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(57) ABSTRACT 
Disclosed is a method for forming a bright metalliZed 
laminate. In one aspect, the method includes press polishing 
a polyvinylidene di?uoride-containing ?lm, either before or 
after the deposition of a discontinuous layer of indium 
islands, so that the polyvinylidene di?uoride-containing ?lm 
becomes microscopically smooth. In another aspect, the 
method includes applying a thermoplastic leveling layer to 
a polyvinylidene di?uoride-containing ?lm and thereafter 
depositing a discontinuous layer of indium islands upon the 
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METHOD OF FORMING BRIGHT METALLIZED 
FILM LAMINATE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional application of 
copending US. application Ser. No. 09/268,085, ?led Mar. 
12, 1999, Which is hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to bright ?lm technology. In 
particular, the invention is a bright metalliZed ?lm laminate 
that has superior optical and deformation properties. In a 
preferred embodiment, the ?lm laminate includes a layer of 
discontinuous indium islands deposited on a polyvinylidene 
di?uoride-acrylic alloy ?lm. The invention is also an 
improved method of making bright metalliZed ?lm lami 
nates. 

BACKGROUND OF THE INVENTION 

[0003] MetalliZed polymeric ?nishes can be used to 
complement and even replace bright, re?ective metal sur 
face treatments, particularly chrome plating. Polymeric 
structures having metalliZed ?nishes are commonly used as 
substitutes for articles, such as automobile grills, that are 
expected to have a chrome-plated appearance. Decorative 
polymeric components, in fact, are becoming standard in the 
automobile industry, primarily because plastics are rela 
tively ?exible, corrosion-resistant, and inexpensive. Plastic 
parts also reduce vehicle Weight, Which enhances perfor 
mance, especially fuel economy. 

[0004] Many patents disclose metalliZed substrates. For 
example, US. Pat. No. 5,035,940 describes a polymer 
backed aluminum substrate With a Weather-resistant polymer 
coating. Similarly, US. Pat. No. 5,536,539 describes an 
automotive component formed from a molded polymer 
article having a decorative polymeric ?lm surface. Both of 
these patents are commonly-assigned With the present inven 
tion. 

[0005] Conventional in-situ methods of metalliZing poly 
meric substrates often directly coat metal onto molded 
substrates, usually by vacuum deposition. In this regard, 
indium has gained acceptance as a preferred metal because 
on a microscopic scale it tends to form small, discrete 
deposits or “islands.” When bent or ?exed, discontinuous 
metal layers tend to retain the desired optical properties 
better than do continuous metal ?lms, Which tend to fracture. 
Discrete metalliZation also minimiZes electrical conductiv 
ity, Which can hasten unWanted corrosion. For example, US. 
Pat. No. 4,431,711 (Eisfeller) addresses indium metalliZing 
three-dimensional articles in a Way that minimiZes electrical 
conductivity and, consequently, corrosion. 

[0006] In most cases, the metalliZed layer is covered With 
a transparent polymeric coating that physically and chemi 
cally protects its surface-a so-called “clear coat.” Although 
in-situ metalliZation of formed polymeric articles is useful, 
it requires separate applications of a base coat, a metalliZed 
layer, and a clear coat. This necessitates drying time for each 
application, Which lengthens the processing times associated 
With metalliZing three-dimensional articles. Therefore, 
depositing metal directly onto an article only after the article 
has been formed can be disadvantageous. 
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[0007] Alternatively, metalliZed ?lm laminates (i.e., adhe 
sive tapes) that can be applied to polymeric structures offer 
certain advantages over conventional in-situ metalliZation 
techniques. For example, metalliZed ?lm laminates can be 
manufactured, stored, and shipped in roll form. Such lami 
nates also facilitate customiZed application, limited only by 
adhesive effectiveness. Moreover, using a metalliZed ?lm 
laminate reduces chemical compatibility problems that can 
arise betWeen the metal and the polymeric substrate When 
metalliZing articles in-situ. 

[0008] To manufacture a metalliZed ?lm laminate, a poly 
meric substrate is typically coated With a desired metal, 
often via vacuum deposition. Then, a polymeric clear coat is 
added to the metalliZation layer using conventional tech 
niques, such as casting or doctor-blade applications. Using 
such metalliZed ?lm laminates, though convenient, can 
result in an inferior ?nish as compared to that obtained by 
in-situ techniques. Therefore, it is desirable to achieve a 
?nish similar to an in-situ process, yet With the convenience 
of a ?lm laminate. 

[0009] To that end, there are knoWn to be metalliZed 
laminates that can be formed into desired shapes using 
conventional techniques. In addition, such molded laminates 
can be ?lled With thermoplastic polymer to produce a solid 
article having a similar bright ?nish as an article that has 
been metalliZed by in-situ methods. 

