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SHRINK FILM FOR LABEL 

Related Applications 

[0001] The present application claims the benefit of U.S. Provisional Application 

61/547,464 filed on October 14, 2011 and titled "Shrink Film For Label," the entire disclosure of which is 

incorporated herein by reference. 

Technical Field of the Invention 

[0002] The present invention relates to shrink films and provides shrink films comprising a 

modified polyester (e.g., a glycol-modified polyethylene terephthalate) material. The shrink films may 

be useful in encapsulating cylindrical articles including bottles, batteries, etc. 

Background of the invention 

[0003] Shrink film has been used for years to encapsulate articles. The shrink film must be 

able to shrink sufficiently to provide a smooth consistent coating. Previously, shrink films have been 

made from polyolefins and polyolefin blends and used extensively in the food and packaging business to 

protect and preserve articles such as food. One problem with polyolefin and polyolefin film blends is the 

difficulty of printing on the film. For printing to be successful, the films must provide a surface which will 

accept printing. Additionally the films must have sufficient tensile modulus to withstand the rigors of the 

printing process. Some polyolefin films do not have the tensile strength to withstand gravure printing. 
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Some poiyoiefin shrink films may be able to withstand gravure printing but may still exhibit poor 

performance when placed on the article to be encapsulated, e.g., a battery. 

[0004] Polyvinyl chioride (PVC) films provide acceptable shrinkages of about 40% to 45%. 

However, PVC shrink fiims have a problem with heat stability. Often, after the shrink film has been 

formed, the film may be exposed to elevated temperatures, such as in transport, which may cause the 

film to shrink prematurely. Another problem with PVC shrink films is concern over the environmental 

impact of PVC film, which forms harmful dioxins when incinerated. Concern regarding potentially 

adverse effect of halogens on the ozone layer has lead to efforts to provide halogen free shrink films. 

[0005] Batteries are typically encapsulated by shrink films. The film must shrink sufficiently 

to encase the battery. A problem with encapsulating batteries and other cylindrical article is end 

puckering, which occurs when the shrink film does not shrink sufficiently to provide a smooth 

encapsulating film at the ends of the battery. The film folds over itself and forms a "pucker." This 

puckering is unacceptable to consumers and, therefore, also to the manufacturer. 

[0006] Battery encapsulating is done at very high speeds. The speed of the labeling is often 

more that 700 labels applied per minute. It is difficult for typical shrink film labels to work under such 

high speed conditions. 

Summary of the Invention 

[0007] The present invention provides, in one aspect, a halogen-free, multilayered heat 

shrink film comprising a core layer having an upper and lower surface comprising a modified polyester, a 

first skin layer on the upper surface of the core layer, the skin layer comprising a resin material and an 

antiblock material, and a second skin layer on the lower surface of the core layer, the second skin layer 

comprising a resin material and an antiblock material. 
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[0008] The present films overcome problems associated with fiims that comprise standard 

polyesters. Polyesters, even modified polyesters, exhibit high coefficients of friction, which presents 

problems during processing and converting in that the films may not wind. The present configurations 

with the modified polyester core and the skin layers comprising the antiblock agent provide films that 

exhibit excellent shrink properties and heat stability as well as properties for processing the labels 

including during converting processes. 

[0009] In one aspect, the present invention provides a multilayered shrink film comprising 

a core layer comprising a glycol modified polyester, the core having an upper and lower surface; an 

upper skin layer disposed on the upper surface of the core layer and a lower skin layer disposed on the 

lower surface of the core layer, the skin layers each individually comprising (a) a resin material; and (b) 

an antiblocking agent. 

[0010] According to one embodiment, the core layer comprises about 60 to 100% by 

weight of the glycol modified polyester. 

[0011] According to one embodiment, the core layer comprises about 100% by weight of 

glycol modified polyester. 

[0012] According to one embodiment, the modified polyester is derived from a dicarboxyiic 

acid and a difunctionai alcohol other than ethylene glycol. 

[0013] According to one embodiment, the glycol modified polyester comprises a polymer 

derived from a carboxyiic difunctionai acid and at least two difunctionai alcohols, one of which may be 

ethylene glycol. 

[0014] According to one embodiment, the difunctionai carboxyiic acid is chosen from 

terephthalic acid, isophthalic acid, phthalic acid, 2,5-dimethylterephthalic acid, 5-t-butylisophthalic acid, 

4,4'-biphenyldicarboxylic acid, trans-3,3'-stilbenedicarboxylic acid, trans-4,4'-stilbenedicarboxyiic acid, 

4,4'-dibenzyidicarboxylic acid, 1,4-naphthaienedicarboxylic acid, 1,5-naphthalenedicarboxyIic acid, 2,3-
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naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, 

2,2,6,6-tetramethylbiphenyl-4,4'-dicarboxyli"c acid, l/l,3-trimethyf-3-phenylindene-4,5-dicarboxylic acid, 

1.2-diphenoxyethane-4,4'~dicarboxy!ic acid, diphenyl ether dicarboxylic acid, 2,5-anthracenedicarboxylic 

acid, 2,5-pyridinedicarboxylic acid, or a combination of two or more thereof. 

[0015] According to one embodiment, the difunctionai aicohol may be chosen from 

aliphatic diois, alicyclic diols, aromatic diols, or combinations of two or more thereof. 

[0016] According to one embodiment, the difunctionai alcohol is chosen from ethylene 

glycol, diethylene glycol, 1,2-propanedioi, 1,3-propanediol, 1,3-butanediol, 1,4-butanedioi, 1,5-

pentanedioi, 2,2-dimethyl-l,3-propanediol (neopentyl glycol), 1,6-hexanediol, 2-e:thy!-2-methy!-lJ3-

propanediol, 2,2-diethyi-l,3-propanedioi, 1,8-octanediol, 2-ethyl-2-butyl-1.3-propanedio!, 2-ethyi-2,4-

dimethyi-l,3-hexanediol, 1,10-decanedioi, polyethylene glycol, polypropylene glycol, 1,2-

cyclohexaned(methanol, 1,3-cyclohexanedimethanol, 1,4-cyclohexanedimethanol, 2.,2,4,4-tetramethyl-

1.3-cyclobutanediol, 2,2-bis(4'-j3-hydroxyethoxydiphenyl)propane bis(4'-p-hydroxyethoxyphenyl) 

sulfone, xyiylene glycol, and combinations of two or more thereof. 

