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(57) ABSTRACT 

Tape backing compositions of the present invention com 
prise a blend of a ?rst and second polymer, the tWo polymers 
having a melting temperature of at least about 93° C. (200° 

Tape backing compositions of the present invention are 
especially useful for making ?exible ?lms and tapes. Such 
?lms and tapes advantageously possess properties particu 
larly useful for applications involving elevated tempera 
tures, such as auto paint masking tape applications, Where 
the ?exible ?lm is used as a backing. In one embodiment, the 
backing is chloride-free. In another embodiment, the back 
ing is essentially free of plasticizers. 
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POLYMER BLENDS AND TAPES THEREFROM 

FIELD OF THE INVENTION 

[0001] The present invention relates to polymer blends 
that exhibit properties useful in tape backing compositions. 
The tape backing compositions are useful in forming ?lms, 
such as tape backings in auto paint masking tape. 

BACKGROUND OF THE INVENTION 

[0002] Polyvinyl chloride (PVC) ?lms and tapes are con 
ventionally used for a Wide variety of applications. One 
prevalent use is for auto paint masking applications. PVC 
has many properties that are advantageous for such appli 
cations. For example, PVC ?lms are knoWn to be conform 
able to the varying topographies present on an automobile’s 
exterior. 

[0003] One disadvantage of PVC ?lms, hoWever, is the 
accompanying use of plasticiZers in PVC ?lms. PlasticiZers 
are typically needed in PVC ?lms in order to make the ?lms 
more ?exible, loWer the glass transition temperature of the 
?lms, and make the ?lms more conformable. HoWever, 
plasticiZers can migrate to the substrate on Which PVC ?lms 
are adhered, leaving a residue or “ghosting” When removed. 
The ghosting is not removable With solvent Wipes. Thus, the 
exterior appearance of the automobile may be detrimentally 
affected When PVC ?lms are used as the tape backing in auto 
paint masking tapes. Furthermore, such plasticiZers may 
degrade adjacent adhesive layers, reducing the adherence of 
the tape to the automobile. 

[0004] It is desired to have alternative compositions for 
use in tape backings and ?lms. It is particularly desired to 
have alternative compositions for use in auto paint masking 
tapes, Where ghosting is often associated With conventional 
tapes. 

SUMMARY OF THE INVENTION 

[0005] Tape backing compositions of the present inven 
tion comprise a blend of a ?rst and second polymer, the tWo 
polymers having a melting temperature of at least about 93° 
C. (200° F.), more preferably at least about 149° C. (300° F.), 

even more preferably at least about 154° C. (3 10° Generally, one of the tWo polymers is more ?exible than the 

other polymer. For example, in one embodiment, the ?rst 
polymer has an elastic modulus of about 103 MPa or less 
and the second polymer has an elastic modulus of about 207 
MPa or more. Typically, each of the ?rst and second 
polymers comprises at least about 20 Weight %, more 
preferably at least about 40 Weight %, of the blend. It is 
preferred that each of the polymers in the blend is compat 
ible. Thus, for example, preferably the blend exhibits a 
single melting temperature. 

[0006] Accordingly, in one embodiment, the tWo polymers 
are polypropylene polymers. Typically, at least one of the 
polypropylene polymers is more ?exible than the other 
polypropylene polymer. Thus, for example, a ?rst polypro 
pylene polymer can be at least about 20% atactic, more 
preferably about 25% atactic to about 50% atactic, and a 
second polypropylene polymer can be at least about 80% 
syndiotactic and/or isotactic. In another embodiment, the 
tWo polymers are polyester polymers. In yet another 
embodiment, the tWo polymers are polyamide polymers. 
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[0007] Tape backing compositions of the present inven 
tion are especially useful for making ?exible ?lms. Such 
?lms advantageously possess properties particularly useful 
for applications involving elevated temperatures, such as 
auto paint masking tape applications. For example, certain 
?exible ?lms of the present invention exhibit less than about 
5%, more preferably less than about 2%, shrinkage When 
tested according to ASTM D1204 at 93° C. (200° and 
149° C. (300° Furthermore, certain ?exible ?lms of the 
present invention preferably exhibit greater than about 20% 
stress relaxation When tested at 10% elongation and/or 
greater than about 40% stress relaxation When tested at 57% 
elongation. Another preferred property is Where the ?exible 
?lms exhibit less than about 5% necking and/or Where the 
?lms exhibit essentially no yield point When tested accord 
ing to ASTM D882-95a. Also preferred are certain ?exible 
?lms that are hand-tearable. In order to accomplish certain 
of the above properties, preferably the ?exible ?lms are 
heat-treated. 

[0008] Typically, ?exible ?lms according to the present 
invention possess more than one of the above-described 
properties. For example, one particularly preferred ?exible 
?lm of the present invention comprises a ?rst polymer 
having a melting temperature of at least about 149° C. (300° 
F.); and a second polymer having a melting temperature of 
at least about 149° C. (300° F.), Wherein the ?lm exhibits 
less than about 5% shrinkage When tested according to 
ASTM D 1204 at 149° C. (300° F.), the ?lm exhibits greater 
than about 40% stress relaxation When tested at 10% elon 
gation, the ?lm exhibits greater than about 55% stress 
relaxation When tested at 57% elongation, and the ?lm 
exhibits essentially no yield point When tested according to 
ASTM D882-95a. 

[0009] Tapes comprising the ?exible ?lms include a back 
ing of the ?exible ?lm; and an adhesive coated on at least a 
portion of one side of the backing for adherence to a 
substrate. Tapes of the present invention, like ?exible ?lms, 
may optionally be heat-treated. As compared to conven 
tional polyvinyl chloride-containing tapes, tapes of the 
present invention can be prepared such that they exhibit 
essentially no ghosting When used, for example, as paint 
masking tapes on substrates exposed to elevated tempera 
tures. 

[0010] In one application, an auto paint masking tape 
comprises a chloride-free backing comprising a blend com 
prising at least one relatively in?exible polymer and at least 
one relatively ?exible polymer and an adhesive coated on at 
least a portion of one side of the backing for adherence to an 
automobile. In another embodiment, an auto paint masking 
tape comprises a backing comprising a blend comprising at 
least one relatively in?exible polymer and at least one 
relatively ?exible polymer; and an adhesive coated on at 
least a portion of one side of the backing for adherence to an 
automobile, Wherein the backing is essentially free of plas 
ticiZers. 

[0011] Auto paint masking tapes of the present invention 
can be effectively used on automobiles for masking paint 
thereon. For example, selected portions of an automobile 
can be protected from paint during painting of the automo 
bile by adhering such an auto paint masking tape to the 
selected portions of the automobile, painting the automobile, 
and removing the auto paint masking tape from the selected 
portions of the automobile. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0012] Tape backing compositions of the present inven 
tion comprise a polymer blend that includes at least tWo 
polymers. Preferably, at least one of the polymers is rela 
tively ?exible and at least one of the polymers is relatively 
in?exible. It is to be understood, hoWever, that outside of the 
context of the present invention, all polymers in the blend 
may be considered ?exible. 

[0013] Apolymer’s ?exibility, as used herein, is measured 
in relation to the other polymer(s) in the blend. Any suitable 
method can be utiliZed for measuring the ?exibility of a 
polymer. For example, the modulus (e.g., Young’s modulus) 
of a polymer has been found to correlate to a polymer’s 
?exibility. 

[0014] As used herein, “relatively ?exible polymers” gen 
erally have a relatively loW Young’s modulus as compared 
to other polymer(s) in the blend. For example, preferably, 
the Young’s modulus of relatively ?exible polymers herein 
is less than about 207 MPa (30,000 psi), more preferably less 
than about 103 MPa (15,000 psi), even more preferably less 
than about 34 MPa (5,000 psi). 

[0015] As used herein, “relatively in?exible polymers” 
generally have a relatively high Young’s modulus as com 
pared to other polymer(s) in the blend. For example, pref 
erably, the Young’s modulus of relatively in?exible poly 
mers herein is greater than about 207 MPa (30,000 psi), 
more preferably greater than about 345 MPa (50,000 psi), 
even more preferably greater than about 517 MPa (75,000 
psi). 
[0016] While a Wide variety of polymers can be used in the 
blend, at least one polymer being relatively ?exible as 
compared to the other polymer (preferably such that the 
Young’s moduli of the tWo polymers differ by at least about 
100 MPa, more preferably, at least about 300 MPa, and even 
more preferably at least about 500 MPa, it is preferred that 
the blend has a Young’s modulus of about 34 MPa (5,000 
psi) to about 345 MPa (50.000 psi), more preferably about 
69 MPa (10,000 psi) to about 276 MPa (40,000 psi), even 
more preferably about 103 MPa (15,000 psi) to about 207 
MPa (30,000 psi). 
[0017] One advantage of utiliZing blends is greater for 
mulation latitude that they provide. That is, changes in a 
Wide variety of physical properties of ?lms comprising the 
blends can be effectuated, for example, by varying the ratio 
of individual polymers in the blends. Furthermore, cost 
effectiveness is another advantage of utiliZing blends. For 
example, less expensive polymers can be blended With more 
expensive polymers. In that Way, the less expensive poly 
mers can act as an “extender” for the more expensive 

polymers. Also, using blends can provide advantageous 
synergistic effects, Wherein, for a certain application, the 
blend can perform substantially better than either polymer 
by itself for the same application. 

