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DIFFERENTIAL CLING FORAGE WRAPPING 
FILM; WRAPPED BALE; METHOD FOR 

PRODUCING DIFFERENTIAL CLING FILM; AND 
METHOD FOR WRAPPING FORAGE 

FIELD OF THE INVENTION 

[0001] The invention relates to a differential cling forage 
Wrapping ?lm, a Wrapped bale, a method for manufacturing 
a differential cling ?lm, and a method for Wrapping forage 
using a differential cling ?lm. 

BACKGROUND OF THE INVENTION 

[0002] Packaging materials are available for agricultural 
products such as hay and other forage products for the 
production of silage. Forage Wrapping ?lms are generally 
intended to Wrap forage products and hold or retain the 
moisture Within the product. Forage Wrapping ?lms are 
different from conventional pallet Wrapping ?lms Which are 
used to Wrap non-agricultural, unitiZed loads. Pallet Wrap 
ping ?lms generally exhibit much higher stretch and much 
loWer cling than forage Wrapping ?lms. In addition, they 
generally are not required to Withstand the conditions asso 
ciated With being exposed to Weather in a ?eld for up to 
about 12 months. 

[0003] Prior forage Wrapping ?lms can be categoriZed as 
either bloWn ?lms or cast ?lms. Exemplary bloWn forage 
Wrapping ?lms are available under the names BaleGard® 
from Presto Products Company of Appleton, Wis., Sun?lm® 
from AEP, and MaxTechTM from Tenneco, Inc. BloWn forage 
Wrapping ?lms generally exhibit a large differential cling 
value betWeen the outer surfaces of the ?lm. For example, 
one surface of the ?lm generally exhibits a very loW cling 
value and the opposed surface of the ?lm generally exhibits 
a very high cling value. It is understood that this generally 
results from the bloWing process Where a migratory cling 
additive migrates to the outer surface of the bloWn ?lm. 

[0004] A prior cast ?lm is also available under the name 
BaleGard® from Presto Products Company of Appleton, 
Wis. This prior cast forage Wrapping ?lm can be categoriZed 
as a one side cling ?lm. That is, one side of the ?lm exhibits 
a high degree of cling, and the other side of the ?lm exhibits 
essentially no cling. 

[0005] For forage Wrapping ?lms, it is generally desirable 
to provide one side of the ?lm With a high cling value. This 
property alloWs the ?lm to stick to itself after it has been 
used to Wrap a bale. The high cling side of the ?lm faces 
inside When it Wraps a bale. The reason for this is that if the 
high cling side Were on the outside of the bale, the ?lm 
Would have a tendency to stick to other bales or to machin 
ery. Forage Wrapping ?lms are generally provided in a roll 
form for use in Wrapping bales. The high cling side is on the 
outside of the ?lm When it is provided in roll form so that it 
does not stick to the machinery When it is used for Wrapping 
bales. 

[0006] Various methods have been disclosed to provide 
?lms having differential cling properties Whereby one side 
of a Wrap ?lm exhibits strong cling properties While the 
other side of the ?lm exhibits little or no cling properties. 
Three general techniques have been relied upon for provid 
ing ?lms having differential cling properties. A ?rst tech 
nique for providing a differential cling ?lm include provid 
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ing a laminate of at least tWo different polymer layers Where 
one side of the ?lm has the desired cling properties. This 
technique often involves the use of a tacki?er and is 
described by U.S. Pat. No. 5,175,049 to Huff et al. Another 
technique for providing a differential cling ?lm includes 
altering the cling properties of one side of the ?lm by surface 
treatment (e.g., chemical, thermal, and/or electrical, such as 
corona discharge). Athird technique involves the addition of 
tacki?ers Which are blended into the principal ?lm polymer 
and the blend is then extruded and cooled as a ?lm in such 
a Way as to cause the tacki?ers to exhibit differential cling 
properties When applied as Wrap-packaging material. 

SUMMARY OF THE INVENTION 

[0007] A differential cling ?lm is provided by the present 
invention. The differential cling ?lm of the invention 
includes at least three layers. The ?rst layer can be referred 
to as the core layer, the second layer can be referred to as the 
high cling layer, and the third layer can be referred to as the 
loW cling layer. The high cling layer exhibits a same side 
cling value Which is greater than the same side cling value 
of the loW cling layer. Preferably, the high cling layer 
exhibits a same side cling value of betWeen about 300 grams 
at 0% stretch and 550 grams at 100% stretch, and said loW 
cling layer exhibits a same side cling value of betWeen about 
40 grams at 0% stretch and 125 grams at 100% stretch. The 
differential cling ?lm preferably exhibits an opposite cling 
value in the range of betWeen about 175 grams at 0% stretch 
and about 375 grams at 100% stretch. The same side and 
opposite side cling values are determined according to 
ASTM D5458-95. 

[0008] In order to function properly as a forage Wrapping 
?lm, the differential cling ?lm of the invention should be 
suf?ciently tough to resist puncturing and tearing. A pre 
ferred differential cling ?lm exhibits a dart impact value 
according to ASTM D1709-91 of greater than about 150 
grams, a MD tear value according to ASTM D1922-94 of 
greater than about 150 grams, and a TD tear value according 
to ASTM D1922-94 of betWeen about 500 grams and about 
800 grams. 

[0009] The core layer of the differential cling ?lm is 
primarily responsible for providing the desired toughness. 
On a mass basis, the core layer generally constitutes betWeen 
about 70 percent and about 90 percent of the differential 
cling ?lm. Preferably, the core layer includes polyethylene 
polymer. In order to increase toughness, the polyethylene 
polymer can be blended With an impact modi?er. Preferred 
impact modi?ers include polyethylene plastomer and ultra 
loW density polyethylene. A preferred polyethylene plas 
tomer is a metallocene linear loW density polyethylene. 

