dwel| téggting the HDPE after one or both of the biaxial
5 orientation operations.
The base films of this invention can include
other polymer layers in addition to the heat seal
layer, for example, polymers having barrier properties

for gases such as oxygen. _
10 The proper degree of orientation in the film

,_,_._.
=~ = 3
wo 0

provides the desired physical properties, as well as
good WVTR and dead-fold characteristics. For example,
it has been determined that films with a thickness of
1.4 to 4 mils will have acceptable WVTR (g-mil/100

15 in2/24 hr - 1 atm) of less than about 0.2/mil whereas
a somewhat heavier gauge (at least 1.5 times thicker)
'is needed in a blown HDPE film to achieve the same
WVTR. The benefits of reduced WVTR are due to the
improvements obtained by biaxial orientation below the

20 HDPE melting point. Although higher density HDPE
resin having a denéity of at least 0.957 can be made
directly into thin films by cast extrusion, problems
of curling, uniformity, flatness and high WVTR remain
as obstacles. Accordingly, thin HDPE films of 0.8 to

25 1.5 mils having the best balance of properties,
particularly for VFFS applications, are obtained with
imbalanced biaxially oriented films prepared from
films having a cast gauge of 12 to 20 mils reduced to

. the desired gauge by orientation. The final film

30 gauge will typically be not more than about 2.5 mils. .

The films may be produced and oriented in the

conventional manner. When the heat sealable layer is
present on one or both sides of the HDPE film, cast
extrusion is generally accomplished using a multi-roll

35 stand system having three or more rolls.



The WITR i-n al | cases was 0.18-0.22 g-nil/100 in[er ' rlat 1
at nosphere. EXAMPLES |4 ACENE%“?SHEET

These exanpl es used a heat seal .blend conprisgd 20 - of : .

a random et hyl ene- propyl ene copol yner contai ni ng 30 JUL 1896 r gndom
ethylene, a | ow density pol yethyl ene (LDPEP Wi th a density df .92
and a nelt index of 2.2, and a pol ybutene-{1 TPB) with a nelt

i ndex of 2. 25 The amounts of the bl end iconponents were vdried

as shown bel ow In éh@n@ls@mﬁmér the rifRpokyABAted to KBBE

PB Exa
Exanpl e 5 m)r.tentat;i@,n temperaturgxpnd f1r§5 §ngected E?aHBIe 6

40 _ 40 orien®#tion between two /sétw® bfymipbreilsl theoskeshdd
25221?33:28 g pmlﬁﬁgf¥%§é;% y% conpr|5|ndé§é€hg% ?ﬁ$ﬁ§lp§€p§hegnby
5 amount equal to the desired draw ratio. Then the film
is TD oriented by heating and subjecting it to
transverse stretching in a tenter frame. Typically MD
~ orientation is conducted at 60° to 120°C and TD
orientation at 110° to 145°C. ' _
10 The invention is illustrated by the following
Examples in which all parts are by weight unless
otherwise specified{

EXAMPLES 1-3
These examples used a heat seal blend comprised
15 of: |
a fandom ethylene, propylene, butene-l terpolymef
with a weight ratio of 1.5 - 3% ethylene and 12 - 18%
butene-~1, a low density polyethylene (LDPE)} with a
density of .92 and a melt index of 2.2, and a
20 pelybutene~l (PB) with a melt index of 4. .
The amounts of the blend components were varied

as shown below:

Blend Component Terpolvmer LDPE PB
Example 1 20 40 40
25 Example 2 ' 40 20 40
Example 3 40 40 20

Two layer biaxially oriented films having final
thicknesses in the range of 0.4 to 5 mils were
prepared by coextruding a primary HDPE layer _

30 comprising 90% of the film thickness with the sealant
layer. The primary layer HDPE had a broad molecular
weight distribution and a density of 0.96 with a melt
index of about 1.



firn1tﬁickness with the seal ant. | ayer. The primary

| ayer HDPE had a broad nol ecul a REBL@GENEQQQS #I on
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and ‘a density of 0.96 with a nmelt index of 1. The fil wer e
prepared in a three roll stack sysTém THe fi g meJYENEI& hgn
oriented 1.3 tinmes in the 5 MD at about 115 grr]C, and 10 tlirfes in
the TD direction
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The films were prepared in a three roll stack
system. The films were then oriented 1.3 times in the
MD at about 115°C, and 10 times in the TD direction
115°-160°C in a tenter frame.