[0010] For example, US. Pat. No. 4,101,698 (Dunning et 
al.) discloses a metalliZed elastomeric laminate that can 
provide a re?ective metal surface ?nish for three-dimen 
sional contoured shapes. In particular, the metalliZed layer is 
applied to an elastomeric ?lm in separate, discontinuous 
planar segments. US. Pat. No. 4,115,619 (Kurfman et al.) 
discloses a bright multi-layer polymer composite formed by 
metalliZing a thermoplastic polymer layer With a soft metal, 
such as indium. The metal layer is applied by conventional 
techniques, such as vacuum deposition, sputtering, or lami 
nation. The metalliZed ?lm can then be molded into a desired 
shape using conventional forming processes. US. Pat. No. 
4,403,004 (Parker et al.) describes a metalliZed laminate 
formed of a thermoformable base layer that is coated on both 
sides With vapor deposited metal. This laminate is capable of 
being thermoformed to assume three-dimensional shapes. 

[0011] Such formable ?lm laminates have poor ?exibility, 
hoWever, often cracking When the metalliZed substrates are 
excessively deformed. Moreover, such moldable ?lms tend 
to lose luster over time. This is particularly pernicious With 
respect to metalliZed indium layers, Which in the presence of 
halogen-containing polymers (e.g., polyvinyl chloride, 
“PVC”) can undergo an oxidation-reduction reaction that 
converts elemental indium to indium trichloride. Finally, to 
the extent such moldable ?lms are formed from continuous 
metalliZed layers, corrosion problems result. 

[0012] Accordingly, a need exists for a bright metalliZed, 
formable ?lm laminate that addresses these problems. 

OBJECT AND SUMMARY OF THE INVENTION 

[0013] Therefore, it is an object of the present invention to 
provide a bright metalliZed ?lm laminate having superior 
optical and deformation properties, and a method of making 
such ?lm laminates. 

[0014] In its broadest form, the invention comprises a 
metalliZed formable laminate made of a discontinuous layer 
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of indium islands deposited on a microscopically smooth 
?lm formed of an alloy containing polyvinylidene di?uoride 
(PVDF) and an acrylate polymer. In the preferred embodi 
ments the ?lm is the FLUOREX®-brand ?uoropolymer 
(Rexam, Inc., Matthews, NC.) in Which the polyvinylidene 
di?uoride ?lm includes about 25 percent acrylic component. 
This indium-FLUOREX® combination has superior, quan 
ti?able optical and deformation properties as compared to 
other bright, formable ?lms. 

[0015] In another aspect, the invention includes an adhe 
sive layer placed on the surface of the discontinuous indium 
layer opposite the PVDF-acrylate (or “acrylic”) ?lm. A 
thermoplastic layer is then placed on the adhesive. Such a 
thermoplastic layer may be comprised of polyvinyl chloride 
(PVC), thermoplastic ole?n (TPO), polycarbonates (PC), or 
acrylonitrile-butadiene-styrene (ABS) copolymer. The adhe 
sive layer prevents the undesirable formation of indium 
oxide (In2O3), a Whitish, unre?ective compound. Moreover, 
When the thermoplastic layer includes polyvinyl chloride, 
the adhesive layer helps to prevent chloride ion or hydro 
chloric acid from reacting With the indium layer to form 
indium trichloride (InCl3), an unre?ective compound. 

[0016] In yet another aspect, a thermoplastic leveling layer 
may be included betWeen the discontinuous indium layer 
and the polyvinylidene di?uoride ?lm. In preferred embodi 
ments, this leveling layer includes polyurethane. During 
heating operations, such as forming processes, the leveling 
layer keeps the smooth polyvinylidene di?uoride layer from 
microscopically Wrinkling. This maintains the metalliZed 
laminate’s superior distinctness of image (DOI). As used 
herein, microscopically Wrinkling means folds in the PVDF 
acrylic ?lm having amplitude of less than about 0.5 micron, 
or about tWo percent of the ?lm thickness. 

[0017] In still another aspect, the invention includes an 
extensible polyurethane mask that is placed on the surface of 
the PVDF-acrylic ?lm opposite the discontinuous indium 
layer. This polyurethane mask helps maintain gloss When the 
indium-metalliZed, PVDF-acrylic ?lm is stretched. 

[0018] The invention also includes methods for forming 
the indium-metalliZed, polyvinylidene di?uoride thermo 
plastic laminate. One preferred method includes casting a 
PVDF-acrylic ?lm onto a polyethylene terephthalate sub 
strate and then depositing a discontinuous layer of indium 
islands onto the polyvinylidene di?uoride ?lm. A polyester 
(e.g., polyethylene terephthalate) ?lm is placed onto the 
discontinuous layer of indium islands, then the PVDF 
acrylic ?lm and the discontinuous indium layer are “press 
polished.” Alternatively, the polyvinylidene di?uoride ?lm 
may be press polished before the addition of the discontinu 
ous indium layer. 

[0019] Thereafter, the polyethylene terephthalate ?lm is 
removed from the discontinuous indium layer. A laminate 
comprising an adhesive layer and a thermoplastic layer is 
subsequently bonded to the surface of the discontinuous 
indium layer such that the adhesive layer contacts the 
discontinuous indium layer. At this point, the polyethylene 
terephthalate substrate is removed from the polyvinylidene 
di?uoride ?lm. This process yields the desired polyvi 
nylidene di?uoride ?lm metalliZed With indium. 

