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(54) Title: FILMS USEFUL IN THE MODIFIED ATMOSPHERE PACKAGING OF PERISHABLE FOOD

(57) Abstract

‘The subject invention pertains to a film structure suitable for the packaging of perishable food, comprising at least one film layer which
in tum comprises a blend of at least cne homogencous linear or substantially linear ethylene polymer and at least one polypropylene polymer,
wherein the film structure is characterized as having a 2 percent secant modulus which is at least 8 percent greater than a comparable film
structure. prepared without the polypropylene polymer, an oxygen transmission rate of at least 700 ccat STP)-mil/100 in.2-day-atm (0.027
ce~(at STP}-cmiem2-day-MPa) at 25 °C. The inventive flm structures exhibit an optimized balance of properties, making them especially
useful in modified atmosphere packages for perishable goods. The inventive films are particularly suited for the packaging of fresh fruits,
vegetables, and other perishable items which would benefit from controlled access to environmental oxygen,
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FILMS USEFUL IN THE MODIFIED ATMOSPHERE PACKAGING OF PERISHABLE FOOD

This invention relates 1o means for packaging perishable food. In
particular, this invention relates to means for packaging perishable food in a modified
atmosphere package. More particularly, this invenion reiates 1o packaging food with a
modifted atmosphere package having at least one film laver comprising a blend of a
homogeneous linear or substantially linear cthylene polymer and a polypropvienc
homopalymer or copolymer.

In the modern distribution and marketing of food products, a multitude of
different packaging materials are used. One principal category of food packaging
materials is plastic film. Many kinds of plastic film exist, which differ both in
composition and structure, with some being tailored to specific applications and with
others are more generic in nature,

Different types of produce packaging are illustrated in the following
exampies. Bulk carrots sold in bunches directly from a shipping crate are considered to be
“unpackaged" although it is recognized that they must be contained in seme type of box or
crate for shipment. Lettuce that is loosely wrapped in a protective film would be
considered to be to be minimally packaged because, although some degree of protection is
provided by the wrap, the package can breathe freely and the lettuce can be contaminated
fairly easily. A miixture of cleaned and ready-to-eat iceberg lettuce, carrots, and cabbage
in a sealed bag is an example of fresh-cut produce contained in 2 modified atmosphere
package.

Modified atmosphere packaging Systerns are packaging sys ems which
maintain an environment surrounding the perishable item which slows spoilage. Many
bulk-produce items that have historically been shipped and sold unpackage: or minimally
packaged can benefit from proper containment in a modified atmosphere package.
Modified atmosphere packaging films serve to extend shelf-life, and thus reduce the
amount of discarded produce, improve quality by slowing produce aging and by reducing
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exposure to bacteria, and promoting convenience to the consumer due to the availability of
high quality pre-cut produce.

Modified atmesphere packaging works to extend the life of fresh-cut
produce by reducing the respiration rate and associated aging of the produce. After
produce is picked it continues to live and breathe, or respire. During this time the produce
consumes oxygen and gives off carbon dioxide. This is the opposite of photosynthesis,
during which plants consume carbon dioxide and give off oxygen. One reaction, of many.,
that occurs during the respiration process is the conversion of gluense and oxygen to water

and carbon dioxide:
CHL,0,+60, ==> 6 H,0 +6 CO, + 686 kcal

To reduce the respiration rate of the produce, one can reduce the
concentration of oxygen in the package and/or increase the concentration of carbon
dioxide in the package. When the fresh-cut produce is exposed 1o an environment in
which the oxygen concentration has been reduced, the respiration and aging of the produce
is also reduced. This extends the usable shelf-life of the produce and improves the quality
of the produce. However, while the oxygen concentration in the package should be
reduced, it should not be eliminated, as such would iead to anacrobic respiration and rapid
spoilage. For this reason, high barrier packages, which prevent most transmission of
oxygen and other gases, are generally not suitable for long term packaging of living fresh-
cut produce. Packages designed with selective barrier properties that effectively control
oxygen transmission rates and the resuiting oxygen concentration inside the package are
the essence of modified atmosphere packaging used for fresh-cut produce.

Increased carbon dioxide concentration may also reduce the respiration rate
of the produce. For certain foods carbon dioxide also inhibits the growth of certain
microorganisms. Carbon dioxide acts as a fungicide for strawberries, for example. Some
types of produce arc sensitive to high concentrations of carbon dioxide, however. For
example, iceberg lettuce may discolor if the carbon dioxide concentration exceeds about
2.5 percent.

In addition to oxygen and carban dioxide concentration, there are many
other factors that determine the rate at which the produce respires, for instance,
temperature, the age and condition of the produce, water content, and ethylene
concentration in the environment. In the case of temperature, many types of produce are
stored at or below 40°F (4°C) to slow respiration and therefore slow aging. However,
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care must be taken not 1o cxpose the produce to temperatures that are below the
temperature at which the produce will undergo irreversible damage.

In addition to food preservation properties, film and package fabricators, as
well as the ultimate consumers, impose additional requirements. From the perspective of
the fabricator, the packaging film must have the physical properties necessary for good
machinability during the packaging pracess and good package integrity during distribution
and display to prevent disruption of the modified amosphere, A key property for good
machinability is sufficient stiffness or modulus. Key properties for good package integrity

are good heat seal performance and high tear, puncture. and Impact resistance.

From the perspective of the consumer, cxeeptionally good optical
properties in a packaging film are essential 1o cnable the consumer to visually inspect
packaged produce before purchasing it.  Further. higher modulus films are easier to
fabricate into packages, and have greater appeal to the consumer than flimsy, soft
packages.

While modified atmosphere packages are currently employed in the
packaging of fresh-cut produce, none exhibits an optimal balance of the requisite
performance attributes. Common plastics (for instance, oriented polypropylene,
polystyrene, polyester), which meet optics and modulus criteria, have poor oxygen
permeability rates, heat seal performance, and tear resistance. Gther plastics which meet
optics, permeability, and heat seal performance requirements, such as 18 percent
vinyl/acetate ethylene vinyl acetate copolymers, have poor machinability and low tear
resistance. Stili other plastics which meet permeability rate, machinability, heat seal and
tear resistance have insufficient optical properties (e.g., heterogeneous linear ethylene
polymers, often referred to as ultralow density polyethylene (ULDPE) and vcfy low
density polyethylene(VLDPE})).

In this regard, U.S. Patent No. 5,139,855 discloses a streich wrap which
comprises a core layer and cthylene/vinyl acetate skin layers. The core layer is a blend of
5 1o 30 weight percent polypropylene and 70 to 95 weight percent of what the patent refers
1o as “VLDPE”. U.S. Patent No. 5,139,855 does not purport to obtain oxygen
transmissive films. Moreover, the fils disclosed Jack the excellent optical properties
which are criticat for packaging fresh-cut produce and other perishable foods,

U.S. Patent No. 5,389,448 discloses a mutltilayer packaging film having
improved burn-through resistance, which is attributable to a film layer comprising from 20
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1o 80 weight percent polypropylenc (preferably 40 or 60 weight percent polypropylene)
and 80 to 20 weight percent of what the patent refers to as “VLDPE”, Preferably, the
VLDPE will have an 1, of no more than 0.15 g/10 min. One preferred polypropylene is
described as having a melt flow rate (ASTM D 1238, Condition 230/2.16) of from 0.6 to
0.8 ¢/ 10 min. Again, the films disclosed lack the excellent optical properties which are
critical for packaging fresh-cut produce and other perishable foods.

High modulus polymers, such as polypropylene and styrene-butadicne
copolymers provide stiffness, but even as thin layers in coextrusions they do not provide
the high transmission rates obtainable with films made of polyolefin resins, such as high
percent viny| acetate ethylenc-viny! acetatc copolymers {EVA) or homogencous linear or
substantially lincar ethylene polymers. These high-stiffness polymers also have low tear
resistance and poor sealability.

To improve machinability and heat scal performance, designers have used
coextrusions which often decrease permeability rates of the film, as the Jower permeability
layer serves as a barrier. To increase permeability, designers have sometimes perforated
films of high modulus materials. However, perforated films do not have sufficient
selectivity to distinguish between oxygen and carbon dioxide molecules, Accordingly,
perforated films sacrifice the excellent carbon dioxide/oxygen transmission ratio available
with nonperforated films, since oxygen and carbon dioxide molecules transmit thraugh the
holes at closer to equal rates. Moreover, perforated films raise concerns regarding
sanitation. An additional drawback to such processes is that the fabrication technology
for coextruded films and/or laminated films and for perforation technology is relatively
sophisticated, increasing the capital investment required to enter the film fabrication
business.