[0017] According to one embodiment, the giycol modified polyester is a glycol modified 

polyethylene terephthalate. 

[0018] According to one embodiment, the glycol modified polyester comprises an alkylene 

giycoi chosen from ethylene giycol, propylene glycol, butylene glycol, pentylene glycol, 1,6-hexanediol, 

2,2-dimethyi-l,3-propanediol, or a combination of two or more thereof. 

[0019] According to one embodiment, the core layer comprises a blend of two or more 

modified polyesters. 

[0020] According to one embodiment, the antiblocking agent is chosen from diatomaceous 

earth, aluminum silicates, silicon dioxide, quarts, giass, silica sand, kaolin, talc, feldspar, calcium 

carbonate, gel-type synthetic silica, precipitated-type synthetic silica, sodium calcium aluminosilicate, 
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calcium silicate, metal oxides of Group 2, 3, 4, 5, 13, or 14 metals, or combinations of two or more 

thereof. 

[0021] According to one embodiment, the upper and lower skin layers individually 

comprise about 90 to about 99.99% by weight of the resin and about 0.01 to about 10% by weight of the 

antiblocking agent. 

[0022] According to one embodiment, the upper and lower skin layers individually 

comprise about 92.5 to about 99.5% by weight of the resin and about 0.5 to about 7.5% by weight of the 

antiblocking agent. 

[0023] According to one embodiment, the upper and lower skin layers individually 

comprise about 95 to about 99% by weight of the resin and about 1 to about 5% by weight of the 

antiblocking agent. 

[0024] According to one embodiment, the upper and lower skin layers individually 

comprise about 97.5 to about 99% by weight of the resin and about 1 to about 2.5% by weight of the 

antiblocking agent. 

[0025] According to one embodiment, the resin materia! in the upper and lower skin layers 

is individually chosen from a polyester material, a modified polyester, a polyolefin, or a combination of 

two or more thereof. 

[0026] According to one embodiment, the skin layers individually comprise polyiactic acid 

or a glycol modified polyethylene terephthalate material. 

[0027] According to one embodiment, the thickness ratio of the core layer to the skin 

layers is about 90:10. According to one embodiment, the thickness ratio of the core layer to the skin 

layers is about 80:20. in another embodiment, the thickness ratio of the core layer to the skin layers is 

about 70:30. 
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[0028] According to one embodiment, the upper skin:core:lower skin thickness ratio is 

about 2.5-20:95-60:20-2.5. 

[0029] According to one embodiment, the upper skin:core:lower skin thickness ratio is 

about 5:90:5. 

[0030] According to one embodiment, at least one of the upper skin layer and the lower 

skin layer comprises print indicia thereon. 

[0031] According to one embodiment, at least one of the upper skin layer and the lower 

skin layer comprises an adhesive layer thereon. 

[0032] According to one embodiment, the shrink film is oriented in the machine direction, 

the cross direction, or both. In one embodiment, the orientation ratio is from about 1.1:1 to about 4:1. 

In another embodiment, the orientation is about 2:1 to about 3:1. !n one embodiment, for use in 

encapsulating a battery, the shrink film is oriented in only the machine direction. 

[0033] According to one embodiment, the shrink film has a shrink initiation temperature of 

about 45 to about 65 °C. in another embodiment, the film has a shrink initiation temperature of about 

55 to about 65 °C. 

[0034] In another aspect, the present invention provides an article encapsulated with a 

shrink film a core layer comprising a glycol modified polyester, the core having an upper and lower 

surface; an upper skin layer disposed on the upper surface of the core layer and a lower skin layer 

disposed on the lower surface of the core layer, the skin layers each individually comprising (a) a resin 

material; and (b) an antiblocking agent. In one embodiment, the article is a battery. 

[0035] The films have good shrinkage and avoid end puckering. Additionally, the films are 

printable, using a variety of printing techniques including with gravure printing. The films and labels 

produced therefrom may be applied at high speeds and have good heat stability, e.g., they do not 

prematurely shrink, even at temperatures approaching 65 °C (149° F). 
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Brief Description of the Drawings 

[00361 Embodiments of the present disclosure are described herein with reference to the 

drawing wherein: 

[0037] Figure 1 illustrates a side view of a shrink film in accordance with an embodiment of 

the present invention. 

Detailed Description of the Invention 

[0038] A shrink film suitable for use as a shrink label to cover and encapsulate a variety of 

articles comprises a core and outer layers disposed about the core. The shrink films are useful in a 

variety of applications including, but not limited to, encapsulating cylindrical articles. 

[0039] Referring to figure 1, a shrink film 10 comprises a core layer 20 and outer layers 30, 

40 disposed on opposite surfaces of the core layer 10. The outer layers may also be referred to as skin 

layers or skins, and Figure 1 shows the core layer 20 between an upper (or first) skin layer 30 and a 

lower (or second) skin layer 40. As shown in figure 1, the shrink film 10 is a three layer film comprising a 

first skin layer 30 disposed on a first (upper) surface 22 of the core layer 20, and a second skin layer 40 

disposed on a second (lower) surface 24 of the core layer 20. 

[0040] The core layer comprises a glycoi modified polyester materia!. A glycol modified 

polyester material comprises a polymer made by polymerization of a dicarboxylic acid with (1) a 

difunctionai alcohol monomer other than ethylene glycol, or (2) two or more difunctionai alcohol 

monomers, one of which may be ethylene glycol. In one embodiment, a glycoi modified polyester may 

comprise a polymer made by polymerization of a dicarboxylic acid with a two or more difunctionai 

alcohols, at least one of which is ethylene glycol. 

[0041] The difunctionai carboxyiic acid may be an aromatic dicarboxylic acid. Examples of 

aromatic dicarboxylic acids suitable for use in the modified polyester resin include, but are not limited 
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to, terephthalic acid, isophthalic acid, phthaiic acid, 2,5-dimethyiterephthalic acid, 5-t-butyiisophthaiic 

acid, 4,4'-biphenyldicarboxylic acid, trans-3,3'-stilbenedicarboxylic acid, trans-4,4'-stiibenedicarboxyiic 

acid, 4,4'-dibenzyldicarboxylic acid, 1,4-naphthalenedicarboxylic acid, 1,5-naphthalenedicarboxylic acid, 

2,3-naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxyiic acid, 

2,2,6,6-tetramethyibiphenyi-4,4'-dicarboxyiic acid, l^^-trimethyl-S-phenyiindene^S-dicarboxyiic acid, 

l,2-diphenoxyethane-4,4'-dicarboxylic acid, dipheny! ether dicarboxylic acid, 2,5-anthracenedicarboxylic 

acid, 2,5-pyridinedicarboxylic acid, derivatives thereof, or a combination of two or more thereof, in one 

embodiment, the aromatic dicarboxylic acid component is terephthalic acid. 