[0020] In another aspect, an extensible masking layer is 
added to the PVDF-acrylic ?lm opposite the discontinuous 
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indium layer after the polyester substrate is removed. The 
masking layer maintains laminate gloss during forming 
processes. 

[0021] In yet another aspect, a thermoplastic leveling layer 
is ?rst placed on the polyvinylidene di?uoride ?lm such that 
the discontinuous indium layer is directly formed on the 
leveling layer rather than on the polyvinylidene di?uoride 
?lm. Use of a leveling layer can eliminate the need for press 
polishing the polyvinylidene di?uoride. 

[0022] The foregoing, as Well as other objectives and 
advantages of the invention and the manner in Which the 
same are accomplished, is further speci?ed Within the fol 
loWing detailed description and its accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIGS. 1-4 are schematic cross-sectional vieWs of 
several embodiments of ?lms according to the present 
invention; 
[0024] FIGS. 5-11 illustrate the sequence for forming one 
of the embodiments of the ?lm of the present invention; 

[0025] FIGS. 12-16 illustrate another sequence for form 
ing one of the ?lm embodiments of the present invention; 
and 

[0026] FIGS. 17-25 illustrate yet a third sequence for 
forming one of the ?lm embodiments of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] In a broad aspect, the invention is a bright metal 
liZed laminate made from a PVDF-acrylic ?lm, and a 
discontinuous layer of indium islands that has been depos 
ited on the PVDF-acrylic ?lm. As herein disclosed, the 
thickness of the PVDF-acrylic ?lm is typically about 1-2 
mil, or about 25-50 microns, and the discontinuous indium 
layer is typically about 100-800 angstroms, or less than 0.1 
micron. The inventors have discovered that the use of a 
microscopically smooth PVDF-acrylic ?lm in combination 
With discontinuous indium islands leads to a synergistic 
result. In particular, PVDF-acrylic is a superior polymer in 
obtaining a bright metalliZed laminate that has improved 
optical and deformation properties. The PVDF-acrylic forms 
an exceptionally Weatherable clear coat. 

[0028] As described herein, reference to PVDF-acrylic 
Will be understood by those of skill in the art to include 
polymer blends or alloys in Which polyvinylidene di?uoride 
is the major polymer component. In particular, the present 
invention can be successfully practiced using a polyvi 
nylidene di?uoride polymer that includes about 30 percent 
and sometimes up to 70 percent, by Weight of an acrylic 
polymer, typically polymethyl methacrylate (PMMA) or 
polyethyl methacrylate (PEMA), With others useful as Well. 
In general, higher acrylic percentages offer greater scratch 
resistance, but at the cost of less chemical resistance (espe 
cially to solvents) and some increased brittleness. 

[0029] It Will be understood by those skilled in the art that 
PVDF-acrylic ?lms may be available in different colors. 
Accordingly, the metalliZed ?lms described herein may be 
made in various colors by incorporating appropriately tinted 
PVDF-acrylic ?lms. PVDF-acrylic ?lms may be tinted, for 
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example, using pigments, inks, or mica, and such can be 
added as desired Without undue experimentation. 

[0030] As used herein, the phrase “microscopically 
smooth” means that the surface has a Roughness Average 
(RA) of 0.75 micron or less. As knoWn to those familiar With 
microscopic surfaces, the RA is the arithmetic average of the 
absolute values of the deviations of the roughness pro?le 
from the mean pro?le; i.e., “the arithmetic average of all 
departures of the roughness pro?le from the mean line.” 
(US. Pat. No. 4,875,262 at column 4, lines 26-31) 

[0031] In one embodiment, the bright metalliZed laminate 
of the present invention includes a discontinuous layer of 
indium islands deposited upon a microscopically smooth 
PVDF-acrylic ?lm. As Will be knoWn to those of skill in the 
art, a conventional method for accomplishing this is vapor 
deposition of indium. An adhesive layer is bonded to the 
surface of the discontinuous indium layer such that the 
discontinuous indium layer is sandWiched betWeen the 
PVDF-acrylic ?lm and the adhesive layer. A thermoplastic 
layer that eventually serves as a backing for the ?nal ?lm 
structure, is bonded to the adhesive layer opposite the 
discontinuous indium layer, and completes the metalliZed 
laminate structure. Optionally, as described herein, an exten 
sible polyurethane mask layer may be added to the PVDF 
containing ?lm opposite the discontinuous indium layer. 

[0032] In preferred embodiments, the adhesive layer is 
formed from a polyurethane layer and an acrylic layer. In 
such embodiments, the polyurethane layer is in direct con 
tact With the discontinuous indium layer and the acrylic 
layer is in direct contact With the thermoplastic substrate 
layer. In other Words, the polyurethane layer of the adhesive 
layer is sandWiched betWeen the discontinuous indium layer 
and the acrylic layer of the adhesive layer. LikeWise, the 
acrylic layer of the adhesive layer is sandWiched betWeen 
the thermoplastic substrate layer and the polyurethane layer 
of the adhesive layer. The acrylic adhesive layer improves 
laminate processing, but is otherWise unnecessary to the 
resulting bright metalliZed laminate. A most suitable poly 
urethane adhesive is NOVACOTE ADH 222, manufactured 
by Stahl. LikeWise, a most suitable heat-reactive thermo 
plastic acrylic adhesive is ELVACITE 2009, manufactured 
by ICI. With respect to the thermoplastic backing layer, the 
inventors have found that While conventional thermoplastics 
perform satisfactorily, certain kinds of thermoplastics are 
preferred. In particular, the invention is best practiced by 
employing a thermoplastic substrate layer made from poly 
vinyl chloride, thermoplastic ole?ns, acrylonitrile-butadi 
ene-styrene copolymers (ABS), polycarbonates, polysty 
rene, and blends of these polymers. 