In many fresh cut produce packaging applications, films must meet
minimum requirements in terms of optics, sealability, modulus and abuse resistance.
Additionally, oxygen transmission requirements must be met which vary for different
types of produce. With current technologies, lower-than-desired-modulus films are often
used to achieve critical transmission rates for high respiring produce, and lower modulus
means poorer performance on form/fill/seal equipment and poorer consumer appeal.
Uniess costly and often undesirable perforation techniques are used, current technologies
provide a limited level of oxygen transmission at any given modulus and a limited
modulus at any given oxygen transmission rate. For instance, using currently available
technology, 1o obtain oxygen transmission rates greater than 1000 cc{at standard
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temperature and pressure (STP))-mil/100in*-day-atm (0.04 cc (at STP)-cm/em’-day-MPa)
requires the use of film having a modulus which is insufficient to be preferred for use in
vertical fornv/fili/seal applications (uniess often undesirable perforation techniques are
employed). Such low modulus films are disadvantageous for use in vertical formy/fill/seal
machines, as they tend to bunch up around the forming collar or other parts of such
machines, resulting in deformed or improperly sealed packages. Such low modulus films
have limited consumer appeal, due to their flimsy nature.

Industry would find great advantage in a modified atmosphere package
which exhibits good oxygen transmission. high modulus. and good optical properties.
Industry would (ind particularly great advantage ina modilicd amasphere package which
further exhibils pood heat seal performance and high tear. puncture, and impact

resistance.

Accordingly, the subject invention provides a film siructure suitable for
the form/fitl/seal packaging of perishable food, characterized as comprising at least

one film layer which in turn comprises a blend of:

(a) from 70 to 95 weight percent of at least one homogeneous linear or

substantially linear ethylene polymer having:
(i) adensity of from 0.8% 0 0.90 g/em3
(i) amolecular weight distribution, M /M, < 3

(i)  asingle melting peak, as determined by differential scanning
calorimetry, and

(iv)  amelt index, I, of rom 0.5 10 6.0 p/10 minutes; and

(b)  from 5 to 30 weight percent of at least one polypropylene polymer which is a
homopolymer or copolymer comprising from 93 o 100 weight percent
propylene and G to 7 weight percent ethylene, and having a melt flow rate of
6.0 to 25 /10 min.; and
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(c}  optionally, one or more additives selected from the group consisting of slip,
antiblock, polymer processing aid, antifog, antistat, and rolt release, which, in
total, are present in the blend in an amount less than 10 weight percent;

wherein the film structure is characterized as having a 2 percent secant
modulus which is at least 8 percent greater than a comparable film structure prepared
without component (b}, and an oxygen transmission rate of at icast 700 cc(at STP)-
mi}/100 in’-day-atm (2.7 cc (at STP)-cm/cm’-day-MPa) at 25°C, and

wherein the film exhibits at least 25 percent greater oxygen transmission
rate than a fiim of a homogencous Enear or substantially tinear ethylene polvmer

which has the same 2 percent secant modulus as the biend of (2) and (b).

The films of the invention allow for higher modulus at higher oxygen
transmission rates, while maintaining acceptable optics, sealability, and abuse
resistance. Further, while the films of the invention may include coextruded and/or
laminated films, very good performance is obtained by aless expensive monolayer
construction.

Figure 1 is a plot of oxygen transmission rate versus 2 percent secant
modulus for film structures comprising various substantially linear ethylene polymers
(SLEP’s), various heterogeneous linear ethylene polymers, various ethylene vinyl acetate
copolymers, and two blends which form film structures of the invention.

Unless indicated otherwise, the following testing procedures are to
be eraployed:

Density is measured in accordance with ASTM D-792. The samples
are annealed at ambient conditions for 24 hours before the measurement 15 taken,

Gradient density is measured in accordance with ASTM D-1505.
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Melt index (12), {measured in the case of the homogeneous linear or
substantially linear ethylene polymers) is measured in accordance with ASTM D-
1238, condition 190°C/2.16 kg (formally known as "Condition (E)}").

Melt flow rate (measured in the case of the polypropylenc polymers)
is measured in accordance with ASTM D-1238, condition 230°C/2.16 kg {formally
known as "Condition (L)").

Molecular weight is determined using gel permeation
chromatography (GPC) on a Waters 150°C high temperature chromatographic uait
equipped with three mixed porosity columns (Palymer Laboratories 103, 104, 105,
and 106), operating at a system temperature of 140°C. The solventis 1,2 4-
trichlorobenzene, from which 0.3 percent by weight solutions of the samples are
prepared for injection, The flow rate is 1.0 mL/min. and the injection size is 100

microliters.

The molecular weight determination is deduced by using narrow
meolecular weight distributien polystyrene standards (from Polymer Laboratories) in
conjunction with their elution volumes. The equivalent polyethylene molecular
weights are determined by using appropriate Mark-Houwink coefficients for
polyethylene and polystyrene (as described by Williams and Word in Journal of
Polymer Science, Polymer Letters, Vol. 6, (621) 1968} to derive the following

equation:

M )b.

—n*
polyethylene a (Mpolystyren

In this equation, a = 0.4316 and b = 1.0. Weight average molecular weight,
M. is calculated in the usual manner according to the following formuta: Mw =%
wi* Mi’ where w; and Mi are the weight fraction and molecular weight,
respectively, of the ith fraction eluting from the GPC: column.

Harze is measured in accordance with ASTM D1003.
20° and 45° gloss are measured in accordance with ASTM D2457.

2 percent secant modulus is measured in accordance with ASTM D882,
When only a single value is reported (or is included in an appended claim), it refers to the
value in the machine direction. :

PCTMUSY7/18909 _
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Oxygen transmission rate is measured in accordance with ASTM D-3985-
81, using an actual oxygen concentration of ¥ percent in the test cell, and normalizing
transmission values 10 100 percent oxygen concentration.

Elmendorf tear (method B} is measured in accordance with ASTM D1922.

Film punciure values are abtained using an Instron tensiorneter equipped with a
strain cel] and an integrated digital display that provides Force determinations. A single
ply of the film having a thickness of 2 mils (0.05! mm) is mounted taut betwesn the two
halves ot'a circular holder constructed of aluminum ard machined to couple the halves
securely when they are joined together, The exposed film area when mounied in the
bolder is 4 inches (10.2 em) in dizmeter. The holder is then affixed o the upper stationary
jaw of the tensiometer. To the lower Jaw of the tensiometer which is set to traverse
upwardly, a hemispherical aluminum probe having a 12.5 mm diameter is affixed. The
probe is aligned to raverse upwards through the cemter of the mounted film at
deformation rate of 250 mp/min. The {orce required o ruptere the film is taken (tom the
digital display and divided by the film thickness and the diameter of the probe ta provide
puncture resisuance in kg-cm/cc.

Dart impact (A, B) is measured in accordarnce with ASTM D-1709.

The homogenecus linear or substantally linear ethylene polymer preferably

has a melt index (T;) of from 1t0 3 g/10 min. and the polyprepylene polymer
preferably has a melt flow rate of 8 to 15 g/10 min.

The blerd preferably comprises 85 to 90 weight percent of the polymer {a)
and from 10to 15 weight percent of the polymer (b).

Preferred modified atmosphere packaging films of the invention wili
comprise al least one film layer, which in tum compeiges a blend of from 80 10 95 wejght
percent of homegeneous linear or substantially linear ethylene/z-olefin interpolymer

taving 2 density of ffom 0.89 to 0.9C g/om’ and amelt index (T,) of from 0.5 1o 6.0 g/10

min., with from 5 to 20 weight percent of a polypropylene palynter which is a
polypropylene homepelymer or a copolymer of polypropylene with up to 7 weight percent
ethylene, which palypropylene polymer has 2 mek flow zate of 6.0 1o 25 g/10 min.