[0042] The giycol modified polyester resin for use herein may also contain one or more 

aliphatic or aiicyclic difunctionai dicarboxylic acids as copolymerization components. Non-limiting 

examples of suitable aliphatic dicarboxylic acid components include oxalic acid, malonic acid, succinic 

acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, undecanedioic acid, 

dodecanedioic acid, tridecanedioic acid, tetradecanedioic acid, pentadecanedioic acid, heptadecanedioic 

acid, octadecanedioic acid, nonadecanedioic acid, icosanedioic acid, docosanedioic acid, 1,12-

dodecanedionoic acid, and derivatives of thereof. Non-limiting examples of suitable alicyciic dicarboxylic 

acid components include 1,3-cyclopentanedicarboxylic acid, 1,2-cyclohexanedicarboxylic acid, 1,3-

cyciohexanedicarboxylic acid, 1,4-cyciohexanedicarboxylic acid, 1,4-decahydronaphthalenedicarboxyiic 

acid, 1,5-decahydronaphthalenedicarboxylic acid, 2,6-decahydronaphthalenedicarboxylic acid, and 

substitution derivatives of them. It will be appreciated that the copolymerization components can be 

used alone or in combination. 

[0043] As previously described, a giycol modified polyester comprises a component derived 

from a difunctionai alcohoi. In one embodiment, a giycol modified polyester comprises a component 

derived from a single type of difunctionai alcohol other than ethylene glycol, in another embodiment, a 
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giycol modified polyester comprises components derived from two or more difunctionai alcohols where 

one of the two or more monomers may be ethylene giycol. 

[0044] The difunctionai alcohols used to form the glycoi modified polyester may include, 

for example, aliphatic diols, alicyciic diols, aromatic diols, or combinations of two or more thereof. Non-

limiting examples of suitable aliphatic diols include ethylene glycol (when used in conjunction with at 

least one of the difunctionai alcohol), diethylene glycol, 1,2-propanedioi, 1,3-propanediol, 1,3-

butanedioi, 1,4-butanediol, 1,5-pentanediol, 2,2-dimethyl-l,3-propanediol (neopentyl glycol), 1,6-

hexanediol, 2-ethyi-2-methyl-l,3-propanediol, 2,2-diethyl-l,3-propanediol, 1,8-octanediol, 2-ethyl-2-

butyl-l,3-propanedioi, 2-ethy!-2,4-dimethyl-l,3-hexanediol, 1,10-decanediol, polyethylene glycol, and 

polypropylene giycoi. Non-iimiting examples of suitable alicyciic diois include 1,2-

cyciohexanedimethanol, 1,3-cyclohexanedimethanoi, 1,4-cyclohexanedimethanoi, and 2,2,4,4-

tetramethyl-l,3-cyclobutanediol. Non-limiting examples of suitable aromatic diois include ethylene 

oxide adducts of bisphenol compounds such as 2,2-bis(4'-j3-hydroxyethoxyciiphenyl)propane and bis(4'-

(3-hydroxyethoxyphenyl)sulfone, and xyiyiene glycol. 

[0045] In one embodiment, the modified polyester comprises 50 mole % of the difunctionai 

alcohol and 50 mole % of the dicarboxylic acid, i.e., a 1:1 mole ratio of difunctionai alcohol to 

dicarboxylic acid, in embodiments, where the glycol modified polyester is derived from more then one 

difunctionai aicohoi, the total mole percent of difunctionai alcohol is 50%, and the percent of each 

difunctionai alcohol may be selected as desired for a particular purpose or intended use including to 

adjust the properties of the glycoi modified polyester, in one embodiment, the glycoi modified 

polyester is derived from a first difunctionai alcohol in an amount of 0.1 to 49.9 mole % and a second 

difunctionai alcohol in an amount of 49.9 to 0.1 mole %. in one embodiment, the glycoi modified 

polyester is derived from a first difunctionai alcohol in an amount of 1 to 49 mole % and a second 

difunctionai aicohoi in an amount of 49 to 1 mole %. In one embodiment, the giycol modified polyester 
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is derived from a first difunctionai alcohol in an amount of 5 to 45 mole % and a second difunctionai 

alcohol in an amount of 45 to 5 moie %. In one embodiment, the glycol modified polyester is derived 

from a first difunctionai alcohol in an amount of 10 to 40 moie % and a second difunctionai aicohoi in an 

amount of 40 to 10 moie %. In one embodiment, the glycol modified polyester is derived from a first 

difunctionai alcohol in an amount of 25 mole % and a second difunctionai alcohol in an amount of 25 

mole %. It will be appreciated that a glycol modified polyester is not limited to such embodiments and 

may comprise more than two difunctionai aicohoi components to provide a total difunctionai aicohoi 

content of 50 moie %. Here as elsewhere in the specification and claims, numerical values may be 

combined to create new or non-disciosed ranges. 

[0046] In one embodiment, the modified polyester is a giycoi modified polyethylene 

terephthalate (PETG). A glycoi modified polyethylene terephthalate may be made by condensing 

terephthaiic acid with a difunctionai alcohol other than ethylene giycol, or two or more types of 

difunctionai alcohols (where one of the two or more difunctionai alcohols may be ethylene glycol). In 

one embodiment, a PETG is made by condensing terephthaiic acid with ethylene glycoi and cyclohexane 

dimethenoi. In another embodiment the glycol modified polyester employs a dimethyl ester of 

terephthalic acid. 