[0018] Any suitable polymer chemistries can be used in 
the blends. For example, polyole?n (e. g., polypropylene and 
polyethylene), polyester (e.g., polyethylene terephthalate), 
and polyamide (i.e., nylon) polymer chemistries are suitable. 
It is preferred that the polymers in the blend are compatible 
(i.e., there is no evidence of gross phase separation of the 
polymers to an unaided human eye at room temperature). 
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Compatibility is preferably evidenced by the blend exhibit 
ing a single melting temperature and/or each region of 
discontinuous phase in the blend, or ?lm therefrom (the 
measurement is substantially the same for both the blend and 
?lm), having a diameter of 100 nanometers or less, more 
preferably about 20 nanometers or less, as measurable using 
Scanning Electron Microscopy. Accordingly, preferably, 
each of the polymers in the blends has substantially the same 
chemistry (i.e., the polymers are derived from the same 
monomer units) as the other polymer(s) (e.g., all of the 
polymers in a blend are polypropylene, all of the polymers 
in a blend are polyester, or all of the polymers in the blend 
are polyamide). 

[0019] In one embodiment, the blend comprises at least 
tWo polypropylene polymers, preferably consisting essen 
tially only of polypropylene polymers. Accordingly, refer 
ence is made to terms that Will be used hereinafter, as 
de?ned beloW: 

[0020] “Polypropylene polymer” refers to a polymer 
derived from at least about 50 Weight % propylene mono 
mers. Preferably, polypropylene polymers of the present 
invention are derived from at least about 75 Weight % 
propylene monomers, more preferably at least about 95 
Weight % propylene monomers, most preferably about 
100% propylene monomers. 

[0021] Preferred polypropylene polymers of the present 
invention have controlled stereoregularity (i.e., such 
polypropylene polymers have a certain proportion of, for 
example, isotactic and syndiotactic structures). 
[0022] “Stereoregular” polymers, as de?ned by Hawley’s 
Condensed Chemical Dictionary (12th Edition), are those 
Whose molecular structure has a de?nite spatial arrange 
ment, rather than the random and varying arrangement that 
characteriZes an amorphous polymer. Stereoregular struc 
tures include isotactic and syndiotactic structures. In gen 
eral, polymers can include more than one type of structure 
throughout its chain length. For example, polymers can 
include stereoregular, isotactic, and syndiotactic structures, 
as Well as amorphous, atactic structures, or combinations 
thereof. 

[0023] “Isotactic” polymers, as de?ned by Hawley’s Con 
densed Chemical Dictionary (12th Edition), are those Whose 
structure is such that groups of atoms that are not part of the 
backbone structure are located either all above, or all beloW, 
atoms in the backbone chain, When the latter are all in one 
plane. 
[0024] “Syndiotactic” polymers, as de?ned by Hawley’s 
Condensed Chemical Dictionary (12th Edition), are those 
Whose structure is such that groups of atoms that are not part 
of the backbone structure are located in some symmetrical 
and recurring fashion above and beloW the atoms in the 
backbone chain, When the latter are all in one plane. 

[0025] “Atactic” polymers, as de?ned by Hawley’s Con 
densed Chemical Dictionary (12th Edition), are those Whose 
structure is such that groups of atoms are arranged randomly 
above and beloW the backbone chain of atoms, When the 
latter are all in one plane. It is generally understood that 
substantially atactic polymers are amorphous, amorphous 
polymers generally lacking a Well-de?ned melting point. 

[0026] The structure of a polymer can be determined using 
any suitable method. 
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[0027] For example, carbon-13 Nuclear Magnetic Reso 
nance can be used to determine the tacticity of a polymer. To 
evaluate the polymers using carbon-13 NMR, for example, 
the test method described in the Test Methods, infra, can be 
used. 

[0028] “Relatively ?exible” polypropylene polymers are 
those that are more ?exible than the other polymer(s) in the 
blend. In general, relatively ?exible polypropylene polymers 
Will have higher proportions of comonomers (e.g., alpha 
ole?ns, such as 1-octene or 1-hexene) and/or higher propor 
tions of atactic units. Preferably, the ?exible polypropylene 
polymers are at least about 20% atactic, more preferably at 
least about 25% atactic, even more preferably at least about 
30% atactic. It is preferred, hoWever, that the maj ority of the 
polymer structure is crystalline. Thus, such polymers are 
typically less than about 50% atactic. Also, those polypro 
pylenes that are polymeriZed using a metallocene catalyst 
system (e.g., those described in PCT Publication No. WO96/ 
26967A) tend to be more ?exible than those polymeriZed 
using Ziegler Natta catalyst systems (e.g., those described in 
European. Patent No. 0 475 306). 

[0029] Examples of such relatively ?exible polypropylene 
polymers include: REXFLEX FPO W101 (commercially 
available from Huntsman Chemical Corporation; Houston, 
Tex.), formerly available from Rexene Products; Dallas, 
Tex. under the trade designation REXFLEX D100 and those 
described in copending US. patent application Ser. No. 
08/956,880 entitled “Elastic Polypropylenes and Catalysts 
for Their Manufacture.” 

[0030] “Relatively in?exible” polypropylene polymers are 
those that are less ?exible than the other polymer(s) in the 
blend. Typically, the relatively in?exible polypropylene 
polymers are mostly isotactic, syndiotactic, or a combination 
thereof. Preferably, such polymers are isotactic. Preferred 
relatively in?exible polypropylene polymers are at least 
about 80% isotactic and/or syndiotactic. More preferably, 
relatively in?exible polypropylene polymers are at least 
about 95% isotactic and/or syndiotactic. Most preferably, 
relatively in?exible polypropylene polymers are essentially 
isotactic and/or syndiotactic (i.e., at least about 99% isotac 
tic and/or syndiotactic, preferably 100% isotactic and/or 
syndiotactic). 
[0031] A Wide variety of relatively in?exible polypropy 
lene polymers are readily available, many under the trade 
names: FINA (Fina Oil and Chemical Co.; Dallas, Tex.) and 
ESCORENE (Exxon Polymers; Houston, Tex.). Examples 
of such in?exible propylene polymers include: FINA 3374 
(Fina Oil and Chemical Co.), ESCORENE 1024E3 (Exxon 
Polymers), ESCORENE 2172E1 (Exxon Polymers), 
ESCORENE 4792E1 (Exxon Polymers), and ESCORENE 
6114E1 (Exxon Polymers). 

[0032] Each of the relatively ?exible and relatively in?ex 
ible polypropylene polymers can also be derived from 
monomers other than propylene. For example, other copo 
lymeriZable monomers include ci-ole?ns (e.g., ethylene, 
1-hexene, 1-butene, 1-octene, etc.). While these monomers 
can be included, it is preferred that their amounts be mini 
miZed so as not to decrease the overall melting point of the 
blend. Preferably, such other copolymeriZable monomers 
are present in amounts of about 10 Weight % or less, more 
preferably about 5 Weight % or less, and most preferably 
about 1 Weight % or less, based on total monomer Weight. 
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[0033] In another embodiment, the blend comprises at 
least tWo polyester polymers, preferably consisting essen 
tially only of polyester polymers. For example, polyethylene 
terephthalate can be utiliZed as the relatively in?exible 
polymer and a polyester elastomer can be utiliZed as the 
relatively ?exible polymer. Examples of such polyester 
elastomers are HYTREL G3548W and HYTREL G4074, 
both commercially available from DuPont Polymers; Wilm 
ington, Del. 

[0034] In another embodiment, the blend comprises at 
least tWo polyamide polymers, preferably consisting essen 
tially only of polyamide polymers. One of the polyamide 
polymers is more ?exible than the other polyamide polymer. 