AMENGED SHEET
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In particularty preferred embodiments, the filin will comprise at least one
film layer, which in tun comprises a blend of from 80 to 90 weight percent, more
preferably from 3510 90 weight percent of homogeneous linear O substantially line:r
ethylene/-otefin interpolymer having a density of Jom 0.89 10 0.90 gfem’ and a melt

5 index (I of from 1.0 w0 3.0 g/10 min., with from 10 o 20, more preferably from 1 to
15 weight percent of & polypropylene polymer whichis a polypropylene homopolymer ot
a copelymer of propylene with up 10 7 wcightrpercent ethylene, which polypropylene
polymier has a melt flow rate of from 8.0 10 15.02/10 min.

1n each case, with respest o the homogeneous linear o substantially linear
ethylene/a-ole fin interpolymer wiil be an interpolymer of ethylene with at least one -0y,
a-olefin. Prefered of the CS'CZO q-olefins includs propene, isobutylene, i-butene, 1-
hexene, 4methyl-1-pentenc, and 1-octene, with C,-C, cu-alefins being most preferred.

These blends, when fabricated inta 2 mil (0.05 mm} blown films, will
preferably have the following performance properties, as determined by the test metheds

set forth above:

Hazz < 3 percant

20° and 45° Gless >80

2 percent secant moduius 10,000 (2 30,000 psi (70 to
200 MPa)

Oxyzen (raosmission rac > 700 ca-mil/ 100 in2-day-atm

) (2.7 ceem/eml day-MPa)

Elmezdorf ear {method B} >400¢

Puncmure > 150 {t-lb/ind
{130 em-kg/emd)

Dart Impact (A) > 6003

The film souctures of this invention which include an additive (¢) preferebly
gither have a haze of less than 8 percent or additive {c) increases the haze of the film
structure by no more than 10 haze units over that of a film structure prepared with
the blend which does not include the additive ().

MAENDED SHEET
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The film structures of this invention also preferably have an oxygen
wansmission cate of at Icast 1500 cc  at STP)-mil/160 in*-dav-am(3 8 ccfar STP)-
cmiem’-day-MPa).

‘The Alm strucnze of this invention alse preferably have a 2 percent secant
modutus of at least 8000 psi(55.2 Mpa).

By way of definition, as used herein, “interpolymer” means a palymer of
Lwo or more coronomers, for instance, a copolynier, terpolymer, or higher order polymer.

5 The homogeneous lincar or substantially linear polymer is an
ethylene polymer prepared using a single site calalyst. By the lerm homogenous, it
is meant that any comonomer is randomly distnbuted within a given interpalymer
molecule and substantially all of the {rerpolymer molecules have the same
ethylene/comonomer ratia within that imerﬁoly‘me?. The melting peak of

10 homogeneous linear and substantially linear ethylene polymers, as measured by
differential scanning caloumetry (DSC) will broaden as the density decreases and/or
ag the pumber aveTage mole_:cu.ia: weight decreases. However, unlike heterogenequs

-polyme:rs, when a homogeneous polymer has a melting peak greater than 115°C
{such as is the case of polymers having a density greater than 0.940 g/em3), such
13 polymar do not additionally have a distinct lower temperature melting pealc.

Further, the homogeneous linear or subsiantially iinear ethylere polymers
will lack a measurable high density fraction, as measured by Tamperature Rising
Elution Fractionation which is described in USF 5,089,321 [n particular, they will
not contain any polymer fraction that has a degree of branching less than ar equal to
20 2 methyl/1000 carbans.

The homogereous linear or substantially linear ethylene polymers are
characterized as having a namrow molecular weight diszibution (Mwan). For the
linear and substantially linear ethylene polymers, the Mwan is from 1.5 10 3.0,
preferably from 1.8 to 2.2,

AMENDED sicci
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The distribution of comonomer branches for the homogeneous linear and
substantialty linear ethylene polymers is characterized by its SCBDI (Short Chain
Branch Distribution Index) or CDBI (Composition Distribution Branch Index) and
is defined as the weight percent of the polymer molecules having a comonomer
content within 50 percent of the median total molar comonomer content. The CDBI
of a polymer is readily calculated from data obtained from techniques known in the
art, such as, for example, temperature rising elution fractionation (abbreviated
herein as "TREF") as described, for example, by Wild et al., Journal of Polymer
Science. Poly. Phys. Ed., Vol. 20, p. 441 (1982), ot in US Patent 4,798,081 The
SCBDI ar CDBI for the substantially linear polvmers useful in the film structures of

the present invention is preferably greater than about 50 percent, especially greater
than about 70 percent, more preferably greater than about 90 percent.

Homogencous fincar ethylenc/o-olefin interpolymers may be prepared
using polymerization processes {such as, is described by Elston in USP 3,645.992)
which provide 2 homogeneous short chain branching distribution. In his
polymerization process, Elston uses soluble vanadium catalyst systems to make
such polymers. However, others such as Mitsui Petrochemical Company and
Exxon Chemical Company have used so-called single site catalyst systems to make
polymers having a homogeneous linear structure. Homogeneous linear ethylene/a-
olefin interpolymers are currently available from Mitsui Petrochemical Company
under the tradename "Tafmer" and from Exxon Chemical Company under the
tradename "Exact”.

In contrast to homogeneous linear ethylene polymers (which have fewer
than 0.01 long chain branches per 1000 carbons), substantially linear ethylene
polymers are homogencous polymers having long chain branching. In particular, as
used herein, "substantially linear" means that the polymer-backbone is substituted
with 0.01 long-chain branches/1000 carbons to 3 long-chain branches/1000
carbons, preferably from 0.01 long-chain branches/1000 carbons {0 1 long-chain
branch/1000 carbons, and more preferably from 0.05 long-chain branches/1000
carbons to 1 long-chain branch/1000 carbons. Long-chain branching is her:
defined as a chain length of at least about 6 carbon atorms, above which the length
cannot be distinguished using 13C nuclear magnetic resonance spectroscopy. The
long chain branches have the same comonomer distribution as the polymer
backbone and can be as long as about the same length as the length of the polymer
backbone.
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The substantially linear ethylene polymers used in the construction of the
film structures of this invention are known, and they and their method of
preparation are fully described in U.8, Patent Nos. 5,272,236 and 5.278.272.

Methods for determining the amount of long chain branching present, both
qualitatively and quantitatively, are known in the art. For qualitative methods for
determination, see, U.S, Patent Nos. 5272,236 and 5,278,272, which disclose the
use of an apparent shear stress versus apparent shear rate plot 1o identify melt
fracture phenomena.

The "rheological processing index" (P1) is the apparent viscosity {in kpoise) of a
polymer measured by a gas extrusion rheometer (GER). The gas extrusion rheometer is
described by M. Shida, R N. Shroff and L.V. Cancio in Polymer Engineering Science,
Vol. 17, No. 11, p. 770 (1977), and in "Rheometers for Molten Plasties” by John Dealy,
publishied by Van Nostrand Reinhold Co. (1982) on pp. 97-99. GER experiments are
performed at a lemperamre of 190°C, at nitrogen pressures between 230 to 5500 psig
using about a 7.54 cm diameter, 20:1 L/D die with an entrance angle of 180°. For the
substantially linear ethylene polymers useful herein, the Pl is the apparent viscosity (in
kpoise) of a material measured by GER at an apparent shear siress of 2.15 x 106 dyne/em?
(0.215 MPa). The substantially linear ethylene polymers useful herein preferably have a
Pl in the range of about 0.01 kpoise to about 50 kpoise (0.05 kPa-sec), preferably about 15
kpoise (0.015 kPa-sec) or less. The substantially linear ethylene polymers”useful herein
have a P less than or equal to about 70 percent of the PI of a comparative linear ethylene
polymer (either a Ziegler polymerized polymer or a linear uniformly branched polymer as
described by Elston in US Patent 3,645,992) at the same 15 and M /M,

Substantially linear ethylene polymers will further be characterized as having a
resistance to melt fracture. An apparent shear stress versus apparent shear rate plot is used
to identify the melt fracture phenomena. According to Ramamurthy in the Journal of
Rheology, 30(2), 337-357, 1986, above a certain critical flow tate, the observed extrudate
irregularities may be broadly classified into two main types: surface melt fracture and
gross melt fracture.