[0047] Examples of suitable materials for the modified PETG include, but are not limited to, 

modified PETG resins available from Eastman including those sold under the trade names EASTAR, 

Eastman STECTAR, Eastman EMBRACE, 

[0048] The modified polyester may be thermoplastic. The modified polyester may be 

substantially amorphous, or may be partially crystalline (semi-crystalline). The modified polyester may 

have a crystallinity of at least about, and/or at most about, any of the following weight percentages: 

from about 5 to about 50%, from about 10 to about 40%, from about 15 to about 35%, even from about 

20 to about 30%. In one embodiment, the modified polyester has a crystallinity of about 25%. Here as 
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elsewhere in the specification and claims, individual ranges can be combined or modified to form 

additional or non-disclosed ranges. The crystallinity may be determined indirectly by the thermal 

analysis method, which uses heat-of-fusion measurements made by differential scanning calorimetry 

("DSC"). All references to crystallinity percentages of a polymer, a polymer mixture, a resin, a film, or a 

layer in this application are by the DSC thermal analysis method, unless otherwise noted. The DSC 

thermal analysis method is believed to be the most widely used method for estimating polymer 

crystallinity, and thus appropriate procedures are known to those of skill in the art. See, for example, 

"Crystallinity Determination," Encyclopedia of Polymer Science and Engineering, Volume 4, pages 482-

520 (John Wiley & Sons, 1986), of which pages 482-520 are incorporated herein by reference. Under the 

DSC thermal analysis method, the weight fraction degree of crystallinity (i.e., the "crystallinity" or "Wc") 

is defined as AHf/AHf where "AHf" is the measured heat of fusion for the sample (i.e., the area under the 

heat-flow versus temperature curve for the sample) and "AHf,c" is the theoretical heat of fusion of a 

100% crystalline sample. The AHf,c values for numerous polymers have been obtained by extrapolation 

methods; see for example, Table 1, page 487 of the "Crystallinity Determination" reference cited above. 

The AHf,c for polymers are known to, or obtainable by, those of skill in the art. The AHf,c for a sample 

polymer material may be based on a known AHf,c for the same or similar class of polymer material, as is 

known to those of skill in the art. For example, the AHf,c for polyethylene may be used in calculating the 

crystallinity of an EVA material, since it is believed that it is the polyethylene backbone of EVA rather 

than the vinyl acetate pendant portions of EVA that forms crystals. Also by way of example, for a sample 

containing a blend of polymer materials, the AHf,c for the blend may be estimated using a weighted 

average of the appropriate AHf,c for each of the polymer materials of separate classes in the blend. The 

DSC measurements may be made using a thermal gradient for the DSC of 10 °C/minute. The sample size 

for the DSC may be from 5 to 20 mg. 
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[0049] The core layer may comprise one or more modified polyesters. In one embodiment, 

the core layer comprises a blend of at least two different modified polyesters. Modified polyesters may 

be different from one another in terms of the respective components that form the polyester or, if 

comprising the same components, in terms of the percentage of each component in the respective 

modified polyesters. In one embodiment, the core layer comprises at least one PETG material. In 

another embodiment the core layer comprises a blend of at least two PETG materials. 

[0050] The modified polyester resin may have a glass transition temperature (Tg) of from 

about 50°C to about 100°C. in one embodiment, the modified polyester resin has a glass transition 

temperature of from about 60°C to about 90°C. In still another embodiment, the modified polyester 

resin has a glass transition temperature of from about 70"C to about 80°C. It will be appreciated that a 

blend of two or more modified polyesters will also exhibit a glass transition temperature that may be 

the same or different than the glass transition temperatures of the individual modified polyesters used 

to form the blend. Here as elsewhere in the specification and claims, numerical values may be combined 

to create new or non-disclosed ranges. 

[0051] The shrink initiation temperature of the film may be adjusted or controlled based on 

the modified polyesters used in the core. Without being bound to any particular theory, the glass 

transition temperature may affect the shrink initiation temperature of the film. Further, the shrink 

initiation temperature may be adjusted by employing a blend of two different modified polyesters resins 

in the core. In one embodiment, the core comprises a PETG, and the shrink initiation temperature of 

the film may be adjusted based on the difunctionai alcohols chosen to form the modified polyester. In 

one embodiment, the PETG materials selected for any of the core and skin layers are chosen to provide 

the film with a desired shrink initiation temperature range, in one embodiment, the film has a shrink 

initiation temperature of about 45 to about 65 °C. In another embodiment, the film has a shrink 

initiation temperature of about 50 to about 60 °C. in still another embodiment, the film has a shrink 
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initiation temperature of about 55 to about 65 °C. Here as elsewhere in the specification and claims 

numerical volumes can be combined to form new or non-disclosed ranges. 

[0052] The core layer may comprise from about 60 wt.% to about 100 wt.% of a modified 

polyester resin based on the total weight of the core layer. In one embodiment, the core layer 

comprises from about 90 wt. % to about 100 wt. % of a modified polyester resin based on the total 

weight of the core layer, in another embodiment, the core layer comprises 100 wt. % of a modified 

polyester resin. In embodiments comprising less than 100 wt. % of PETG, the balance of the composition 

may be an additive or suitable filler material to impart desired properties to the film. The core layer 

may, in one embodiment, consist essentially of a modified polyester resin or a blend of two or more 

modified polyester resins. The core layer, in another embodiment, may consist of a modified polyester 

resin or a biend of modified polyester resins. In one embodiment, the core layer comprises a PETG in an 

amount of about 100 wt. %. In another embodiment, the core layer comprises a blend of two or more 

PETGs in an amount of about 100 wt.%. 

[0053] The polymeric film material for forming the core layer may be free of inorganic 

fillers and/or pigments for clear films and clear labels, or the polymeric film material may be cavitated 

and/or contain inorganic fillers and other organic or inorganic additives to provide desired properties 

such as appearance properties (opaque or colored films), durability and processing characteristics. 

Nucleating agents can be added to increase crystallinity and thereby increase stiffness. Examples of 

useful materials include, but are not limited to, calcium carbonate, titanium dioxide, metal particles, 

fibers, flame retardants, antioxidant compounds, heat stabilizers, light stabilizers, ultraviolet light 

stabilizers, antiblocking agents, processing aids, acid acceptors, etc. 

[0054] The skin layers (e.g., skins 30, 40) comprise a resin material and an antiblock agent. 

In one embodiment, the resin material is chosen from, a modified polyester, a polyolefin, or a 

combination of two or more thereof. In one embodiment, the skin layers comprise a modified polyester 
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or a mixture of two or more modified polyesters. The modified polyesters may be chosen from any 

modified polyester resin that is also suitable for use in the core layer. The modified polyester(s) in the 

skin layers may be the same or different than the modified polyester employed in the core. Further, the 

skin layers may have the same composition as each other or may have a different composition in terms 

of the modified polyester, the antiblock, the percentage of the modified polyester, the percentage of 

antiblocking agent used in the layers, or two or more of these parameters, in one embodiment, the skin 

layers comprise a glycol modified PET. 

