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THERMOFORMABLE ETHYLENE/STYRENE 
INTERPOLYMER-BASED POLYMER BLEND FILM 
FOR THREE-DIMENSIONAL TRANSFER FINISH 

FOIL 

[0001] This Application claims the bene?t of Us. Provi 
sional Application No. 60/174,892, ?led Jan. 7, 2000. 

FIELD OF THE INVENTION 

[0002] This invention generally concerns a polymer ?lm 
suitable for use as a carrier layer in a thermoformable or 
membrane-pressable heat transfer foil. This invention par 
ticularly concerns such a ?lm made from a blend and/or 
composite structure containing an ethylene/styrene inter 
polymer (E51) and a polymer formed from at least one vinyl 
or vinylidene aromatic monomer, at least one hindered 
aliphatic vinyl or vinylidene monomer or both. This inven 
tion more particularly concerns such a ?lm Wherein the 
blend also includes a homopolymer or interpolymer of 
aliphatic alpha-ole?ns (ot-ole?ns) having from 2 to 20 
carbon atoms (C2_2O) and, optionally, a monomer containing 
a polar group. This invention still more particularly concerns 
such ?lms, both as a monolayer and as a component of a 
multi-layer ?lm structure. 

BACKGROUND OF THE INVENTION 

[0003] Heat transfer ?lms or foils for thermal imprinting 
of a substrate typically include a carrier layer that is tem 
porarily or removably bonded to one or more layers that are 
transferred to the substrate. The number of layers transferred 
to the substrate varies depending on chosen applications. A 
transfer foil often contains a carrier layer, a release or 
separating layer temporarily bonded to the carrier layer, one 
or more protective coating layers permanently bonded to a 
side of the release layer other than the side adjacent the 
carrier layer, a pigmented or dye containing layer perma 
nently bonded to the protective layer, and an adhesive layer 
permanently bonded to a surface of the dye layer other than 
that Which bonds to the protective coating layer to bond the 
transferred layers to the substrate. Skilled artisans recogniZe 
that the release layer may, in some applications, also func 
tion as a protective layer. Skilled artisans also recogniZe that 
“permanent”, as used herein implies a much greater bonding 
duration than a material that readily peels aWay from a 
substrate. Nonetheless, use of scrapers or other implements 
may effect a mechanical destruction of one or more of the 
layers transferred to the substrate. 

[0004] In practice, one places a heat transfer foil against a 
substrate, applies heat through the foil, under pressure, to 
transfer dye or pigment layer(s) to the substrate, and then 
removes the carrier layer for further handling or disposal as 
appropriate. When using heat transfer foils to imprint Wood 
products, such as ready-to-assemble furniture, one often 
includes at least one scratch resistant coating to protect the 
dye or pigment layer(s). Heat transfer foils also provide a 
decorative pattern, such as a Wood grain pattern, to other 
substrates such as countertops, Walls, siding, automobile 
surfaces, Wood pro?les and edge banding, glass, metal or 
plastic substrates. 

[0005] Conventional heat transfer ?lms or foils readily 
transfer an image, dye or pigment onto a ?at, tWo dimen 
sional surface or substrate. These conventional foils may 
encounter dif?culty When the substrate takes on a three 
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dimensional character, as in the case of a Wood panel With 
multiple contours, uneven surfaces or both. The dif?culty 
may range from inadequate thermoformability as evidenced 
by failure to conform to all of the contours to bubbling or 
Wrinkling of transferred layers or distortion of the trans 
ferred image, die or pigment. Heat transfer foils based upon 
polyvinyl chloride (PVC) or polyvinyl alcohol (PVOH) 
typically have satisfactory thermoformability but raise other 
problems or concerns. One or both of environmental con 
cerns and migration of loW molecular Weight plasticiZers 
drive(s) efforts to replace PVC ?lms. PVC ?lms are also 
limited to loWer draW ratios during membrane pressing 
operations, Which limits contour design options of a 3-di 
mensional panel. While PVOH ?lms meet many perfor 
mance constraints, they do so at an economically unattrac 
tive cost. In addition, PVOH ?lms tend to be moisture 
sensitive or even Water-soluble, at least to some degree. On 
a practical level, this translates to concerns about ?lm 
dimensional stability and leads to use of controlled atmo 
sphere processing in order to achieve and maintain consis 
tent coating and printing performance. A continuing need 
eXists for a heat transfer foil that has good thermoformability 
With none of the environmental concerns of PVC or cost and 
performance concerns of PVOH, especially for use in the 
furniture industry. Heat transfer foils based upon polyeth 
ylene terephthalate do not have satisfactory thermoformabil 
ity and therefore tend to be limited to applications on ?at 
tWo-dimensional surfaces. 

[0006] A ?rst aspect of the invention is a thermoformable 
polymer ?lm, the ?lm being used as a heat transfer foil 
carrier layer and comprising a blend of a ?rst polymer that 
is a substantially random interpolymer comprising in poly 
meriZed form i) one or more of ethylene and an (ot-ole?n 
monomer and ii) one or more vinyl or vinylidene aromatic 
monomers and/or one or more sterically hindered aliphatic 
or cycloaliphatic vinyl or vinylidene monomers, and option 
ally iii) other polymeriZable ethylenically unsaturated 
monomer(s) and a second polymer comprising in polymer 
iZed form a) one or more vinyl or vinylidene aromatic 
monomers, or b) one or more sterically hindered aliphatic or 
cycloaliphatic vinyl or vinylidene monomers, or c) a com 
bination of a) and b). 

[0007] In a related aspect, the blend of the ?rst and second 
polymers further comprises a third polymer. The third poly 
mer is selected from a polypropylene homopolymer, an 
interpolymer of propylene and one or more of ethylene or a 
C4_8 (ot-ole?n monomer or both, or a polymer that comprises 
in polymeriZed form X) one or more of ethylene and a C3_2O 
aliphatic (ot-ole?n or y) one or more ethylene and a C3_2O 
(ot-ole?n that contains at least one polar group. The third 
polymer is preferably polypropylene homopolymer or a 
propylene interpolymer. 