[0033] In addition, the metalliZed ?lms described herein 
may be made in various colors by incorporating an appro 
priately tinted adhesive layer or thermoplastic backing layer. 
For example, the adhesive layer (i.e., the polyurethane 
adhesive layer, the acrylic adhesive layer, or both) or the 
thermoplastic backing layer may be tinted using pigments, 
inks, or mica. 

[0034] The metalliZed laminate of this ?rst embodiment 
may be formed into articles of manufacture, such as auto 
parts. In particular, this metalliZed laminate may be die cut 
using methods that are Well knoWn to those of skill in the art. 

[0035] In another embodiment, the bright metalliZed lami 
nate of the present invention and the discontinuous layer of 
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indium islands are separated from one another by a thermo 
plastic leveling layer. As herein described, this leveling 
layer, Which is typically betWeen about 0.5 and 1.0 mil (or 
about 10 to 25 microns) helps to prevent the indium from 
Wrinkling during hot processing steps. The leveling layer 
also helps retain superior distinctness of image (DOI), 
upWards of 95 DOI, as compared to the more conventional 
65 DOI. As used herein, distinctness of image is a measure 
of the optical quality of a re?ective surface. DOI is measured 
using a DOI meter such as the 12R GloW Box Model 
GB11-86M from Instruments for Research and Industry, 
Cheltenham, Pa. The inventors have discovered that a lev 
eling layer made from polyurethane (alone) or acrylic 
(alone) seems to Work Well, With a combination of acrylic on 
FLUOREX® and polyurethane on acrylic being most pre 
ferred. More speci?cally, the polyurethane SU6729, manu 
factured by Stahl, is most preferred. 

[0036] In a preferred embodiment, a thermoplastic primer 
layer separates the PVDF-acrylic ?lm and the leveling layer. 
This primer layer functions to bond the leveling layer to the 
PVDF-acrylic ?lm. As Will be understood by those of skill 
in the art, PVDF-acrylic bonds only With dif?culty to other 
polymeric materials. The inventors have discovered that 
acrylic compounds containing about 2% epoxy are satisfac 
tory for primers, as are chlorinated polyole?ns. A preferred 
primer is the acrylic 68070, Which is manufactured by 
DuPont. 

[0037] In conformance With the structure disclosed earlier, 
a laminate that includes a PVDF-acrylic ?lm, a leveling 
layer, and a discontinuous indium layer can be further 
enhanced by the placement of an adhesive layer onto the 
discontinuous indium layer, opposite the leveling layer. In 
other Words, the discontinuous indium layer is sandWiched 
betWeen the leveling layer and an adhesive layer. As noted 
earlier, preferred adhesive layers are comprised of a poly 
urethane layer and an acrylic layer. The adhesive layers are 
placed such that the polyurethane layer of the adhesive layer 
contacts the discontinuous indium layer. 

[0038] Furthermore, and in conformance With the ?rst 
structural embodiment disclosed previously, the thermoplas 
tic substrate layer completes the structure. This thermoplas 
tic backing layer is positioned on the adhesive layer, spe 
ci?cally in contact With the acrylic layer of the adhesive 
layer. As noted, the inventors have found polyvinyl chloride, 
thermoplastic ole?ns, polycarbonates, and acrylonitrile 
butadiene-styrene copolymers to be exceptional thermoplas 
tic backing layers. 

[0039] This second structural embodiment, like the ?rst, 
can be formed into metalliZed articles of manufacture, 
especially auto parts. Additionally, the presence of a ther 
moplastic leveling layer ensures that parts formed from the 
metalliZed laminate can be successfully injection molded. 
As Will be understood by those of skill in the art, injection 
molding includes ?lling the cavity de?ned by the interior of 
the formed part With ?ller material, usually polymeric ?ller. 
Furthermore, the metalliZed ?lm described herein may be 
made in a particular color by incorporating an appropriately 
tinted leveling layer. 

[0040] The term “forming” is herein used in a broad sense 
and can include a variety of relatively speci?c techniques 
that include, but are not limited to, thermoforming, bloW 
molding, compression molding, and “in-mold” forming (e.g. 
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concurrent ?lling and forming), as Well as any other modi 
?ed or related techniques that take advantage of the ther 
moplastic nature of the polymer portions of ?lms according 
to the present invention. 