The films were run on a horizontal wrapping
machine producing slugs of wrapped crackers. They
performed well in crimp sealing at the temperatures
shown below, providing seal strengths of 100-500 grams
per inch, with seals peeling open without tearing the
film.

' Seal Temperature, °F WrapAide*, °F

Example 1 200-300 170-240
Example 2 200-290 170-230
Example 3 200-280 180-230

*20 psi, 0.75 sec. dwell time
The WVTR in all cases was 0.18-0.22 g-mil/100 in%/24
hr at 1 atmosphere.
EXAMPLES 4-6

These examples used a heat seal blend comprised
of:

a random ethylene-propylene copolymer containing
4 - 8% random ethylene, a low density polyethylene
(LDPE) with a density of .92 and a melt index of 2.2,
and a polybutene-l (PB) with a melt index of 2.

The amounts of the blend components were varied
as shown below:

Blend Component Copelymer LDPE PB

Example 4 : 20 40 40
Example 5 40 20 40
Example 6 40 40 20

A two layer biaxially oriented film having a
final thickness of 1.15 mils was prepared by
coextruding a primary HDPE layer comprising 90% of the
film thickness with the sealant layer. The primary



115[er}]-

160[err]Cin a tenter frane.

DL ar-y eRET e run on
a horizontal wapping machi ne produci ne 'ii&ﬂ“&dlmlﬁu”
crackers. They performed wel | in_gplng gealing at the :
tenperatures 10 shown bel ow, providing sdal| s80afigl 1896 |1¢0- 500
gr ans per |nch Wi th seals peeling opgnw thout tearingithe
film Seal Tenperatyre, [erT]F WapA de,
[err] F* Exanpl e 4 220-1280 180- 230 15
Exanpl e 5 layer HDPEXad 74 broad molecul8®- ﬁ@@ght distribwtddel € 6

220- 300 180: 230. t
The WTR in al | ARbS GRIHLER-HF B-3F n‘ﬁ}%loﬁ helt'2n % ﬁ%\,\ﬁr’] / 2l4mﬁr

at nosphere. 20 The films were preparEKA&ﬁLEStﬁree roll stack
These exanpl es u @e&eat,rgga% ﬂxy\giﬁ? ﬁegrlented 1. 3Oft1mes in the
a random et hyl ene,” propyl ene,

5 MD at about 115° C, and 10 tlmes in the TD direction
115°~160°C in a tenter frame. _

The films were run on a horizontal wrapping
machine producing slugs of wrapped crackers. They
performed well in crimp sealing at the temperatures
shown below, providing seal strengths of 100~500 grams
per inch, with seals peeling open without tearing the

film.

at 1

10

WrapAide, °F*
180-230
180-200
180-~230

Seal Temperature, °F
220-280

220-270
220-300
dwell time

Example 4
15 Example 5
Example 6
* 20 psi, 0.75 sec.
The WVTR in all cases was 0.18-0.22 g-mil/100
in2/24 hr at 1 atmosphere.
| EXAMPLES 7-9

These examples used a heat seal blend comprised

20

of:

a random ethylene, propylene, butene-1 terpolymer
with a weight ratio of 1 - 2% ethylene and 20 - 25%
a linear low density polyethylene (LLDPE)
with a density of .92 and a melt index of 2.2, and a
polybutene-1 (PB) with a melt index of 4.