Surface melt fracture occurs u wder apparently steady flow conditions and
ranges in detail from loss of specular film gloss to the more severe form of "sharkskin."
The onset of surface melt fracture (OSMF) is characterized at the beginning of losing
extrudate gloss at which the surface roughness of the extrudate can only be detected by 40
times magnification. The critical shear rate the onset of surface melt fracture for the
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substantially linear ethylene interpolymers and homopotymers is at least 50 percent
greater than the critical shear rate at the onset of surface melt fracture of a comparative
linear ethylene polymer (either a Ziegler polymerized polymer or a lincar uniformly
branched polymer as described by Elston in US Patent 3,645,992) having the same EZ and

MM,

Gross melt fracture occurs at unsteady exirusion flow conditions and ranges in
detail from regular (for instance, alternating rough and smooth or helical) to random
distortions. For commercial acceptability, (for instance, in blown films and bags
therefrom). surface defects should be minimal, if not absent. for good film quality and
propettics. The eritical shear stress at the onset of gross mell fracture for the substantially
linear ethylene polymers used in making the film structures of the present invention is
greater than about 4 x 106 dynes/cm?2 (0.4 MPa). The critical shear rate at the onset of
surface melt fracture (OSMF) and the onset of gross melt fraciure {OGMF) will be used
herein based on the changes of surface roughness and configurations of the extrudates
extruded by a GER.

For quantitative methods for determining the presence of long chain
branching, see, e.g., U.S. Patent Nos. 5,272,236 and 5,278,272; Randall (Rev.
Macromol. Chem. Phys., C29 (2&3), pages 285-297), which discusses the
measurement of long chain branching using “C nuclear magnetic resonance
spectroscopy, Zimm, G.H. and Stockmayer, W.H., J. Chem. Phys., 17, 1301 (1949);
and Rudin, A., Modern Methods of Polymer Characterization, John Wiley & Sons,

-New York (1991) pp. 103-112, which discuss the use of gel permeation
chromatography coupled with a low anple laser light seattering detector (GPC-
LALLS) and gel permeation chromatography coupled with a differential viscometer
detector (GPC-DV),

The substantially lincar ethylene polymers will be characterized as having
an 110/12 (ASTM D-1238), is greater than or equal to 5.63, and is preferably from about
6.5 10 15, more preferably from about 7 to 10. The molecular weight distribution
(Mw/Mn), measured by gel permeation chromatography (GPC), is defined by the
equation:

MM, S (/1) - 4.63,
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and is preferably between about 1.5 and 2.5. For the substantially linear ethyiene
polymers, the l1 O/I2 ratio indicates the degree of long-chain branching, that is, the larger
the I, o1 ratio, the more long-chain branching in the polymer.

Substantially linear ethylene polymers have a highty unexpeeted flow
property, where the L 0/12 value of the polymer is essentially independent of the
polydispersity index (that is, the Mwan) of the polymer. This is contrasted with
conventional linear homogencously branched and linear heterogeneously branched
polyethylene resins having rheological properties such that to increase the I, /I

10772
value the polydispersity index must also be increased.

The homogeneous linear or substantialty linecar ethylene polymer may be suitably
prepared using a constrained geometry metal complex, such as are disclosed in EP-A-
416.815; EP-A-514.828; as well as US-A-5,470,993, 5,374,696, 5,231,106, 5,055,438,
5.057.475, 5.096.867, 5,064,802, and 5,132,380. 1nEP-A-514,828 certain borane
derivatives of the foregoing constrained geometry catalysts are disclosed and a method for
their preparation taught and claimed. In US-A 5,453 410 combinations of cationic
constrained geomeiry catalysts with an alumoxane were disclosed as suitable olefin
polymerization catalysts,

The polypropylene used in the film structures of the invention is generally
in the isotactic form of homopolymer polypropylene, although other forms of
‘polypropylene can also be used (such as, syndiotactic polypropylene). Polypropylene
impact copolymers (that is, those wherein a secondary copolymerization step reacting
ethylene with the propylene is employed) and random copolymers (also reactor modified
and usually containing 1.5 to 7 weight percent ethylene copolymerized with the
propylene), however, can alternatively be used. A complete discussion of various
polypropylene polymers is contained in Modemn Plastics Encyclopedia/89, mid October
1988 Issue, Volume 65, Number 11, pages 86-52. The molecular weight of the
polypropylene for use in the present invention is conveniently indicated using a melt flow
measurement according to ASTM D-1238, Condition 230°C/2.16 kg (formerly known as
"Condition (L)" and also known as L). Melt flow rate is inversely proportional to the
molecular weight of the polymer. Thus, the higher the molecular weight, the lower the
melt flow rate, although the relationship is not linear. The melt flow rate for the

polypropylene useful herein is generally from about 6.0 to 25 g/10 min., preferably from
about § to 15 p/10 min. :
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Good clarity is achicved when the homogeneous linear or substantially
linear ethylene/a-olefin polymer has a refractive index within 0.005 refractive index units
from the refractive index of the polypropylene polymer, especially within 0.002 refractive
index units typically measured at 589 nm. Generally, polypropylene has a refractive index
from 1.476 10 1.515, for example, clarified polypropylene homopolymer has a refractive
index of 1.5065 and clarified polypropylene random copolymer has a refractive index of
1.5044 at 589 nm.

Refractive index is measured using an Abbe-31. Refractometer made by
Milton Roy Company and operaled at 589 nm (sadium "d" fine). Samples are prepared
for testing in the refractometer by injection molding the polymer ina BOY 30T injection
molder to a thickness of about 0.125 inches (0.398 cm). The samples tested for physical
properties are prepared in the same manner and also at a thickness of about 0.125 inches
(0.318 cm).

Chum, Silvis, and Kao, in the presentation entitled “INSITE Technology
Based Polyolefiin Elastomers for Impact Modification”, SPO "93, presented a plot of
refractive index versus density for substantially linear cthyiene polymers. From this, they
dertved the equations:
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RI=0.69694 (density) + 0.§7884

density = (RI - 0.87884)/0.69694

where Rl is the refractive index of the polymer. Accordingly, when it is desirable
t use a clarified polypropylene random copolymer having a refractive index of about
1.5044, preferred homogencous linear and substantially linear ethylene polymers wilt have
a density of about 0.898 g/em’,

To promote clarity. the viscosity of the polypropylene polymer should be
fess than that of the homogeneous lincar or substantially linear ethylene polymer,
Viscosily is inversely proportional to the melt index (in the case of the homogeneous
linear or substantially linear ethylene polymers) and to the melt flow rate (in the case of
the potypropylene polymer). An estimate for comparing polyethylene melt index to
polypropylene melt flow rate is to divide the polypropylene melt flow rate by 4. Thus a
polypropylene having a melt flow rate of 12 /10 min. is somewhat like 2 polyethylene
having a melt index of 3 g/10 min., in terms of its viscosity or flow behavior,
Accordingly, using a polypropylenc having a melt flaw rate of 2 or 4 g/10 min. with an
ethylene polymer having a melt index of 1.6 g/10 min. would result in a blend in which
the higher viscosity component constitutes the minor component of the blend, and would
therefore not be preferred for obtaining low haze and high clarity film structures, In
contrast, using a polypropylene having a melt flow rate of 12 g/10 min. with an ethylene
polymer having a melt index of 1.6 g/10 min. would result in a blend in which the lower
viscosity component constitutes the lower viscosity component of the blend, leading to
improved dispersion of the minor component in the dominant homogeneous linear or
substanti:lly linear ethylene polymer phase, and thus providing excellent optical
properties.

The modified atmosphere film structures may be either monolayer or
multilayer film structures, with monolayer films being preferred in that they satisfy the
performar.ce criteria without the added expense of multilayer processing equipment.
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Regardiess of whether a monolayer or multilayer film is utilized, such films may be
prepared by a variety of processes which are well-known to those of skill in the art.

The modified atmosphere film structures may be made by conventional
fabrication techniques, for instance, simple bubble extrusion, biaxial orientation processes
(such as tenter frames or double bubble processes), simple cast/sheet extrusion,
coeXtrusion, lamination, etc, Conventional simple bubble extrusion processes (also
known as hot blown film processes) are described, for example, in The Encyclopedia of
Chemical Technology, Kirk-Othmer, Third Edition, John Wiley & Sons, New York, 1981
Vol 16, pp. 416-417 and Vol. 18, pages 191-192. Biaxial orientation film manufacturing
processes such as described in the "double bubble™ process of USP 3,456,044 (Pahlke),
and the processes described in USP 4,352,849 (Mueller), USP 4,820,557 and 4,837,084
(both to Warren), USP 4,865,902 (Golike et al}, USP 4,927,708 (Herran et al.), USP
4.952.451 (Mueller), and USP 4,963,419 and 5.059,481 (both to Lustig et al.). can also be
used to make the novel film structures of this invention. Biaxially oriented film structures

2

can also be made by a tenter-frame technique, such as that used for oriented
polypropylene.