[0008] A second aspect of the invention is a thermoform 
able ?lm-forming polymer blend composition comprising a 
blend of a ?rst polymer that is a substantially random 
interpolymer comprising in polymeriZed form, i) one or 
more of ethylene and an ot-ole?n monomer and ii) one or 
more vinyl or vinylidene aromatic monomers and/or one or 
more sterically hindered aliphatic or cycloaliphatic vinyl or 
vinylidene monomers, and optionally iii) other polymeriZ 
able ethylenically unsaturated monomer(s), a second poly 
mer comprising in polymeriZed form a) one or more vinyl or 
vinylidene aromatic monomers, or b) one or more sterically 
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hindered, aliphatic or cycloaliphatic vinyl or vinylidene 
monomers, or c) a combination of a) and b), and a third 
polymer. The third polymer is selected from a polypropylene 
homopolymer, an interpolymer of propylene and one or 
more of ethylene or a C4_8 ot-ole?n monomer or both, or a 
polymer that comprises in polymeriZed form, X) one or more 
of ethylene and a C3_2O aliphatic (ot-ole?n or y) one or more 
of ethylene and a C3_2O ot-ole?n that contains at least one 
polar group. The third polymer is preferably polypropylene 
homopolymer or a propylene interpolymer. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0009] A blend of at least one ?rst polymer or interpoly 
mer and at least one second polymer or interpolymer forms 
a thermoformable ?lm suitable for use as a carrier layer for 
heat transfer foil. The blend desirably includes at least one 
third polymer or interpolymer. 

[0010] The ?rst polymer is a substantially random inter 
polymer comprising in polymeriZed form, i) one or more of 
ethylene and an ot-ole?n monomer and ii) one or more vinyl 
or vinylidene aromatic monomers and/or one or more steri 
cally hindered aliphatic or cycloaliphatic vinyl or vinylidene 
monomers, and optionally iii) other polymeriZable ethyleni 
cally unsaturated monomer(s). 

[0011] The second polymer comprises in polymeriZed 
form a) one or more vinyl or vinylidene aromatic monomers, 
or b) one or more sterically hindered aliphatic or 
cycloaliphatic vinyl or vinylidene monomers, or c) a com 
bination of a) and b). 

[0012] The third polymer is selected from a polypropylene 
homopolymer, an interpolymer of propylene and one or 
more of ethylene or a C4_8 ot-ole?n monomer or both, or a 
polymer that comprises in polymeriZed form, X) one or more 
of ethylene and a C3_2O aliphatic ot-ole?n or y) one or more 
of ethylene and a C3_2O ot-ole?n that contains at least one 
polar group. The third polymer is preferably polypropylene 
homopolymer or a propylene interpolymer, especially When 
preparing monolayer ?lm structures. 

[0013] Unless stated otherWise, as in the case of “less than 
(<) 50 Weight percent (Wt %)”, all ranges stated herein 
include both range endpoints. 

[0014] The term “interpolymer”, as used herein, refers to 
a polymer having polymeriZed therein at least tWo different 
monomers. 

[0015] The term “substantially random”, as used herein 
With respect to the ?rst polymer, generally means that 
monomer distribution Within said interpolymer can be 
described by the Bernoulli statistical model or by a ?rst or 
second order Markovian statistical model, as described by J. 
C. Randall in POLYMER SEQUENCE DETERMINATION, 
Carbon-13 NMR Method, Academic Press NeW York, 1977, 
pp. 71-78. The ?rst polymer preferably contains no more 
than 15 percent (%) of the total amount of vinyl or 
vinylidene aromatic monomer as blocks of vinyl or 
vinylidene aromatic monomer that contain more than 3 
units. The ?rst polymer more preferably lacks a high degree 
of either isotacticity or syndiotacticity. This means that, in 
the carbon“13 NMR spectrum of the ?rst polymer (also 
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referred to as a “substantially random interpolymer”), peak 
areas corresponding to main chain methylene and methine 
carbons representing either meso diad sequences or racemic 

diad sequences should not eXceed 75% of the total peak area 
of the main chain methylene and methine carbons. As 
subsequently used herein, “substantially random interpoly 
mer” refers to a substantially random interpolymer produced 
from the above-mentioned monomers. 

[0016] 
for use in preparing the ?rst polymer include, for eXample, 
ot-ole?n monomers containing from 3 to 20 (C3_2O), prefer 
ably from 3 to 12 (C3_12), more preferably from 3 to 8 (C3_8) 
carbon atoms. In addition to ethylene, particularly suitable 

In addition to ethylene, ot-ole?n monomers suitable 

ot-ole?ns or ot-ole?n monomers include propylene, butene 

1, 4-methyl-1-pentene, heXene-1 or octene-1. Combinations 
of ethylene With one or more of propylene, butene-1, 4-me 
thyl-l-pentene, heXene-1 or octene-1 are also quite suitable. 
The monomer is preferably ethylene or a combination of 

ethylene and at least one C3_8 ot-ole?n. These monomers do 
not contain an aromatic moiety. 

[0017] Other optional polymeriZable ethylenically unsat 
urated monomer(s) suitable for inclusion in the ?rst polymer 
include strained ring ole?ns such as norbornene and C1_1O 
alkyl or C6_1O aryl substituted norbornenes. One such inter 
polymer is an ethylene/styrene/norbornene interpolymer. 

[0018] Vinyl or vinylidene aromatic monomers suitable 
for use in preparing the ?rst polymer include, for eXample, 
those represented by the folloWing Formula I 

(Formula I) 
Ar 

(912)“ 

[0019] Wherein R1 is selected from the group of radicals 
consisting of hydrogen and C1_4 alkyl radicals, preferably 
hydrogen or methyl; each R2 is independently selected from 
the group of radicals consisting of hydrogen and C1_4 alkyl 
radicals, preferably hydrogen or methyl; Ar is a phenyl 
group or a phenyl group substituted With from 1 to 5 
substituents selected from the group consisting of halo, 
C1_4-alkyl, and C1_4-haloalkyl; and n has a value from Zero 
to 4, preferably from Zero to 2, most preferably Zero. 
Particularly suitable monomers represented by Formula I 
include styrene and loWer alkyl- or halogen-substituted 
derivatives thereof. Preferred monomers include styrene, 
ot-methyl styrene, the loWer alkyl-(C1-C4) or phenyl-ring 
substituted derivatives of styrene, such as for eXample, 
ortho-, meta-, and para-methylstyrene, t-butyl styrene, the 
ring halogenated styrenes, such as chlorostyrene, para-vinyl 
toluene or miXtures thereof. A more preferred aromatic 
monovinyl monomer is styrene. 