The amounts of the blend components were. varied

25 butene-1,

as shown below:

Blend Component
Example 7

30 ILL.DPE

40

EB
40

Copolymer
20
40 20 40
Example 9 40 40 20
Two layer biaxially oriented films having final
thicknesses in the range of 0.4-5 mils were prepared

Example 8

35



with a weight ratio of 1 - 2%ethylene and 20 - 25 RETIL, a

| i near | ow density polyethyl.ene (LLDPE) W ME'I\ETUSH]EF.FJZ and
a nelt.-index of 2.2, and a - pol ybutgre-1 (B \MtthLr§§ nflex of
4. The amounts of the bl end conmponentls i é

as shown bel ow. 30 Bl end Conponent Copoliyner E

PB - Exanple 7 20 ' 40 40

Exanpl e 8 _ 40 20 40 —Exarpte-9

40 40 Dby co€®truding a prlmarTmHDPEyéaybmannmpkysmngn&&&idflns
having final 35  ene effyCkRESRASsE Wibf £RAIBEANAeh13yll.S W Prepared

primary layer HDPE had a broad molecular weight
distribution and a density of 0.96 with a melt index
5 of 2.
The films were prepared in a three roll stack
system. The films were then oriented 1.3 times in the
MD at about 115°C, and 10 times in the TD direction
115*-160°C in a tenter frame.

10 The films were run on a horizontal wrapping
machine producing slugs of wrapped crackers. They
performed well in crimp sealing at the temperatures
shown below,'providing seal strengths of 100-500 grams
per inch, with seals peeling open without tearing the

15 film.
Seal Temperature, °F WrapAide*, °F
Example 7 230-280 180~-240
Example 8 - 200-270 180-220
Example 9 230-300 190-240
20 * WrapAide 20 psi, 0.75 sec. dwell time

The WVTR in all cases was 0.18-0.22 g~mil/100
in2/24 hr at 1 atmosphere.
EXAMPLES 10-~11
These examples used a heat seal blend comprised
25 of:. .
_ a random ethylene, propylene, butene-l terpolymer
with a weight ratioc of 1.5 - 3% ethylene and 12 -~ 18%
butene-1, a low density polyethylene (LDPE) with a
density of .92 and a melt index of 2.2, and a
30 poelybutene~1 (PB) with a melt index of 4.
The amounts of the blend components were varied

as shown below:

Blend Component Copolymer LLDPE PB
Example 10 60 20 . 20

35 Example 11 40 0 40
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the fil.mthicknes
had a broad nol ec
with a nmelt index
a three roll stac
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115[err]-160[err]

'by_coextruding a primary HDPE | ayer—corps+sStre—2 of
s with the sealant layer. The. REPLAC Nﬂﬁﬁf@ﬂﬁi br HDPE
ul ar wei ght . di stribution F—auenst Ty 0. 96

5 of 2. =12=  THe |fi repar ed in
' e% o#ﬁgn § 3 ti
t
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Kk system The filns wereg ed 3.3 tinmes
MD at about 115[err]C, and 10 ti ngs lLn theFb-gi+dctli on
Cin atenter frame. 10 The filnms were rjun on

a horizontal w apping &nyﬁfng’g'%%égﬁlgn g%ﬁ&i'??ﬁ?@%%l

crackers. They
t enper at ur es
gr ans

10

15

20

25

30

thickzmlssm ol dw, teoradgey O§eaﬂ &£t emglihswﬂre 100- 500
prepared by coextruding a primary HDPE layer
comprising 90% of the film thickness with the sealant
layer. The primary layer HDPE had a broad molecular
weight distribution and a density of 0.96 with a melt
index of 1.

The films were prepared in a three roll stack
system. The films were then orlented 1.3 times in the
MD at about 115°C, and 10 times in the TD direction
115°*-160'C in a tenter frame.

The WVTR in all cases was 0. 18-0 22 g-mll/loo
in /24 hr at 1 atmosphere.