Other multilayer film manufacturing techniques for food packaging
applications are described in Packaging Foods With Plastics by Wilmer A, Jenkins and
James P Harrington (1991), pages 19-27, and in "Coextrusion Basics" by Thomas 1.
Butler, Film Extrusion Manual: Process, Materials, Properties, pages 31-80 (published by
TAPPI Press (1992)).

In certain embodiments of this invention, for instance, stretch overwrap
applications, at least one heat sealable, preferably hot tackable, outer layer (that is, a skin
layer) of the film structure comprises the blend of the homogencous linear or substantially
linear ethylene polymer and the polypropylene polymer. This heat sealable outer layer
can be coextruded with the other layer(s) or the heat sealable outer layer can be laminated
onto another layer(s) in a secondary operation, such as that described in Packaging Foods
With Plastics, referenced above, or that described in "Coextrusion For Barrier Packaging”
by W. I. Schrenk and C. R. Finch, Society of Plastics Engineers RETEC Proceedings,
June 15-17 (1981), pages 211-229. Although not required {or preferred) for this
invention, should a multilayer film be desired, such may be obtained from a monolayer
fitm which has been previously produced via tubular film (such as, blown film techniques)
or flat die (such as, cast film) as described by K. R. Osborn and W. A. Jenkins in "Plastic
Films, Technblogy and Packaging Applications* (Technomic Publishing Co., Inc. (1992)),
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wherein the sealant film must go through an additional post-extrusion step of adhesive or
extrusion lamination to other packaging material layers. If the sealant film is a
coextrusion of two or more layers (also described by Osbom and Jenkins), the film may
still be laminated to additional layers of packaging materials, depending on the other
physical requirements of the final packaging film. "Laminations vs. Coextrusions” by D.
Dumbleton (Converting Magazine, Septerber 1992), also discusses lamination versus
coextrusion. Monolayer and coextruded films can also go through other post-extrusion
techniques, such as a biaxial orientation process and iradiation. With Tespect to
irradiation, this technique can als~ precede extrusion by irradiating the pellets from which
the film is to be fabricated prior to feeding the pellets into the extruder. which increascs

the melt tension of the extruded polymer film and enhances processability.

In ether embodiments of this invention, the madified atmosphere film
structure will comprise a core layer, which in tum comprises a blend of a homogeneous
lincar or substantially linear ethylene polymer and a polypropyiene polymer. as described
herein. Film structures of this nature are prepared in the same manner as those noted
above in which the film Jayer comprising the blend is a skin layer.

Extrusion coating is yet another technique for producing multilayer
packaging materials. Similar to cast film, extrusion coating is 2 flat die technique, A
sealant can be extrusion coated onto a substrate either in the form of a monolayer or a
coextruded extrudate.

In those embodiments in which the skin layer comprises the blend of the
homogeneous finear or substantially linear ethylene polymer and the polypropyiene
polymer, the other layers of the multilayer structure may include structural layers. These
layers can be constructed from various materials, including blends of homogeneous linear
or substantially linear ethylene polymers with polypropylene polymers, and some layers
can be constructed of the same materials, that is, some films can have the structure
A/B/C/B/A. Representative, nonlimiting examples of the non-substantially linear
ethylene materials are: polyethylenc terephthalate (PET), ethylene/vinyl acetate (EVA)
copolymers, ethylene/acrylic acid (EAA) copolymers, ethylene/methacrylic acid (EMAA)
copolymers, LLDPE, HDPE, LDPE, graft-modified ethylene polymers (for instance,
maleic anhydride grafted polyethylene), styrene-butadiene polymers (such as K-resins,
available from Phillips Petroleum), etc. Generally, mubtifayer film structures comprise
from 2 to about 7 layers.
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The thickness of the multilayer structures is typically from 1 mi (0.03 mm)
to 4 mils (0.1 mm) (total thickness). The sealant layer, if present, varies in thickness
depending on whether it is produced via coextrusion or lamination of 2 monolayer or
coexiruded film to other packaging materials. Ina coextrusion, the sealant layer is

5 typicatly from 0.1 to 3 mils (0.003 to 0.08 mm), preferably from 0.4 to 2 mils (0.01 to
0.05 mm). In a laminated structure, the monolayer or coextruded sealant film layer is
typically from 0.5 10 2 mils (0.01 to 0.05 mm), preferably from 1 to 2 mils (0.03 10 0.05
mm). For a monolayer film, the thickness is typically from 0.4 mil to 4 mils (0.01 t0 0.1
), preferably from 0.8 to 2.5 mits (0.2 t0 0.6 mm).

10 The film structures of the invention can be made into packaging struclures
such as form-fill-seal structures or bag-in-box structures. For cxample, one such form-fill-
scal operation is described in Packaging Foods With Plastics. referenced above, at pages
78 10 83. Packages can aiso be formed from multilayer packaging roll stock by vertical or
horizontal form-fill-seal packaging and thermofom-fill-seal packaging, as described in

15 “Packaging Machinery Operations: No. 8, Form-Fill-Sealing, A Self-Instructional
Course" by C. G. Davis, Packaging Machinery Manufacturers Institute (April 1982); The
Wiley Encyclopedia of Packaging Technology by M. Bakker (Editor), John Wiley & Sons
(1986), pages 334, 364-369; and Packaging: An Introduction by S. Sacharow and A. L.
Brody, Harcourt Brace Javanovich Publications, Inc. (1987), pages 322-326. A

20 particularly useful device for form-fill-scal operations is the Hayssen Ultima Super CMB
Vertical Form-Fill-Seal Machine, Other manufaciurers of pouch thermoforming and

evacuating equipment include Cryovac and Koch. A process for making a pouch with a
-vertical form-fill-seal machine is described generally in USP 4,503,102 and 4,521 437,
Film structures containing one or more layers comprising a substantially linear ethylene
25 polymer are well suited for the packaging of potable waler, wine, condiments, and similar
food products in such form-fill-seal structures.

In those film structures incorporating an antifogging agent, the core layer(s)

preferably consists of a nonpolar, hydrophobic polymer, such asa substantially linear
ethylene polymer. Antifogging agents are generally located in the skin layers of such a

30 structure. These agents are hydrophilic materials that interact with water (either from the
atmosphere relative to the skin layer most removed from the wrapped food, or from the
food by way of evaporation relative to the skin layer in contact with the food) such that
water droplets do not form on the surface of the skin layer (thus "fogging" the film). This
fogging, particularly on the skin layer in contact with the food, results in reduced product

35 vis bility and shelf life, and thus reduced commercial value.
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In those structures with a core layer having a polar, hydrophilic nature,
such as a core layer comprising an ethylene acrylic acid copolymer or an ethylene vinyl
acetate copolymer, the antifopging agent tends to migrate toward it. This depletes the
concentration of antifogging agent at the exposed surfaces of the outer layers, and this in
turn renders the film more susceptible to fogging. In multilayer film structures without a
polar, hydrophilic core layer, the antifogging agent remains relatively dispersed
throughout the outer layers.

) Notwithstanding this disadvantage relative to antifogging agents, some
food wrapping applications may be better served if the one or more of the core layers are
constructed from a polar, hydrophilic material and the outer layers are constructed from a
nonpolar, hydrophobic material. Onc example of such a {ilm structure is substantially
linear ethylence-polymerfethylene acrylic acid polymer/substantially linear ethylene-
polymer which is useful 1 wrapping retail-cut red meat and similar food products.

Other desirable properties of the plastic fijms used in this invention may
include, depending on the nature of the other film layers in the structure, ease of
fabrication and good oxygen permeability (particularly with respect to films made from
such copolymers as ethylene vinyl acetate or ethylene acrylic acid copolymers), dart
impact, puncture resistance, tensile strength, low modulus, tear resistance, shrinkability,
high clarity and a low affect on the taste and odor properties of the packaged food.

