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(57) ABSTRACT 

A heat-shrinkable ?lm and a method of its manufacture are 
provided. In an exemplary embodiment, a polystyrene ?lm 
exhibits heat-induced groWth in the cross direction of great 
than or equal to 5% With greater than or equal to 30% 
concomitant shrinkage in the machine direction. The ?lms 
may comprise crystal polystyrene, high impact polystyrene, 
and/or elastomers. A method of manufacture is disclosed 
Which includes a post-extrusion temperature conditioning 
step. 
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LONGITUDINAL SHRINK FILMS 

[0001] This application claims priority to the provisional 
US. patent application entitled, Polystyrene Longitudinal 
Shrink Films, ?led Feb. 6, 2003, having a Ser. No. 60/445, 
272, the disclosure of Which is hereby incorporated in its 
entirety by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to heat 
shrinkable ?lm. More particularly, the present invention 
relates to heat-shrinkable polystyrene ?lms that exhibit 
temperature dependent shrinkage in one direction With con 
comitant expansion in another. 

BACKGROUND OF THE INVENTION 

[0003] Heat-shrinkable ?lms have Widely been used for 
various industrial applications, for example, such as With 
shrink-Wrap ?lms, shrinkable labels and cap seals, by mak 
ing use of their property of heat-dependent shrinkage. The 
?lms have been applied to a variety of surfaces, including 
plastic and glass surfaces. Shrink ?lms have been manufac 
tured from vinyl chloride resins, polystyrene resins or poly 
ester resins; hoWever, in many instances, ?lm shrinkage is 
concomitant With undesirable curling of the outer edges of 
the ?lm. The undesirable curling of the outer edges has 
limited the application of shrink ?lms. Therefore, there is a 
need for shrink ?lms that have little to no curling. 

SUMMARY OF THE INVENTION 

[0004] The foregoing needs are met, to an extent, by the 
present invention, Wherein in one aspect shrink ?lm is 
provided comprised of a polystyrene polymer blend Which, 
upon exposure to heat, exhibits shrinkage in the length 
direction and controlled groWth in the cross direction, thus 
alloWing the ?lm to exhibit reduced curling of its outer edges 
as the ?lm shrinks upon exposure to heat. The shrink ?lm 
may exhibit shrinkage in the length direction in the range of 
about 10% to about 90% and exhibit a shrinkage in the cross 
direction in the range of about 30% to about —30% (a 
negative value indicates groWth) When subjected to heat in 
a hot air oven at 120° C. after about ?ve minutes. In some 
embodiments, the shrink ?lm may exhibit shrinkage in the 
length direction of about 50% and exhibit shrinkage in the 
cross direction of about —10% (a negative value indicates 
groWth) When subjected to heat in a hot air oven at 120° C. 
after about ?ve minutes. In other embodiments, the shrink 
?lm may exhibit shrinkage in the length direction of about 
30% and exhibit a shrinkage in the cross direction of about 
—5% (a negative value indicates groWth) When subjected to 
heat in a hot air oven at 120° C. after about ?ve minutes. In 
still yet other embodiments, the shrink ?lm may exhibit 
shrinkage in the length direction of up to about 50% or 
greater and exhibit a shrinkage in the cross direction of up 
to about —10% (a negative value indicates groWth) When 
subjected to heat in a hot air oven over a temperature range 
of about 220° F. to about 250° F. after about ?ve minutes. 
The polystyrene polymer blend includes crystal polystyrene 
and elastomers, high impact polystyrene and elastomers, 
and/or crystal polystyrene, high impact polystyrene and 
elastomers. The polystyrene polymer blend may include 48 
parts crystal polystyrene, 2 parts high impact polystyrene 
and 50 parts elastomers. In other embodiments, polystyrene 
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polymer blends include 33 parts crystal polystyrene, 2 parts 
high impact polystyrene and 65 parts elastomers. In yet other 
embodiments, polystyrene polymer blends include 68 parts 
crystal polystyrene, 2 parts high impact polystyrene and 30 
parts elastomers. 