The films were run on a horizontal wrapping
machine producing slugs of wrapped crackers. The
films of Example 10 performed well in crimp sealing
temperatures of 200-210°F (170-190 on the WrapAide at
20 psi, 0.75 sec. dwell time), providing seal
strengths of 100 - 400 g./in but the temperature range
is too narrow for commercial operation (a minimum 30°F
range, and preferably 40°F, is desired for commercial
operation). At higher seal temperatures above 220°F,
seal strength increased to values of 400 - 1,000 grams
per inch, and the base film tore when the packages
were opened. - |

The films of Example 11 performed well at crimp
sealing temperatures of 200-210°'F (170-190 on the
WrapAide at 20 psi, 0.75 sec. dwell time), providing
seal strengths of 100 - 400 g./in but the temperature
range is too narrow for commercial operation. At
higher seal temperaturés, seal strength increased to
values of 400 - 900 grams per inch, and the base film
tore when the packages were opened.



per |nch W th seal s peeling open w thout tearlng t he 15 film =

SeaT‘TéﬁﬁérarUTE“‘rerr]F err]F P Exaanle [

230- ﬁ 0= nple 8 Rl e
T30 ﬁi' G “30- 300]. 20
_cases was 0.18-0. 22 g L L] m— |n[err]/24 )
“EXAMPLES 10-11 These exanpl es used a}h '
conprised 25 . a random et hyl ¢ '
but ene- 1 terpolymﬁLﬁiﬁg& with a weight ratio of : ] egk and
12 - 18% butene-1, a | ow density polyethyréne (LDPt) wth a
density. of".92 and a | t f?ﬁb éﬁ# B)
with a nelt |ndexqbf 4. fliﬁkg&éﬁCéhég THUNT S oft?ﬁpﬁé¥2%%€g§n%8%§nt
were varied layer having a heat sealable layer on at least
one side which, on heat sealing, forms a seal
5 which is separable at the original seal surface

without film tear, or by delamination of the
- sealant material from the base layer.

2. A film striucture according to claim 1 in which
. the heat sealable layer has a seal strength of
10 100 to 500 grams per inch (170° to 250°F seal
temperature, 20 psi, 0.75 séc. dwell time).

3. A film structure according to claim 1 or 2 in
which the heat sealable layer comprises a ternary
blend of: '

15 a) a random copolymer of ethylene and propylene
and/or a random terpolymer of ethylene,
propylene and butylene; and

b) low density'pclyethylene: and
c) peclybutene, |

20 'there being no less than 10 wt%, and no more than
50 wt%, of any one component a), b) or c) present
in the blend, the weight percentage being by
weight of the total blend.

4., A film structure according to claim 3 in which
25 one of the components a), b) or c) is present in
the blend in an amount from 30 to 50 wt%, the
other two components each being present in the
blend in an amount from 10 to 30 wt%, the weight
percentage being by weight of the total blend.
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as shown bel ow

'f : | Bl end Conponent LLDCE
PB . - Exanple_10 60 REP] ACEMEIWID SHEET
PE q

10

15

20

25

5.

10.

11.
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A film structure according to claim 3 oFf Z Im
which the random copolymer of ethylene and
propylene has a propylene content from 75 to 85

. weight percent.

A film structure according to any one of claims
3, 4 or 5 in which the random copolymer of
ethylene and propylene has a random ethylene

~content from 2 to 10 weight pefcent.

A film structure according to claim 3 or 4 in

- which random terpolymer of ethylene, propylene

and butylene has a random ethylene content from 1
to 5 weight percent and a random butylene content
from 10 to 25 weight percent.

A film structure according to any one of claims 3
to 7 in which component a) has a melt flow rate
from 5 to 10 with a density of 0.9 and a melting
point from 115° to 135°C. -

A film structure according to any one of claims 3
to 8 in which the low density polyethylene
component comprises a linear low density
polyethylene.

A film structure according to any preceding claim
wherein the base layer comprises high density
polyethylene (HDPE).