[0020] The term “sterically hindered aliphatic or 
cycloaliphatic vinyl or vinylidene monomer” means an 
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addition polymeriZable vinyl or vinylidene monomer corre 
sponding to the formula: 

A1 

[0021] wherein A1 is a sterically bulky, aliphatic or 
cycloaliphatic substituent of up to 20 carbons, R1 is selected 
from the group of radicals consisting of hydrogen and CL4 
alkyl radicals, preferably hydrogen or methyl; each R2 is 
independently selected from the group of radicals consisting 
of hydrogen and CL4 alkyl radicals, preferably hydrogen or 
methyl; or alternatively R1 and A1 together form a ring 
system. The term “sterically bulky” means that the monomer 
bearing this substituent is normally incapable of addition 
polymeriZation by standard Ziegler-Natta polymeriZation 
catalysts at a rate comparable With ethylene polymeriZation. 
Ethylene and C3_2O ot-ole?n monomers that have a linear 
aliphatic structure, such as propylene, butene-1, heXene-1 
and octene-1, do not qualify as sterically hindered aliphatic 
monomers. Preferred sterically hindered aliphatic or 
cycloaliphatic vinyl or vinylidene compounds are monomers 
in Which one of the carbon atoms bearing ethylenic unsat 
uration is tertiary or quaternary substituted. Examples of 
such substituents include cyclic aliphatic groups such as 
cycloheXyl, cycloheXenyl, cyclooctenyl, or ring alkyl or 
aryl-substituted derivatives thereof, tert-butyl or norbornyl. 
More preferred sterically hindered aliphatic or 
cycloaliphatic vinyl or vinylidene compounds include the 
various isomeric vinyl-ring substituted derivatives of cyclo 
heXene and substituted cycloheXenes, and 5-ethylidene-2 
norbornene. Especially suitable are 1-, 3-, and 4-vinylcy 
cloheXene. 

[0022] The most preferred substantially random interpoly 
mers are interpolymers of ethylene and styrene and inter 
polymers of ethylene, styrene and at least one C3_8 ot-ole?n 
(referred to herein as “ethylene/styrene interpolymers” or 
“ESIs”). Preferred substantially random interpolymers With 
tWo or more of ethylene and an ot-ole?n monomer, and a 
vinyl aromatic monomer include interpolymers of ethylene, 
propylene, and styrene. 

[0023] The substantially random interpolymers usually 
comprise in polymeriZed form, i) from 0.5 to 65, preferably 
from 5 to 55, more preferably from 20 to 50, most preferably 
from 30 to 45 mole percent of at least one vinyl or vinylidene 
aromatic monomer and/or sterically hindered aliphatic or 
cycloaliphatic vinyl or vinylidene monomer and ii) from 35 
to 99.5, preferably from 45 to 95, more preferably from 50 
to 80, most preferably from 55 to 70 mole percent of at least 
one of ethylene and/or a C3_2O aliphatic ot-ole?n. All per 
centages are based on the interpolymer and total 100 mole 
percent. 

[0024] The ?rst polymer desirably has a melt indeX or I2 
(according to ASTM D 1238 Procedure A, condition E) of 
from 0.01 to 50 grams per 10 minutes (g/ 10 min), preferably 
from 0.0 to 10 g/10 min, more preferably from 0.1 to 5 g/10 
min, and most preferably from 0.1 to 3 g/10 min. The ?rst 
polymer has a glass transition temperature (Tg) that is 
preferably from —40° centigrade (° C.) to +35° C., more 
preferably from 0° C. to +30° C., most preferably from +15° 
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C. to +30° C., measured according to differential mechanical 
scanning (DMS). The polymer blend may contain tWo or 
more ?rst polymers With different Tg’s. 

[0025] The ?rst polymer has a density that is desirably at 
least 0.930 grams per cubic centimeter (g/cm3), preferably 
from 0.930 to 1.045 g/cm3, more preferably from 0.930 to 
1.040 g/cm3, most preferably from 0.930 to 1.030 g/cm3. 
The ?rst polymer has a molecular Weight distribution 
(MWD or ratio of Weight average molecular Weight (MW) to 
number average molecular Weight (Mn) (MW/Mn)) of from 
1.5 to 20, preferably from 1.8 to 10, more preferably from 
2 to 5. 

[0026] While preparing the ?rst polymer, an amount of a 
tactic vinyl or vinylidene aromatic homopolymer may be 
formed due to homopolymeriZation of the vinyl or 
vinylidene aromatic monomer at elevated temperatures. The 
presence of vinyl or vinylidene aromatic homopolymer is in 
general not detrimental for the purposes of the present 
invention and can be tolerated. The vinyl or vinylidene 
aromatic homopolymer may be separated from the substan 
tially random interpolymer, if desired, by extraction tech 
niques such as selective precipitation from solution With a 
nonsolvent for either the substantially random interpolymer 
or the vinyl or vinylidene aromatic homopolymer. The ?rst 
polymer preferably contains no more than 30 Weight percent 
(Wt %), preferably less than 20 Wt %, based on the total ?rst 
polymer Weight, of a tactic vinyl or vinylidene aromatic 
homopolymer. 
[0027] The ?rst polymer, When part of a formulation that 
includes ?rst, second and third polymers, is desirably 
present in an amount that varies depending upon selection of 
the third polymer. If the third polymer is one that comprises, 
in polymeriZed form, X) one or more of ethylene and an 
aliphatic ot-ole?n having from 3 to 20 carbon atoms or y) 
one or more of ethylene and an ot-ole?n having from 3 to 20 
carbon atoms and containing polar groups, the amount of 
?rst polymer is Within a range of from 20 to 40 Wt % of total 
formulation or thermoformable polymer ?lm Weight. The 
range is preferably from 30 to 40 Wt %. If the third polymer 
is polypropylene homopolymer or a propylene interpolymer, 
the range of ?rst polymer is from 20 to 45 Wt %, preferably 
from 30 to 40 Wt %. The amounts of second and third 
polymers in such a formulation also vary depending upon 
the polymer selected for the third polymer. If the third 
polymer is polypropylene homopolymer or a propylene 
interpolymer, the amount of second polymer is Within a 
range of from 25 to 45 Wt %, preferably from 30 to 40 Wt 
%, and the amount of third polymer is Within a range of from 
20 to 55 Wt %, preferably from 25 to 35 Wt %. For certain 
applications, a high propylene polymer content produces 
satisfactory results. In such applications, the amounts of 
?rst, second and third polymers are, respectively, from 20 to 
40 Wt %, preferably from 20 to 30 Wt %, from 20 to 40 Wt 
%, preferably from 20 to 35 Wt %, and from 30 to 60 Wt %, 
preferably from 30 to 55 Wt %. If the third polymer is a polar 
group-containing polymer, the amounts of second and third 
polymers fall Within ranges that are, respectively, from 30 to 
75 Weight percent, and from 5 to 30 Weight percent. All 
percentages based on combined Weight of ?rst, second and 
third polymers and totaling 100 percent. 