[0035] In yet another embodiment, the blend comprises at 
least tWo polyethylene polymers, preferably consisting 
essentially only of polyethylene polymers. While the melt 
ing temperatures of polyethylenes are typically not as high 
as those chemistries previously discussed, such blends are 
suitable for use in environments Where the temperature is 
less than the melting temperature of each individual polymer 
in the blend. For example, auto aftermarket painting tem 
peratures are typically less than the melting temperatures of 
polyethylenes. Many other polymer chemistries Will be 
apparent to those of skill in the art and are Within the scope 
of the appended claims. 

[0036] Each of the relatively ?exible and relatively in?ex 
ible polymers is preferably present in an amount of about 20 
Weight % to about 80 Weight % based on total Weight of the 
blend. More preferably, each of the relatively ?exible and 
relatively in?exible polymers is present in an amount of at 
least about 40 Weight % based on total Weight of the blend. 

[0037] Advantageously, blends of the present invention 
can be readily formed into ?exible ?lms and exhibit several 
properties that make them useful in applications, such as in 
tape backings. Such tape backings can be made into adhe 
sive tapes using any suitable method. These tapes are 
potentially useful for automobile paint masking, outdoor 
graphics displays, outdoor lane marking, and industrial 
applications, especially those Where exposure to elevated 
temperatures is necessary. 

[0038] The present blends and ?lms therefrom exhibit at 
least one of the properties described beloW. Many of these 
properties are highly desirable for automobile paint masking 
tapes, for example. 

[0039] “Environmental Friendliness”: Preferred tape 
backing compositions, ?lms and tapes therefrom essentially 
do not contain polyvinyl chloride (i.e., they are essentially 
chloride-free). Most typically, the present blends do not 
contain any polyvinyl chloride. Thus, When incinerated, 
such blends do not produce by-products resulting from the 
presence of polyvinyl chloride, the presence of Which results 
in special handling concerns. 

[0040] “Minimal or No Ghosting”: Ghosting is de?ned in 
paint masking applications as occurrences Where a tape is 
applied, sent through a painting process that includes heat 
ing, and, upon removal, leaves a residue that is visible to the 
unaided human eye and the residue is not removable With 
solvent Wipes. Preferably, ghosting of ?lms and tapes com 
prising the tape backing compositions is minimal. That is, 
the amount of ghosting is less than that seen With conven 
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tional polyvinyl chloride auto paint masking tapes. Most 
preferably, however, the tapes comprising the present blends 
exhibit no ghosting. 

[0041] “Essentially Free of PlasticiZers”: In order to mini 
miZe ghosting, preferred embodiments of the invention do 
not contain plasticiZers. The absence of plasticiZers mini 
miZes migration of such plasticiZers to adjacent substrates, 
Where they can degrade the substrate. If present, hoWever, it 
is preferred that the proportion of plasticiZers in the total ?lm 
is about 3 Weight % or less. 

[0042] “Minimal Necking”: Preferably, ?lms comprising 
the tape backing compositions of the present invention 
exhibit a minimal level of necking. “Necking” refers to a 
?lms tendency to yield irrecoverably, inducing strain in the 
?lm. Such strain can result in irregular tape lines during 
application. Preferably, the ?lms exhibit less than about 5% 
necking When tested according to the “Ultimate Tensile 
Strength” test, infra. More preferably, hoWever, 0% necking 
is exhibited. As such, preferably the ?lms do not exhibit a 
yield point When tested according to ASTM D882-95 a, infra. 

[0043] “Relatively High Stress Relaxation”: Preferably, 
?lms comprising the tape backing compositions of the 
present invention exhibit excellent stress relaxation, 
enabling easy application to irregular surfaces. Once 
applied, the ?lms readily adhere to (i.e., they do not readily 
delaminate from) such irregular surfaces. Accordingly, it is 
preferred that the ?lms exhibit at least about 20%, more 
preferably 40%, stress relaxation When tested at 10% elon 
gation according to the “Stress Relaxation” test, infra. 
Similarly, it is preferred that the ?lms exhibit at least about 
35%, more preferably 55%, stress relaxation When tested at 
57% elongation according to the “Stress Relaxation” test, 
infra. 

[0044] “Hand-Tearable”: It is also preferred that the 
present ?lms are readily hand-tearable. While this is a 
subjective test, the preferred ?lms are at least as easy to tear 
by hand as conventional polyvinyl chloride ?lms used in 
auto paint masking applications. 

[0045] “Heat-Resistant”: It is also preferred that the 
present ?lms are heat-resistant. When used in auto paint 
masking tapes, for example, the ?lms should be resistant to 
temperatures of about 149° C. (300° F), or for the auto 
aftermarket, about 93° C. (200° Preferably, the ?lms are 
heat-resistant to temperatures of as high as about 154° C. 
(310° As evidence of heat resistance, the ?lms preferably 
exhibit a minimal degree of shrinking When exposed to 
relatively high temperatures. Thus, they are dimensionally 
stable at high temperatures, maintaining protection of the 
surface to Which they are adhered. 

[0046] As such, it is most preferred that the ?lms do not 
shrink When exposed to temperatures as high as about 93° C. 
(200° F), more preferably temperatures as high as 149° C. 
(300° F), and most preferably temperatures as high as 154° 
C. (310° HoWever, shrinkage of as much as 5%, When 
tested according to ASTM D1204, infra, may be tolerable in 
some applications. Accordingly, it is preferred that the ?lms 
do not exhibit more than about 5% shrinkage, more prefer 
ably less than about 3% shrinkage, and even more preferably 
less than about 1% shrinkage. 

[0047] To obtain heat-resistant ?lms, it is preferred that 
each polymer in the blend has a melting temperature of at 
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least as great as the temperature at Which it is to be used. 
More preferably, each polymer in the blend has a melting 
temperature of at least about 10° C. greater than the tem 
perature at Which it is to be used. 

[0048] “Paint-Resistant”: Furthermore, it is preferred that 
the present ?lms are resistant to paint. That is, solvent paints 
can be applied to one side of the ?lm Without bleeding 
through to the opposite side of the ?lm. 

[0049] Blending 
[0050] Blending of the polymers is done by any method 
that results in a substantially homogenous distribution of the 
relatively ?exible polymer and relatively the in?exible poly 
mer. The polymers can be blended using several methods. In 
particular, the polymers can be blended by melt blending, 
solvent blending, or any suitable physical means. 

[0051] For example, the polymers can be melt blended by 
a method as described by Guerin et al. in US. Pat. No. 
4,152,189. That is, all solvent (if used) is removed from each 
polymer by heating to a temperature of about 150° C. to 
about 175° C. at a pressure of about 5 Torr to about 10 Torr. 
Then, the polymers are Weighed into a vessel in the desired 
proportions. The blend is then formed by heating the con 
tents of the vessel to about 175° C., While stirring. 

[0052] Although melt blending is preferred, the adhesive 
blends of the present invention can also be processed using 
solvent blending. In that case, the polymers in the blend 
should be substantially soluble in the solvents used. 

[0053] Physical blending devices that provide dispersive 
mixing, distributive mixing, or a combination of dispersive 
and distributive mixing are useful in preparing homogenous 
blends. Both batch and continuous methods of physical 
blending can be used. Examples of batch methods include 
BRABENDER (using a BRABENDER PREP CENTER, 
available from CW. Brabender Instruments, Inc.; South 
Hackensack, N] or BANBURY internal mixing and roll 
milling (using equipment available from FARREL COM 
PANY; Ansonia, Conn.). Examples of continuous methods 
include single screW extruding, tWin screW extruding, disk 
extruding, reciprocating single screW extruding, and pin 
barrel single screW extruding. The continuous methods can 
include utiliZing both distributive elements, such as cavity 
transfer elements (e.g., CTM, available from RAPRA Tech 
nology, Ltd.; ShreWsbury, England) and pin mixing ele 
ments, static mixing elements and dispersive elements (e.g., 
MADDOCK mixing elements or SAXTON mixing ele 
ments as described in “Mixing in Single-ScreW Extruders, 
”Mixing in Polymer Processing, edited by Chris Rau 
Wendaal (Marcel Dekker Inc.: NeW York (1991), pp. 129, 
176-177, and 185-186). 

[0054] Other Additives 

[0055] Other additives may also be blended into the tape 
backing compositions and ?exible ?lms and tapes there 
from, depending on the desired application. For example, 
?ame retardants, ?llers (e.g., calcium carbonate, silicates, 
talc, and chalk), dyes, pigments, and nucleating agents can 
be added as Well knoWn to one of ordinary skill in the art. 