[0010] The high cling layer preferably includes a blend of 
ultra loW density polyethylene and non-liquid tacki?er. The 
loW cling layer preferably includes a blend of polyole?n and 
non-liquid tacki?er. The non-liquid tacki?er is preferably 
one Which is solid at room temperature and atmospheric 
pressure, and is one Which Will not migrate through the ?lm 
to other layers or to the surface of the ?lm in an amount 
Which Will result in signi?cant rubbing off of the tackifer 
onto the hands of the user. Apreferred non-liquid tacki?er is 
amorphous polyole?n, such as amorphous polypropylene. 

[0011] A Wrapped bale is provided by the present inven 
tion. The Wrapped bale includes a forage product Wrapped 
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by a differential cling ?lm. In general, the forage product is 
Wrapped and left outdoors for several Weeks to about one 
year. The purpose of the differential cling ?lm is to retain 
much of the moisture Within the forage product as the forage 
product converts to silage. 

[0012] A method for producing a differential cling ?lm is 
provided by the present invention. The method includes a 
step of providing at least three polymer melts and casting the 
three polymer melts to provide a multilayer ?lm exhibiting 
differential cling properties. In a preferred embodiment, the 
?rst polymer melt includes a polyethylene polymer, the 
second polymer melt includes a blend of ultra loW density 
polyethylene and non-liquid tacki?er, and third polymer 
melt includes a blend of polyole?n and non-liquid tacki?er. 

[0013] A method for Wrapping forage is provided by the 
present invention. The method includes steps of providing 
forage product in bale form, providing a differential cling 
?lm, and Wrapping the bale With the differential cling ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a sectional vieW of a differential cling 
forage Wrapping ?lm according to the principles of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] The invention relates to differential cling, forage 
Wrapping ?lms. By “differential cling,” it is meant that the 
cling properties on each side of the ?lm are different. It 
should be understood that differential cling ?lms of the 
invention include one side Which is characteriZed as a loW 
cling side and another side Which is characteriZed as a high 
cling side. Many prior art differential cling ?lms have one 
side Which essentially exhibits no cling, and another side 
Which exhibits high cling. The differential cling forage 
Wrapping ?lm of the invention preferably refers to a ?lm 
having a loW cling side and a high cling side. The cling 
property of the ?lm generally refers to the surface charac 
teristic Which alloWs the ?lm to adhere to itself. In the case 
of Wrapping ?lms, it is the opposite sides of the ?lm Which 
is generally the focus of the cling property of interest Which 
alloWs the ?lm to adhere to itself. The cling properties 
identi?ed in this application are tested under the procedures 
of ASTM D 5458-95. 

[0016] The differential cling, forage Wrapping ?lm of the 
invention is a multilayer ?lm and can be referred to herein 
as the multilayer ?lm, the forage Wrapping ?lm, or more 
simply as the ?lm. The multilayer ?lm includes a core layer 
and tWo outer layers. The core layer is primarily responsible 
for providing the desired strength properties. The outer 
layers are responsible for providing the differential cling 
properties. In particular, one of the outer layers can be 
referred to as the loW cling layer, and the other outer layer 
can be referred to as the high cling layer. It should be 
understood that While the folloWing description of the core 
layer focuses on a single core layer, the invention is not 
limited to a ?lm having a single core layer. That is, the core 
layer can include several discrete layers Which can be 
arranged in order to provide a “core layer” With the desired 
characteristics identi?ed in this description. Accordingly, the 
reference to a “core layer” does not exclude the existence of 
additional layers Within the multilayer ?lm in addition to the 
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outer layers. Reasons for providing the core layer as a 
laminate of tWo of more layers includes reducing material 
costs, reducing the use of certain expensive materials, pro 
viding a layer Which can incorporate scrap or regrind 
materials, and enhancing the use of a particular material in 
order to provide desired properties. 

[0017] In the context of the present invention, the ?lm is 
designed for use a forage Wrapping ?lm Which can be used 
in conjunction With conventional bale Wrapping equipment. 
Conventional bale Wrapping equipment is available from 
numerous manufacturers and distributors. The forage Wrap 
ping ?lm should be provided in a form Which can be used 
With as many of the commonly available bale Wrapping 
equipment as possible. In general, the ?lm is provided in a 
roll having a 20 inch or 30 inch Width, 5,000 to 6,000 linear 
feet per roll, and the ?lm is provided With a gauge of about 
1 mil. The ?lm is used to Wrap bales of forage such as hay 
Which is then provided in round or square bales and left in 
the ?eld for up to a year. The ?lm, therefore, has properties 
Which alloWs it to function properly under outdoor condi 
tions. In order to provide a ?lm Which Will function as a 
forage Wrapping ?lm, certain physical properties of the ?lm 
are desired. The physical properties primarily of interest for 
forage Wrapping ?lms include cling, puncture resistance, 
tear resistance, and tensile strength. 

[0018] The cling properties of the forage Wrapping ?lm 
are described beloW in tWo Ways. A ?rst characteriZation of 
the cling values is by measuring the cling betWeen the same 
surface of the ?lm. This is referred to as same side cling. The 
second type of cling measurement measures the value of 
cling betWeen opposite sides of the ?lm. This cling mea 
surement is referred to as opposite side cling. In the folloW 
ing description, the reference to the cling of a particular side 
of the ?lm is a measurement of the same side cling value for 
that particular side. When the cling value is reported for the 
entire ?lm, that cling value is an opposite side cling value. 
Furthermore, the cling properties are reported under condi 
tions of both 0% stretch and 100% stretch. It is generally 
found that the cling properties are greatest at 0% stretch and 
then decrease With increasing stretch or elongation. Often, 
the decrease in cling With elongation is found to be roughly 
linear. When the values of clings are reported, they are 
intended to cover the values of cling at 0% stretch and at 
100% stretch unless indicated otherWise. 