[0028] If the formulation contains only ?rst and second 
polymers, the range for the ?rst polymer is from 20 to 50 Wt 
%, preferably from 30 to 40 Wt %. 
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[0029] The substantially random interpolymers may be 
modi?ed by typical grafting, hydrogenation, functionaliZ 
ing, or other reactions Well knoWn to those skilled in the art. 
The polymers may be readily sulfonated or chlorinated to 
provide functionaliZed derivatives according to established 
techniques. The substantially random interpolymers may 
also be modi?ed by various chain-extending or cross-linking 
processes including, but not limited to peroXide-, silane-, 
sulfur-, radiation-, or aZide-based cure systems. A full 
description of the various cross-linking technologies is 
described in copending US. Pat. Nos. 5,869,591 and 5,977, 
271, the entire contents of both of Which are herein incor 
porated by reference. Dual cure systems, Which use a 
combination of heat, moisture cure, and radiation steps, may 
be effectively employed. Dual cure systems are disclosed 
and claimed in US. Pat. No. 5,911,940, the relevant teach 
ings concerning non-foam materials being incorporated 
herein by reference. For instance, it may be desirable to 
employ peroXide crosslinking agents in conjunction With 
silane crosslinking agents, peroXide crosslinking agents in 
conjunction With radiation, sulfur-containing crosslinking 
agents in conjunction With silane crosslinking agents, etc. 
The substantially random interpolymers may also be modi 
?ed by various crosslinking processes including, but not 
limited to the incorporation of a diene component as a 
termonomer in its preparation and subsequent crosslinking 
by the aforementioned methods and further methods includ 
ing vulcaniZation via the vinyl group using sulfur for 
eXample as the crosslinking agent. 

[0030] The ?rst, second and, Where present, third poly 
mers desirably have a thermoplastic character. In other 
Words, each of the polymers is thermoformable in that it may 
be molded or otherWise shaped and reprocessed at tempera 
tures above its melting or softening point. 

[0031] The substantially random interpolymers include 
the so called pseudo random interpolymers described in 
European Patent Application (EP-A) 0,416,815 by James C. 
Stevens et al., and US. Pat. No. 5,703,187 by Francis J. 
Timmers, both of Which are incorporated herein by reference 
in their entirety to the eXtent alloWed by laW. The substan 
tially random interpolymers can be prepared by subjecting a 
mixture of polymeriZable monomers to conditions suf?cient 
to effect polymeriZation thereof in the presence of one or 
more metallocene or constrained geometry catalysts in com 
bination With various cocatalysts. Such conditions include 
pressures of from atmospheric up to 3000 atmospheres and 
temperatures from —30° C. to 200° C. Polymerization and 
unreacted monomer removal at temperatures above the 
autopolymeriZation temperature of the respective monomers 
may result in the formation of some amounts of homopoly 
mer polymeriZation products resulting from free radical 
polymeriZation. 

[0032] Examples of suitable catalysts and methods for 
preparing the substantially random interpolymers are dis 
closed in US. Pat. No. 6,118,013 (and its European equiva 
lent, EP-A-514,828); and US. Pat. Nos. 5,055,438; 5,057, 
475; 5,096,867; 5,064,802; 5,132,380; 5,189,192; 5,321, 
106; 5,347,024; 5,350,723; 5,374,696; 5,399,635; 5,470, 
993; 5,703,187; and 5,721,185 all of the US. Pat. Nos. being 
incorporated herein by reference. 
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[0033] The ?rst polymer can also be prepared by the 
methods described in JP 07/278230 employing compounds 
shoWn by the general formula 

[0034] Wherein Cp1 and Cp2 are cyclopentadienyl groups, 
indenyl groups, ?uorenyl groups, or substituents of these, 
independently of each other; R1 and R2 are hydrogen atoms, 
halogen atoms, C1_12 hydrocarbon groups, alkoXyl groups, 
or aryloXyl groups, independently of each other; M is a 
group IV metal, preferably Zirconium (Zr) or hafnium (Hf), 
most preferably Zr; and R3 is an alkylene group or silanediyl 
group used to cross-link Cp1 and Cp2). 

[0035] The ?rst polymer can also be prepared by the 
methods described by John G. Bradfute et al., R. Grace 
& Co.) in WO 95/32095; by R. B. Pannell (EXXon Chemical 
Patents, Inc.) in WO 94/00500; and in Plastics Technology, 
page 25 (September 1992). 
[0036] Also suitable are the substantially random inter 
polymers Which comprise at least one ot-ole?n/vinyl aro 
matic/vinyl aromatic/ot-ole?n tetrad disclosed in WO-98/ 
09999-A by Francis J. Timmers et al. These interpolymers 
can be prepared by conducting the polymeriZation at tem 
peratures of from —30° C. to 250° C. in the presence of a 
catalyst as those described in WO-98/09999-A. Particularly 
preferred catalysts include, for eXample, racemic-(dimeth 
ylsilanediyl)-bis-(2-methyl-4-phenylindenyl)Zirconium 
dichloride, racemic-(dimethyl-silanediyl)-bis-(2-methyl-4 
phenylindenyl)Zirconium 1,4-diphenyl-1,3-butadiene, race 
mic-(dimethylsilanediyl)-bis-(2-methyl-4-phenylinde 
nyl)Zirconium di-C1_4-alkyl, racemic-(dimethylsilanediyl) 
bis-(2-methyl-4-phenylindenyl)-Zirconium di-C1_4 
alkoXide, or any combination thereof. 

[0037] Further preparative methods for the substantially 
random interpolymers used in the present invention have 
been described in the literature. Longo and Grassi (Makro 
mol. Chem, volume 191, pages 2387 to 2396 [1990]) and 
D’Anniello et al. (Journal of Applied Polymer Science, 
volume 58, pages 1701 to 1706 [1995]) report the use of a 
catalytic system based on methylalumoXane (MAO) and 
cyclopentadienyltitanium trichloride (CpTiCl3) to prepare 
an ethylene-styrene copolymer. Xu and Lin (Polymer Pre 
prints, Am. Chem. Soc, Div. Polym. Chem, volume 35, 
pages 686, 687 [1994]) report copolymeriZation using a 
MgCl2/TiCl4/NdCl3/Al(iBu)3 catalyst to give random 
copolymers of styrene and propylene. Lu et al. (Journal of 
Applied Polymer Science, volume 53, pages 1453 to 1460 
[1994]) have described the copolymeriZation of ethylene and 
styrene using a TiCl4NdCl3/MgCl2 /Al(Et)3 catalyst. SemetZ 
and Mulhaupt, (Macromol. Chem. Phys., volume 197, pages 
1071 to 1083 [1997]) have described the in?uence of 
polymeriZation conditions on the copolymeriZation of sty 
rene With ethylene using Me2Si(Me4Cp)(N-tert-butyl)TiCl2/ 
methylaluminoXane Ziegler-Natta catalysts. Copolymers of 
ethylene and styrene produced by bridged metallocene cata 
lysts have been described by Arai, Toshiaki and Suzuki 
(Polymer Preprints, Am. Chem. Soc, Div. Polym. Chem. 
volume 38, pages 349, 350 [1997]) and in US. Pat. No. 
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5,652,315, issued to. The manufacture of ot-ole?n/vinyl 
aromatic monomer interpolymers such as propylene/styrene 
and butene/styrene are described in US. Pat. No. 5,244,996 
or US. Pat. No. 5,652,315 or as disclosed in DE 197 11 339 
A1. All the above methods disclosed for preparing the ?rst 
polymer are incorporated herein by reference. 