[0056] Application of the Tape Backing Composition 

[0057] The tape backing composition is readily formed 
into a ?exible ?lm, as described beloW. The ?lm can be 
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utilized in any suitable application. For example, the ?lm 
can be used in sheeting products (e.g., decorative, re?ective, 
and graphical), labelstock, and tape backings. Generally 
such ?lms have a thickness of about 25.4 pm to about 127 
pm (about 1 mil to about 5 mil). 

[0058] Tape backing compositions according to the 
present invention can be utiliZed to form tape, for example. 
An adhesive is applied to at least one side of the backing. 
Preferably the adhesive is able to Withstand the same tem 
peratures as the ?lm backing. Any suitable adhesive chem 
istry can be utiliZed. For examples, acrylate adhesives, 
crosslinked rubber-based adhesives, and alpha-ole?n adhe 
sives can be used. Such adhesives may be crosslinked to 
further improve the high temperature performance of the 
adhesive. Any suitable crosslinking method (e.g., exposure 
to radiation, such as ultraviolet or electron beam) or 
crosslinker additive (e.g., phenolic and silane curatives) may 
be utiliZed. 

[0059] When double-sided tapes are formed, an adhesive 
is coated onto at least a portion of both sides of the backing. 
Alternatively, a release material (e.g., loW adhesion back 
siZe) can be applied to the opposite side of the backing, if 
desired. Advantageously, the adhesive and/or release mate 
rial, for example, can be coextruded With the ?lm backing 
for ease of processing. 

[0060] Films can be formed using methods Well knoWn to 
one of ordinary skill in the art. For example, the ?lm can be 
formed using melt extrusion techniques. The tape backing 
composition can be formed into a ?lm or coating by either 
continuous or batch processes. An example of a batch 
process is the placement of a portion of the tape backing 
composition betWeen a substrate to Which the ?lm or coating 
is to be adhered and a surface capable of releasing the 
adhesive ?lm or coating to form a composite structure. The 
composite structure can then be compressed at a suf?cient 
temperature and pressure to form a coating or layer of a 
desired thickness after cooling. Alternatively, the tape back 
ing composition can be compressed betWeen tWo release 
surfaces and cooled. 

[0061] Continuous forming methods include draWing the 
tape backing composition out of a heated ?lm die and 
subsequently contacting the draWn composition to a moving 
plastic Web or other suitable substrate. A related continuous 
method involves extruding the tape backing composition 
and a coextruded release material and/or adhesive from a 
?lm die and cooling the layered product to form an adhesive 
tape. Other continuous forming methods involve directly 
contacting the tape backing composition to a rapidly moving 
plastic Web or other suitable preformed substrate. Using this 
method, the tape backing composition is applied to the 
moving preformed Web using a die having ?exible die lips, 
such as a conventional ?lm or sheeting die. After forming by 
any of these continuous methods, the ?lms or layers can be 
solidi?ed by quenching using both direct methods (e.g., chill 
rolls or Water baths) and indirect methods (e.g., air or gas 
impingement). 
[0062] Although coating out of solvent is not preferred, 
the tape backing compositions can be coated using a solvent 
based method. For example, the tape backing composition 
can be coated by such methods as knife coating, roll coating, 
gravure coating, rod coating, curtain coating, and air knife 
coating. The coated solvent-based tape backing composition 
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is then dried to remove the solvent. Preferably, the coated 
solvent-based tape backing composition is subjected to 
elevated temperatures, such as those supplied by an oven, to 
expedite drying. 
[0063] Films and articles therefrom can, optionally, be 
heat-treated to further improve dimensional stability of the 
?lms and articles. Any suitable heat treatment and method 
thereof can be used. Preferably, hoWever, the ?lm or article 
to be treated is unrestrained during the heat treatment. For 
example, the ?lm or article can be passed over heated rolls. 
As another example, the ?lm or article can be passed 
betWeen rolls and heated, such as by a radiant heater. 

[0064] The tape backing compositions, ?lms, and tapes 
therefrom are exempli?ed in the folloWing examples. These 
examples are merely for illustrative purposes only and are 
not meant to be limiting on the scope of the appended 
claims. All parts, percentages, ratios, etc. in the examples 
and the rest of the speci?cation are by Weight unless 
indicated otherWise. 

EXAMPLES 

[0065] Test Methods 

[0066] Differential Scanning Calorimetry (DSC) 

[0067] Modulated DSC Was used to measure the melting 
point of the polymers and blends. Polymer sections, each 
having a mass of about 5 to 10 milligrams, Were cut from 
pellets of the polymer and crimp-sealed in an aluminum pan. 
The sealed pan Was placed in a Differential Scanning Calo 
rimeter Model TA DSC 2920 With a DATA SYSTEM 2200 
(data acquisition and management system), both commer 
cially available from TA Instruments, NeW Castle, Del. The 
pan Was exposed to a single cycle of temperature from —50° 
C. to +200° C. at a temperature change of 10° C./minute. 
Heat capacity of the polymer/blend Was plotted versus the 
melting temperature. 

[0068] Carbon-13 Nuclear Magnetic Resonance (NMR) 

[0069] The stereochemistry of the polymer Was analyZed 
using Carbon-13 NMR to determine its tacticity. With mix 
ing at 110° C., approximately 50 milligrams of polymer Was 
dissolved in approximately 1 milliliter of ortho-dichloroben 
Zene to form a solution. The solution Was placed in a UNITY 
500 NMR Spectrometer (commercially available from 
Varian Associates, Palo Alto, Calif.). NMR spectra Were 
obtained at 120° C. using acquisition times betWeen 0.4 and 
0.8 seconds, pulse Widths betWeen 3.4 and 7.4 microseconds 
and 200 parts per million (ppm) sWeep Widths. The region 
betWeen 18 and 23 ppm Was expanded and integrated using 
the vendor supplied softWare. Triads and pentads of the 
spectra Were assigned as described in “NMR Spectroscopy 
and Polymer Microstructure,” by A. E. Tonelli (Verlag Carl 
Hanser (VCH) Publishers, Inc., Munich, 1989, p. 75). 

[0070] Dynamic Mechanical Analysis (DMA) 

[0071] Several of the polymers beloW Were tested using 
DMA to ?nd the shear modulus of the polymers. Also, DMA 
analysis illustrated Whether the materials Were generally 
amorphous (i.e., they did not exhibit a melting temperature) 
or crystalline. 

[0072] A RHEOMETRICS RDA II SOLIDS ANA 
LYZER, commercially available from Rheometrics Corpo 



US 2002/0098353 A1 

ration; PiscataWay, N.J., With 25-millimeter-diameter paral 
lel plate geometry, Was used for the DMA. The settings on 
the analyzer Were as follows: angular frequency=6.28 radi 
ans/second (1 Hertz); heating rate=2° C./minute; strain=1% 
(except polymer ESCORENE 4792E1 Was tested at 0.6% 
strain); and atmosphere=atmospheric nitrogen. Each poly 
mer to be tested Was placed on the parallel plates at room 
temperature and heated for 10 minutes to 200° C. The 
parallel plates Were then cooled to 22° C. (72° DMA Was 
then conducted on each sample at a heating rate of 2° 
C./minute. Test conditions and equipment Were set accord 
ing to ASTM D5279-95, entitled “Standard Test Method for 
Measuring the Dynamic Mechanical Properties of Plastics in 
Tension.” The shear modulus for the polymers tested is 
indicated in the Glossary of Materials beloW. 

Glossary of Materials 

ARKON P115 An aromatic hydrogenated hydrocarbon resin 
tacki?er, obtained from ArakaWa Chemical 
Industries; Moonachie, NJ 

ELVAX 500W An ethylene vinyl acetate copolymer prepared 
from monomers having a Weight ratio of 85% 
ethylene to 15% vinyl acetate (melting point: 
91° C., as measured using DSC; shear modulus: 
not measurable, as measured using DMA), 
obtained from DuPont Polymers; Wilmington, DE 
An ethylene/propylene copolymer prepared from 
monomers having a Weight ratio of 0.6% ethylene 
to 99.4% propylene (melting point: 161° C., as 
measured using DSC; shear modulus: 261 kPa, as 
measured using DMA) stereochemistry: isotactic 
90+%); obtained from Exxon Polymers, 
Houston, TX 
A polypropylene (melting point: 166° C., as 
measured using DSC, stereochemistry: isotactic 
90+%) obtained from Fina Oil and Chemical Co.; 
Dallas, TX 
A polybutylene terephthalate/polyether glycol 
block copolymer (melting point: 156° C., as 
determined by DuPont, thermoplastic elastomer); 
obtained from DuPont Polymers; Wilmington, DE 
A polybutylene terephthalate/polyether glycol 
block copolymer (melting point: 170° C., as 
determined by DuPont, thermoplastic elastomer); 
obtained from DuPont Polymers; Wilmington, DE 
A hindered phenol antioxidant, obtained from 
Ciba Specialty Chemicals Corporation; 
TarrytoWn, N] 
A diblock/triblock mixture of styrene/ethylene/ 
butylene terpolymer prepared from monomers 
having a Weight ratio of 70 Weight ethylene/ 
butylene and 30 Weight percent styrene (melting 
point: none using DMA; shear modulus: 22.8 kPa, 
as measured using DMA, diblock content: 
70 Wt %); obtained from Shell Chemical 
Company; Houston, TX 
Magnetic ?lm grade polyethylene terephthalate 
made from dimethyl terephthalate and ethylene 
glycol, commercially available from a Wide 
variety of sources, such as Teijen America, Inc.; 
New York, NY. 