[0055] In one embodiment, the skin layer may further comprise a polyester resin blended 

with the modified polyester material or a poiyoiefin material. Polyesters may include polymers formed 

by the condensation of a difunctionai carboxyiic acid and a difunctionai aicohoi, the polycondensation of 

hydrocarboxyiic acid, and the polymerization of cyclic esters. Non-iimiting examples of suitable 

polyesters include PET, polyiactic acid (PLA), etc. 

[0056] In one embodiment, the skin layers comprise a poiyoiefin. The poiyoiefin may be a 

homopolymer or copolymer of an olefin such as ethylene, propylene, butylene, pentene, hexene, 

heptene, octene, nonene, decene, etc., alpha-olefins having 3 to 12 carbons, or combinations of two or 

more thereof. 

[0057] Suitable antiblocking agents include mineral-based and/or synthetic inorganic 

materials. Mineral-based antiblocking agents include both those that are silica-based {e.g., 

diatomaceous earth, aluminum silicates, silicon dioxide, quarts, glass, and silica sand), as well as others 

such as kaolin, talc, feldspar, and calcium carbonate. Synthetic antiblocking agents include gei-type and 

precipitated-type synthetic silicas. Non-limiting examples of suitable inorganic antiblocking agents 

include aluminum silicate (i.e. clay), silica, sodium calcium aluminosilicate, magnesium silicate (talc), and 

calcium silicate, particularly aluminum silicate, silica, sodium calcium aluminosilicate, and magnesium 

silicate. Examples of suitable porous inorganic oxide antiblocking agents include, but are not limited to, 
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metal oxides of element from Group 2, 3, 4, 5, 13, or 14 of the Periodic Table of Elements. Suitable 

metal oxides include, but are not limited to, metal oxides containing elements from Groups 4, 13, and 

14. Non-limiting examples of suitable anti-block agents include silica, alumina, silica-alumina, and 

mixtures thereof. Other inorganic oxides that may be employed either alone or in combination with the 

silica, alumina, or silica-alumina include magnesia, titania, zirconia, and the like. One non-iimiting 

example of a commercially available suitable ant-block agent is Sibeiite™ M400G (Sibelco), a high purity 

silica. 

[0058] Other suitable antiblocking agents useful in the skin layers include cross linked or 

uncross linked organic materials. Examples include EVOH, poiyamide 6, polyamide 66, syndiotactic 

polystyrene, poly(methyl methacrylate), engineering resins, liquid crystalline polymers, and aramids. 

[0059] In one embodiment, at least one of the skin layers comprises about 90 to about 

99.99 wt.% of the resin material and about 0.01 to about 10 wt.% anti-blocking agent. In another 

embodiment, at least one of the skin layers comprises about 92.5 to about 99.5 wt.% of resin material 

and about 0.5 to about 7.5 wt.% anti-blocking agent. In another embodiment, at least one of the skin 

layers comprises about 95 to about 99 wt.% of the resin material and 1 to about 5 wt.% anti-blocking 

agent, in another embodiment, at least one of the skin layers comprises 97.5 to about 99 wt. % of the 

resin material and 1 to about 2.5 wt.% anti-blocking agent. 

[0060] In one embodiment at least one of the skin layers comprises a PETG and an 

antiblocking agent. In one embodiment, at least one of the skin layers comprises 90 to about 99.99 

wt.% of a PETG and about 0.01 to about 10 wt.% anti-blocking agent. In another embodiment, at least 

one of the skin layers comprises about 92.5 to about 99.5 wt.% of a PETG and about 0.5 to about 7.5 

wt.% anti-blocking agent. In another embodiment, at least one of the skin layers comprises about 95 to 

about 99 wt.% of a PETG and about 1 to about 5 wt.% anti-blocking agent, in another embodiment, at 
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least one of the skin layers comprises about 97.5 to about 99 wt.% PETG and about 1 to about 2.5 wt.% 

anti-blocking agent. 

[0061] In another embodiment at (east one of the skin layers comprises polylactic acid 

(PLA) and an antiblocking agent, in one embodiment, at least one of the skin layers comprises about 90 

to about 99.99 wt.% PLA and about 0.01 to about 10 wt.% anti-biocking agent, in another embodiment, 

at least one of the skin layers comprises about 92.5 to about 99.5 wt.% PLA and about 0.5 to about 7.5 

wt.% anti-blocking agent. In another embodiment, at least one of the skin layers comprises about 95 to 

about 99 wt.% PLA and about 1 to about 5 wt.% anti-blocking agent. In another embodiment, at least 

one of the skin layers comprises about 97.5 to about 99 wt.% PLA and about 1 to about 2.5 wt.% anti­

blocking agent. 

[0062] In an embodiment where the skin layers are of a different class of material from the 

core layer (e.g., a non-PETG material), a tie layer may need to be employed between the skin layer and 

the core layer. The tie layers may comprise any polymer that improves adhesion of a core layer and a 

skin layer. Examples of suitable tie layers include, but are not limited to, polyethylene copolymers 

including, for example, ethylene-alpha-olefin copolymers having a high alpha-oiefin comonomer 

content; alkene-unsaturated carboxyiic acid or carboxyiic acid derivative copolymers such as, for 

example, ethylene-methacrylic acid copolymers and ethylene-vinyl acetate copolymers and ionomers 

such as zinc salts of ethylene-methacrylic acid copolymers, unsaturated dicarboxylic acid anhydride 

grafted polymers and copolymers such as maleic anhydride grafted ethyiene-vinyl acetate copolymers 

and maleic anhydride grafted poiyethylenes, styrene-butadiene copolymers, C3 or higher alpha-oiefin 

copolymers having a high alpha-oiefin comonomer content such as, for example, a propylene-l-butene 

copolymer having a 1-butene content up to 14% by weight. Examples of suitable tie layers include 

Platamid, available from Elf Atochem, and CXA, Bynel, or Plexar series of tie layers available from 