[0005] In accordance With another embodiment of the 
present invention, a packaged good is provided comprising 
a consumable item and a heat treated ?lm Wrapped around 
at least a portion of the consumable item, Which heat treated 
?lm is obtained by exposing to heat a shrink ?lm comprised 
of a polystyrene polymer blend Which exhibits shrinkage in 
the length direction and controlled groWth in the cross 
direction upon exposure to heat. The packaged good may be 
a consumable item including batteries, cans, bottles, dispos 
able lighters, pens and decorative items. The ?lm may form 
a perforated or non-perforated neck band around the con 
sumable item and may be clear, matte, translucent, or 
opaque. The packaged good With the heat treated ?lm may 
include a packaging label and the label may be printed onto 
the ?lm. 

[0006] In yet another embodiment of the present inven 
tion, a method of making a shrink ?lm comprising (a) 
providing pellets of a polystyrene polymer blend, (b) drying 
the pellets, (c) melting the pellets to form a molten mass at 
a desired viscosity value or range of values, (d) increasing 
the viscosity of the molten mass, (e) stretching the resulting 
molten mass to form a ?lm, and annealing the resulting 
?lm. The drying step of the method may be carried out in an 
air dryer. The melting step may be carried out at a tempera 
ture range of about 150° C. to about 300° C., about 180° C. 
to about 270° C., or at a temperature of about 200° C. The 
?rst viscosity may range from about 3,000 P to about 6,000 
P, about 4,000 P to about 5,000 P, or be about 4,500 P, at 
about 240° C. and an apparent shear rate of about 55 
seconds_1. The second viscosity may range from about 
16,000 P to about 19,500 P, about 16,500 P to about 18,000 
P, or be about 17,500 P, at about 180° C. and an apparent 
shear rate of about 55 seconds_1. The viscosity increasing 
step may be carried out in a polymer cooling unit, and the 
unit may be a Koch polymer cooling unit adapted for 
polystyrene use. The stretching step of the method may be 
carried out using a bloWn ?lm orientation process. The 
annealing step of the method may be carried out at a 
temperature ranging from about 25° C. to about 200° C., 
about 30° C. to about 175° C., about 50° C. to about 100° 
C., or about 90° C. 

[0007] In still yet another embodiment of the present 
invention, a method of increasing the viscosity of a poly 
styrene polymer blend suitable for shrink ?lms is provided, 
comprising (a) providing pellets of a polystyrene polymer 
blend, (b) melting the pellets to form a molten mass at a ?rst 
desired viscosity value or range of values, and (c) cooling 
the molten mass to a second desired viscosity value in a 
polymer cooling unit. The melting step may be carried out 
at a temperature range of about 150° C. to about 300° C., 
about 180° C. to about 270° C., or at a temperature of about 
200° C. The ?rst viscosity may range from about 3,000 P to 
about 6,000 P, about 4,000 P to about 5,000 P, or be about 
4,500 P, at about 240° C. and an apparent shear rate of about 
55 seconds_1. The second viscosity may range from about 
16,000 P to about 19,500 P, about 16,500 P to about 18,000 
P, or be about 17,500 P, at about 180° C. and an apparent 
shear rate of about 55 seconds_1. The viscosity increasing 
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step may be carried out in a polymer cooling unit, and the 
unit may be a Koch polymer cooling unit adapted for 
polystyrene use. The second viscosity may range from about 
tWo times to about ten times, about four times to about eight 
times, or about six times that of the ?rst viscosity value. 

[0008] There has thus been outlined, rather broadly, cer 
tain embodiments of the invention in order that the detailed 
description thereof herein may be better understood, and in 
order that the present contribution to the art may be better 
appreciated. There are, of course, additional embodiments of 
the invention that Will be described beloW and Which Will 
form the subject matter of the claims appended hereto. 

[0009] In this respect, before explaining at least one 
embodiment of the invention in detail, it is to be understood 
that the invention is not limited in its application to the 
details of construction and to the arrangements of the 
components set forth in the folloWing description or illus 
trated in the draWings. The invention is capable of embodi 
ments in addition to those described and of being practiced 
and carried out in various Ways. Also, it is to be understood 
that the phraseology and terminology employed herein, as 
Well as the abstract, are for the purpose of description and 
should not be regarded as limiting. 