In addition to use in hermetically sealed modified atmosphere packages,
the {ilm structures of this invention may be employed in the stretch overwrap packaging of
“various fresh foods which benefit from access to environmental oxygen. These films are
preferably prepared as nonshrink films (that is, without biaxial orientation induced by
double bubble processing) with good oxygen permeability, stretch, elastic recovery and
hot tack characteristics, and can be made available to wholesalers and retailers in any
conventional form, e.g. stock rolls, and used on all conventional equipment,

Figure 1 is a plot of oxygen transmission rate versus 2 percent secant
modulus for 2 mil. monolayer blown film structures comprising various SLEP’s,
various heterogeneous linear ethylene polymers, various ethylene vinyl acetate .
copolymers, and two blends which form film structures of the invention. Therein, the )
SLEP’s employed were SLEP A and SLEP D, as described in the examples, as well
as a SLEP having a density of 0.902 g/cm’® and a melt index {I,) of 1.0 £/10 min.,
available from The Dow Chemical Company. The heterogeneous linear ethylene

polymers employed were Attane™ 4201 ultra lowdensity polyethylene, Attane™
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4213 witra lowdensity polyethylene, Dowlex™ 20364 lineas low density
polyethylene, all of which are avaiiable from The Dow Chemical Company. The
ethylene vinyl acetate copolymers emp-loyed tontained 9 percent, |2 percent and 18
percent vinyl acetate. The films structures of the invention, comprising the blends of
5 SLEP and polypropylene were blends of SLEP A, as described in the examples, with
10 and 15 weight percent Profax SR-549M polypropylere, respectively. As shown
in Figure 1, the films cf the invention have 22 percent secant modulus which is at
least 8 percent greater than a comparable film structure prepared without component
{b), and an o:.ygen transmission ratz of at least 708 cefat STPY-mil/100 in  -day-atm
10 (2.7¢c (a1 STP)-cav/em’~dav-MPa) at 25°C.

Further, the film exhibits at least 23 pereent greater oxygen transmission
rate than a film of a homogeneous linear or substantially linear ethylene polymer
which has the same 2 percent secant modulus as the blend of (a) ar:d (b).

The flm structures of this invention may be in the form of a lid stock for an

13 injection molded, blow molded, or thermoformed tray.
The film structures of this invention may also be in the form of a modificd
atmosphsre package for packaging tresh fruits, vegetables, legumaes, or flowers.
20 The film structures of this invention and their use in modified atmosphere

packages are more fully deseribed by the following examples. Unless indicated 1o the
contrary, ali parts and percentages are by weight.

The following polymers-were utilized in the films of the invention and in
the films of the comparative examples. In the case’of the substantially linear ethylene
polymers (SLEP), such polymers were prepared in accordance with the procedures of U.S.
Patent Nos. 5,272,236 and 5,278,272,

AMENDED SHEET
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Polymer type { Density I, Lo/Ly Melt additives
(g/em’) (/10min. y flow rate
SLEP A SLEP 0.8965 1.6 10.1 500 ppm
Lrganox 1076,
800 ppm
PEPQ
SLEP B SLEP 0.910 3.0 3.5 same*
SLEP C SLEP 0.883 1.0 - same*
SLEP D SLEP 0.909 1.0 10.0 same*
SLEP E SLEP 0.898 2.7 8.7 same*
Profax 6331 PP~ 0.9 12 unknown
homopolymer
Profax PP— 0.9 12 unknown
SR549M homopolymer
Profax 6523 PP— 0.9 4 unknown
homopolymer
Profax PP— 0.9 2 unknown
SV-256M cepolymer
Exact 4015 HLEP 0.895 1.5 5.6 unknown —‘

diphosphonite) (available from Clariant Corporation).

10

then added directly to the extruder used to manufacti-re the film. Optionatly, additional
15 additives such as stip, anti-block, and polymer process aid can be incorporated in either

Note:  SLEP indicates substantially linear ethylene/1-octene copolymer

- PP indicates polypropylene

HLEP indicates homogeneous [inear ethylenc polymer

PEPQ refers to (tetrakis(2,4-di-t-butylphenyl)-4 4'-biphenylene

* - “Same” means the additive package was as employed in SLEP A.

Polymer blends are formed either by 1nelt blending or dry blending of the
individual components. In the case of melt blending the polymers are first mixed and then
extruded in a compounding extruder in order to obtain pellets that contain a combination
of the materials. In dry blending, pellets of the diffes ent materials are mixed together and

the melt blends or dry blends.
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Example 1:

Several screening experiments were done on a lab-scale blown film line (2
inch (Sem) extruder, 3 inch (7.6 cm) die) to assess the suitability of different combinations
of the substantially linear ethylene polymer and the polypropylene polymer, The results
of these experiments were used to determine the necessary polypropylene melt flow rate

and percent polypropylene compositions to be evaluated on larger scale equipment.

Two-mil (0.05mm) films were made of SLEP A and of a blend of §0
weight percent SLEP A with 20 weight percent Profax 6523 polypropylene on a 2 inch (5

em} Egan blown {ilm line using the conditions set forth below:
Melt temperature: 425 F (218°C)
Frost Line Height: 10 inches (25 cm)
Outputrate: 290 33 Ib/hour (13 10 15 ke/hr)
Die Size: 3 inch (7.6 cm) diameter
Die gap: 70 mil (1.8 mm)
Extruder size: 2 inch (5 cm) diameter
Screw type: modified LDPE - single-flighted screw
Blow-Up Ratio: 2.5:1

Thickness: 2 mil (0,05 mm)

Haze for the 2 mil (0.05 mm) films was 1.04 +/~ 0.12 for the SLEP A film
and 5.42 +/- 0.06 for the blend. The relatively high haze value for the films formed of the
blend was attributable to the fact that the melt flow rate of the polypropylene polymer was
not at least 4 times greater than the melt index of the SLEP.

Example Two.

Additional 2-mil (0.05 mm) films were formed in accordance with the
process and conditions set forth in Comparative Example 1, except that a barricr screw (as
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opposed 1o a single-flighted screw) was used in the extruder. In the first set of examples,
Profax 6331 (having a melt flow rate of 12) and Profax SR-549M (having a melt flow rate
of 12} were blended into SLEP A at 0, 10, 15, and 20 weight percent polypropylene. In
the second set of examples, Profax 6331 and Profax SR-549M polyproylencs were
blended into SLEP E.

Haze values for the compositions evaluated are set forth in the following
Table One. The haze of the film formed from the SLEP A polymer was slightly higher
than reported in Example 1. The haze of the blends comprising the Profax 6331
homopolymer and the blends comprising the Profax SR-540M copolymer were similar to
one another at equal ethylene polymer content. Note, however, that the haze of the 2 mi}

(0.05 mm) films based on SLEP E-based films were higher than the haze of the SLEP A-
based films.

Table One

Ethylene Polymer Propylene Polymer Haze

100% SLEP A 1.63 +/-0.28
9% SLEP A 10% Profax SR-545M 2.16 +/-0.29
20% SLEP A 10% Profax 6331 1.94 +/-0.37
85 % SLEP A 15 % Profax SR-549M 2.62 +/-0.96
85 % SLEP A 15% Profax 6331 2.27 +i-0.19
80% SLEP A B 20% Profax SR-549M 3.53 +/-0.30
80 % SLEP A | 20% Profax 6331 2.25 +4-0.44
100% SLEP E 3.03 +/-0.30
90% SLEP E 10% Profax SR-549M 3.17 +/-0.37
9% % SLEP E 10% Profax 6331 : 3.4 +/-0.25
100% SLEP C 1.33 +/-0.17
60% SLEP C 10% Profax SR-549M 1.94 +/-0.49
90 % SLEP E 10% Profax 6331 314 +/-0.25 .

Additional films were prepared using, the equipment and fabrication
conditions set forth above in this Example, using SLEP C. Various physical properties of
the resultant film structures are set forth in the previous and in the following Table Two:
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As sct forth in Table Two, the blend of SLEP C with Profax SR 549 M
exhibited a 2 percent secant modulus which was 65 percent greater than that of the film

structure which lacked the polypropylene polymer.

Example 3.