PSA1 A polyole?n pressure-sensitive-adhesive made 
according to Example 86 of U.S. Pat. No. 
5,112,882, except that ARKON P115 Was added 
in the Weight ratio of polyoctene to ARKON 
P115 of 80:20. 

PSA2 An acrylate pressure-sensitive adhesive prepared 
according to Example 1 of U.S. Pat. No. 
4,629,663. 
A plasticized polyvinyl chloride ?lm, obtained 
from American Renolit Corporation; 
Whippany, NJ 

ESCORENE 4792E1 

FINA 3374 

HYTREL G35 48W 

HYTREL G4074 

IRGANOX 10 1 0 

KRATON G-1726X 

PET A 

RENOLIT SK-M 
SIGNMASK BLUE 
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-continued 

Glossary of Materials 

RENOLIT SK-M A plasticized polyvinyl chloride ?lm, obtained 
SIGNMASK WHITE from American Renolit Corporation; 

Whippany, NJ 
REXFLEX FPO A polypropylene (melting point: 158° C., as 
D100 measured using DSC, stereochemistry: 

atactic—25%, syndiotactic—31%, isotactic—44%, as 
measured using NMR); obtained from Rexene 
Products; Dallas, TX 

REXFLEX FPO A polypropylene (melting point: 158° C., as 
W101 measured using DSC; shear modulus: 58.0 kPa, as 

measured using DMA, stereochemistry: 
atactic—21%, syndiotactic—26%, isotactic—53%, as 
measured using NMR); obtained from Huntsman 
Chemical Co.; Houston, TX 

[0073] Mechanical Property Tests 

[0074] Ultimate Tensile Strength: 

[0075] A ?lm sample of the blend, having a Width of 25 
millimeters (1 inch) and a length of 102 millimeters (4 
inches) and a thickness of less than 250 pm, Was tested With 
an INSTRON Tensile Tester (Model 1122), commercially 
available from Instron Corporation; Canton, MA using an 
initial distance “B” of 51 millimeters (2 inches) betWeen the 
grips, and a rate of grip separation “A” of 305 millimeters/ 
minute (12 inches/minute) per ASTM D882-95a, entitled 
“Standard Test Method for Tensile Properties of Thin Plastic 
Sheeting.” 
[0076] Each ?lm sample Was alloWed to equilibrate at 23° 
C. (74° and 50% relative humidity for 40 hours prior to 
testing. The ?lm sample Was placed in the INSTRON 
Tensile Tester such that it Was strained across its thickest 
dimension (i.e., its Width). The initial strain rate “C” Was 
equal to A/B, 6 millimeters/(millimeter~min). The tensile test 
Was conducted at 23° C. (74° and 50% relative humidity. 
Each sample ?lm Was strained until it broke. The applied 
load vs. elongation Was plotted during the test. 

[0077] “Ultimate Tensile Strength” Was calculated from 
the plot by dividing the applied load at the breaking point by 
the original cross-sectional area of the ?lm. “Percent Elon 
gation At Break” Was calculated by dividing the extended 
?lm length at break by the initial gage length of the ?lm and 
multiplying by 100. “Yield Stress” Was calculated by divid 
ing the applied load at the yield point by the original 
cross-sectional area of the ?lm sample. “Elongation at 
Yield” Was calculated by dividing the extended ?lm length 
at the yield point by the initial gage length of the ?lm and 
multiplying by 100. “Elastic Modulus” (also referred to as 
Young’s Modulus) Was calculated as the slope of the initial 
straight-line portion of the stress-strain plot. The “Percent 
Necking” is de?ned as the yield point minus the adjacent 
minimum stress, divided by the yield stress times 100. Upon 
testing, Where there Was no de?ned yield point, no necking 
occurred. 

[0078] Stress Relaxation 

[0079] In order to determine the tendency of a ?lm to relax 
or lose stress With time, a stress relaxation test Was per 
formed. The test Was conducted on an INSTRON Tensile 

tester Tester (Model 1122), commercially available from 
Instron Corporation; Canton, MA using an initial distance of 
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51 millimeters (2 inches) between the grips, and a rate of 
grip separation of 1.27 meters/minute (50 inches/minute). 
The rate of grip separation remained constant until a pre 
determined elongation (as described beloW) Was obtained. 
After the predetermined elongation Was reached, the grips 
stopped, giving a strain rate of Zero. 

[0080] Predetermined elongation points Were 10% (corre 
sponding to a point Where necking usually occurs if the ?lm 
is prone to necking) and 57% (corresponding to the calcu 
lated elongation needed for a ?at polymer ?lm to conform to 
a surface having 4 elongated, rounded protrusions at spac 
ings of 5.1 centimeters (2 inches) and having progressively 
increasing depths of 1.52 millimeters (0.06 inches), 3.04 
millimeters (0.12 inches), 5.08 millimeters (0.20 inches), 
and 7.36 millimeters (0.29 inches). The respective Width of 
each protrusion also progressively increased from 15.24 
millimeters (0.60 inches), 19.05 millimeters (0.75 inches), 
21.60 millimeters (0.85 inches), and 23.62 millimeters (0.93 
inches). 
[0081] Stress Was monitored for three minutes. The per 
cent loss in stress for a predetermined elongation Was 
de?ned as 100 times (the maximum stress in the range up to 
and including the predetermined elongation minus the mini 
mum stress after 3 minutes) divided by the maximum stress 
in the range up to and including the predetermined elonga 
tion. For a ?lm to be dimensionally stable and conformable, 
it preferably has at least 20% stress relaxation after 10% 
elongation Without an appreciable amount of necking. More 
preferably, the ?lm has at least 45% stress relaxation after 
57% elongation Without having an appreciable amount of 
necking. 

[0082] Shrinkage 
[0083] “Unrestrained Linear Thermal Shrinkage of Plastic 
Film” Was measured according to ASTM D1204. A ?lm 
sample having dimensions of 2.54 centimeters><10.16 cen 
timeters Was cut With a die. Notches, for reference points, 
Were made 75 millimeters (three inches) apart in the 
machine direction (MD). Each ?lm sample Was placed 

unrestrained in an oven for 10 minutes at 149° C. (300° Upon removal, ?lm shrinkage Was measured for both the 

MD direction and cross Web (or transverse) direction (CD) 
direction. MD Shrinkage Was set equal to the change in 
distance betWeen notches divided by the initial distance 
betWeen notches of 75 millimeters (three inches) apart in the 
machine direction. CD shrinkage Was measured as the 
change in Width divided by the initial Width (cross Web 
direction). The larger value Was reported and Was the MD 
shrinkage, unless otherWise noted. 

[0084] Ghosting 
[0085] A 2.54-centimeter-diameter circle Was cut out of 
the ?lm to be tested. The circle Was then placed on a 
pre-painted, dried panel. A 25 -gram Weight Was placed over 
the ?lm. The structure Was placed in an oven and heated to 
149° C. (300° for 30 minutes. Then, the structure Was 
removed and alloWed to cool. Upon cooling, the ?lm Was 
removed from the panel and the amount of ghosting Was 
measured. 