[0010] As such, those skilled in the art Will appreciate that 
the conception upon Which this disclosure is based may 
readily be utiliZed as a basis for the designing of other 
structures, methods and systems for carrying out the several 
purposes of the present invention. It is important, therefore, 
that the claims be regarded as including such equivalent 
constructions insofar as they do not depart from the spirit 
and scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a graph depicting the percent shrinkage of 
a POLYFLEX LMOPS 120 Gauge ?lm of the present 
invention at a given temperature for ?ve minutes. The solid 
line represents shrinkage in the length direction and the 
dotted line represents expansion in the cross direction. 

[0012] FIG. 2 is a graph depicting the percent shrinkage 
of a POLYFLEX LMOPS 160 Gauge ?lm of the present 
invention at a given temperature for ?ve minutes. The solid 
line represents shrinkage in the length direction and the 
dotted line represents expansion in the cross direction. 

[0013] FIG. 3 is a graph depicting the percent shrinkage 
of a POLYFLEX LMOPS 200 Gauge ?lm of the present 
invention at a given temperature for ?ve minutes. The solid 
line represents shrinkage in the length direction and the 
dotted line represents expansion in the cross direction. 

DETAILED DESCRIPTION 

[0014] In one embodiment of the instant invention, plastic 
?lms and a method of their manufacture are described. The 
polymer ?lms are generated that, When heat treated, shrink 
in the machine direction and expand in the cross direction. 
This shrinkage and expansion may occur simultaneously. 
The machine direction Will be de?ned herein as the “longi 
tudinal” or “length” direction. The “cross direction” or 
“cross Web direction” Will be de?ned herein as the direction 
perpendicular to the machine direction. Embodiments of 
?lms described herein exhibit reduced edge-curling charac 
teristics and can be produced in clear, matte, translucent 
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colors and opaque colors. Films of the present invention may 
be suitable for back side and/or front side printing. 

[0015] Films of the present invention may comprise vari 
ous polymers and polymer grades knoWn in the art. Prefer 
ably, in some embodiments, polymers are selected that, 
When used alone or in a blend, enable “memory” to be stored 
from an orienting process described herein. Many of the 
determinants for polymer selection are knoWn to one or 
ordinary skill in the art and/or Will be apparent from the 
teachings herein. For example, Where high temperature 
processing is desired, polymers With higher softening points 
may be selected, such as, for example, high molecular 
Weight polymers. 

[0016] Polymer classes that may be suited for the present 
invention, include, but are not limited to, crystal polysty 
rene, high impact polystyrene, and elastomers. In each of the 
aforementioned classes, various grades of the respective 
polymers are also included. 

[0017] Crystal polystyrene is a polymer that can provide 
stiffness, heat resistance, gloss, and clarity (for clear ?lms). 
All grades may be used in the present invention; hoWever a 
melt How of about 2 and a molecular Weight of 350,000 (Wt. 
avg.) is preferred. Preferred characteristics of crystal poly 
styrene may include a melt ?oW that ranges from about 0.7 
to about 40 (ASTM D-1238G). The molecular Weight 
(Weight Average) preferably ranges from 180,000 to 475, 
000 (ASTM D-3593), and more preferably ranges from 
300,000 to 350,000, and even more preferably is 350,000. 
The term “about” has been incorporated herein to account, 
for example, for the inaccuracies inherent and present in 
such measurements knoWn in the art. 

[0018] High impact polystyrene polymers can provide slip 
(anti-blocking) and anti-scratching characteristics, and all 
grades can be used in the present invention. These polymers 
comprise a combination of crystal polystyrene and butadiene 
rubber particles. Rubber particle siZes may range from about 
1 micron to about 10 microns (high impact only), and 
preferably about 3 to about 4 microns in some embodiments. 
Without being limited to or bound by theory, it is thought 
that the rubber blooms to the surface during orienting Which 
aids in creating a void betWeen ?lm layers. The void, 
comprising an air pocket betWeen ?lm layers, is one factor 
in determining anti-blocking and anti-scratching character 
istics of the ?lm. 

[0019] High impact polystyrene may have a melt ?oW that 
ranges from about 0.7 to about 40 (ASTM D-1238G), and 
preferably a melt How of about 2.0. The molecular Weight 
(Weight Average) of the polymers may range from 180,000 
to 475,000 (ASTM D-3593), more preferably betWeen 300, 
000 to 350,000, and even more preferably is 350,000. 