Monolayer blown films were made of SLEP A and blends of SLEP A with
Profax SV-256M polypropylene. These films were preparcd on the Gloucester monolayer
blown film line deseribed below using the equipment and process conditions set forth

below:

Equipment Description:

2.5 inch (6.4 em) Gloucester extruder

& inch (15 cm) Gloucester high back pressure die with dual lip air ring
Western Polymers Entrac dual iris

Gloucester bubble sizing cage

Gloucester single turret winder

Extrusion Parameters:
Temperature Profile.
Extruder: 250°F/270°F/360°F/360°F
(121°C/132°C/182°C/182°C)
measured melt temperature; 418°F (214°C)
Connector Pipes: 430°F (221°C)
Die: 450°F (232°C)

e
=
i

Output Rate: 120 pounds per hour (54 kg/hr)
Blow-Up Ratio: 2.5:1
Layflat: 23.6 inches (60 cm)
Take-Offrate: 56 feet per minute (1.7 m/min)
Film thickness: 2.0 mils (0.05 mm)

Additionatly, for some of the samples, 750 parts per million (ppm)
oleamide slip, 2500 ppm diatomaceous earth antiblock, 1250 ppm calcium carbonate
antiblock, and 2.3 percent low density polyethylene were added. The haze values for the
resultant film structures is set forth in the following Table Three. Note that the haze for
SLEP A was the same for this experiment and for Example | preparcd on the smaller lab-
scale extrusion line.
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Ethylene Polymer Polypropylene Polymer Slip/Antiblack Haze

100% SLEP A no 1.09 +/- 0.06
90% SLEP A 10% Profax §V-256M no 4.28 +/- 0.21

100% SLEP A yes 3.68 +/-0.06

95% SLEP A 5% Profax Sv-256M yes 5.67 +/-0.11

0% SLEP A 10% Profax §V-256M yes 6.67 +/-0.13

85% SLEP A 15% Profax SV-256M yes 8.0 +/-0.22

Example 4:

The films of Example 4 were prepared on a monolayer Gloucester

blown film line using the conditions set forth above in Example 3. In these examples, the

ratio of polypropylene to the substantially linear ethylene polymer was varied, and the use

of alternate cthylene polymers was explored. In particular, a second substantially linear

ethylenef1-octene copolymer was evaluated (SLEP D), as well as a homogeneous linear
ethylene/1-butene copolymer (Exact™ 4015, available from Exxon Chemical Company).
The polypropylenes employed were Profax™ 6331 homopolymer and Profax™ SR-549M

copolymer. Alternate ethylene polymers used in comparative films included a

heterogeneous linear ethylenc polymer (Attane™ 4201 ultralow density linear

polyethylene, available from The Dow Chemical Company), a high pressure polyethylene

(LDPE 5011), a 4 percent vinyl acetate containing ethyiene vinyl acetate copolymer

{Escorene™ 312.09, available from Exxon Chemical Company), and KR-10 styrene-

"butadiene resin (hereinafter “K-Resin”)(available from Phillips Petroleum). When slip
and antiblock agents are indicated, 1250 ppm erucamide slip and 2500 ppm WhiteMist

antiblock were employed.

The resultant films were evaluated for a variety of physical
properties, which are set forth in the following Table Four A and Table Four B:
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The film structures prepared using blends of SLEP A and the Exact 4015
homogeneous linear polymer are examples of the invention. It is noted that the film
structures comprising blends of SLEP A with the polypropylene exhibit each of the
preferred propertics set forth above, that is, haze less than 3 percent, 20° and 45° gloss of
greater than 80, 2 percent secant modulus of from 10,000 to 30,000 psi (68.95 to 207
MPa), oxygen transmission of greater than 700 cc-mil/ 100 in-day-atm (2.7 cecm/em’-
day-MPa), Elmendorf tear of greater than 400 g, puncture greater than 150 fi-1b/in® (127
cm-kg/em™), dart impact (A) of greater than 600 grams, and heat seal initiation
temperature of less than 190°F (87.8°C). Note, however, that while the fifm structures
comprising the blend of the Exact 4015 with the polypropylenc met nearly all of the
performance criteria, it failed to meet the Elmendorf tear of greater than 400 g, making it

somewhat less preferred. and indicating the benefit of octenc as a comonomer over butene.

It is further noted that the film structure comprising the blend of 95 weight
percent SLEP A with 5 weight percent Profax SR-549M exhibited a 2 percent secant
modulus which was about 8 percent greater than that of the film structure comprising 100
percent SLEP. The film structure comprising the blend of 90 weight percent SLEP A with
10 weight percent Profax SR-549M exhibited a 2 percent secant modulus which was about
42 percent greater than that of the film structure comprising 100 percent SLEP. The film
structure comprising the blend of 85 weight percent SLEP A with 15 weight percent
Profax SR-549M exhibited a 2 percent secant modufus which was about 77 percent greater

_than that of the film structure comprising 100 percent SLEP.

Example 5:

The film structures of the invention may be coextruded films in which the
blend of the homogeneous linear or substantially linear ethylene polymer and the
polypropylene polymer is utilized as a sealant layer. In these samples, the polypropylene
employed was Profax SR-549M. The coextruded films were prepared using the
equipment and the fabrication conditions:

COEXTRUDED BLOWN FILM
Three-layer coextruded blown films were prepared using the following
equipment and conditions,
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Equipment Description:

Layer A: 2.5 inch (6.4 cm) Egan extruder
Layer B: 2.5 inch (6.4 cm) Ezan extruder
Layer C: 2.0 inch (5.0 cm) Egan extruder
Gloucester feedblock and 3-layer (A/B/C) coextrusion die, § inch

(20.3cm) diameter,

70 mil {1.78 mm) die gap
Sano dual lip air ring
Western Polymer iris

Sano bubbie sizing cage and coltapsing frame

Gloucester wind-up system

Extrusion Parameters:

PCT/US97/18909 _

The following is an example of the operating conditions used (for the -
sample containing styrenc-butadiene in the non-scalant layer and SLEP

A in the seal fayer and core layer):

Temperature Profile.

Exturder A: 275°FA300°F/350°F/350°F

(135°C/49°CA77°C/177°C)

measured melt temperature: 357°F (181°C)

Extruder B: 275°F/300°F/350°F/350°F

(135°C/149°C/1T7°C/N T7°C)

measured melt termperature: 375°F (191°C)

Extruder C: 335°F/350°F/365°F/365°F

(168°C/177°C/185°C/185°C)

measured melt temperature: 346°F (174°C)

Connector Pipes: 400°F (204°C)

Feedblock: 400°F (204°C)
Die: 400°F (204°C)

Output Rate: 200 pounds per hour (91 kg/hry

- Blow-Up Ratio: 2.5:1

Layfiat: 314 inches (79.8 cm)

Take-Off rate: 65 feet per minute (2.0 meters/minute)

Film thickness: 2.0 mils (0.05 mm)

Layer percentages and individual thicknesses:

Extruder Thickness
A 0.3 mils (0.01 mm)
B 1.5 mils (0.04 mm)

C 0.2 mils (0.05 mm)

Material
sealant

same as sealant
K-Resin

Percentage
15 percent
75 percent
10 percent

Various physical properties were measured on the resultant films, which

are set forth in the following Table Five:
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The coextrusion of K-Resin with SLEP A or Exact 4015 are examples of current
technology. As set forth in Table Five, the coextruded films which include a layer
comprising blends of the SLEP A with the polypropylene meet some of the criteria (gloss

1l

haze, and modulus) of preferred films of the invention, However, they fail to meet the
dart impact, puncture, and tear criteria of preferred film structures of the invention, and

- additionalty possess the disadvantage of high fabrication cost (relative to monolayer
fiims).