[0019] It is believed that the loW cling layer of the inven 
tion provides a same side cling value Which is greater than 
the no cling layer of prior art differential cling ?lms. 
Preferably, the same side cling value of the loW cling layer 
is at least 40 grams at 0% stretch and at 100% stretch. If the 
cling of the loW cling layer is too loW, the ?lm Will not 
provide desired cling properties to adequately Wrap a bale 
and keep it Wrapped in outdoor conditions. It has been found 
that many prior art differential cling ?lms Which have a 
no-cling layer tend to unravel or unWrap after the Wrapped 
bales and are left in the ?eld over time. The loW cling layer 
should not exhibit a cling value Which is high enough to 
interfere With equipment use When Wrapping bales or Which 
tends to prevent the roll of ?lm unWinding. Accordingly, the 
same side cling value for the loW cling layer should be less 
than about 130 grams at 0% stretch and at 100% stretch. 
Preferably, the loW cling layer exhibits a loW cling value of 
betWeen about 50 grams and about 125 grams, and more 
preferably betWeen about 70 grams and about 110 grams. 



US 2001/0014401 A1 

[0020] The high cling layer should exhibit suf?cient cling 
so that When the Wrapped bales are left in the ?eld, they do 
not tail. That is, the ends of the ?lm do not separate and ?ap 
in the Wind. It is desirable to prevent tailing in order to 
reduce the amount of moisture Which escapes from the bale. 
It is believed that tailing or edge release of the ?lm layers 
contributes to loss of moisture from the Wrapped bales or 
spoilage of the contents of the bale. In addition, the cling 
value of the high cling layer should not be so high as to 
create blocking or unWinding problems When the ?lm is 
used for Wrapping forage. The potential problem of blocking 
is a particular concern at elevated temperatures such as 
above 90° F. A preferred range of same side cling for the 
high cling layer is betWeen about 300 grams and about 550 
grams at 0% stretch and at 100% stretch. More preferably, 
the range of same side cling is betWeen about 350 grams and 
about 450 grams, and more preferably, betWeen about 375 
grams and about 425 grams. 

[0021] The differential cling forage Wrapping ?lm of the 
invention should exhibit an opposite side cling value Which 
is suf?cient to reduce tailing effect and provide desired cling 
at elevated temperatures, but Which is not too aggressive and 
Which Would be dif?cult to use on conventional bale Wrap 
ping equipment. In general, this corresponds to an opposite 
side cling value in the range of betWeen about 175 grams at 
0% stretch and 100% stretch and about 375 grams at 0% 
stretch and 100% stretch. Preferably, the opposite side cling 
value for the ?lm is betWeen about 200 grams and 350 
grams. 

[0022] The differential cling ?lm should have a toughness 
Which resists puncture holes caused by forage during Wrap 
ping. After Wrapping, the ?lm must be suf?ciently tough to 
resist punctures and tearing under conditions of Weathering 
normally encountered When bales of forage are placed in a 
?eld for up to about 12 months. The toughness of the ?lm 
can be characteriZed in terms of properties called dart 
impact, MD tear, TD tear, and tensile strength. 

[0023] The differential cling ?lm of the invention prefer 
ably has a dart impact value as determined by ASTM 
D1709-91 of greater than about 150 grams. The upper value 
on the dart impact is generally a function of cost. While 
higher dart impact values can be obtained by the selection of 
certain materials as discussed beloW, it is expected that 
providing dart impact values of greater than about 1,000 
grams may be non-economical. Preferably, the dart impact 
value of the ?lm of the invention is betWeen about 175 
grams and about 275 grams. 

[0024] The differential cling forage Wrapping ?lm of the 
invention is preferably prepared by casting techniques. In 
general, casting techniques result in a ?lm Which is stretched 
uniaxially in the machine direction. This is in contrast to 
bloWn ?lms Which are stretched biaxially. Prior art cast 
?lms, therefore, generally exhibit loWer tear resistance along 
the machine direction compared With bloWn ?lms. It is a 
discovery of the present invention that the tear resistance in 
the machine direction of cast ?lms can be improved. Resis 
tance to splitting in the machine direction is particularly 
important for a forage Wrapping ?lm. After the ?lm has 
Wrapped a bale of forage, the bales are often dropped from 
the bed of the bale Wrapper. If the tear resistance in the 
machine direction is too loW, the ?lm Will sometimes split. 
In addition, When bales are stacked, the bales provided at the 

Aug. 16, 2001 

bottom of the stack are under increased pressure Which may 
cause the ?lm to split along the machine direction. If the tear 
resistance in the machine direction is too loW, it has been 
found that certain ?lms may Zipper or tear in the machine 
direction after the ?lm has been punctured. Resistance to 
tearing in the transverse direction is generally important so 
that the ?lm does not rip during the Wrapping process. 

[0025] The tear properties of the differential cling ?lm can 
be determined by ASTM D1922-94. In general, it is desir 
able to provide an MD tear value of greater than about 150 
grams. While it can be expensive to provide higher MD tear 
values, it is expected that the MD tear value of the invention 
Will be kept generally beloW about 500 grams. Preferably, 
the MD tear of the differential cling ?lm is betWeen about 
200 grams and about 300 grams. 

[0026] For the differential cling ?lm of the invention, is 
expected that the TD tear property Will be betWeen about 
500 grams and about 800 grams. Preferably, the TD tear 
property Will be betWeen about 550 grams and about 650 
grams. It is an advantage of the invention that the differential 
cling ?lm can be provided With greater balance betWeen the 
MD tear and the TD tear properties compared With prior art 
cast ?lms. By balancing the MD tear and TD tear properties, 
it is less likely that the ?lm Will split in one direction. 