DuPont Chemical. 
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[0063] The tie layers may be comprised of one or more adhesive materials optionally in 

combination with one or more additional film forming thermoplastic polymeric materials. Suitable 

adhesive materials include, but are not limited to, ethylene vinyl acetate copolymers, ethylene methyl 

acrylate copolymers and ethylene butyl acryiate copolymers. An example of a commercially available 

material that can be used is the ethylene methyl acryiate copolymer available from ExxonMobil under 

the trade designation Optema TC 120. This material is identified as having a methyl acryiate content of 

21.5% by weight, a density of 0.942 g/cc, and a melt index of 6.0 g/10 min. Another example is AT 

Plastics EVA 1821. Other suitable film forming thermoplastic polymeric materials that can be used 

include, but are not limited to, polypropylene, copolymers of ethylene and propylene, medium density 

polyethylene (density of about 0.924 to about 0.939 g/cc), terpolymers of ethylene, vinyl acetate and 

malic anhydride, and terpolymers of ethylene, vinyl acetate and acrylic acid. An example of a 

commercial thermoplastic polymeric material that may be used is Union Carbide-Dow 5A97. The weight 

ratio of adhesive material to additional film forming thermoplastic polymeric material may range from 

about 10:90 to about 100:0, and in one embodiment about 40:60 to about 70:30, and in one 

embodiment about 50:50. 

[0064] The melt index of the skin layers, when tested at 230 °C using a 2.16 kg weight, may 

be in the range of 4 to 12 g/10 min, about 5 to about 10 g/10 min, or about 6 to about 8 g/10 min. Here 

as elsewhere in the specification and claims, numerical values may be combined to form new or non-

disclosed ranges. 

[0055] The thickness of the film and the respective core and skin layers may be chosen as 

desired for a particular purpose or intended use. The film may have a thickness in one embodiment, 

from about 0.5 to about 12 mils. In another embodiment, the film may have a thickness of from about 

1.5 to about 10 mils, in another embodiment, the film may have a thickness of from about 3 to about 7 

mils. In one embodiment, the shrink film has a thickness of about 1.5 mils. In another embodiment, the 
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shrink film has a thickness of about 2.0 miis. Here and else where in the specification, individual 

numerical values can be combined to form additional and/or non-disclosed ranges. 

[0066] The core layer may have a thickness as desired for a particular purpose or intended 

use. In one embodiment, the core layer may have a thickness of from about 0.25 to 11.5 mils, from 

about 0.5 to about 10 mils, from about 1 to about 8 mils, from about 2.5 to about 5 mils, etc. Here as 

elsewhere in the specification and claims, individual ranges may be combined or modified to form 

additional and/or non-disclosed ranges. In embodiments, the core may be relatively thick compared to 

the outer skin layers. In one embodiment, the core layer may be about 2 to 20 times as thick as each of 

the skin layers. 

[0067] In embodiments, the thickness ratio of the core to the outer iayers combined is 

95:5, 90:10, 80:20, 70:30, etc. in one embodiment, the thickness ratio upper skin layer: core: lower skin 

layer is 2.5-20:95-60:20-2.5, or in another embodiment, 5-15:70-90:15-5. in embodiments, the thickness 

ratio for the shrink films include 2.5:95:2.5, 5:90:5, 10:80:10, 15:70:15, 20:60:20, etc. The two skin iayers 

do not have to be of equal thickness. Other embodiments of thickness ratios for the shrink films include 

2.5:92.5:5, 5:92.5:2.5, 15:75:10, 10:75:15, 5:85:10, 10:85:5. Here as elsewhere En the specification and 

claims, individual numerical values can be combined to form additional and/or non-disclosed ranges. 

[0068] As described above, the shrink films are useful in many shrink film applications. The 

films may be converted to a iabel by adding a pressure sensitive adhesive to one side of the film. Print 

indicia may be placed onto either side of the film prior to adding a pressure sensitive adhesive or back-

rivrl-or! nnnk/mn ihn ̂  H hocfwo it ILCU c p i y n J g, LMVI. duiiCJlvv,. 

[0069] The adhesive may be any of those known to those skilled in the art. The pressure 

sensitive adhesive may be any solvent or emulsion based pressure sensitive adhesive such as acrylic or 

rubber based pressure sensitive adhesives. Typically, the adhesive is placed onto the film at a coat 
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weight of about 10 to about 40, or from about 20 to about 25 grams/m2. An example of a particularly 

useful adhesive is S2001 available from Avery Chemicals. 

[0070] The film may be manufactured by film-forming processes known in the art. The film 

may be prepared by extrusion or co-extrusion utilizing, for example, a tubular trapped bubble film 

process, a flat cast film process, a slit die fiat cast film process, or any other suitable method for forming 

a film. The film may also be prepared by applying one or more layers by extrusion coating, adhesive 

lamination, extrusion lamination, solvent-borne coating, or by latex coating (e.g., spread out and dried 

on a substrate). These processes are known to those of skill in the art. 

[0071] It will be appreciated that the shrink films are oriented in a at least one direction. 

The film may be oriented in either the machine (i.e., longitudinal), the transverse direction, or in both 

directions {i.e., biaxially oriented), for example, to enhance the strength, optics, and durability of the 

film. A web or tube of the film may be uniaxiaiiy or biaxialiy oriented by imposing a draw force at a 

temperature where the film is softened (e.g., above the vicat softening point; see ASTM 152.5) and for 

example at a temperature below the film's melting point. The film may then be quickly cooled to retain 

the physical properties generated during orientation and to provide a heat-shrink characteristic to the 

film. The film may be oriented using, for example, a tenter-frame process or a bubble process. The 

orientation may occur in any of one direction (i.e., the machine or transverse direction) and/or two 

directions (e.g., the machine and transverse directions) by a ratio of about 1.1:1 to about 4:1, about 

1.2:1 to about 3.8:1, about 1.5:1 to about 3.5:1, about 1.8:1 to about 3.2:1, even about 2:1 to about 3:1. 

The film may be stretched by any of these amounts in one direction and another of any of these 

amounts in another direction, in one embodiment, for use as a shrink film to encapsulate a battery, the 

film is oriented in oniy the machine direction. 