[0041] Additionally, an extensible mask layer may be 
added to the PVDF-acrylic ?lm before forming the metal 
liZed laminate. The extensible mask layer is designed to 
maintain gloss and DOI during thermoforming processes, 
vacuum forming processes, and molding processes, includ 
ing injection molding, bloW molding, and compression 
molding. The mask layer also adds strength to the metalliZed 
laminate. Additionally, the extensible mask layer protects 
the underlying layers of the metalliZed laminate from 
scratching or marring until the formed part is ready for 
display. The mask layer is capable of stretching up to about 
600 percent during forming and has a room temperature 
elongation at break of at least about 200 percent. Room 
temperature is herein de?ned as about 15° C. to about 30° C. 

[0042] Preferably, the extensible polyurethane mask layer 
is pre-formed on a polymeric substrate, such as polyester. 
The polyurethane mask layer is placed directly upon the 
polyvinylidene di?uoride-containing ?lm and the polymeric 
substrate is removed from the mask layer. To facilitate this 
procedure, the polyester substrate to Which the PVDF 
acrylic ?lm is Weakly bonded must ?rst be removed. 

[0043] The mask layer may be retained as a protective 
outer layer While manufacturing articles from the metalliZed 
laminate. The extensible mask layer is releasably bonded to 
the underlying PVDF-acrylic layer of the metalliZed lami 
nate and may be stripped aWay in a single piece to reveal the 
underlying PVDF-acrylic layer of the metalliZed laminate. 
In a preferred embodiment, the mask layer is substantially 
transparent to permit visual inspection for surface defects 
Without having to remove the mask layer. 

[0044] Additionally, the extensible mask layer maintains 
high gloss and DOI during injection or compression mold 
ing, such as thermoplastic or thermoset compression mold 
ing, Which employ a roughened or deglossed mold. Rough 
ened molds are functionally superior to highly polished 
molds, despite being less expensive, because the rough mold 
surface facilitates air removal from the mold as the mold 
closes. The extensible mask layer protects the metalliZed 
laminate from gloss reduction, or other damage caused by 
the mold, Without using highly polished molds. 

[0045] Preferably, the extensible mask layer is about 0.3 
mils to about 3.0 mils thick. The extensible mask layer 
comprises a polyurethane polymer. Preferably, the mask 
layer comprises a dried ?lm of an aliphatic or aromatic 
polyester or polyether polyurethane in the form of a disper 
sion or a solution. For example, polyurethane polymers QA 
5218 and QA 5026, manufactured by Mace Adhesives and 
Coatings of Dudley, Mass., may be used to form the mask 
layer. In one embodiment, the mask layer comprises 
betWeen about 85 and 99.5 Weight percent of a Water-based, 
polyurethane dispersion. Advantageously, a small amount of 
surfactant (betWeen about 0.05 and 0.2 Weight percent) is 
added to loWer surface tension. A preferred surfactant is 
SURFYNOL 104H, Which is manufactured by Air Products 
of AllentoWn, Pa. 

[0046] The mask layer composition may include additives 
that migrate into the PVDF-acrylic layer to enhance Weath 
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erability or other desirable properties. (Mask layer additives 
can also prevent migration of additives from the PVDF 
acrylic layer into the polyurethane mask layer.) Migratory 
additives suitable for use With the present invention include, 
but are not limited to, hardness enhancers, release agents, 
ultraviolet light stabiliZers, antioxidants, dyes, lubricants, 
surfactants, catalysts, and slip additives. 

[0047] More speci?cally, the migratory additives useful in 
the present invention include benZophenone, silicones, 
Waxes, triaZoles, triaZines, and combinations of these addi 
tives. The migratory additives are forced to migrate into the 
outer surface of the PVDF ?lm by the heat or pressure 
present during forming or molding processes. Additionally, 
the presence of these additives in the mask layer prevents 
migration of additive components from the PVDF-acrylic 
layer into the mask layer. 

[0048] Ultraviolet light stabiliZers, such as TINUVIN 
1130 and TINUVIN 292, both manufactured by Ciba Geigy 
of Hawthorne, NY, can be added to the mask layer com 
position as migratory additives. Silicone additives, such as 
BYK333, Which is manufactured by BYK Chemie of Wall 
ingford, Conn., can be added to loWer the coefficient of 
friction of the PVDF-acrylic layer. The migratory additives 
are generally added in amounts ranging from betWeen about 
0.01 and 2.0 Weight percent, With all additives typically 
accounting for no more than about 5.0 Weight percent of the 
mask layer composition. 

[0049] Even Without the extensible mask layer, the met 
alliZed laminates herein described are capable of retaining 
their desirable optical properties even upon undergoing 
tremendous deformation, including being stretched and die 
cut in amounts of up to 200 area percent While retaining the 
DOI of 95 or better noted above. This promotes the use of 
the metalliZed laminate in additional kinds of forming 
operations. In particular, the inventors have discovered that 
the metalliZed laminate may be placed over a relatively 
cooler article such that When the air betWeen the metalliZed 
laminate and the article is removed, the metalliZed laminate 
Will adhere to the contours of the article. More speci?cally, 
the inventors have discovered that the metalliZed laminate 
should be at a temperature of betWeen 280 degrees Fahren 
heit and 370 degrees Fahrenheit, and the article should be at 
a temperature of less than about 120 degrees Fahrenheit. As 
Will be knoWn to those of skill in the art, removal of 
entrained air may be accomplished by placing the metalliZed 
laminate onto the article under reduced pressure conditions 
(i.e., less than atmospheric pressure). The inventors have 
discovered that this process reduces iridescence of the 
formed, metalliZed ?lm laminate. As Will be knoWn by those 
skilled in the art, iridescence is a rainboW-like display of 
color that is caused by differential light refraction. 