[0086] The ghosting measurement for the ?lms Was quali 
tative, With a measure of “none” indicating that one could 
not tell Where the ?lm had been. A measure of “heavy” 
indicated that the ghosting Was comparable to that experi 
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enced With conventional PVC ?lms, as noted in Table IV 
(Comparative Examples C2-C3). 
[0087] Tapes Were also tested for ghosting. The ghosting 
measurement for the tapes Was also qualitative, With a 
measure of “none” indicating that one could not tell Where 
the tape had been. A measure of “heavy” indicated that 
ghosting Was comparable to that experienced With conven 
tional PVC ?lms, as noted in Table IV (Comparative 
Examples C2-C3). 
[0088] Hand Tearability 

[0089] Hand tearability testing involved attempting to tear 
the ?lm/tape in the cross Web direction using an uninitiated 
tear test (i.e., a notch or initiation point Was not put on the 
?lm). The ability to tear the tape Was referenced to a control. 
Ease of hand tearability Was noted, With the control exhib 
iting average ease of hand tearability (Comparative Example 
C2). 
[0090] Peel Adhesion 

[0091] Each tape samples Was tested for peel adhesion 
according to Test Method A of ASTM D3330, entitled 
“Standard Test Methods for Peel Adhesion of Pressure 
Sensitive Tape at 180° Angle.” 

Examples 1-7, Comparative Examples C1-C3 

[0092] In Example 1, REXFLEX W101, ESCORENE 
4792E1, and IRGANOX 1010 Were preblended in a Weight 
ratio of 30:70:01. The blend Was fed into the feed throat of 
a 30 millimeter diameter, fully intermeshing co-rotating 
tWin-screW extruder Model ZSK (commercially available 
from W & P Corporation; Ramsey, NJ) With an inside 
diameter of 30 millimeters, a length to diameter (L/D) ratio 
of 27: 1, and a screW speed of 350 revolutions per minute to 
form a melt blend. Within the extruder from Zone 1 to Zone 
3, the temperature Was progressively increased from 138° C. 
to 204° C. (280° F. to 400° In Zones 4-8, the temperature 
Was maintained at 204° C. 

[0093] The melt blend Was continuously discharged at a 
pressure of at least about 0.69 MPa (100 psi) into a ZENITH 
PEP II, 10 cubic centimeters per revolution melt pump 
(commercially available from Parker Hanni?n Corporation; 
Sanford, NC.) and passed to a single layer 25.4 cm (10 inch) 
Wide ?lm die (commercially available under the trade des 
ignation, ULTRAFLEX 40, from Extrusion Dies, Inc.; 
ChippeWa Falls, Wis.) to form a ?lm. The ?lm die Was 
maintained at 204° C. (400° F.), With a die gap of approxi 
mately 0.5 millimeters (20 mils). 

[0094] The melt blend Was cast onto a chill roll maintained 
at 24° C. (75° Then, the melt blend Was laminated to a 
25 pm (1 mil)-thick, biaxially oriented polyethylene tereph 
thalate (PET) liner moving at a line speed of 6.4 meters/ 
minute (21 feet/minute) to produce a ?lm With a thickness of 
77 pm (3 mil). The polypropylene ?lm Was collected, the 
PET liner Was removed, the ?lms Were laminated to 
TEFLON sheets, and the ?lms Were placed in an oven at 
149° C. (300° for 10 minutes to anneal residual stresses 
and optimiZe the crystallinity of the ?lm. 

[0095] Films of Examples 2-7 Were made in substantially 
the same manner as Example 1, except the Weight ratios of 
REXFLEX W 101 and ESCORENE 4792E1 Were 40:60, 
50:50, 60:40, 70:30, 80:20, and 90: 10, respectively. Com 
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parative Example C1 Was made as Example 1, except 
REXFLEX W 101 Was not used. Comparative Examples C2 
and C3 Were RENOLIT SK-M SIGNMASK BLUE and 

RENOLIT SK-M SIGNMASK WHITE, respectively, each 
having a thickness of 79 pm (3.1 mil). 
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TABLE IV-continued 

Weight % Weight % 
REXFLEX ESCORENE Hand 

Ex. W101 4792E1 Tearability Ghosting 

C2 N/A N/A Average Heavy 
C3 N/A N/A Di?icult Heavy 

Example 8 

[0098] Example 8 Was prepared as Example 1, except 
FINA 3374 Was substituted for ESCORENE 4792E1. The 
tWo polymers Were blended in a Weight ratio of 50:50. The 
results are reported beloW together With those of Example 3 
(polymers blended in a Weight ratio of 50:50) for compara 
tive purposes. 

TABLE II 

Ultimate 
Tensile Elastic 

Weight % Weight % Strength, Modulus, 
REXFLEX ESCORENE Mpa MPa Necking 

Ex. W101 4792E1 (psi) (psi) (%) 

C1 0 100 66 711 23.0 

(9,540) (103,100) 
1 30 70 31 262 5.0 

(4,429) (37,860) 
2 40 60 25 206 3.0 

(3,679) (29,890) 
3 50 50 22 169 0 

(3,157) (24,530) 
4 60 40 21 120 0 

(3,078) (17,430) 
5 70 30 16 85 0 

(2,390) (12,300) 
6 80 20 19 39 0 

(2,804) (5,590) 
7 90 10 15 39 0 

(2,222) (5,630) 
C2 N/A N/A 25 218 0 

(3,563) (14,810) 
C3 N/A N/A 27 305 0 

(3,976) (44,160) 

[0096] 

TABLE III 

10% 57% 
Weight % Weight % Stress Stress 
REXFLEX ESCORENE Shrinkage Relaxation Relaxation 

Ex. W101 4792E1 (‘70) (‘70) (‘70) 

C1 0 100 2.0 36.4 52.7 
1 30 70 2.0 36.3 57.6 
2 40 60 0.6 32.3 56.2 
3 50 50 1.0 38.5 57.3 
4 60 40 1.0 38.4 58.1 
5 70 30 2.0 41.8 60.7 
6 80 20 1.0 52.0 60.3 
7 90 10 18 39.3 66.5 
C2 N/A N/A 12 63.7 72.7 
C3 N/A N/A 7.4 50.8 63.9 

[0097] 

TABLE IV 

Weight % Weight % 
REXFLEX ESCORENE Hand 

Ex W101 4792E1 Tearability Ghosting 

C1 0 100 easy None 
1 30 70 Average Moderate 
2 40 60 Average Moderate 
3 50 50 Average Moderate 
4 60 40 easy Moderate 
5 70 30 easy Moderate 
6 80 20 easy Moderate 
7 90 10 easy Moderate 

TABLE V 

Ultimate 
Tensile Elastic 10% 57% 
Strength, Modulus, Stress Stress 
MPa MPa Necking Shrinkage Relaxation Relaxation 

EX- (psi) (psi) <%) <%) <%) <%) 

8 26 192 0 1.0 37.0 57.1 

(3,828) (27,770) 
3 22 169 0 1.0 38.5 57.3 

(3,157) (24,530) 

Examples 9-13 

[0099] Example 9-13 Were prepared by preblending REX 
FLEX W 101, ESCORENE 4792EI and IRGANOX 1010 in 
a Weight ratio of 50:50:01. The blend Was fed into the feed 
throat of a 30 millimeter diameter, fully intermeshing co 
rotating tWin-screW extruder Model ZSK (commercially 
available from W & P Corporation; Ramsey, NJ) With an 
inside diameter of 30 millimeters, a length to diameter (L/D) 
ratio of 27: 1, and a screW speed of 350 revolutions per 
minute to form a melt blend. Within the extruder from Zone 
1 to Zone 3, the temperature Was progressively increased 
from 1380 C. to 204° C. (2800 F. to 400° In Zones 4-8, 
the temperature Was maintained at 204° C. 

[0100] The melt blend Was continuously discharged at a 
pressure of at least about 0.69 MPa (100 psi) into a ZENITH 
PEP II, 10 cubic centimeters per revolution melt pump 
(commercially available from Parker Hanni?n Corporation; 
Sanford, NC.) and passed to a single layer 25.4 cm (10 inch) 
Wide ?lm die (commercially available under the trade des 
ignation, ULTRAFLEX 40, from Extrusion Dies, Inc.; 
ChippeWa Falls, Wis.) to form a ?lm. The ?lm die Was 
maintained at 204° C. (400° E), with a die gap of approxi 
mately 0.5 millimeters (20 mils). 

[0101] The melt blend Was cast onto a chill roll maintained 
at 24° C. (75° Then, the melt blend Was laminated to a 
25 pm (1 mil)-thick, biaxially oriented polyethylene tereph 
thalate (PET) liner moving at a line speed of 6.4 meters/ 
minute (21 feet/minute) to produce a ?lm With a thickness of 
77 pm (3 mil). The polypropylene ?lm Was collected, the 
PET liner Was removed, the ?lms Were laminated to 
TEFLON sheets, and the ?lms Were placed in an oven at 
149° C. (300° for 10 minutes to anneal residual stresses 
and optimiZe the crystallinity of the ?lm. 
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[0102] Example 10-13 Were placed in an INSTRON Ten 
sile Tester (Model No. 1122), commercially available from 
Instron Corporation; Canton, Mass. With a 102 millimeter 
(4.00 inches) initial jaW separation and stretched at a rate of 
50 millimeters/minute (2.0 inches/minute) until ?nal lengths 
of about 112 millimeters (4.4 inches), 117 millimeters (4.6 
inches), 122 millimeters (4.8 inches) and 127 millimeters 
(5.0 inches), respectively, Were obtained. These ?nal lengths 
corresponded to respective strains of 10%, 15%, 20% and 
25%. The process of oven heat treating and controlled 
stretching Was then repeated on these four ?lms. 