[0038] Polymers suitable for use as the second polymer 
include homopolymers of a single vinyl or vinylidene aro 
matic monomer and interpolymers prepared from one or 
more vinyl or vinylidene aromatic monomers. The vinyl and 
vinylidene aromatic monomers listed herein for use in 
preparing the ?rst polymer function equally Well in prepar 
ing the second polymer. The second polymer may also 
include one or more interpolymeriZable comonomers other 

than a vinyl or vinylidene aromatic monomer. Such comono 
mers include C4_6 conjugated dienes, especially butadiene or 
isoprene, N-phenyl maleimide, acrylamide, ethylenically 
unsaturated nitrile monomers such as acrylonitrile and meth 
acrylonitrile, ethylenically unsaturated mono- and difunc 
tional carboxylic acids and derivatives thereof such as esters 
and, in the case of difunctional acids, anhydrides, such as 
acrylic acid, C1_4 alkyl acrylates or methacrylates such as 
n-butyl acrylate, methyl methacrylate and maleic anhydride. 
In some cases, it may also be desirable to copolymeriZe a 
cross-linking monomer such as a divinyl benZene into the 
second polymer. 

[0039] The second polymer desirably has polymeriZed 
therein at least 50 Weight percent (Wt %), preferably at least 
90 Wt %, of one or more vinyl or vinylidene aromatic 
monomers. The Wt % is based on second polymer Weight. 

[0040] The second polymer, When part of a formulation 
that includes ?rst, second and third polymers, is desirably 
present in an amount Within a range of from 40 to 80 Wt % 
of total formulation or thermoformable polymer ?lm Weight. 
The range is preferably from 45 to 55 Wt %. If the formu 
lation contains only ?rst and second polymers, the range is 
from 50 to 80 Wt %, preferably from 60 to 70 Wt %, based 
on combined Weight of ?rst and second polymers. 

[0041] The second polymer may, if desired, be a rubber 
modi?ed polymer Wherein the modi?er is, for example, 
butadiene or isoprene. Skilled artisans readily understand 
availability, preparation and use of rubber-modi?ed vinyl or 
vinylidene aromatic polymers and copolymers. 

[0042] The third polymer, When present, is desirably a 
propylene homopolymer or interpolymer of propylene, eth 
ylene and/or an aliphatic C4_2O ot-ole?n, preferably a pro 
pylene/ethylene copolymer. 

[0043] An alternate desired third polymer is a homopoly 
mer or interpolymer of ethylene and/or a C3_18 ot-ole?n, 
more preferably ethylene or a C3_12 ot-ole?n, or an inter 
polymer of ethylene and/or an aliphatic C3_2O ot-ole?n, 
preferably ethylene or a C3_18 ot-ole?n, more preferably 
ethylene or a C3_12 ot-ole?n that contains a polar group. 
Suitable aliphatic ot-ole?n monomers that introduce polar 
groups into the third polymer include, for example, ethyl 
enically unsaturated nitriles such as acrylonitrile, methacry 
lonitrile, or ethacrylonitrile; ethylenically unsaturated anhy 
drides such as maleic anhydride; ethylenically unsaturated 
amides such as acrylamide or methacrylamide; ethylenically 
unsaturated carboxylic acids (both mono- and difunctional) 
such as acrylic acid and methacrylic acid; esters (especially 
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loWer, e.g., C1-C6, alkyl esters) of ethylenically unsaturated 
carboxylic acids such as methyl methacrylate, ethyl acrylate, 
hydroxyethylacrylate, n-butyl acrylate or methacrylate, or 
2-ethyl-hexylacrylate; ethylenically unsaturated dicarboxy 
lic acid imides such as N-alkyl or N-aryl maleimides such as 
N-phenyl maleimide. Preferred polar group containing 
monomers include acrylic acid, vinyl acetate, maleic anhy 
dride and acrylonitrile. Halogen groups, Which can be 
included in the polymers from ethylene and/or an aliphatic 
ot-ole?n monomer, include ?uorine, chlorine and bromine; 
preferably such polymers are chlorinated polyethylenes 
(CPEs) or polyvinyl chloride. 

[0044] The third polymer is preferably a propylene 
homopolymer or an interpolymer of propylene and one or 
more of ethylene or a C4_8 ot-ole?n monomer or both. The 
third polymer is more preferably a propylene/ethylene inter 
polymer, especially What may be commonly referred to as an 
“impact grade” propylene/ethylene interpolymer. As used 
herein, “interpolymer” refers to polymers having polymer 
iZed therein tWo or more different monomers and includes 

What some refer to conventionally as copolymers (tWo 
monomers), terpolymers (three monomers) and tetrapoly 
mers (four monomers). The propylene polymer has a melt 
?oW rate or MFR (ASTM-1238, condition L, 230° C., 2.16 
kilograms) in a range of from 0.01 to 100, and preferably 
from 0.1 to 50 g/10 min. Other preferred third polymers 
include linear high density polyethylene polymers (HDPE) 
made using Ziegler polymeriZation processes (for example, 
US. Pat. No. 4,076,698 (Anderson et al.), sometimes called 
heterogeneous polymers. HDPE consists mainly of long 
linear polyethylene chains. The HDPE usually has a density 
of at least 0.94 g/cm3 (American Society for Testing and 
Materials (ASTM) Test Method D 1505) and an I2 (ASTM 
1238, condition I) in a range of from 0.01 to 100, and 
preferably from 0.1 to 50 g/10 min. Still other preferred 
polymers include linear loW density polyethylenes 
(LLDPE), a series of linear copolymers of ethylene and an 
ot-ole?n such as octene-1 prepared via Ziegler polymeriZa 
tion processes. The LLDPEs desirably have a melt index (I2 
190° C., 2.16 kilogram) Within the same range as the 3 
HDPEs, but a density Within a range of 0.88 to 0.94 g/cm . 
Suitable commercially available LLDPE resins include 
DOWLEX* resins (The DoW Chemical Company). 
*DOWLEX is a Trademark of The DoW Chemical Com 
pany. 

[0045] The third polymer, When present, desirably consti 
tutes from 5 to 30 Wt %, based upon ?lm forming blend or 
thermoformable polymer ?lm Weight. The third polymer 
preferably constitutes from 10 to 25 Wt % of total blend or 
?lm Weight. When skin layers are applied to a core layer 
formed from such a polymer blend, these Wt % ranges apply 
only to the core layer. 