A film structure according teo claim 10 wherein
the HDPE has a density of at least 0.96.

heet Has Been Replacec
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hefilmthickness with the sealant - 5 | ayer. |T Tayer

broad nDIecuIar . melght di stri butito ty of
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pre roll .1{ EET HAS B gﬂstem The f}i llas
oriented 1 3 tinmes in the} REPLACKD at dbout 115[err]C and 10 tlnes I n
%Ee TD direct:Fn 115[err] 160[err]C in a tenter—frame:

e WTR in all cases was 0.18-0.22 -n1|/10 err]l24 hr. at 1
at mospher e. 12. A fadms SEFR AGFFR %9 %é |“ﬁl
machi ne produci ng sl ugs othyraaaadlayaekebmpriﬁus an HDPE brandmoﬁftwo or

Exanpl e 10 performed well in cri S r f
200-210[err] F (170-190 on™PRE ng’ﬂﬁ S{;%h of wn‘“’bé‘aﬁrgsofa YD of 3
time), providing seal least 0s®Bengths of 100 - 400 g./in but the

t enperature range 20 Is too narrow for commercial operation (a
m ni mum 30[err] F
5

13. A film structure according to claim 12 in which
the HDPE blend comprises a major proportion of
HDPE having a melt index of 0.5 to 10.

14. A film structure according to claim 12 or 13 in
which the HDPE blend comprises a terblend of:
10 i) 50 to 98 weight percent of HDPE having a
density of at least 0.56 and a melt index
greater than 0.5 to about 2;

ii) 1 to 25 weight percent of HDPE having a

density of at least 0.96 and a melt index
15 from 0.1 to 0.5;

iii) 1 to 25 weight percent of HDPE having a
density of at least 0.96 and a melt index
greater than 2 to 8, the weight percentage
being by weight of the total HDPE blend.

20 15. A film structure according to any one of claims
10 to 14 wherein the base layer is oriented in
the solid state to a deformation ratio from 1.1:1
to 2:1 in the machine direction, and to a
deformation ratio from 6:1 to 12:1 in the

25 transverse direction.

16. A heat seal composition for oriented films which
comprises a blend of components a), b) and c) as
defined in claim 3 or 4.

17. Use of a composition defined in claim 16 for
30 ~ forming heat seals in biaxially oriented film
structures comprising high density polyethylene.

1This Sheet Has Been Rerlacec -
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raﬁge,hand‘preferably 40[err]F, is desired for H“TLSHEET |
seal

operatidn). At higher seal tenperatures above

strength increased to values of 400 - 1,000 grang : pef i nch, and
the base filmtore when the packages 25 wer & ORIE1996

The films of Exanple 11 perforned well at crinmpif . seal§ n

t enperatures of 200-210F (170-190 on the WapArde at 2P psi, 0.75
sec. dwell tinme), providing seal strengths of 100 - 400 g./in but
the tenperature 30 I angeaT SSEREABEE ' SHERROPEREFRECFETMEPET ati on. Al
hi gher seal tenperatures, seal strength ipncreased to val ues of
400 - 900 granms per inch, and the base f | RRSIRACT tore when the

packages were opened.
A base thermoplastic film has a coextruded or

coated heat seal layer formed from a polymer blend

5 which provides good peel-apart heat seals. When the
film is sealed to itself, the seal opens by separation
‘at the original seal surface without f£ilm tear, or by
delamination of the sealant material from the primary
HDPE film substrate without the formation of strands

10 extending between the two base film. The heat seal
layer which may be on one or both sides of the base
layer comprises a ternary blend of a random
ethylene-propylene copolymer, a butene polymer and a
low density polyethylene. _

15 The films are cast, and oriented in the solid
state up to about two times in the machine direction
and six times or more in the transverse direction. to
give films having good dead-fold and water vapor
transmission rate characteristics making them highly

20 suited for packaging, particularly for dry foods.
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conpr|5|ng a thernpp _ jr "having a heat

on at | east one S|o»ﬂr“ s": keal i ngr1fterns a s¢al
separable at the ofi ce without filmteqr,
del am nation-of tH el Gt Eri=e fromthe base |ay r, -
seal abl e | ayer - conprises a ternary blend of: ) a random

copol ymer of ethylene and propyl ene and/ or a random: S —terpotyT
of ethyl ene, propysene Enflilmtstznetuzadaccording to claim 3 or 4 in

which the random copolymer of ethylene and
propylene has a propylene content from 75 to 85
weight percent. -

6. A film structure according to any one of claims
"3, 4 or 5 in vwhich the random copolymer of
ethylene and propylene has a random ethylene
content from 2 to 10 weight percent.