[0027] The tensile and elongation properties of forage 
Wrapping ?lms are often considered important by purchasers 
of the ?lm. For the forage Wrapping ?lm of the invention, the 
tensile and elongation properties are generally closely asso 
ciated With the tear properties of the ?lm. In general, it is 
desirable for the ?lm to exhibit a tensile strength of betWeen 
about 4,500 psi and about 8,000 psi according to ASTM 
D882. If the tensile strength (MD) is too high, it is expected 
that the ?lm Will exhibit undesirable tear properties. The 
forage Wrapping ?lm should exhibit an elongation of at least 
about 300% in the machine direction and 400% in the 
transverse direction as measured by ASTM D882. The 
forage Wrapping ?lm should not reach its ultimate elonga 
tion in either the machine direction or the transverse direc 
tion under normal forage Wrapping directions. The tensile 
strength (TD) should be betWeen about 4,000 psi and about 
6,000 psi. 

[0028] Forage Wrapping ?lms require high cling proper 
ties in order to function in an outdoor environment, but also 
require good release properties to alloW the ?lm to unWind 
during baling applications. The release properties for pallet 
Wrapping ?lms is generally not considered to be a very 
important property. Typical pallet Wrapping equipment can 
tolerate the use of pallet Wrapping ?lms Which exhibit poor 
release. In contrast, most bale Wrapping equipment is not as 
sophisticated as pallet Wrapping equipment, and, therefore, 
consideration of release properties of the ?lm is important. 
The forage Wrapping ?lm of the invention preferably exhib 
its a release value Which is less than about 0.2 lb. for 
separating tWo 4 inch Wide ?lms at an extension of 20 inches 
per minute. The test procedure for determining release is 
described in detail in Example 1. A target release value for 
the forage Wrapping ?lm of the invention is betWeen about 
0.05 lb. and about 0.1 lb. for separating tWo 4 inch Wide 
?lms at an extension of 20 inches per minute. In contrast, 
many pallet Wrapping ?lms can function adequately exhib 
iting release values of greater than 0.2 lb. for separating tWo 
4 inch Wide ?lms at an extension of 20 inches per minute. 
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Film Components 

[0029] The differential cling ?lm of the invention can be 
referred to as an ABC ?lm because each layer of the ?lm is 
provided With a different chemical composition. The high 
cling layer of the differential cling ?lm can be referred to as 
the A layer. This is the layer Which Will contact the forage 
When used to Wrap bales. The core layer can be referred to 
as the B layer, and the loW cling layer can be referred to as 
the C layer. It should be appreciated that While the core layer 
is discussed in reference to the B layer, it should be 
understood that the core layer can include a mutlilayer 
structure. That is, the core layer can be a laminate of tWo or 
more layers. 

[0030] The primary polymer component of forage Wrap 
ping ?lm is polyethylene. The term “polyethylene” is 
intended to encompass polyethylene homopolymers and 
copolymers of ethylene Which may be random or block 
copolymers, and includes all plastic resins Which are com 
monly knoWn as high density polyethylene, loW density 
polyethylene, linear loW density polyethylene, ultra loW 
density polyethylene, medium loW density polyethylene, 
polyethylene plastomers or elastomers, and blends thereof. 

[0031] The preferred loW density polyethylene polymer 
(LDPE) used in the ?lm is produced by a loW pressure 
process Wherein a major proportion by Weight of ethylene is 
copolymeriZed With a minor proportion by Weight of an 
alpha ole?n monomer containing 4 to 10 carbon atoms. It 
should be understood that loW density polyethylene polymer 
exhibits a melt index of less than about 10, as determined 
using the industry recogniZed standard test method, ASTM 
1238 (Standard Test Method for How Rates of Thermoplas 
tics by Extrusion Plastometer). The loW density polyethyl 
ene polymer has a density ranging from about 0.86 to about 
0.94 gm/c.c. and a melt index of from about 0.5 to about 10. 

[0032] There are generally ?ve types of loW density poly 
ethylene polymers Which are commercially available. These 
include linear loW density polyethylene (LLDPE), ultra loW 
density polyethylene (ULDPE), medium density polyethyl 
ene (MLDPE), polyethylene plastomer (PEP), and high 
pressure loW density polyethylene (HPLDPE). For purposes 
of the present invention, these types of polymers can be 
distinguished based upon their density. It should be under 
stood that under the de?nitions of the various types of loW 
density polyethylene, a particular polymer may satisfy one 
or more type of loW density polymer. In general, linear loW 
density polyethylene exhibit a density Within the range of 
from about 0.915 to 0.924 gm/c.c. Ultra loW density poly 
ethylene exhibits a density Within the range of from about 
0.903 to 0.915 gm/c.c. 

[0033] Medium density polyethylene exhibits a density 
Which is greater than about 0.925 gm/c.c. Polyethylene 
plastomers generally have a density of betWeen about 0.86 
and 0.91 gm/c.c. High pressure loW density polyethylene 
generally exhibits a density of betWeen about 0.920 and 
about 0.935 gm/c.c. 