[0046] The polymer blends used to prepare thermoform 
able polymer ?lms may contain one or more additives. Such 
additives include, for example ?ame retardants, such as 
decabromo diphenyl oxide; antioxidants, such as hindered 
phenols or phosphites; light stabiliZers, such as hindered 
amines; plasticiZers, such as dioctylphthalate or epoxidiZed 
soybean oil; Waxes, such as polyethylene Waxes; processing 
aids, such as stearic acid or a metal salt thereof; slip 
additives, such as erucamide or stearamide; antiblock addi 
tives, such as silica dioxide; lubricants; or crosslinking 
agents, such as peroxides or silanes. If the blends contain 
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such additives, the additives are employed in functionally 
equivalent amounts knoWn to those skilled in the art, gen 
erally in amounts of up to 30, preferably from 0.01 to 5, 
more preferably from 0.02 to 1 Wt %, based upon blend 
Weight. 
[0047] The thermoformable polymer ?lms preferably have 
a thickness of from 0.01 millimeter to 2 mm, more 
preferably from 0.01 mm to 1 mm, most preferably from to 
0.02 mm to 0.2 mm. 

[0048] The polymers used in preparing the thermoform 
able polymer ?lms or ?lm-forming blends can be combined 
With optional additives and processed to form a ?lm by any 
suitable means knoWn in the art such as, but not limited to, 
Banbury mixing, extrusion compounding, roll milling, cal 
endering, compression molding, injection molding and/or 
sheet extrusion. In addition, application of other layers, such 
as skin layers and intermediate layers (including glue or tie 
layers), suitably uses knoWn methods such as coextrusion, 
extrusion coating and lamination. Useful temperatures for 
processing polymers that constitute the polymer blends in 
combination With optional additives to form a polymer ?lm 
generally fall Within a range of from 1000 centigrade (° C.) 
to 300° C., preferably from 120° C. to 250° C., more 
preferably from 1600 C. to 230° C. 

[0049] The thermoformable ?lms of the present invention 
provide very satisfactory results When used as a monolayer 
?lm. With a propylene polymer present as a third polymer at 
a level in excess of about 25 Weight percent, based on total 
?lm Weight, the monolayer ?lms have satisfactory solvent 
resistance and printability. 

[0050] The thermoformable ?lms of the present invention 
may, if desired, serve as part of a multilayer ?lm structure, 
especially as a core layer of a multilayer ?lm structure. 
Preparation of such multilayer ?lm structures preferably 
employs coextrusion apparatus and processing techniques. 
Use of a skin layer, such as a polyole?n, preferably a 
polyethylene-based, ?lm, yields discernible bene?ts When 
solvent-based printing inks are applied to thermoformable 
?lms. For example, a polyethylene-based skin layer provides 
solvent resistance to the ?lm structure, protecting styrenic 
(vinyl or vinylidene aromatic) polymers from attack by 
solvents contained in certain printing inks. In addition, such 
a skin layer also serves as a very acceptable print layer. 
Conventional treatments, such as corona discharge treat 
ment, may enhance any one or more of print acceptance, 
surface characteristics and adhesion characteristics. As 
skilled artisans readily recogniZe, polyole?n ?lms such as 
polyethylene ?lms do not adhere directly to vinyl or 
vinylidene aromatic polymer ?lms. As such, skilled artisans 
place a glue, tie or adhesive layer formed from a polymer 
such as an ethylene/vinyl acetate (EVA) copolymer betWeen 
the polyole?n ?lm layer and the vinyl or vinylidene aromatic 
polymer ?lm layer, preferably by coextrusion, to form a 
functionally and structurally sound multilayer ?lm construc 
tion. 

[0051] The thermoformable polymer ?lms suitably func 
tion as a carrier layer in a heat transfer foil. In that appli 
cation, the ?lms temporarily or releasably bond to a release 
layer. “Temporary”, as used herein, means that the carrier 
?lm can be pulled aWay from the release layer after comple 
tion of membrane pressing, lamination, or other heat transfer 
process. Separation of the thermoformable polymer ?lm 
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from the release layer preferably results in complete removal 
of the thermoformable polymer ?lm carrier layer Without 
tearing or creating surface defects in the release layer. 

[0052] US. Pat. No. 5,972,480 discloses a number of 
resins that are suitable for use in fabricating a release layer 
at column 6, lines 34-54. The resins include, for example, 
polyvinyl butyral resin, cellulosic resins, chlorinated 
polypropylene resin, acrylic resin, vinyl chloride/vinyl 
acetate copolymer, polyamide resin, and urethane resin. US. 
Pat. No. 5,972,480 suggests, at column 6, lines 60-63, that 
release layer thickness may range from 0.5 to 30 microme 
ters (,um), usually from 2 to 10 pm. 

[0053] US. Pat. No. 5,981,009 teaches use of a heat 
activatable adhesive layer in heat transfer foils. As noted at 
column 4, lines 9-15, preferred adhesive layers include a 
thermoplastic polymer such as a polyamide copolymer, a 
polyester, an ethylene/vinyl acetate copolymer, a polycapro 
lactone, a copolymer of ethylene/vinyl acetate and polyca 
prolactone, and other similar polymers and polymer blends. 

[0054] The folloWing examples illustrate, but do not limit, 
the present invention. Unless speci?cally indicated other 
Wise, all parts and percentages are based on Weight. Arabic 
numerals or combinations of Arabic numerals and letters of 
the alphabet denote examples of the present invention. 
Letters of the alphabet standing alone represent comparative 
examples (Comp 

EX1 

[0055] Coextrude a 91 pm ?lm using a conventional 
three-extruder cast ?lm line equipped With a feedblock 
device that arranges layers in a desired spatial arrangement 
(top, middle and bottom layers) and a 71.1 centimeter (cm) 
Wide coat hanger style die and operating at a set temperature 
of 440° F. (227° C.) onto a temperature controlled casting 
roll (65° C.) and thereafter recover the ?lm in roll form. The 
relative thickness of the three layers is 75% top, 10% middle 
and 15% bottom, all percentages based on total ?lm thick 
ness. 

[0056] The top layer results from a blend of 49 Wt % high 
impact polystyrene With butadiene rubber (STYRON* 404, 
2.3 grams per 10 minute (g/10 min) (MFR) (ASTM D-1238, 
Condition G), The DoW Chemical Company), 30 Wt % ESI 
(DS 201.01 developmental interpolymer, 1 g/10 min MFR 
(ASTM D-1238, Condition E), 69 Wt % styrene/31 Wt % 
ethylene (37.5 mol % styrene/62.5 mol % ethylene), The 
DoW Chemical Company), 20 Wt % heterophasic polypro 
pylene copolymer (INSPIRE* C105-02, 2 g/10 min MFR 
(ASTM D-1238, Condition L) copolymer, The DoW Chemi 
cal Company), and 1 Wt % ?uoroelastomer processing aid 
(Ampacet® 10562, 3 Wt % Viton® A ?uoropolymer in 
polyethylene from Ampacet Corporation). Viton is a trade 
mark of DuPont DoW Elastomers L.L.C. The middle or tie 
layer is an ethylene/vinyl acetate copolymer (Elvax® 3190 
LG, 2 g/10 min MFR (ASTM D-1238, Condition E), 25 Wt 
% vinyl-acetate copolymer, E. I. du Pont de Nemours and 
Company. *INSPIRE and STYRON are trademarks of The 
DoW Chemical Company. The bottom or barrier layer is 95 
Wt % loW density polyethylene (LDPE 5011, 1.90 g/10 min 
MFR (ASTM D-1238, Condition E), 0.922 g/cm3 density, 
The DoW Chemical Company) and 5 Wt % antiblock con 
centrate (CN-744, (20% SiO2 in LDPE), SouthWest Chemi 
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cal). The Weight percentages shown for components of each 
layer represent a fraction of total layer Weight. 