[0020] Synthetic polymers (also knoWn as “elastomers”) 
are thought to provide strength, ?exibility and may be a 
signi?cant component in storing the shrink memory. Syn 
thetic polymers are knoWn in the art, and commonly sup 
plied as a blend of a synthetic rubber and a “carrier resin.” 
The carrier resin is often crystal polystyrene, high impact 
polystyrene, or a combination thereof, but may comprise 
other polymers as Well. Synthetic rubbers that may be used 
in some embodiments of the current invention include, but 
are not limited to, styrene isoprene styrene (SIS), styrene 
butadiene styrene (SBS), and styrene butadiene—also 



US 2005/0158492 A1 

known as SB block copolymer. All grades can be used, 
including branched or linear molecular structures. 

[0021] For certain applications, synthetic polymers are 
commonly supplied in the art as 75% of a carrier resin and 
25 % of a synthetic rubber, Which is the maximum amount of 
synthetic rubber that may be used and still meet FDA 
compliance 21 CFR 177.1810. HoWever, other formulations 
are available, both With more or less synthetic rubber, and 
various types and grades of synthetic rubbers are also 
available and may be incorporated in the invention. 

[0022] Synthetic polymers in some embodiments may 
have a melt ?oW that ranges from about 0.7 to about 40 
(ASTM D-1238G), and more preferably about 8.0. The 
molecular Weight (Weight Average) of the polymers may 
range from 100,000 to 500,000 (ASTM D-3593), and more 
preferably is 250,000. 

[0023] In some embodiments, polymers for ?lms may be 
selected from one, tWo or each of three groups mentioned 
and combined to create blended polymer ?lms. Table 1 
provides a listing of formulations that may be suitable in the 
preparation of ?lms of the present invention. For clarity in 
description, a skilled artisan should appreciate from the 
teachings herein that the percent of crystal polystyrene and 
the percent of butadiene in “high impact polystyrene” have 
not been listed. HoWever, it should be appreciated that high 
impact polystyrene is a combination of the tWo polymers, 
and for the ?rst 17 formulations, “high impact polystyrene” 
is, in fact, about 92% crystal polystyrene and about 8% 
butadiene. 

[0024] Similarly, elastomers are commercially available 
as a combination of a carrier resin and a synthetic rubber. 
Column 4 lists the percentage of “elastomer”, Where the 
elastomer comprises 75% crystal polystyrene and 25% syn 
thetic rubber. Column 5 provides the net synthetic rubber in 
the composition in the complete formulation. 

TABLE 1 

Polymer Formulations 

Formulation Crystal Elastomer/ Net Synthetic 
No PS HIPS Synthetic Polymer Rubber 

1) 68% 2% 30% 7.50% 
2) 63% 2% 35% 8.75% 
3) 58% 2% 40% 10% 
4) 53% 2% 45% 11.25% 
5) 48% 2% 50% 12.50% 
6) 47% 3% 50% 12.50% 
7) 49% 1% 50% 12.50% 
8) 43% 2% 55% 13.75% 
9) 38% 2% 60% 15% 

10) 33% 2% 65% 16.25% 
11) 34% 1% 65% 16.25% 
12) 28% 2% 70% 17.50% 
13) 23% 2% 75% 18.75% 
14) 24% 1% 75% 18.75% 
15) 18% 2% 80% 20% 
16) 13% 2% 85% 21.25% 
17) 14% 1% 85% 21.25% 
18) 0% 100% 0% 0% 
19) 0% 95% 5% 1.25% 
20) 0% 90% 10% 2.50% 
21) 0% 85% 15% 3.75% 
22) 30% 60% 10% 2.50% 
23) 15% 50% 35% 8.75% 
24) 50% 30% 20% 5% 
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TABLE 1-continued 

Polymer Formulations 

Formulation Crystal Elastomer/ Net Synthetic 
No PS HIPS Synthetic Polymer Rubber 

25) 60% 20% 20% 5% 
26) 25 % 1 5% 60 % 15 % 
27) 20% 10% 70% 17.50% 
28) 1 0% 1 0% 80 % 20 % 
29) 10% 5% 85% 21.25% 

[0025] The blends in Table 1 may be chosen or prepared 
to create the “feel” or ?exibility of the ?lm to match an end 
use application. In the formulations in Table 1, increasing 
the net synthetic rubber in a given composition may increase 
the ?exibility of the ?lm, such that ?lms of the ?rst formu 
lations are not as ductile as the seventeenth. Also, ?lms 
prepared from formulations 18-21 are considered “semi 
clear” by virtue of their high butadiene content. 