[0034] By the use of the term minor proportion by Weight 
of an alpha ole?n monomer is meant a proportion Which 
does not exceed the proportion, by Weight, of ethylene 
present in the copolymer, in other Words, a proportion of 
alpha ole?n monomer less than 50 Weight percent. Prefer 
ably the ethylenic copolymers employed are those having 
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from about 1 to about 20 Weight percent of the higher alpha 
ole?n monomer copolymeriZed therein. In addition, it is also 
preferred that the alpha ole?n monomer employed in the 
ethylenic copolymer be selected from the group consisting 
of butene-1,3-methyl-butene-1, 3-methyl-pentene-1, -hex 
ene-1, 4-methyl-pentene-1, 3-methyl-hexene-1, octene-1 
and decene-1. Preferred, particularly for use in the outer 
layers of the multilayer ?lm structures of the present inven 
tion, are LDPE resins formed using the hexene-1 alpha or 
octene-1 ole?ns. Particularly preferred resins for use in 
forming the core layer of the multilayer ?lm structures of the 
present invention are the ethylenic copolymers employing 
hexene-1 and octene-1 alpha ole?ns. These particularly 
preferred core layer resins offer improved strength and 
puncture resistance to the multilayer structures of the present 
invention. The LDPE resins are prepared at relatively loW 
pressures employing coordination-type catalysts. Reference 
may be made to US. Pat. Nos. 3,645,992, 4,076,698, 
4,011,382, 4,163,831, 4,205,021, 4,302,565, 4,302,566, 
4,359,561 and 4,522,987 for more details of the manufacture 
and properties of LDPE resins including those Which are 
particularly useful herein. 

The Core Layer 

[0035] The core layer of the differential cling ?lm is 
generally the component of the ?lm primarily responsible 
for providing the desired strength and toughness. The tough 
ness of the differential cling ?lm of the invention can mainly 
be attributed to the core layer. In general, the core layer 
makes up about 70 percent to about 90 percent of the total 
thickness of the differential cling ?lm, on a mass basis. 
Preferably, the core layer makes up betWeen about 75 
percent and about 85 percent of the thickness of the differ 
ential cling ?lm, on a mass basis. Each of the outer layers 
make up betWeen about 5 percent and 15 percent of the total 
thickness of the differential cling ?lm, on a mass basis. The 
thickness of the outer layer should be sufficient to impart the 
desired cling properties. 

[0036] Bale Wrapping ?lms conventionally have a thick 
ness of about 1 mil. It has been found that this thickness is 
desired by users of conventional bale Wrapping equipment. 
The differential cling ?lm of the invention can be provided 
With a thickness of betWeen about 0.5 mil and about 2.5 mil. 
If the thickness of the ?lm decreases to beloW about 0.5 mil, 
it is expected that the ?lm Will not provide the desired 
toughness. If the thickness is greater than about 2.5 mil, it is 
expected that the ?lm may not provide the desired degree of 
stretch Which assists in Wrapping the bales tightly. Most 
conventional bale Wrapping equipment are designed for 
using a ?lm Which can be Wrapped to provide 4 layers of ?lm 
With 50 percent overlap. For use in this type of application, 
it is desired that the differential cling ?lm of the invention 
have a thickness of betWeen about 0.8 mil and about 1.5 mil. 

[0037] The core layer includes polymer and, optionally, 
pigment, and/or UV additive. The core layer includes at least 
about 95 percent, by Weight, based on the entire core layer, 
of polymer component. Preferably, the core layer includes at 
least about 97 percent by Weight of polymer component. The 
non-polymer component of the core layer, if present at all, 
is primarily pigment and UV additive. The pigment is 
generally provided in an amount of betWeen about 2 percent 
and about 5 percent by Weight based upon the total com 
position of the core layer. The UV additive is provided in an 
amount of less than 5,000 ppm. 
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[0038] The polymer component of the core layer includes 
linear loW density polyethylene and impact modi?er. The 
impact modi?er is provided in an amount suf?cient to 
provide the desired tear strength and puncture resistance 
properties. Too much impact modi?er Will provide a ?lm 
Which is too soft. In addition, it is generally desirable to limit 
the amount of impact modi?er in the core layer because it is 
an expensive component. TWo types of impact modi?ers 
Which can be used in the polymer component of the core 
layer include plastomer and ultra loW density polyethylene. 
The preferred impact modi?er is the polyethylene plastomer. 
It is generally desirable to provide at least about 10 percent 
by Weight based upon the polymer component, and less than 
about 25 percent by Weight based upon the polymer com 
ponent of the polyethylene plastomer. More preferably, the 
polyethylene plastomer is provided in an amount of betWeen 
about 15 percent by Weight and about 20 percent by Weight, 
based on the polymer component. A preferred polyethylene 
plastomer is a metallocene linear loW density polyethylene 
such as the resin available under the name DOW PL1845 
from DoW Chemicals Company. The ultra loW density 
polyethylene component can be used as a partial or complete 
substitute for the polyethylene plastomer component. In 
general, it is expected that the ultra loW density polyethylene 
component can be used in an amount of up to about 30 
percent by Weight based on the total Weight of the polymer 
component. Preferably, the ultra loW density polyethylene, if 
present at all, is present in an amount of betWeen about 10 
percent by Weight and about 20 percent by Weight of the 
polymer component. 

[0039] The linear loW density polyethylene can be present 
in the polymer component of the core layer in an amount of 
up to about 90 percent by Weight based on the Weight of the 
polymer component. The linear loW density polyethylene 
can be provided as a blend of tWo different linear loW density 
polyethylene resins. For example, it may be desirable to 
blend in another linear loW density polyethylene Which may 
be less expensive. Other polymer components can be 
blended in as partial substitutes for the linear loW density 
polyethylene in order to enhance stiffness. It has been found 
that increasing stiffness helps to reduce neck doWn When 
unWinding the ?lm. Medium density polyethylene and/or 
high pressure loW density polyethylene may be introduced in 
an amount of up to about 30 percent by Weight based upon 
the total Weight of the polymer component. In general, if 
either of these polymers is used, it is expected that they Will 
be used someWhere in the range of about 10 percent by 
Weight to about 20 percent by Weight based on the total 
Weight of the polymer component. In addition, polypropy 
lene is another polymer additive Which can be introduced to 
enhance stiffness. If polypropylene is used, it is expected 
that it Will be used in amount of less than about 10 percent 
by Weight based on the total Weight of the polymer com 
ponent. 