[0057] Use an Enercon Industries Corporation model 
SS2552 With a poWer setting of 0.6 kiloWatts to corona treat 
the bottom layer of the ?lm to a surface energy of 52 
dynes/cm2. Corona treatment increases ?lm surface energy. 

[0058] Membrane press each ?lm onto a contoured 
medium density ?berboard (MDF) panel using a membrane 
temperature of 155° C., a pressure of 4 bar (400 kilopascals 
(kPa), a glue line temperature of 95° C. and a press time of 
40 seconds. After pressing, evaluate thermoformability 
(ability to folloW the contour pattern) and ease of removal of 
the ?lms. All ?lms shoW excellent thermoformability and 
can be readily removed With little or no tearing. 

EX2 

[0059] Duplicate Ex 1, but increase ?lm thickness to 96.5 
pm While maintaining relative layer thickness ratios and 
change the top layer composition to 70 Wt % polystyrene and 
30 Wt % ESI, both polymers being the same as in Ex 1. 
These ?lms also have excellent thermoformability and ease 
of removal. 

[0060] A comparison of tensile properties (ASTM D882) 
of the ?lms of Ex 1 and Ex 2 shoWs that those of Ex 1 have 
higher elongation at break and toughness than those of Ex 2. 
The ?lms of both examples provide acceptable performance 
in thermoforming applications. 

Ex3 

[0061] Duplicate Ex 2, but change the bottom layer com 
position and prepare a 75 pm ?lm rather than a 96.5 pm ?lm. 
The bottom layer includes 90 Wt % linear loW density 
polyethylene (LLDPE), (DOWLEX* 2047A, 2.3 g/10 min 
MFR (ASTM D-1238, Condition E), 0.917 g/cm3 density, 
The DoW Chemical Company) and 10 Wt % of the same 
antiblock concentrate as in Ex 1. *DOWLEX is a trademark 
of The DoW Chemical Company. These ?lms also have 
excellent thermoformability and ease of removal. 

EX4 

[0062] Duplicate Ex 3, but change the ESI, alter the 
component ratio in the top layer to 60 Wt % polystyrene and 
40 Wt % ESI and change the composition of the bottom 
layer. The ESI is DS 101.01 developmental interpolymer (1 
g/ 10 min MFR (ASTM D-1238, Condition E), 75 Wt % 
styrene/25 Wt % ethylene (44.7 mol % styrene/55.3 mol % 
ethylene), The DoW Chemical Company). The bottom layer 
composition is 95 Wt % of the same LLDPE as in Ex 3 and 
5 Wt % of a dispersion of inorganic mica ?ller in high density 
polyethylene (Mica?l® 40, DuPont Canada). These ?lms 
also have excellent thermoformability and ease of removal. 

EX5 

[0063] Prepare an 84.7 pm monolayer ?lm using one of 
the three extruders of the apparatus described in Ex 1 and a 
different ratio of the same polystyrene and ESI as in Ex 4. 
The ?lm composition is 65 Wt % polystyrene and 35 Wt % 
ESI. This ?lm also has excellent thermoformability and ease 
of removal. 

EX6 

[0064] Replicate Ex 5 to prepare a 100 pm monolayer ?lm 
from a three component blend of 37.8 Wt % ESI (same as Ex 
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1 top layer), 31.1 Wt % polystyrene (STYRON* 665, 1.5 
g/10 min MFR (ASTM D-1238, Condition G), The DoW 
Chemical Company), 30.0 Wt % propylene/ethylene copoly 
mer (same as Ex 1 top layer), and 1.1 Wt % ?uoroelastomer 
process aid (same as Ex 1 top layer), all percentages being 
based on total ?lm Weight. 

EX7 

[0065] Replicate Ex 6 to prepare a 100 pm monolayer ?lm 
from a three component blend of 22.2 Wt % ESI (same as Ex 
1 top layer), 22.2 Wt % polystyrene (STYRON* 648, 1.2 
g/10 min MFR (ASTM D-1238, Condition G), The DoW 
Chemical Company), 54.4 Wt % propylene/ethylene copoly 
mer (same as Ex 1 top layer), and 1.2 Wt % ?uoroelastomer 
process aid (same as Ex 1 top layer), all percentages being 
based on total ?lm Weight. 

[0066] The ?lms of Ex 6 and 7, like those of Ex 1-5, have 
excellent thermoformability and ease of removal. These 
traits make them excellent candidates for use in heat transfer 
foil applications using conventional technology. 

[0067] All of the compositions and methods disclosed and 
claimed herein can be made and executed Without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, skilled arti 
sans understand that variations may be applied to the com 
positions and/or methods and in the steps or in the sequence 
of steps of the methods described herein Without departing 
from the concept, spirit and scope of the invention. More 
speci?cally, such artisans understand that certain chemically 
or physiologically related agents may be substituted for the 
agents described herein While the same or similar results 
Would be achieved. All such variations, substitutions and 
modi?cations fall Within the spirit, scope and concept of the 
invention de?ned by the appended claims. 

What is claimed is: 
1. Athermoformable polymer ?lm, the ?lm being used as 

a heat transfer foil carrier layer and comprising a blend of a 
?rst polymer that is a substantially random interpolymer 
comprising in polymeriZed form, i) one or more of ethylene 
and an a-ole?n monomer and ii) one or more vinyl or 
vinylidene aromatic monomers and/or one or more sterically 
hindered aliphatic or cycloaliphatic vinyl or vinylidene 
monomers, and optionally iii) other polymeriZable ethyleni 
cally unsaturated monomer(s) and a second polymer com 
prising in polymeriZed form a) one or more vinyl or 
vinylidene aromatic monomers, or b) one or more sterically 
hindered aliphatic or cycloaliphatic vinyl or vinylidene 
monomers, or c) a combination of a) and b). 

2. The ?lm of claim 1, Wherein the blend further com 
prises a third polymer, the third polymer comprising in 
polymeriZed form, x) one or more of ethylene and an 
aliphatic ot-ole?n having from 3 to 20 carbon atoms or y) 
one or more ethylene and an ot-ole?n having from 3 to 20 
carbon atoms and containing polar groups. 