[0026] Where all other processing parameters are equal, 
the molecular Weights and/or the melt indices of both the 
elastomer and crystal polystyrene could be used to adjust the 
shrink curve of the ?lm to match the end use. For example, 
loWer molecular Weight polymers have a loWer softening 
point Which moves the shrink curve to the left. Also, the melt 
index of the elastomer and the crystal polystyrene should be 
matched as close as possible in some embodiments, and 
preferably, in other embodiments, no more than a difference 
of 6 g ?ow/10 min at 200° C. (ASTM D-1238G) is desirable. 

[0027] In a preferred embodiment, ?lms are produced With 
a blend of 70% crystal/high impact polystyrene and 30% 
elastomers. More preferably, in some embodiments, the 70% 
crystal/high impact polystyrene is predominantly crystal 
polystyrene, for example 68% crystal polystyrene and 2% 
high impact polystyrene. 

[0028] Processing 
[0029] After the polymer composition of the ?lm is 
selected, the polymer is then processed to generate a ?lm 
With desirable shrink properties. Generally, the polymers are 
procured in pellets or grains. In cases Where multiple poly 
mers are to be included, the polymers pellets are ?rst dry 
blended. That is, the pellets are mixed together. The pro 
cessing there from essentially comprises ?ve steps: drying, 
extrusion, temperature conditioning, orienting, and anneal 
ing. Details of each processing step Will noW be described. 

[0030] The blended polymer pellets are ?rst dried by 
heating in a dryer to remove surface moisture. In some 
embodiments, a hot air dryer is used; hoWever, a variety of 
air dryers are knoWn in the art and many of them may be 
suitable for drying. The present invention need not be 
limited to air dryers only, but may include other types of 
dryers, including baking ovens. The temperature and dura 
tion of drying may be dependent on the total amount and 
condition of the polymer(s) (i.e., the amount of starting 
surface moisture), and may need to be adjusted on a batch 
by-batch basis. Preferably, the polymers experience little to 
no melting in this step. By Way of example, typical drying 
conditions require that temperatures range from about 27° C. 
to about 94° C., for variable periods of time. In some 
embodiments, polymers are heated to 60° C. for 3 hours 
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before further processing. The drying is thought to increase 
the likelihood of high level clarity Where clear shrink ?lms 
are desired. 

[0031] Extrusion, the second processing step, is Whereby 
the pellets are melted into a loW viscosity molten mass, thus 
combining the heretofore individual polymer beads or grains 
into one molten mass. The viscosity of the melt Will depend 
on the temperature. Temperatures can range from about the 
temperature at Which the polymers Will remain melted to 
about the temperature Where degradation of the polymers 
begins to occur. By Way of example, extrusion melt tem 
peratures may be maintained betWeen about 160° C. to about 
288° C. for certain polymer blends, but may ultimately 
depend on the different polymers that have been blended and 
their respective melting points. In some embodiments, 200° 
C., is preferred. 

[0032] By Way of example, the viscosity of 100% SBS 
polymer (comprising 75% crystal polystyrene and 25% 
butadiene rubber), at 240° C. and an apparent sheer rate of 
about 5.5 seconds“1 in a capillary rheometer, may range 
from about 6,000 poise (P, dyne/cm2) to about 11,000 P, 
preferably about 8,000 P to about 10,000 P, and more 
preferably, about 9,000 P. At a shear rate of about 55 
seconds the same polymer at 240° C. may have an apparent 
viscosity that ranges from about 3,000 P to about 6,000 P, 
preferably about 4,000 P to about 5,000 P, and more pref 
erably, about 4,500 P. 

[0033] The third step, temperature conditioning, is done to 
increase the viscosity of the molten polymers, Which makes 
the melt manageable for further processing. It is thought that 
by increasing the viscosity, a smoother ?lm surface than 
Without this step is generated. Asmoother surface aids in the 
printing process that is performed in many end applications, 
such as, for example, labels. 