[0072] The film may have a free shrink at 100 °C in one direction (e.g., the machine 

direction or the transverse direction) and/or in both the machine and transverse directions of about, 5% 
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to about 80%, about 7% to about 75%, about 9% to about 70%, about 10% to about 60%, about 12% to 

about 55%, about 15 to about 50%, about 25% to about 45%, even about 30% to about 40%. In one 

embodiment, the film has a free shrink of at least about 40% in at least one direction. In another 

embodiment, the film has a free shrink of at least about 50% in one direction, in a further embodiment, 

the film has a free shrink of at least about 60% in one direction. In still another embodiment, the film 

has a free shrink of at least about 70% in one direction. Here as elsewhere in the specification and 

claims, individually ranges may be combined to form additional or non-disclosed ranges. The film may 

have any of the forgoing shrink amounts in the machine and/or transverse directions at temperatures 

ranging from about 40 to about 90 °C, or about 50 to about 70 °C. For example, the film may have a free 

shrink at 80 °C in the transverse direction of at least about 60% and a free shrink at 60 °C in the machine 

direction of at most about 10%. Also, the film may have any combination of the forgoing shrink values at 

differing temperatures; for example, the film may have a free shrink at 90 °C in at least one direction of 

at least about 75% and a free shrink at 70 °C in any direction of at most about 5%. The film may be 

annealed, for example, to decrease the shrink attribute at a selected temperature (e.g., 70 °C). 

[0073] The film may be annealed or heat-set to slightly or substantially reduce the free 

shrink of an oriented film, for example to raise the shrink initiation temperature. The film may have less 

than about any of 3%, 2%, and 1% free shrink in any direction at temperatures between 40 and 65 °C. 

The free shrink of the film is determined by measuring the percent dimensional change in a 10 x 10 cm 

film specimen when subjected to selected heat (i.e., at a specified temperature exposure) according to 

ASTM D 2732, which is incorporated herein in its entirety by reference. All references to free shrink in 

this application are measured according to this standard. In one embodiment, the labels of the present 

invention may be prepared by co-extruding an upper skin layer, core layer and lower skin layer such as 

those described above. 
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[0074] The films have sufficient strength to be printed by fiexographic and gravure printing. 

These films generally have a Young's modulus from about 150,000 to about 500,000, or from about 

175,000 to about 400,000, or from about 200,000 to about 300,000 psi. Young's modulus is determined 

by ASTM D 882. 

[0075] The film may have a printed image applied to it, for example, by any suitable ink 

printing method, such as rotary screen, gravure, or fiexographic techniques. The printed image may be 

applied to a skin layer. The printed image may be applied as a reverse printed image, for example, 

applied to the inside layer of the film of a shrink film. This film is then printed by gravure printing and 

transfer laminated to a pressure sensitive adhesive on a release liner such as the silicone treated paper. 

In embodiments employing polyolefin skins, the skinfs) should be flame treated before being printable. 

[0076] In one embodiment, the upper skin layer contains print indicia thereon. In one 

embodiment, the lower skin layer contains print indicia thereon, in one embodiment, the upper skin 

layer contains an adhesive layer thereon. In one embodiment, the lower skin layer contains an adhesive 

layer thereon. In one embodiment, the upper skin layer contains print indicia and an adhesive layer 

thereon, in one embodiment, the lower skin layer contains print indicia and an adhesive layer thereon. 

[0077] The labels are particularly useful in encapsulating articles such as batteries. By way 

of illustration, the shrink film may be laminated to a pressure sensitive adhesive with liner. The film is 

die cut to form individual labels and the matrix surrounding the labels are removed. The resulting labels 

are then applied to a battery and then shrink wrapped in a heat tunnel. The temperature of the heat 

tunnel is approximately 250-260° F. The labels of the present Invention encapsulate the battery as well 

without end puckering. When using these labels to encapsulate batteries, it is also understood that the 

labels may further include circuitry such as that used to determine the strength of the battery charge. 

Circuitry may be internal of the labei, e.g., on the adhesive side of the label or on the outer surface of 

the label such as circuitry which would then be further covered with another film such as those 
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described above, or a varnish to protect it from damage. Encapsulates for batteries and methods for 

encapsulating batteries along with description of some circuitry for battery labels is described in U.S. 

Pat. No. 5,190,609, issued to Lin et al. This patent in incorporated by reference for those teachings. 

[0078] Example 

A three layer film is prepared by extruding a film having a sink/core/skin configuration where 

the skin layers are formed from a composition comprising 99% by weight PETG (Specter Clear available 

from Eastman) and 1% by weight of antiblock (Eastar 6763 C0235 available from Eastman), and the core 

layer is formed from a PETG (Specter Clear available from Eastman). The film is configured such that the 

core comprises 80% of the film and each skin layer is 10% of the fiim. The film is stretched in the 

machine direction at a ratio of 2.5:1. The film had the following properties: 

Property Value 
Modulus (MD) 600 kpsi 
Modulus (CD) 170 kpsi 
Tensile Strength (MD) 161 psi 
Tensile Strength (CD) 6 kpsi 
Elongation (MD) 30% 
Elongation (CD) 250% 
Tear Resistance (MD) 12 gf/mil 
Tear Resistance (CD) 33 gf/mil 
Stiffness (MD) 2.4 mN 
Stiffness (CD) 2.9 mN 
Haze 1.1 
Gloss >110 
Coefficient of Friction <0.7 
Shrink (MD) 57-65% 
Shrink (CD) (-4.0) -(-0.8)% 

[0079] While the invention has be described with . reference to various exemplary 

embodiments, it will be appreciated that modifications may occur to those killed in the art, and the 

present application is intended to cover such modifications and inventions as fail within the spirit of the 

invention. 
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CLAIMS 

What is claimed is; 

1. A muitilayered shrink film comprising: 

a core layer comprising a glycol modified polyester, the core having an upper and lower surface; 

an upper skin layer disposed on the upper surface of the core layer and a lower skin layer 

disposed on the lower surface of the core layer, the skin layers each individually comprising 

(a) a resin material; and 

(b) an antiblocking agent. 

2. The shrink film of claim 1 wherein the core layer comprises about 60 to 100% by weight 

of the giycol modified polyester. 

3. The shrink film of claim 1, wherein the core layer comprises about 100% by weight of 

glycol modified polyester. 

4. The shrink film of any of claims 1-3, wherein the glycoi modified polyester is derived 

from a dicarboxylic acid and a difunctionai alcohol other than ethylene glycol. 