7. A film structure according to_elaim 3 or 4 in
which random terpolymer of ethylene, propylene
and butylene has a random ethylene content from 1
to 5 weight percent and a random butylene content
from 10 to 25 weight percent.

8. A film structure according to any one of claims 3
to 7 in which component a) has a melt flow rate
from 5 to 10 with a density of 0.9 and a melting
point from 115° to ias:c.

é. A film structure according to any one of claims 3
to 8 in which the low density polyethylene
component comprises a linear low density
polyethylene. '

10. A film structure according to any'precediné claim
wherein ‘the base layer comprises high density

polyethylene (HDPE).

11. A film structure according to claim 10 wherein
the HDPE has a density of at least 0.96.

* ¢ L M s *
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14.

15.
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17.
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"'LAGEE' A f|In1structure aqcording to clgdimp 1l
a seal strerfgt! 0
to 250[err]F seal" tenperature 20 psi, 0.'5
A filmstructure according a|n1 of 2
10 in whlch

the base layer comprises an HDPE blend of two or
more polymers each of which has a density of at
least 0.96. < ‘

A film structure according to claim 12 in which
the HDPE blend comprises a major proportion of

'HDPE having a melt index of 0.5 to 10.

A film structure according to claim 12 or 13 in

which the HDPE blend comprises a terblend of:

i) 50 to 98 weight percent of HDPE having a
density of at least 0.56 and a melt index
greater than 0.5 to abeut 2;

ii) 1 to 25 weight percent of HDPE having a
density of at least 0.96 and a melt index
from 0.1 to 0.5; '

iii) 1 to 25 weight percent of HDPE having a
density of at least 0.96 and a melt index
greater than 2 to 8, the weight percentage
being by weight of the total HDPE blend.

A film structure according to any one of claims
10 to 14 wherein the base layer is oriented in
the solid state to a deformation ratio from 1.1:1

to 2:1 in the machine direction, and to a

deformation ratio from 6:1 to 12:1 in the
transverse direction.

A heat seal composition for oriented films which
compriseé a blend of components a), b) and c) as
defined in claim 3 or 4.

Use of a composition defined in claim 16 for
forming heat seals in biaxially-oriented film
structures comprising high density polyethylene.
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a) \b) or- c) S present in the bl IILro_mSOto 50 wt% the
B o comapents-eecn org zﬁgﬂé'!ﬂﬂ'"“!@”ﬂ'?ﬂm g el i

4, A figmstrug claim1, 2 or 3 i C-mt-grf
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CLAIMS

1. A film structure comprising a thermoplastic base layer having a heat
sealable layer on at least one side which, on heat sealing, forms a seal
which is separable at the original seal surface without film' tear, or by
delamination of the sealant material from the base layer, wherein the heat
sealable layer comprises a ternary blend of:

a) a random copolymer of ethylene and propylene and/or a random
terpolymer of ethylene, propylene and butylene; and

b) low density polyethylene; and
) polybutene,

there being no less than 10 wt%, and no more than 50 wt%, of any one
component a), b) or c) present in the blend, the weight percentage being
by weight of the total blend.

2. A film structure according to claim 1 in which the heat sealable layer has
a sedl strength of 100 to 500 grams per inch (1700 to 2500F seal
temperature, 20 psi, 0.75 sec. dwell time).

3. A film structure according to claim 1 or 2 in which one of the components
), b) or c) is present in the blend in an amount from 30 to 50 wt%, the
other two components each being present in the blend in an amount from
10 to 30 wt%, the weight percen.tage'.being by weight of the total blend.