[0040] The UV additive is provided to inhibit degradation 
as the ?lm. UV additives Which can be used in the present 
invention are generally knoWn in the art. 

[0041] Apigment can additionally be incorporated into the 
core layer to provide the desired color for the differential 
cling ?lm. In most applications, it is desired to provide a bale 
Wrapping ?lm Which is either White or black. Pigments 
Which can be used in the present invention are generally 
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knoWn in the art. Alternatively, the differential cling ?lm can 
be provided Without any pigment in order to provide a clear 
?lm. 

The High Cling Layer And The LoW Cling Layer 

[0042] The high cling layer and the loW cling layer are 
provided in the forage Wrapping ?lm of the invention in 
order to provide differential cling. In general, the high cling 
layer and the loW cling layer should provide the cling 
properties discussed above. 

[0043] The high cling layer preferably includes an ultra 
loW density polyethylene and a non-liquid tacki?er. A non 
liquid tacki?er is generally a tacki?er Which is not liquid 
under ambient conditions of room temperature and atmo 
spheric pressure. In addition, a non-liquid tacki?er is gen 
erally considered nonmigratory in the ?nal product. That is, 
it tends not to migrate through the ?lm, and tends not to 
migrate into the core layer. In contrast, migratory tacki?ers 
such as polybutenes and polyisobutylenes tend to migrate. In 
many prior art bloWn ?lms, the liquid tacki?er blooms or 
migrates to the outer surface of the ?lm during the bloWing 
process to create differential cling. Prior art ?lm Which 
incorporates liquid tacki?ers often suffer from the problem 
of having tacki?er rub off onto a user’s hands. 

[0044] It is understood that the ultra loW density polyeth 
ylene provides a portion of the cling properties of the high 
cling layer. In order to further enhance the cling properties, 
a non-liquid tacki?er is added Which is compatible With the 
ultra loW density polyethylene. The ultra loW density poly 
ethylene and non-liquid tacki?er are preferably adjusted so 
that the high cling layer provides suf?cient cling as 
described above, but not too much cling to cause sticking to 
equipment. It should be understood that the ultra loW density 
polyethylene can be provided as a single resin or as a blend 
of one or more ultra loW density polyethylene resins. 

[0045] The non-liquid tacki?er is preferably an amor 
phous polyole?n and is provided in the high cling layer in an 
amount of betWeen about 1 percent by Weight and about 15 
percent by Weight based on the total Weight of the high cling 
layer. It should be understood that the particular amount of 
amorphous polyole?n is selected based upon its compatibil 
ity With the ultra loW density polyethylene and the desired 
cling value for that layer. Preferably, the amorphous poly 
ole?n is provided in an amount of betWeen about 2 percent 
by Weight and about 10 percent by Weight based on the total 
Weight of the high cling layer, and more preferably betWeen 
about 3 percent by Weight and about 6 percent by Weight 
based on the total Weight of the high cling layer. Exemplary 
amorphous polyole?ns Which can be used in the high cling 
layer are available under the name EASTOFLEX from 
Eastman Chemicals Company. Apreferred amorphous poly 
ole?n is amorphous polypropylene homopolymer Which can 
be obtained under the name EASTOFLEX P1023 from 
Eastman Chemicals Company. 

[0046] Amorphous polyole?ns generally exhibit poor ?oW 
properties in their solid state due to their high tack. Accord 
ingly, concentrates of amorphous polyole?n in linear loW 
density polyethylene can be obtained having desired ?oW 
characteristics. These desired ?oW characteristics Will alloW 
ease of blending in conventional gravimetric blending 
equipment and Will avoid potential bridging problems in the 
extruder. Bridging is generally exhibited by premature melt 
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ing in the feed section of an eXtruder. An exemplary con 
centrate is COLORTECH 10511-71 from Colortech, Inc. 
Applicants have found that the linear loW density polyeth 
ylene blended With the amorphous polyole?n does not 
provide detrimental effects When blended into the high cling 
layer. 

[0047] The loW cling layer is provided as a blend of 
polyole?n and non-liquid tacki?er. In general, the polyole?n 
should have a density Which is higher than the polyole?n 
provided in the high cling layer. This is to provide a loWer 
cling value. The non-liquid tacki?er component of the loW 
cling layer can be those components identi?ed above With 
respect to the high cling layer, and can be provided in the 
previously identi?ed concentrations. A preferred non-liquid 
tacki?er is the amorphous polypropylene homopolymer 
available under the name EASTOFLEX P1023 from East 
man Chemicals Company. Preferably, the non-liquid tacki 
?er is provided in the loW cling layer in an amount ranging 
betWeen about 1 percent and about 15 percent by Weight of 
the loW cling layer, and more preferably, betWeen about 2 
percent and about 10 percent by Weight. 

[0048] The polyole?n component of the loW cling layer is 
preferably a loW density polyethylene having a density of 
greater than about 0.920 gms/c.c. Preferably, the polyole?n 
component is a medium density polyethylene. Alternative 
polyole?n components include: a blend of high pressure loW 
density polyethylene and medium density polyethylene; a 
blend of polypropylene and medium density polyethylene; 
and high pressure loW density polyethylene. The loW cling 
layer can additionally include small amounts of loW density 
polyethylene polymer Which is incorporated via the concen 
trate of amorphous polyole?n. 