[0103] The ?lms Were tested after each oven heat treat 
ment and stretch cycle according to the test methods 
described above. The results are reported beloW as the 
average of the tWo cycles. 

TABLE VI 

Ultimate 10% 57% 
Tensile Elastic Stress Stress 
Strength, Modulus, Shrink- Relaxa- Relaxa 

Strain MPa MPa Necking age tion tion 
Ess- % (psi) (psi) (%) (%) (%) (%) 

9 0 34 104 0 0.8 42.1 55.6 

(4,969) (15,115) 
10 10 31 93 0 1.4 41.1 55.5 

(4,503) (13,520) 
11 15 32 96 0 4.5 35.6 43.6 

(4,575) (13,900) 
12 20 21 91 0 3.5 40.0 44.3 

(3,075) (13,205) 
13 25 21 90 0 2.5 36.6 43.7 

(3,000) (13,080) 

Examples 14-15 

[0104] Examples 14 and 15 Were made in substantially the 
same manner as Example 3, except that stress relaxation 
condition Was varied. Example 14 Was annealed at 135° C. 
(2750 Example 15 Was not annealed. The results are 
compared to Example 3. 

TABLE VII 

Ultimate 
Tensile Elastic 10% 57% 
Strength, Modulus, Stress Stress 
MPa MPa Necking Shrinkage Relaxation Relaxation 

Ess- (psi) (psi) (%) (%) (%) (%) 

14 24 164 4 1.0 37.6 59.7 

(3,418) (23,740) 
15 24 192 21 3.0 43.1 57.3 

(3,471) (27,850) 
3 22 169 0 1.0 38.5 57.3 

(3,157) (24,530) 

Example 16 and Comparative Examples C4-C6 

[0105] Example 16 and Comparative Examples C4-C6 
Were prepared as in Example 1, except a single screW 
extruder Was used and the ratio of components Was varied. 
The extruder Was a 32 millimeter(1.25 inch)-diameter single 
screW extruder (commercially available from Killion 
Extruders; Cedar Grove, N.J., as Model No. KTS-125) 
having a length to diameter (L/D) ratio of 24:1. The extruder 
also contained a dispersive mixing section. In Example 16, 
the Weight ratio of REXFLEX W101 to ESCORENE 
4792E1 Was 50:50. In Comparative Examples C4 and C5, 
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KRATON G-1726X and FINA 3374 Were substituted for the 
REXFLEX W101 and ESCORENE 4792E1 at Weight ratios 
of 20:80 and 35:65, respectively. In Comparative Example 
C6, ELVAX 5000W and FINA 3374 Were substituted for the 
REXFLEX W101 and ESCORENE 4792E1 at a Weight ratio 
of 20:80. 

[0106] The ?lm samples Were tested according to the 
methods described above. The results are reported beloW 
together With those of Example 3. 

TABLE VIII 

Ultimate 
Tensile Elastic 10% 57% 
Strength, Modulus, Stress Stress 
MPa MPa Necking Shrinkage Relaxation Relaxation 

Ess- (psi) (psi) (%) (%) (%) (%) 

16 17 119 4.0 4.0 47 71 

(2.467) (17,300) 
C4 35 268 27 3.0 42 64 

(5,103) (38,850) 
C5 19 98 11 25 39 62 

(2,832) (14,170) 
C6 19 182 11 12 42 58 

(2,785) (26,350) 
3 22 169 0 1.0 38.5 57.3 

(3,157) (24,530) 

Examples 17-18 

[0107] The ?lm of Example 17 Was made in a manner 
similar to Example 1, except the Weight ratio of REXFLEX 
W101 and ESCORENE 4792E1 Was 50:50 and after the cast 
?lm Was laminated to a PET liner, the ?lm side of the 
laminate Was passed against a series of 8 heated metal rolls 
instead of being placed in an oven after collection. Each roll 
had a diameter of 12.7 centimeters (5 inches) and a surface 
contact With the ?lm of 180°. The rolls Were preheated to 
and maintained at the folloWing temperatures: rolls 1 & 
2—about 49° C. (120° F), rolls 3 & 4—about 71° C. (150° 
F), rolls 5 & 6—about 93° C. (200° and rolls 7 & 
8—about 149° C. (300° The ?lm Was exposed to the set 
of rolls for a total of about 5 seconds. Example 18 Was made 
as in Example 17, except the ?lm did not contact the heated 
metal rolls. 

TABLE IX 

Ultimate 
Tensile Elastic 10% 57% 
Strength, Modulus, Stress Stress 
MPa MPa Necking Shrinkage Relaxation Relaxation 

Ess- (psi) (psi) (%) (%) (%) (%) 

17 37 92 0 2 41.0 67.8 

(5,410) (13,290) 
18 39 170 19 5 42.9 68.5 

(5,620) (24,580) 

Examples 19-20 and Comparative Examples C7-C8 

[0108] Tapes Were prepared With tWo different pressure 
sensitive adhesives. Example 19 Was made by hot-melt 
coating PSAL onto the ?lm of Example 18 With a Haake 
single screW extruder (a Haake RHEOCORD With a Haake 
RHEOMIX extruder, commercially available from Haake; 
Paramus, N,J,), With an inside diameter of 19 millimeters 
(0.75 inches), a L/D ratio of 24:1, a compression ratio of 3: 
1, and a screW speed of 110 revolutions per minute, such that 
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the thickness of the layer of PSA1 Was 36 pm (1.4 mil). The 
coated ?lm Was irradiated under a nitrogen atmosphere With 
300 milliJoules/cm2 of ultraviolet energy as measured by a 
UVIMAP 365 sensing device (commercially available from 
Electronic Instrumentation and Technology, Inc., Sterling, 
Va.) from medium pressure mercury lamps, obtained from 
Aetek; Plain?eld, Ill. The calibration standard used for 
measuring the amount of ultraviolet energy Was MIL-STD 
45662A. 

[0109] Example 20 Was made by solution coating PSA2 
With a notched bar onto a corona-treated ?lm of Example 18. 
To corona treat the ?lm, a sinusoidal alternating current 
having a voltage of about 10-20 kilovolts and a frequency of 
about 10-40 kiloHertZ Was generated betWeen tWo elec 
trodes. The ?lm Was passed betWeen the electrodes. 

[0110] The pressure-sensitive adhesive layer Was dried at 
93° C. (200° for 5 minutes to form an adhesive layer 
having a thickness of 25.5 pm (1 mil). Comparative 
Examples C7 and C8 Were made the same Way as those in 
Examples 19 and 20, except the ?lms Were the same as used 
in Comparative Example C2 and Comparative Example C3, 
respectively. 

Examples 21-24 

[0112] Films Were prepared as in Example 1, except the 
materials Were placed in an oven set at 110° C. (2300 for 
4 hours to remove excess Water before they Were melt 

blended and extruded and the polymers used and their 
proportions Were different. Example 21 used a ratio of 50:50 
of polymers PET A and HYTREL G3548W. Example 22 
used a ratio of 40:60 of polymers PET A and HYTREL 
G4074, respectively. Example 23 used a ratio of 40:60 of 
polymers PET A and HYTREL G3548W, respectively. 
Example 24 used a ratio of 60:40 of polymers PET A and 
HYTREL G3548W, respectively. The polymers Were thor 
oughly pre-dried. The PET A polymers Were placed in an 
oven set at 110° C. (230° for 4 hours to remove excess 

Water before they Were melt-blended and extruded. 