4, A film structure according to claim 1, 2 or 3 in which the random
- copolymer of ethylene and propylene has a propylene content from 75 to

- 85 weight percent.
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percent and a random butyTl ene content f1 om 10 to 25 Lght =r
7. A fi] mstructure according to any one of cl ai 1t06|n WhICh
conponent a) has a nelt flowrate from5 to
and a nel tj 6g A filmptucturd aczordidd @ ary oookrlaims3l, 2, 3 Arf4| inrwlsch ¢het ur e
accor ding to any ra)r{]d%n? fcoﬁc';l%ner 0 etﬁyleng an&hpropyltene has a random ethylene
content from 2 to 10 weight percent. |
6. A film structure according to claim 1, 2 or 3 in which random*terpOIYmer
of ethylene, propylene and butylene has a random ethylene content from 1
to 5 weight percent and a random butylene content from 10 to 25 weight
percent.
7. A film structure according to any one of claims 1 to 6 in which component
a) has a melt flow rate from 5 to 10 with a density of 0.9 and a melting
point from 1150 to 13OOC
8. ‘A film structure according to any one of claims 1 to 7 in which the low
density polyethylene component comprises a linear low density
polyethylene.
9. A film structure according to any preceding claim wherein the base layer
comprises high density polyethylene (I_-IDPE).
10. A film structure according to claim 9 wherein the HDPE has a dens1ty of
at least 0.96.
11. | A film structure according to claim 9 in Which the base layer comprises an
HDPE blend of two or more polymers each of which has a dens1ty of at
least 0.96.
12. Afilm structufe according to claim 11 in which the HDPE blend cdmprises
a major proportion of HDPE having a melt index of 0.5 to 10.
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12.
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Afilm:

comprises a terblend of:
and a melt index greater than 0.5 to 2;

and a melt inde_x from 0.1 to 0.5;

by weight of the total HDPE blend.

transverse direction.

components a), b)and c) as defined in claim 1 to 3.
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oriented film structures comprising high density polyethylene.

according to claim 11l in which the HDPE bTend conprises
13. A film structure according to claim 11 or 12 in which the HDPE blend

i) 50 to 98 weight percent of HDPE having a density of at least 0.96
it) 1 to 25 weight percenf of HDPE having a density of at least 0.96

iii) 1 to 25 weight percent of HDPE having a density of at least 0.96
and a melt index greater than 2 to 8, the weight percentage being

14. A film structure according to any one of claims 9 to 13 wherein the base
layer is oriented in the solid state to a deformation ratio from 1.1:1 to 2:1

in the machine direction, and to a deformation ratio form 6:1 to 12:1 in the
15. A heat seal composition for oriented films which comprises a blend of

16.  Use of a composition defined in claim 15 for forming heat seals in biaxially



a aj or propor'tlon o6f HDPE having a melt index of 0.5 to 10.
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A film 'strucﬁlre comprising a thermoplastic base layér having a heat ’

sealable layer on at least one side which, on heat sealmg, forms a seal
which is separable at the ongmal seal surface without film tear, or by

- delamination of the sealant material from the base: layer, wherein the heat’

sealable layer compnses a ternary blend of:

a) a random'copolymer of ethylene and propylene and/or a random
terpolymer of ethylene, propylene and butylene; and . "

b)  low density polyethylene; and
c) polybutene,

there being no less than 10 wt%, and no more than 50 wt%, of any one

' component a), b) or C) present in the blend, the wexght percentage bemg

by weight of the total blend.

A film structure according to claim 1 in which the heat sealable layer has

"a seal strength of 100 to 500 grams per inch (1700 to 2500F seal
. temperature, 20 psi, 0.75 sec. dwell ﬁme).

A film structure according to claim 1 or 2 in which one of the components

a), b) or c) is present in the blend in an amount from 30 to S0 wt%, the
other two components each being present in the blend in an amount from
10 to 30 wt%, the weight percentage being by weight of the total blend.