[0034] The cooling step may be accomplished by a variety 
of methods knoWn in the art. HoWever, it has noW been 
found and that the use of a polymer cooler at this step in 
processing may enable more precise temperature control. It 
is believed that temperature control over the orienting pro 
cess Which folloWs the controlled cooling step alloWs for a 
controlled shrink memory to be stored in the ?lm. 

[0035] Avariety of coolers are knoWn in the art and may 
be used by one of ordinary skill in the art based on the 
teaching provided herein. HoWever, A Koch Engineering 
SIR polymer cooling unit, available from SulZer Chemtech, 
USA of Tulsa, Okla., adapted for polystyrene use may be 
preferred in some applications. 

[0036] The polymer cooler operating temperature range is 
preferably betWeen about 160° C. to about 190° C. Higher 
temperatures may be used, but such higher temperatures 
may also lead to less shrinkage of the ?lm. The temperature 
and duration of cooling can again depend on both the 
amount of polymer being cooled and the ?lm properties that 
may be desired. For example, generally, a reduction in 
temperature is correlated With an increase in shrinkage. 

[0037] In one example, the viscosity of 100% SBS poly 
mer (comprising 75% Crystal polystyrene and 25% butadi 
ene rubber), at 180° C. and an apparent sheer rate of about 
5.5 seconds“1 in a capillary remoter, may range from about 
60,000 P to about 80,000 P, preferably about 65,000 P to 
about 75,000 P, and more preferably, about 71,000 P. At a 
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shear rate of about 55 seconds“1 the same polymer at 180° 
C. may have an apparent viscosity that ranges from about 
16,000 P to about 19,500 P, preferably about 16,500 P to 
about 18,000 P, and more preferably, about 17,500 P. It Will 
be apparent from the data presented herein that the polymer 
cooling step can increase the viscosity from about 2 to about 
10 times that of the polymer coming out of the extruder. In 
other embodiments, the viscosity may be increased about 5 
to about 9 times. 

[0038] The fourth step in preparation of ?lms of the 
present invention is orienting, also knoWn as stretching. 
Orienting can be accomplished by many methods and asso 
ciated equipment knoWn to one of ordinary skill in the art, 
including, for example, machine direction orientation and 
bloWn ?lm orientation. All methods are preferably designed 
to ?rst control the temperature of the polymer, folloWed by 
a controlled stretching operation. 

[0039] In a preferred embodiment of the present invention, 
the polymer melt is already pre-cooled, preferably in a 
polymer cooler, and then submitted to a bloWn ?lm orien 
tation process. Pre-cooling the polymer in a polymer cooler 
before bloWn ?lm orienting is believed to be unique. The 
process of the present invention has one signi?cant advan 
tage in that a very controlled temperature—from the post 
extrusion temperature conditioning—can be achieved prior 
to the formation of a bubble. AbloWn ?lm extrusion process 
bloWs molten plastic polymer through a die of circular 
cross-section into a bubble using an air jet. Once the plastic 
has been bloWn out, rollers ?atten it into a sheet of double 
thickness ?lm. It can then be cut to form tWo sheets of ?lm. 
The sheets of ?lm can then be cut to desired length. 

[0040] In the preferred embodiment then, by virtue of 
pre-cooling the melted polymer, only a ?nal ?ne tuning of 
orienting temperature is performed, Where desired, during 
the orientation process. In other Words, the greater share of 
temperature conditioning takes place prior to orienting and 
not during orienting. Where a ?ne tuning of temperature is 
desired, it can be relatively easily accomplished by a tem 
perature controlled air ring, Which bloWs chilled air at the 
base of the bubble. 

[0041] The orienting process imparts the shrink memory 
into the ?lm Where it is stored by the different polymers that 
are used. Die parameters may range from 1:0.75 BUR 
(BloWn Up Ratio) to about 1:3 BUR, and preferably, about 
1:14 BUR in the cross Web direction. In the length (or 
machine) direction, die parameters may range from about 
1:1 draW doWn ratio to about 1:300 draW doWn ratio, and 
preferably, about 1:130 draW doWn ratio. Orienting tempera 
tures of the present invention range from about 65° C. to 
about 160° C., and more preferably, about 120° C. 