[0050] In another broad aspect, the invention relates to 
improved methods for forming bright metalliZed laminates. 
More speci?cally, the present invention includes novel pro 
cessing steps not previously disclosed in the prior art. One 
such advancement is the step of press polishing a PVDF 
containing ?lm to make it microscopically smooth. The 
inventors have discovered that unmodi?ed PVDF-acrylic 
?lms are microscopically rough. This reduces the optical 
clarity of the resulting metalliZed ?lm. In other Words, 
exceptional smoothness has a favorable impact on the opti 
cal properties of molded and unmolded metalliZed lami 
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nates. Press polishing, as hereinafter disclosed, is the pro 
cess of smoothing the surface of PVDF-containing ?lm. 

[0051] In one embodiment, press polishing is directed to 
the PVDF-acrylic ?lm, preferably FLUOREX®, before it is 
metalliZed. The PVDF-acrylic ?lm is continuously coated 
onto a polymeric substrate, preferably a polyester substrate, 
then dried through an oven. As the PVDF-acrylic ?lm eXits 
the oven, a polymeric ?lm, preferably a polyester ?lm, is 
applied to the PVDF-acrylic ?lm opposite the polymeric 
substrate. Then, this structure is continuously pressed 
betWeen a nip that is formed by tWo rollers, one or both of 
Which are heated. The polymeric ?lm is thereafter removed 
to facilitate the indium metalliZing of the PVDF-acrylic ?lm. 

[0052] In another embodiment, press polishing is directed 
to a structure that includes a discontinuous layer of indium 
islands deposited on a PVDF-containing ?lm. First, the 
discontinuous indium layer and the PVDF-acrylic layer are 
Weakly bonded to polymeric materials. More speci?cally, 
the PVDF-acrylic ?lm is applied to a polymeric substrate, 
preferably a polyester substrate, opposite the discontinuous 
indium layer, and a polymeric ?lm, preferably a polyester 
?lm, is applied to the discontinuous indium layer opposite 
the PVDF-acrylic ?lm. Then, this polymeric structure, 
Which includes both a discontinuous indium layer and 
PVDF-acrylic ?lm, is fed through a heated nip. Thereafter, 
the polymeric ?lm is removed from the discontinuous 
indium layer. 

[0053] The inventors have discovered that polyester (e.g., 
polyethylene terephthalate, “PET”) seems to Work best as 
the polymeric substrate to Which the PVDF-acrylic ?lm is 
Weakly bonded. Likewise, the inventors have discovered 
that polyester seems to Work best as the polymeric ?lm that 
is placed upon the discontinuous layer of indium islands. 
MYLAR D polyester ?lm from DuPont has a smooth 
surface quite suitable for the process. 

[0054] Furthermore, the method of forming a bright met 
alliZed ?lm laminate can also include bonding an adhesive 
layer onto the surface of the discontinuous indium layer. In 
this step, the indium layer is sandWiched betWeen the 
adhesive layer and the PVDF-acrylic ?lm. Thereafter, the 
method can include the step of heat laminating a thermo 
plastic backing layer to the adhesive layer using conven 
tional processes knoWn by those of skill in the art. 

[0055] With respect to the placement of the adhesive layer 
onto the discontinuous indium layer, the inventors have 
discovered that this is facilitated by ?rst forming a compos 
ite adhesive layer. This step of forming an adhesive com 
posite, Which is made of an adhesive layer and an underlying 
polymeric substrate, is yet another aspect of the invention. 
The adhesive composite is preferably formed by depositing 
an acrylic adhesive onto a separate polymeric substrate, 
preferably polyester, then depositing a polyurethane adhe 
sive layer onto the acrylic adhesive layer. The acrylic 
adhesive layer is thus sandWiched betWeen the polymeric 
substrate and the polyurethane adhesive layer. This creates 
an adhesive composite. As described previously, the acrylic 
layer improves adhesion. The polymeric substrate, Which 
acts as a carrier, is stable When eXposed to heat While the 
adhesives are cured. 

[0056] The pre-formed adhesive composite may then be 
bonded to the discontinuous indium layer such that the 
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polyurethane layer of the adhesive composite is in contact 
With a discontinuous indium layer. Thereafter, the polymeric 
carrier substrate can be removed from the acrylic adhesive 
layer. This leaves the adhesive layer, Which is made up of a 
polyurethane adhesive layer and an acrylic adhesive layer. 

[0057] Furthermore, once the adhesive layer is bonded to 
the discontinuous indium layer, a thermoplastic substrate 
layer (thermoplastic backing layer) can be bonded to the 
adhesive layer. The inventors have found that substrate 
layers made from polyvinyl chloride, thermoplastic ole?ns, 
polycarbonates, or acrylonitrile-butadiene-styrene copoly 
mers are especially effective thermoplastic backing layers. 