[0049] NoW referring to FIG. 1, a differential cling forage 
Wrapping ?lm according to the present invention is indicated 
at reference numeral 10. The forage Wrapping ?lm 10 
includes a core layer 12, a high cling layer 14, and a loW 
cling layer 16. The high cling layer 14 covers the ?rst 
surface 18 of the core layer, and the loW cling layer 16 
covers the second surface 20 of the core layer 12. The high 
cling layer 14 includes a high cling surface 22, and the loW 
cling layer 16 includes a loW cling surface 24. When the 
cling of the forage Wrapping ?lm is identi?ed, this is the 
cling resulting from the contact betWeen the high cling 
surface 22 and the loW cling surface 24. This type of cling 
has been identi?ed as opposite side cling. Same side cling 
generally refers to, for example, the cling betWeen different 
parts of the high cling surface 22, or the cling provided 
betWeen different parts of the loW cling surface 24. 

[0050] Applicants have found that by using a non-liquid 
tacki?er, it is not necessary to Wait for the ?lm to age. When 
conventional liquid tacki?ers are used, Which is the situation 
in most bloWn ?lms, the ?lm requires an aging period Where 
the liquid tacki?er blooms or migrates to the surface of the 
?lm. Because of this migration, the liquid tacki?ers tend to 
provide ?lms With inconsistent tack properties particularly 
over Wide temperature applications. 

Casting Technique 

[0051] An advantage of the invention is that the forage 
Wrapping ?lm is prepared by casting. Casting procedures 
generally alloW higher outputs and better gauge control 
compared With bloWn ?lm processes. 

Aug. 16, 2001 

[0052] Casting techniques Which can be used to provide 
the forage Wrapping ?lm of the present invention are gen 
erally described in Quantum, A Guide to Polyole?n Film 
Extrusion, Copyright 1991, the disclosure of Which is incor 
porated herein by reference. In general, the components of 
each of the layer is provided in a separate eXtruder, melted 
and eXtruded. The melt then ?oWs from each of the eXtruders 
through a combining block and into a die. The melt in the die 
is forced through an ori?ce and into a sheet or Web Which 
falls onto a chill roll. The distance betWeen the die ori?ce 
and the chill roll is usually about 1 inch and 5 inches. The 
sheet or Web is then slit and Wound onto either the 20 inch 
roll or the 30 inch roll. 

[0053] Round or square (rectangular) bales can be 
Wrapped With the forage Wrapping ?lm of the invention 
folloWing the Well-known forage Wrapping procedures 
Which utiliZe conventional forage Wrapping equipment. Bale 
Wrapping techniques are described, for eXample, by Crom 
Well et al., “Equipment for Preserving Forage as Round-Bale 
Silage,” University of Florida Institute of Food and Agri 
cultural Sciences, April 1994; CromWell et al., “The Plastic 
Wrapper is the Key to Making High Quality Round Bales 
Silage,” University of Florida Institute of Food and Agri 
cultural Sciences, June 1994; Garth, “Round Bale Silage,” 
Penn State College of Agricultural Sciences, 1991; and 
Buckmaster, “Round Hay Bale Storage,” Penn State College 
of Agricultural Sciences, 1993; the disclosures of Which are 
incorporated herein by reference. 

EXAMPLE 1 

Film Release Properties 

[0054] Films 1-4 Were obtained and tested for ?lm release 
properties. Film 1 is a cast ?lm sold under the name 
BaleGard® by Presto Products Company. Film 3 is a bloWn 
?lm sold under the name Sun?lm® by AEP, and Film 4 is 
bloWn ?lm sold under the name MaXTechTM by Tenneco. 
Film 2 is a forage Wrapping ?lm according to the present 
invention. Film 2 Was prepared by casting to provide an 
ABC ?lm. It should be understood that the percentage of 
each layer is on a mass basis. 

[0055] 10.0% A LAYER: 

[0056] 15% Colortech 10511-71 

[0057] 85% DOW 2032 

[0058] 80.0% B LAYER: 

[0059] 5% Equistar CM82288 

[0060] 95% (3.0% Equistar PM12295 

[0061] 17.0% DOW PL 1845 

[0062] 20.0% DOW 2032 

[0063] 60.0% DOW NG3347A) 

[0064] 10.0% c LAYER: 

[0065] 10% Colortech 10511 -71 

[0066] 90% DOW 4404 
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TABLE 1 

FILM RELEASE 

Film Lbs to pull ?lm apart" 20H roll 30H roll 

Film 1 0.45 2.25 3.38 
Film 2 0.08 0.4 0.6 
Film 3 0.12 0.6 0.9 
Film 4 0.10-0.12 0.5—0.6 0.75—0.9 

*Test was conducted by pulling apart 2 layers of 4H wide ?lm at 20"/min. 
Angle between the layers of ?lm being pulled apart is 180 degrees. Calcu 
lated values for a 20H and 30H roll are a simple linear extrapolation. 

[0067] The release properties for each ?lm was deter 
mined by the following test. Rolls of each ?lm were pro 
vided. Two layers of ?lms were slabbed from each roll. The 
layers were not separated. The slab ?lm was cut into 8 inch 
by 4 inch sections wherein the 8 inch section was along the 
machine direction. The top 2 inches of the two layers of ?lm 
(across the 4 inch width) was separated. Tape was then 
applied to the edges of the separated layers and the separated 
layers were placed in the grips of a tensile tester. The test 
was run at an extension of 20 inches per minute to separate 

the layers. The resulting value is the release value in lbs. 
This test is an attempt to provide data for essentially a 
no-load condition of operation. The release values for the 20 
inch roll and the 30 inch roll were calculated based upon the 
release values identi?ed in this test. 