[0113] The blends Were fed into the feed throat of a 

30-millimeter-diameter, fully intermeshing co-rotating tWin 
screW extruder Model ZSK (commercially available from W 
& P Corporation; Ramsey, NJ) With an inside diameter of 30 
millimeters, a length to diameter (L/D) ratio of 27: 1, and a 
screW speed of 350 revolutions per minute to form a melt 

TABLE X blend. Within the extruder from Zone 1 to Zone 3, the 

Ultimate temperature Was progressively increased from 93° C. to 
Peel Tensile Elastic 288° C. (200° F. to 550° In Zones 4-8, the temperature 

Adhesion Strength, Modulus, Was maintained at 288° C' 
N/dm MPa MPa Necking Shrinkage 

EX‘ (OZ/m) (ps1) (ps1) ((70) ((70) [0114] The melt blends Were continuously discharged at a 
19 79 36 171 3 3 pressure of at least about 0.69 MPa (100 psi) into a ZENITH 

20 (3? (53220) (2413730) 2 3 PEP II, 10 cubic centimeters per revolution melt pump 
(24) (5,100) (24,600) (commercially available from Parker Hanni?n Corporation; 

C7 77 28 159 0 15 Sanford, NC.) and passed to a single layer 25.4 cm (10 inch) 
C8 (32) ($2950) (235220) 0 15 Wide ?lm die (commercially available under the trade des 

(20) (4,260) (23,500) ignation, ULTRAFLEX 40, from Extrusion Dies, Inc.; 
ChippeWa Falls, Wis.) to form a ?lm. The ?lm die Was 
maintained at 288° C. (550° E), with a die gap of approxi 

[0111] mately 0.5 millimeters (20 mils). 

TABLE XI [0115] The melt blends Were cast onto a chill roll main 
5 tained at 24° C. (75° Then, the melt blends Were 

513108 SSS/SOS laminated to a 25-pm (1 mil)-thick, biaxially oriented poly 
Relaxation Relaxation Hand ethylene terephthalate (PET) liner moving at a line speed of 

EX- (%) (07”) Ghostmg Tearablhty 6.4 meters/minute (21 feet/minute) to produce a ?lm With a 
19 446 64_O None easy thickness of 77 pm (3 The ?lm Was collected, the liner Was 

(2]; ‘512-8 221-3 vlslrydslight easy removed, the ?lms Were laminated to TEFLON sheets, and 
C8 58:1 65:5 £53m the ?lms Were placed in an oven at 149° C. (300° for 10 

minutes to anneal residual stresses and optimiZe the crys 
tallinity of the ?lm. 

TABLE XII 

Ultimate 
Tensile Elastic 10% 57% 
Strength, Modulus, Stress Stress 

PET MPa MPa Necking Shrinkage Relaxation Relaxation 
EX- A * (Psi) (Psi) (‘70) (‘70) (‘70) (‘70) 

21 50 50 13 230 0 3** 24 45 

(1,890) (33,380) 
22 40 60 5 115 0 0.7 28 48 

(746) (16,650) 
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TABLE XII-continued 

Ultimate 
Tensile Elastic 10% 57% 
Strength, Modulus, Stress Stress 

PET MPa MPa Necking Shrinkage Relaxation Relaxation 
EX- A * (psi) (psi) <%> <%> <%> <%> 

23 4O 6O 4 29 O 4** 23 *** 

(528) (4,212) 
24 6O 4O 42 612 21 3** 14 35 

(6,136) (88,830) 

* Polymer HYTREL G4074 for Example 21 and polymer HYTREL G3548W for 
Examples 22-24 
* *CD Shrinkage 
*** The sample broke 

[0116] Various modi?cations and alterations of this inven 
tion Will become apparent to those skilled in the art Without 
departing from the scope and spirit of the invention. It 
should be understood that this invention is not limited to the 
illustrative embodiments set forth herein. 

What is claimed is: 
1. A tape backing composition, comprising a blend of: 

a ?rst polymer having a melting temperature of at least 
about 93° C. (200° E); and 

a second polymer having a melting temperature of at least 
about 93° C. (200° 

2. The tape backing composition of claim 1, Wherein the 
?rst and second polymers are polypropylene polymers. 

3. The tape backing composition of claim 2, Wherein the 
?rst polypropylene polymer is at least about 20% atactic and 
the second polypropylene polymer is at least about 80% 
syndiotactic and/or isotactic. 

4. The tape backing composition of claim 3, Wherein the 
?rst polypropylene polymer is about 25% atactic to about 
50% atactic. 

5. The tape backing composition of claim 1, Wherein the 
?rst and second polymers are polyester polymers. 

6. The tape backing composition of claim 1, Wherein the 
blend exhibits a single melting temperature. 

7. The tape backing composition of claim 1, Wherein each 
polymer in the blend has a melting temperature of at least 
about 149° C. (300° 

8. The tape backing composition of claim 1, Wherein each 
polymer in the blend has a melting temperature of at least 
about 154° C. (310° 

9. The tape backing composition of claim 1, Wherein the 
each of the ?rst and second polymers comprises at least 
about 20 Weight % of the blend. 

10. The tape backing composition of claim 1, Wherein the 
each of the ?rst and second polymers comprises at least 
about 40 Weight % of the blend. 

11. A ?exible ?lm, comprising the tape backing compo 
sition of claim 1. 

12. The ?exible ?lm of claim 11, Wherein the ?lm exhibits 
less than about 5% shrinkage When tested according to 
ASTM D1204 at 93° C. (200° 

13. The ?exible ?lm of claim 1, Wherein the ?lm exhibits 
less than about 5% shrinkage When tested according to 
ASTM D1204 at 149° C. (300° 

14. The ?exible ?lm of claim 1, Wherein the ?lm exhibits 
less than about 2% shrinkage When tested according to 
ASTM D1204 at 93° C. (200° 

15. The ?exible ?lm of claim 11, Wherein the ?lm exhibits 
less than about 2% shrinkage When tested according to 
ASTM D1204 at 149° C. (300° 

16. The ?exible ?lm of claim 1, Wherein the ?lm exhibits 
greater than about 20% stress relaxation When tested at 10% 
elongation. 

17. The ?exible ?lm of claim 11, Wherein the ?lm exhibits 
greater than about 40% stress relaxation When tested at 57% 
elongation. 

18. The ?exible ?lm of claim 11, Wherein the ?lm exhibits 
less than about 5% necking. 

19. The ?exible ?lm of claim 11, Wherein the ?lm exhibits 
essentially no yield point When tested according to ASTM 
D882-95a. 

20. The ?exible ?lm of claim 11, Wherein the ?lm is 
hand-tearable. 

21. The ?exible ?lm of claim 11, Wherein the ?rst polymer 
has an elastic modulus of about 103 MPa or less and the 
second polymer has an elastic modulus of about 207 MPa or 
more. 

22. The ?exible ?lm of claim 11, Wherein the ?lm is 
heat-treated. 

23. A ?exible ?lm, comprising: 

a ?rst polymer having a melting temperature of at least 
about 149° C. (300° F); and 

a second polymer having a melting temperature of at least 
about 149° C. (300° F), 

Wherein the ?lm exhibits less than about 5% shrinkage 
When tested according to ASTM D1204 at 149° C. 
(300° F), the ?lm exhibits greater than about 40% 
stress relaxation When tested at 10% elongation, the 
?lm exhibits greater than about 55% stress relaxation 
When tested at 57% elongation, and the ?lm exhibits 
essentially no yield point When tested according to 
ASTM D882-95a. 

24. A tape comprising: 

a backing comprising the ?lm of claim 11; and 

an adhesive coated on at least a portion of one side of the 
backing for adherence to a substrate. 

25. The tape of claim 24, Wherein the tape exhibits 
essentially no ghosting. 
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26. The tape of claim 24, wherein the tape is heat-treated. 
27. An automobile comprising the tape of claim 24. 
28. An auto paint masking tape, comprising: 

a chloride-free backing comprising a blend comprising at 
least one relatively in?exible polymer and at least one 
relatively ?exible polymer; and 

an adhesive coated on at least a portion of one side of the 
backing for adherence to an automobile. 

29. An auto paint masking tape, comprising: 

a backing comprising a blend comprising at least one 
relatively in?exible polymer and at least one relatively 
?exible polymer; and 

an adhesive coated on at least a portion of one side of the 
backing for adherence to an automobile, 

Wherein the backing is essentially free of plasticiZers. 
30. An automobile, comprising the auto paint masking 

tape of claim 28. 
31. An automobile, comprising the auto paint masking 

tape of claim 29. 
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32. A method of protecting selected portions of an auto 
mobile from paint during painting of the automobile, com 
prising the steps of: 

adhering the auto paint masking tape of claim 28 to the 
selected portions of the automobile; 

painting the automobile; and 

removing the auto paint masking tape from the selected 
portions of the automobile. 

33. A method of protecting selected portions of an auto 
mobile from paint during painting of the automobile, com 
prising the steps of: 

adhering the auto paint masking tape of claim 29 to the 
selected portions of the automobile; 

painting the automobile; and 

removing the auto paint masking tape from the selected 
portions of the automobile. 

* * * * * 