[0058] The inventors have learned that ?rst forming a 
composite adhesive layer is advisable because the preferred 
thermoplastic substrate layers do not Withstand the heated 
drying of the acrylic adhesive layer and the polyurethane 
adhesive layer. Thus, the adhesive composite is formed on a 
polymeric carrier substrate, usually polyester, before being 
bonded to the discontinuous indium layer. Preferred poly 
meric substrates are stable When eXposed to heat. Thereafter, 
the polymeric carrier substrate, Which is adjacent to acrylic 
adhesive layer, is replaced by a thermoplastic substrate layer. 

EXAMPLE 1 

[0059] The ?lm can be formed using the folloWing steps: 
depositing a layer of indium at an optical density (OD) of 
1.15 on FLUOREX® A ?lm (ReXam) through vacuum 
deposition; press polishing by bonding a 1 mil PET (ICI 
445) onto the indium surface through a hot nip (330-380° 
F.); making an adhesive composite by casting an acrylic 
material (ELVACITE 2009) at a dry thickness of 0.5 mil on 
a 2 mil PET and casting a polyurethane (ADH 222 from 
Novacote) at a dry thickness of 0.5 mil on dried ELVACITE 
2009; removing the PET from the indium surface and 
bonding the ADH 222 surface of the adhesive composite to 
the indium surface; removing the PET from the adhesive 
composite, and then bonding the composite to a 20 mil ABS 
through a hot nip at betWeen 330° to 380° F. 

[0060] In another embodiment, the inventive method 
includes forming a bright metalliZed laminate by ?rst coat 
ing a PVDF-acrylic ?lm onto a polymeric substrate, pref 
erably polyester. Then, a discontinuous indium layer is 
deposited on the PVDF-acrylic ?lm using conventional 
methods. Finally, an adhesive layer is placed onto the 
surface of the discontinuous indium layer, such that the 
indium layer is sandWiched betWeen the PVDF-acrylic ?lm 
and the adhesive layer. 

[0061] The inventors have discovered that the discontinu 
ous indium layer poorly receives adhesives that are dis 
solved in solvents that are also solvents for the PVDF 
acrylic composition. Accordingly, the adhesive is most 
preferably a nonsolvent With respect to the PVDF-acrylic 
composition, because adhesives that are potential solvents 
tend to result in a haZy appearance. Thus, the preferred 
technique is to laminate a pre-set adhesive layer to the 
indium islands. Accordingly, in preferred embodiments, the 
placement of the adhesive layer onto the surface of the 
indium layer comprises ?rst forming an adhesive composite, 
as previously disclosed. In preferred structures, the adhesive 
composite includes an acrylic adhesive layer and a polyure 
thane adhesive layer. Alternatively, it appears that certain 
alcohol-based or Water-based liquid adhesives may be 
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formed in situ upon the discontinuous indium layer and Will 
prevent hazing of the end product. 

[0062] In another aspect, the method further includes the 
step of heat bonding a thermoplastic substrate layer to the 
adhesive layer, preferably to the acrylic adhesive layer. As 
noted, the thermoplastic substrate layer is preferably com 
prised of polyvinyl chloride, thermoplastic ole?ns, polycar 
bonates, or acrylonitrile-butadiene-styrene copolymers. 

[0063] In yet another aspect, the discontinuous layer of 
indium islands and the PVDF-acrylic ?lm upon Which it is 
deposited are together press polished before the placement 
of the adhesive layer onto the discontinuous indium layer. 
Alternatively, the PVDF-acrylic ?lm may be press polished 
before the addition of the discontinuous indium layer. Press 
polishing is discussed earlier, and the technique can be the 
same as those disclosed above. 

[0064] In yet another embodiment, the inventive method 
includes ?rst casting a PVDF-acrylic ?lm onto a polymeric 
substrate, preferably polyester. Next, a polyurethane level 
ing layer is deposited onto the PVDF-acrylic ?lm. Thereaf 
ter, the discontinuous layer of indium islands is deposited 
onto the polyurethane leveling layer. 

[0065] Alternatively, an acrylic primer layer may be 
placed onto the PVDF-acrylic ?lm before deposition of the 
polyurethane leveling layer. As described earlier, the primer 
layer promotes bonding betWeen the PVDF-acrylic ?lm and 
a polyurethane leveling layer. 

[0066] In another aspect, a polymeric substrate, preferably 
polyester, is placed on the discontinuous indium layer and 
the structure is then press polished, in conformance With the 
procedure previously described. The PVDF-acrylic ?lm and 
the discontinuous indium layer may be press polished 
despite being separated by either (1) a polyurethane leveling 
layer or (2) an acrylic primer layer and a polyurethane 
leveling layer. Alternatively, the PVDF-acrylic ?lm may be 
press polished before the addition of the discontinuous 
indium layer. 

[0067] In yet another aspect, an adhesive layer is placed 
onto the surface of the discontinuous indium layer, such that 
the indium layer is sandWiched betWeen the polyurethane 
leveling layer and the adhesive layer. Most preferably, the 
placement of the adhesive layer onto the surface of the 
indium layer comprises ?rst forming an adhesive composite, 
Which includes an acrylic adhesive layer and a polyurethane 
adhesive layer. This adhesive-composite forming procedure 
is disclosed earlier. 