5. The shrink film of any of claims 1-3 wherein the glycol modified poiyester comprises a 

polymer derived from a carboxyiic difunctionai acid and at least two difunctionai alcohois, one of which 

may be ethylene glycoi. 
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6. The shrink film of claims 4 or 5, wherein the difunctionai carboxyiic acid is chosen from 

terephthalic acid, isophthaiic acid, phthaiic acid, 2,5-dimethylterephthalic acid, 5-t-butylisophthalic acid, 

4,4'-biphenyldicarboxy!ic acid, trans-3,3'-stilbenedicarboxylic acid, trans-4,4'-stilbenedicarboxylic acid, 

4,4'-dibenzyldicarboxyiic acid, 1,4-naphthalenedicarboxylic acid, 1,5-naphthalenedicarboxyiic acid, 2,3-

naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, 

2,2,6,6-tetramethylbiphenyl-4,4'-dicarboxyiic acid, l,l,3-trimethyl-3-phenylindene-4,5-dicarboxylic acid, 

1.2-diphenoxyethane-4,4'-dicarboxylic acid, diphenyi ether dicarboxylic acid, 2,5-anthracenedicarboxylic 

acid, 2,5-pyridinedicarboxylic acid, or a combination of two or more thereof. 

7. The shrink film of claims 4 or 5, wherein the difunctionai alcohol or at least two 

difunctionai alcohols are chosen from aliphatic diols, alicyciic diols, aromatic diols, or combinations of 

two or more thereof. 

8. The shrink film of any of claims 4-7, wherein the difunctionai alcohols is chosen from 

ethylene glycol, diethylene glycol, 1,2-propanediol, 1,3-propanedioi, 1,3-butanedioi, 1,4-butanediol, 1,5-

pentanediol, 2,2-dimethyl-l,3-propanediol (neopentyl glycol), 1,6-hexanediol, 2-ethyl-2-methyi-l,3-

propanedioi, 2,2-diethyi-l,3-propanediol, 1,8-octanediol, 2-ethyl-2-butyI-l,3-propanediol; 2-ethyi-2,4-

dimethyl-l,3-hexanediol, 1,10-decanedioi, polyethylene glycol, polypropylene glycol, 1,2-

cyclohexanedimethanol, 1,3-cyclohexanedimethanol, 1,4-cyciohexanedimethanol, 2,2,4,4-tetramethyl-

1.3-cyclobutanediol, 2,2-bis(4,-p-hydroxyethoxydiphenyl)propane bis(4' p hydroxyethoxyphenyl) 

sulfone, xylylene giycol, and combinations of two or more thereof. 

9. The shrink film of any of claims 1-8, wherein the glycoi modified polyester is a glycol 

modified polyethylene terephthalate. 
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10. The shrink film of claim 9, wherein the glycoi modified polyester comprises an alkyiene 

glycol chosen from ethylene glycol, propylene glycoi, butyiene giycol, pentyiene glycol, 1,6-hexanediol, 

2,2-dirnethyl-l,3-propanediol, or a combination of two or more thereof. 

11. The shrink film of any of claims 1-10, wherein the core layer comprises a blend of two or 

more modified polyesters. 

12. The shrink film of any of claims 1-11, wherein the antiblocking agent is chosen from 

diatomaceous earth, aluminum siiicates, silicon dioxide, quarts, glass, silica sand, kaolin, taic, feldspar, 

calcium carbonate, gel-tvpe synthetic silica, precipitated-type synthetic silica, sodium calcium 

aluminosilicate, calcium silicate, metal oxides of Group 2, 3, 4, 5, 13, or 14 metais, or combinations of 

two or more thereof. 

13. The shrink film of any of ciaims 1-11, wherein the upper and lower skin layers 

individually comprise about 90 to about 99.99% by weight of the resin and about 0.01 to about 10% by 

weight of the antiblocking agent. 

14. The shrink film of any of claims 1-11, wherein the upper and iower skin iayers 

individually comprise about 92.5 to about 99.5% by weight of the resin and about 0.5 to about 7.5% by 

weight of the antiblocking agent. 
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15. The shrink film of any of claims 1-11, wherein the upper and lower skin layers 

individually comprise about 95 to about 99% by weight of the resin and about 1 to about 5% by weight 

of the antiblocking agent. 

16. The shrink film of any of claims 1-11, wherein the upper and lower skin layers 

individually comprise about 97.5 to about 99% by weight of the resin and about 1 to about 2.5% by 

weight of the antiblocking agent. 

17. The shrink film of any of claims 1-16, wherein the resin material in the upper and lower 

skin iayers is individualiy chosen from a polyester material, a modified polyester, a poiyoiefin, or a 

combination of two or more thereof. 

18. The shrink film of any of claims 1-17, wherein skin layers individually comprise the resin 

material is polylactic acid or a glycoi modified polyethylene terephthalate material. 

19. The shrink film of any of claims 1-17, wherein the thickness ratio of the core layer to the 

skin layers is about 90:10. 

20. The shrink film of any of claims 1-17, wherein the thickness ratio of the core layer to the 

skin layers is about 80:20. 

21. The shrink film of any of claims 1-17, wherein the thickness ratio of the core layer to the 

skin iayers is about 70:30. 
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22. The shrink film of any of claims 1-21, having an upper skin:core:lower skin thickness 

ratio of about 2.5-20:95-60:20-2.5. 

23. The shrink film of any of claims 1-21, having an upper skin:core:lower skin thickness 

ratio of about 5:90:5. 

24. The shrink film of any of claims 1-23, wherein at least one of the upper skin layer and 

the lower skin layer comprises print indicia thereon. 

25. The shrink film of any of claims 1-24, wherein at least one of the upper skin layer and 

the iower skin layer comprises an adhesive layer thereon. 

26. The shrink film of any of claims 1-25, wherein the shrink film is oriented in the machine 

direction, the cross direction, or both. 

27. The shrink film of claim 26, wherein the orientation ratio is from about 1.1:1 to about 

4:1. 

28. The shrink film of claim 26, wherein the orientation is about 2:1 to about 3:1. 

29. The shrink film of any of claims 1-28, wherein the film has a shrink initiation 

temperature of about 45 to about 65 °C. 
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30. The shrink film of any of claims 1-28, wherein the film has a shrink initiation 

temperature of about 55 to about 65 °C. 

31. The use of the shrink film of any one of claims 1-30 for encapsulating an article. 

32. The use of the shrink film of claim 31, wherein the article is a battery. 
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