3. The ?lm of claim 1, Wherein the blend further com 
prises a third polymer, the third polymer being a propylene 
homopolymer or an interpolymer of propylene and one or 
more of ethylene and a C4_8 ot-ole?n monomer or both. 

4. The ?lm of claim 3, Wherein the ?rst polymer is present 
in an amount Within a range of from 20 to 45 Weight percent, 
the second polymer is present in an amount Within a range 
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of from 25 to 45 Weight percent, and the third polymer is 
present in an amount Within a range of from 20 to 55 Weight 
percent, all percentages being based on combined Weight of 
the three polymers and totaling 100 Weight percent. 

5. The ?lm of claim 4, Wherein the amount of ?rst 
polymer is Within a range of from 30 to 40 Weight percent. 

6. The ?lm of claim 4, Wherein the amount of second 
polymer is Within a range of from 30 to 40 Weight percent. 

7. The ?lm of claim 4, Wherein the amount of third 
polymer is Within a range of from 25 to 35 Weight percent. 

8. The ?lm of claim 1, Wherein the ?rst polymer is present 
in an amount Within a range of from 20 to 50 Weight percent 
and the second polymer is present in an amount Within a 
range of from 80 to 50 Weight percent, both percentages 
based on combined Weight of ?rst and second polymers and 
totaling 100 percent. 

9. The ?lm of claim 2, Wherein the ?rst polymer is present 
in an amount Within a range of from 20 to 40 Weight percent, 
the second polymer is present in an amount Within a range 
of from 30 to 75 Weight percent, and the third polymer is 
present in an amount Within a range of from 5 to 30 Weight 
percent, all percentages based on combined Weight of ?rst, 
second and third polymers and totaling 100 percent. 

10. The ?lm of claim 9, Wherein the amount of third 
polymer is from 10 to 25 Weight percent, based on combined 
Weight of ?rst, second and third polymers. 

11. The ?lm of claim 1, Wherein the ?lm has at least tWo 
spaced apart major planar surfaces and further comprises at 
least one skin layer that is bonded to a major planar surface. 

12. The ?lm of claim 2, Wherein the ?lm has at least tWo 
spaced apart major planar surfaces and further comprises at 
least one skin layer that is bonded to a major planar surface. 

13. The ?lm of claim 3, Wherein the ?lm has at least tWo 
spaced apart major planar surfaces and further comprises at 
least one skin layer that is bonded to a major planar surface. 

14. The ?lm of claim 31, Wherein the skin layer comprises 
a polymer selected from polypropylene, loW density poly 
ethylene, linear loW density polyethylene, high density poly 
ethylene, ultraloW density polyethylene, medium density 
polyethylene, metallocene ethylene/alpha-ole?n copoly 
mers, propylene/ethylene copolymers, ethylene-vinyl 
acetate copolymers, nylons, and acid or acid anhydride 
grafted versions of such polymers. 

15. The ?lm of claim 12, Wherein the skin layer comprises 
a polymer selected from polypropylene, loW density poly 
ethylene, linear loW density polyethylene, high density poly 
ethylene, ultraloW density polyethylene, medium density 
polyethylene, metallocene ethylene/alpha-ole?n copoly 
mers, propylene/ethylene copolymers, ethylene-vinyl 
acetate copolymers, nylons, and acid or acid anhydride 
grafted versions of such polymers. 

16. The ?lm of claim 14, Wherein bonding betWeen the 
?lm and the skin layer occurs by Way of an adhesive layer 
that is disposed betWeen a major planar surface of the ?lm 
and the skin layer. 

17. The ?lm of claim 16, Wherein the adhesive layer 
comprises an ethylene/vinyl acetate copolymer, an ethylene/ 
styrene interpolymer or a blend thereof. 
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18. A thermoformable ?lm-forming polymer blend com 
position comprising a blend of a ?rst polymer that is a 
substantially random interpolymer comprising in polymer 
iZed form, i) one or more of ethylene and an ot-ole?n 
monomer and ii) one or more vinyl or vinylidene aromatic 
monomers and/or one or more sterically hindered aliphatic 

or cycloaliphatic vinyl or vinylidene monomers, and option 
ally iii) other polymeriZable ethylenically unsaturated 
monomer(s), a second polymer comprising in polymeriZed 
form a) one or more vinyl or vinylidene aromatic monomers, 
or b) one or more sterically hindered, aliphatic or 
cycloaliphatic vinyl or vinylidene monomers, or c) a com 
bination of a) and b), and a third polymer, the third polymer 
being selected from a polypropylene homopolymer, an inter 
polymer of propylene and one or more of ethylene or a C4_8 
ot-ole?n monomer or both, or a polymer that comprises in 
polymeriZed form X) one or more of ethylene and an 
aliphatic ot-ole?n having from 3 to 20 carbon atoms or y) 
one or more of ethylene and an ot-ole?n having from 3 to 20 
carbon atoms and containing polar groups. 

19. The blend composition of claim 18, Wherein the the 
blend contains a combination of a), b) and a third polymer, 
the third polymer is selected from polypropylene homopoly 
mer or an interpolymer of propylene and one or more of 
ethylene or a C4_8 ot-ole?n monomer or both, the ?rst 
polymer is present in an amount Within a range of from 20 
to 45 Weight percent, the second polymer is present in an 
amount Within a range of from 25 to 45 Weight percent, and 
the third polymer is present in an amount Within a range of 
from 20 to 55 Weight percent, all percentages being based on 
combined Weight of the three polymers and totaling 100 
Weight percent. 

20. The blend composition of claim 18, Wherein the the 
blend contains a combination of a), b) and a third polymer, 
the third polymer is a polymer that comprises, in polymer 
iZed form, X) one or more of ethylene and an aliphatic 
a-ole?n having from 3 to 20 carbon atoms or y) one or more 
of ethylene and an ot-ole?n having from 3 to 20 carbon 
atoms and containing polar groups, the ?rst polymer is 
present in an amount Within a range of from 20 to 40 Weight 
percent, the second polymer is present in an amount Within 
a range of from 30 to 75 Weight percent, and the third 
polymer is present in an amount Within a range of from 5 to 
30 Weight percent, all percentages based on combined 
Weight of ?rst, second and third polymers and totaling 100 
percent. 

21. The blend composition of claim 18, Wherein the ?rst 
polymer is an ethylene/styrene interpolymer, the second 
polymer is polystyrene homopolymer and the third polymer 
is polypropylene homopolymer. 

22. The blend composition of claims 18, Wherein the ?rst 
polymer is an ethylene/styrene interpolymer, the second 
polymer is a rubber modi?ed polystyrene homopolymer and 
the third polymer is polypropylene copolymer. 