A film énucture according to claim 1, 2 or 3 in which the random

copolymer of ethylene and propylene has a propylene content from 75 to

85 weight percent.



i)l -1 to 25 wei ght percent of HDPE havi’ ng a.- dens—tﬁmﬁg Lt 0. 96

and a neft index from0.1 to 0.5: |||)ﬁ percent of
HDPE having a density of at |east 0.96 and a nelt {i ndex
greater. than 2 LﬂumlllllrmmﬁI|HPMIpercent age bei c?AUEE"I998 Ry lwei ght of
the total HDPE fil msltlaucture ccording to any dne of
claims 9 o 13 wher&in" tHe Basé i ayer is prieptet—rThe solid state
to a deforjmation ratio. from1.1:1 to 2:1 ' n the machi ne_dirkction,
andtoacegormatl ﬁlratloform61to 12:1 jn the — transverse

di recti on. ﬁ%@é&@‘@&ﬁ)’@ﬂl% qfcﬁ‘”@ﬁllergt Sdor 4 fimvhigh e

conprises fa bl enf’arﬁi)m copolymer of ethylene and propylene has a random ethylene
1 content from 2 to 10 welght percent

6. A film Structure according to claim 1, 2 or 3 in which random terpolyrner :
of ethylene, propylene and butylene has a random _ethylene content from 1
to 5 weight percent and a random butylene content from 10 to 25 weight

percent. -

7. A film structure according to any one of claitns 1 to 6 in which-component
a) has a melt flow rate from 5 to 10 with a den51ty of 0. 9 and a melting
pomt from 1150 to 1300C.

8. A film etmcmre according to any one of claims 1 to 7 in which the low
density _'polyethylene component comprises a linear low density

polyethylene.

9. A film structure according to any preceding claim wherein the base layer |
comprises high density polyethylene (HDPE).-

10. A film structure according to claim 9 wherein the HDPE has a densxty of
~ at least 0.96. ' '

'11. A film structure according to claim 9 in which the base layer comprises an
HDPE blend of two or more polymers each of whxch has a denstty of at
least 0.96.

‘12 Afim stmcture according to claim 11 in which the HDPE blend comprises
~ .a major proportion of HDPE having a melt index of 0.5 to 10.
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A film structure according to clalm 11 or 12 in whlch the HDPE blend

compnses a terblend of:

D 50 098 weight percent of HDPE having a density of at least 0:96

and a melt index greater than 0.5 to 2;

i)  1to 25 welght percent of HDPE havmg a dens1ty of at least 0.96
andameltmdexfromOltoOS

iii) 11025 weight percent of HDPE having a density of at east 0.96
and a melt index greater than 2 to 8, the weight percentage being
by wexght of the total HDPE blend.

A film structure according to 'any one of claims 9 to 13 wherein the base
layer is oriented in the solid state to a deformation ratio from 1.1:1 to 2:1
in the ma(:_hine direction, and to a deformation ratio form 6:1 to 12:1 in the

transverse direction.

A heat seal composition for oriented films which comprises a blend of
components a), b) and c) as defined in claim 1 to 3.

Use of a composition defined in claim 15 for forming heat seals in biaxially
oriented film structures comprising high density polyethylene.
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HEAT SEALABLE THERMOPLASTIC FIIMS
ABSTRACT

A base thermoplastic film has a coextruded or
coated heat seal layer formed from a polymer blend

‘which provides good peel-apart heat seals. When the

film is sealed to itself, the seal opens by separation
at the original seal surface without film tear, or by
delamination of the sealant material from the primary
HDPE film substrate without the formation of strands
extending between the two base film. The heat seal
layer which may be on one or both sides of the base
layer comprises a ternary blend of a random
ethYlene-propylene copolymef, a butene polymer and a
low density polyethylene.

The films are cast, and oriented in the solid
state up to about two times in the machine direction
and six times or more in the transverse direction to
give films having good dead-fold and water vapor

- transmission rate characteristics making them highly

suited for packaging, particularly for dry foods.
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