We claim: 
1. A differential cling ?lm comprising: 

core layer having a ?rst surface and a second surface, the 
core layer comprising a polyethylene polymer; 

high cling layer covering the ?rst surface of the core layer, 
the high cling layer comprising ultra low density poly 
ethylene and non-liquid tacki?er; and 

low cling layer covering the second surface of the core 
layer, the low cling layer comprising polyole?n and 
non-liquid tacki?er; 
wherein said high cling layer exhibits a same side cling 

value which is greater than the same side cling value 
of said low cling layer. 

2. A differential cling ?lm according to claim 1, wherein: 

said high cling layer exhibits a same side cling value of 
between about 300 grams at 0% stretch and 550 grams 
at 100% stretch, and said low cling layer exhibits a 
same side cling value of between about 40 grams at 0% 
stretch and 125 grams at 100% stretch, wherein the 
same side cling values are determined according to 
ASTM D5458-95. 

3. A differential cling ?lm according to claim 1, wherein: 

said differential cling ?lm provides an opposite side cling 
value in the range of between about 175 grams at 0% 
stretch and about 375 grams at 100% stretch, wherein 
the opposite side cling value is determined according to 
ASTM D5458-95. 

4. A differential cling ?lm according to claim 1, wherein: 

said differential cling ?lm exhibits a dart impact value 
according to ASTM D1709-91 of greater than about 

Aug. 16, 2001 

150 grams, a MD tear value according to ASTM 
D1922-94 of greater than about 150 grams, and a TD 
tear value according to ASTM D1922-94 of between 
about 500 grams and about 800 grams. 

5. A differential cling ?lm according to claim 1, wherein: 

said core layer further comprises an impact modi?er. 
6. A differential cling ?lm according to claim 5, wherein: 

said impact modi?er is selected from the group consisting 
of polyethylene plastomer and ultra low density poly 
ethylene. 

7. A differential cling ?lm according to claim 1, wherein: 

said core layer comprises a blend of polyethylene polymer 
and metallocene linear low density polyethylene. 

8. A differential cling ?lm according to claim 1, wherein: 

the non-liquid tacki?er in said high cling layer comprises 
an amorphous polyole?n. 

9. A differential cling ?lm according to claim 1, wherein: 

the polyole?n in said low cling layer comprises low 
density polyethylene. 

10. Adifferential cling ?lm according to claim 1, wherein: 

said high cling layer comprises between about I percent 
by weight and about 15 percent by weight of the total 
weight of the high cling layer of amorphous polypro 
pylene. 

11. A differential cling ?lm according to claim 1, wherein: 

said low cling layer comprises between about 1 percent by 
weight and about 15 percent by weight of the total 
weight of the low cling layer of amorphous polypro 
pylene. 

12. A differential cling ?lm according to claim 8, wherein 
the amorphous polyole?n is provided as a blend of amor 
phous polyole?n and linear low density polyethylene. 

13. A wrapped bale comprising: 

forage product wrapped by a differential cling ?lm, 
wherein said differential cling ?lm comprises: 

core layer having a ?rst surface and a second surface, 
the core layer comprising a polyethylene polymer; 

high cling layer covering the ?rst surface of the core 
layer, the high cling layer comprising ultra low 
density polyethylene and non-liquid tacki?er; and 

low cling layer covering the second surface of the core 
layer, the low cling layer comprising polyole?n and 
non-liquid tacki?er; 

wherein said high cling layer exhibits a same side cling 
value which is greater than the same side cling value of 
said low cling layer. 

14. A wrapped bale according to claim 13, wherein: 

said high cling layer exhibits a same side cling value of 
between about 300 grams at 0% stretch and 550 grams 
at 100% stretch, said low cling layer exhibits a same 
side cling value of between about 40 grams at 0% 
stretch and 125 grams at 100% stretch, and said dif 
ferential cling ?lm provides an opposite side cling 
value in the range of between about 175 grams at 0% 
stretch and 375 grams at 100% stretch, wherein the 
cling values are determined according to ASTM 
D5458-05. 
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15. A Wrapped bale according to claim 13, wherein: 

said loW cling layer exhibits a same side cling value of 
between about 70 grams at 0% stretch and about 110 
grams at 100% stretch. 

16. A method for producing differential cling ?lm, the 
method comprising steps of: 

(a) providing at least three polymer melts, a ?rst polymer 
melt comprising polyethylene polymer, a second poly 
mer melt comprising ultra loW density polyethylene 
and non-liquid tacki?er, and a third polymer melt 
comprising polyole?n and non-liquid tacki?er; 

(b) casting said three polymer melts to provide a multi 
layer ?lm. 

17. Amethod for producing differential cling ?lm accord 
ing to claim 16, further comprising: 

(a) combining the ?rst polymer melt, the second polymer 
melt, and the third polymer melt inside a die, Wherein 
the ?rst polymer melt is provided betWeen about 70 
percent by Weight to about 90 percent by Weight, and 
the second polymer melt and the third polymer melt are 
each individually provided betWeen about 5 percent by 
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Weight and about 15 percent by Weight, Wherein the 
percent by Weight is determined on a mass basis for the 
three polymer melts. 

18. A method for Wrapping forage, said method compris 
ing steps of: 

(a) providing forage product in bale form; 
(b) providing a differential cling ?lm comprising: 

core layer having a ?rst surface and a second surface, 
the core layer comprising a polyethylene polymer; 

high cling layer covering the ?rst surface of the core 
layer, the high cling layer comprising ultra loW 
density polyethylene and non-liquid tacki?er, 
Wherein said high cling layer eXhibits a same side 
cling value Which is greater than the same side cling 
value of said loW cling layer; and 

loW cling layer covering the second surface of the core 
layer, the loW cling layer comprising polyole?n and 
non-liquid tacki?er; and 

(c) Wrapping said bale With said differential cling ?lm. 

* * * * * 