[0042] Annealing, also called relaxation, is the ?nal step in 
the preparation of ?lms of the instant invention. Annealing 
is generally accomplished post orienting, and performed at 
temperatures betWeen about 27° C. to about 176° C. in some 
embodiments, and more preferably at 90° C. This process is 
accomplished by rotating heated cylinders that contact the 
?lm just prior to the Winding process Where the ?nished roll 
of plastic ?lm is generated. 

[0043] Film properties using the aforementioned protocol 
can be manipulated as desired With nominal trial and error 
by one of ordinary skill in the art. Such variations are 
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expected and are incorporated into the scope of the inven 
tion. Films of the instant invention, can generally have 
characteristics that fall into the following ranges: 

[0044] Film Shrinkage at about 120° C. for about 5 
minutes in air: 

[0045] Longitudinal direction: about 10% to about 90%, 
With an average of about 50%. 

[0046] Cross direction: about +30% (shrinkage) to about 
—30% (groWth), With an average of about —5%. 

[0047] FIGS. 1, 2, and 3 shoW the percent shrinkage as a 
function of temperature of 120 gauge (0.0012 in.), 160 
gauge (0.0016 in.), and 200 gauge (0.002 in.) ?lms, respec 
tively. The ?lms Were prepared from a blend of about 68% 
crystal polystyrene, about 30% elastomers and about 2% 
high impact polystyrene. Using the preferred process 
described above, the blend Was dried at 60° C. for about 3 
hours, extruded at about 200° C., and cooled in a polymer 
cooler to beloW 190° C. The cooled polymer Was subse 
quently bloW ?lm oriented at 120° C. and ?nally annealed at 
90° C. Die ratios Were 1:1.4 in the cross Web direction and 
1:130 in the machine direction. 

[0048] The respective ?lms Were placed in a hot air dryer 
at the temperature shoWn for about ?ve minutes and the 
shrinkage in the longitudinal direction and the cross direc 
tion as a percentage of the original dimensions is plotted. As 
is evident from the results, the ?lms described exhibit 
positive shrinkage in the longitudinal direction and negative 
shrinkage (i.e., groWth or expansion) in the cross direction 
at all the temperatures tested. 

[0049] This groWth in the cross direction can prevent the 
label from curling back on the edges during the shrinking 
process. Accordingly, in one embodiment, ?lms of the 
present invention may have application in roll to roll (i.e., 
Wrap around) labeling of various shaped cylinders such as, 
for example, batteries, cans, bottles, disposable lighters, 
pens and other decorative items. HoWever, the scope of 
applications should not be limited to the aforementioned 
consumer products or uses. 
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[0050] Films of the present invention have innumerable 
other applications. For example, these ?lms can also be used 
in printed/unprinted application for holding together tWin 
packs, attachments, neck bands, and perforated neck bands 
for decoration or tamper evident use, to name a feW options. 

[0051] The many features and advantages of the invention 
are apparent from the detailed speci?cation, and thus, it is 
intended by the appended claims to cover all such features 
and advantages of the invention, Which fall Within the spirit 
and scope of the invention. Further, since numerous modi 
?cations and variations Will readily occur to those skilled in 
the art, it is not desired to limit the invention to the exact 
construction and operation illustrated and described, and 
accordingly, all suitable modi?cations and equivalents may 
be resorted to, fall Within the scope of the invention. 

1-12. (canceled) 
13. A packaged good comprising a consumable item and 

a heat treated ?lm Wrapped around at least a portion of the 
consumable item, Which heat treated ?lm is obtained by 
exposing to heat a shrink ?lm comprised of a polystyrene 
polymer blend Which exhibits shrinkage in the length direc 
tion and controlled groWth in the cross direction upon 
exposure to heat. 

14. The packaged good of claim 13 in Which the con 
sumable item includes batteries, cans, bottles, disposable 
lighters, pens and decorative items. 

15. The packaged good of claim 13 in Which the con 
sumable item is a battery. 

16. The packaged good of claim 13 in Which the heat 
treated ?lm forms a perforated or non-perforated neck band 
around the consumable item. 

17. The packaged good of claim 13 in Which the heat 
treated ?lm is clear, matte, translucent, or opaque. 

18. The packaged good of claim 13 in Which the heat 
treated ?lm includes a packaging label. 

19. The packaged good of claim 18 in Which the pack 
aging label is printed onto the ?lm. 

20.-41. (canceled) 