Example 6:

Monolayer cast films were produced on the 3-layer coextrusion cast film line,
using the same resins in alt three layers of the extruder, The equipment and fabrication
conditions employed are set forth below:

Equipment Description:

Extruder A: 2.5 inch (6.4 cm) diameler Egan extruder
Extruder B: 3.5 inch (8.9 cm) diameter Egan cxtruder
Extruder C: 2.0 inch (5.0 cm) diameter MPM extruder
Dow designed three-layer {A/BIC) coextrusion feedblock
30 inch (76 cm) Egan cast film die

Egan take-off system

Extrusion Parameters:

An example of the operating conditions used for the line is as follows
(these conditions used for SLEP A with 1250 ppm erucamide and 2500
ppm WhiteMist):

Extruder tempsrature profiles:
Extruder A: 300°F/450°F/512°F/512°F

(149°C/232°C1267°C267°C)
screen changer & comnector pipes: 512°F (267°C)
. measured melt temperature: 525°F (274°C)
Exruder B: 300°F/425°F/500°F/500°F/500°F/500°F/500°F
(149°C218°C/260°CI260°C/260°C/260°C/260°C)
screen changer & connector pipes: 500°F (260°C)
measured melt temperature 531°F (277°C)
Extruder C: 300°F/425°F/523°F/523°F
(149°C/218°C/273°C/273°C)
: sereen changer and connector pipes: 523°F (273°C)
measured melt temperature 530°F (277°C)
Feedblock: 525°F (274°C)
Die: 525°F (274°C)

Other:
" Total output rate: 287 pounds per hour (130 kg per hour)
Take-off rate: 227 feet per minute (69 meters per minute)
Film thickness: 2.0 mils (0.05 mm)
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Layer percentages: 15/70/15 - all layers comained the same
material

Layer thicknesses: 0.3 miis / 1.4 mils /0.3 mils {0.01 mm /
0.04 mm /0.01 mm)

These examples demonstrate the utility of this
invention in film structures made via a cast film process. Various performance criteria of
the resultant films are st forth in the following Table Six:
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Example 7:

The following data relates to fitms produced in on a Macro monolayer
blown film line at different output rates under different shear rates. The data demaonstrate
that fabrication conditions influence optics. SLEP F has a melt index (I)of 1.0 g/10 min a
base density of 0.896 g/cm’, and a 0.899 g/em” finished density, and contains 5000 ppm
White Mist antiblock and 2500 ppm erucamide slip. The addition of anti-block 10 the
athylene polymer caused the haze to be higher than it would have been without the antj-
block. The anti-block also increased the density of the polymer, causing the finished
density to be 0.003 units higher than the polymer’s base density.

The fabrication process utilized a6 inch (15 cm)die and a 2.5 inch (6.3 cm)
screw , Remaining film fabrication conditions. and resultant physical propertics of the
films, are set forth in the following Table Seven:
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Although the invention has been described in considerable detail
through the preceding examples, this detail is for illustration purposes only, and it
is not 10 be construed as a limitation on the spirit and scope of the invention as

5 described in the following claims.
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1. A nouperforated film structuie suitzble for the packaging of perishable
food, comprising at least ope film layer which in wm comprises a blend off

{a) from 70 to 95 weight percent of at least one homogeneous linear or
substantially linear ethylene polysmer which is characterized as having:

@  adensily of from 0.89 10090 gfem?
(ii}  amolecular weight diswribution, MM, $3

(1) @ single melting peak, as derermined by diffarential scanning
calorimetry. and

(iv)  ameltindex, I, as measured in accordance with ASTM P-1238.
Condition 150°C/2.16 kg of from 0.5 t0 6.0 g/10 minutes; and

(b}  trom 5 to 30 weight percent of a1 least one polypropylene polymer which is a
homopolymer or copolymer comprising from 93 1o 100 weight pereent
prapylene and 0 1o 7 weight percent ethylenc, and which has a melt flow rate
{ASTM D-1238, Condition 230/2.16) of 6.0 to 25 g/10 min. and a viscosity
which is less than the viscosity of ethylene polymer component (a); and

{c) optioaally, one or more additives selected from the group consisung of slip,
aniiblock, polymer processing aid, amifog, antistat, and roll release, which, in
total, arc present in the blend in an amount less than 10 weight percent:
wherein

the blend is characrerized as having a haze, measured according to ASTM D-
1003 at a film structure thickness of 2 mil (0.05mm), of less than 3% or the blend
includes an additive () which increases the haze of the film structure by no more
than 10 haxe units over that of a film structure prepared with the blend which does
not include the additive (c),

the film suucture is characterized as having a 2 pereent secant modulus,
measured in the machine direstion, which is at least § pefcent greater than a
comparable film structure prepared without component (b),
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the film struiure has an oxygen ransmissicn rate (measured in accordance
with ASTM D-3985-81, 1% actual 05 conc. i test cell and normalizing transmissimy
values w 100% 0, cone.) of at least 700 ¢e(at $TP)-zil/100 in.z-day-aml (2.7 ce(at
S'!‘P)-cmfcmz-day-MPa) at 25°C, and

the film exhihits at least 23 pevcent greater oxygen transmission rate
(measured in accordance with ASTM [-3983-81, 1% acwal 0; conc. in test cell and
normalizing transmission values o 106% 0, conc.) than the oxygen transmissioin
rate (measured in accordance with ASTM D-3983-81, 1% actual 0, cong. in test cell
and normalizing transmission values to 100% 0, conc.) of a llm consisting of a
homegensous linear or substantially lincar ethylene polymer which has the sama 2
percent secart modulus, measured in the machine direction, as the blend of (a) and

(b).

2. The film structure of Claim 1, wherein the homogeneous linear ot
substantially linear ethylene polymer of (a) is provided in an amownt of from 80 to
95 weight percent, the at least one polypropylene polymer is provided in an amount
of from § 10 20 weight percent, and the film structure is characterized as having an
oxygen transmission rai€ (measured in accordance with ASTM 1-3985-81, {%
actual 0, conc. in test cell and normalizing transmission valucs 10 100% 0, cone.) of
at least 1000 cefat STP)-mil/100 inz-day-atm (3.9¢cc(at S'['P)—cm’cmz-day-MPa) at

-25°C.

~

3. The film squeture of Claim 1 or Claim 2, wherein the homogeneous
linear or substantially lincar ethylene polymer is an interpolymer of ethylene and a1
Jeast one Cy = Cyy ot-olefin. '

4, The film structure of any of the preceding claims, whercin the

homageneous linear or substantially linear ethylene polymer has a melt index ([,) of
from 1 to 3 g/10 min., the blend contains from 10 to 20 weight percent
polypropylene polyvmer (b), and the polypropylene poiymer (b) has a melt flow rale
(measured according to ASTM [2-1238, Condition 230, 2.16) from 8.0 to 15 g/10

min.

5. The film structure of any of the preceding claims, wherein the polymer
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(a) is a substantially inear ethylene polymer characterised as having:
(@)  amelt flow ratio, lofl2>5.63,
{b)  amolecular weight distribution, Mw/Mn, defined by the equation: Ma/My<(lie/l2) - 4.63, and
(¢)  acritical shear rate at the onset of surface melt fracture of at least 50 percent greater than the
s critical shear rate at the onset of surface melt fracture of a linear ethylene/oi-olefin polymer having
about the same I and Mu/My.
6. The film structure of any one of the preceding claims, which includes an"additive (c); and
wherein the film structure is characterised as having a haze of less than 8 percent.
7. The fim structure of any one of the preceding claims, whersin the blend has a haze,
10 measured according to ASTM D-1003 at a film structure thickness of 0.06mm{2mil), of less than 3%.
8. The film structure of any of the preceding claims, wherein the blend comprises 85 to 90
weight percent of the polymer (&) and from 10 to 15 weight percent of the palymer (b).
9. The fim structure of any of the preceding claims, wherein the film is characterised as
i%-.,. having an oxygen transmission rate (measured in accordance with ASTM D-3985-81, 1% actual O
© 77t 15 cong. in test cell and normalising fransmission values to 100% O; conc.) of at least 5.8¢c (at STP)-
eer. cmicm?day-Pa (1500cc (at STP)mill100in%day-atm).
et 10.  The film structure of any of the preceding claims, wherein the film is characterised as
fet d having a 2 percent sacant modulus, measured in the machine direction, of at least 55.2MFa
wet T (8000pSI).
20 11, The film structure of any of the preceding claims, in the form of a lid stock for an injection
moulded, blow moulded, or thermoformed tray. -
. 12, The film structure of any of the preceding claims, in the form of a modified atmosphere
'--: s package for packaging fresh fruits, vegetables, legumes, or flowers.
S 13, A nonperforated film structure suitable for the packaging of perishable food, said
2 structure being substantially as hereinbefore described with reference to any one of the examples.

et Dated 2 June 1999
THE Dow CHEMICAL COMPANY

h Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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