[0068] The method can also include a step of heat bonding 
a thermoplastic substrate layer to the adhesive layer, pref 
erably to the acrylic adhesive layer. As noted earlier, the 
thermoplastic substrate layer is preferably comprised of 
polyvinyl chloride, thermoplastic ole?ns, polycarbonates, or 
acrylonitrile-butadiene-styrene copolymers. 

EXAMPLE 2 

[0069] The method can include the folloWing steps: cast 
ing an acrylic primer layer (TEDLAR 68070 from DuPont) 
at a dry thickness of 0.5 mil on FLUOREX® A; casting a 
polyurethane layer (SU 6729 from Stahl) at a dry thickness 
of 0.5 mil on the dried primer layer; depositing a layer of 
indium at an OD of 1.15 on the polyurethane surface through 
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vacuum deposition; making an adhesive composite by cast 
ing an acrylic material (ELVACITE 2009) at a dry thickness 
of 0.5 mil on a 2 mil PET; casting a polyurethane (ADH 222 
from Novacote) at a dry thickness of 0.5 mil on dried 
ELVACITE 2009; adding a PET ?lm to the indium surface 
and press polishing; removing the PET from the indium 
surface and bonding the ADH 222 surface of the adhesive 
composite onto the indium surface; removing the PET from 
the adhesive composite; bonding the composite to a 20 mil 
ABS through a hot nip at betWeen 330° to 380° F. 

[0070] The preferred embodiments of the invention and 
the method of making them are illustrated by the draWings, 
all of Which are cross-sectional and schematic in nature, and 
are not intended to be draWn to scale, but instead are 
intended to illustrate the various layers in the ?lms of the 
invention, the manner in Which they are made, and their 
relationships to one other. 

[0071] Accordingly, FIG. 1 shoWs the broadest embodi 
ment of the invention in the form of a bright metalliZed 
laminate broadly designated at 30 in Which a polyvinylidene 
di?uoride-containing ?lm 31 With microscopically smooth 
surfaces has thereon a layer 32 of discontinuous indium 
islands deposited on the PVDF-containing ?lm. As set forth 
above, the PVDF ?lm is most preferably made from a 
polymer alloy of PVDF and an appropriate acrylic com 
pound. 

[0072] FIG. 2 illustrates that the metalliZed laminate 30 
can further include an adhesive layer designated by the 
brackets 33 in FIG. 2 on the surface of the indium layer 32 
and opposite to the PVDF-acrylic ?lm 31. In preferred 
embodiments, the adhesive layer 33 is itself formed of a 
polyurethane layer 34 directly on the indium layer 32, and 
an acrylic layer 35 on the polyurethane layer 34. A thermo 
plastic backing 36 is placed on the adhesive layer 33 to 
complete the structure for eventual use. 

[0073] In another embodiment, broadly designated at 40 in 
FIG. 3, the bright metalliZed formable laminate includes the 
PVDF-acrylic layer that again is designated at 31 for con 
sistency and clarity, along With the indium layer 32. This 
embodiment, hoWever, includes the thermoplastic leveling 
layer 41 on the PVDF-acrylic layer 31. Consequently, the 
indium layer 32 is on the thermoplastic leveling layer 41 
rather than directly on the PVDF-acrylic layer 31. As in the 
previous embodiments, the metalliZed laminate 40 prefer 
ably includes the adhesive layer formed by the respective 
polyurethane layer 34 and acrylic layer 35. 

[0074] FIG. 4 shoWs an embodiment of the invention 
related to that of FIG. 3, and broadly designated at 45 that 
further includes a thermoplastic primer layer shoWn as the 
acrylic layer 46 betWeen the PVDF-acrylic ?lm 31 and the 
thermoplastic leveling layer 41. As in the embodiment 
illustrated in FIG. 3, the indium layer 32 is on the thermo 
plastic leveling layer 41, and the adhesive layer formed from 
the respective polyurethane layer 34 and acrylic layer 35 is 
on the indium. FIG. 4 illustrates the thermoplastic backing 
layer 36 that is also illustrated in FIG. 2. 

[0075] FIGS. 5-11 illustrate a ?rst embodiment of a 
method of making the invention. Where possible, the respec 
tive layers Will carry the same reference numerals as in the 
previous draWings. Accordingly, FIG. 5 shoWs that in a ?rst 
step, the PVDF-acrylic composition is cast onto the layer 31 
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from an appropriate casting source schematically illustrated 
at 43, onto a polyester substrate 37. Suitable casting methods 
include a knife-over roll coating process, a reverse roll 
coating process, or preferably a slot die coating process. The 
discontinuous layer of indium islands 32 is then added to the 
PVDF-acrylic layer 31 resulting in the structure illustrated in 
FIG. 6. In the neXt step, a second polyester layer 42 is added 
for the purpose of press polishing the indium layer 32 in the 
manner described previously. FIG. 8 illustrates that this 
polyester layer 42 is then removed leaving the smooth 
surface of the indium layer 32 behind. 

[0076] FIG. 9 illustrates the neXt tWo steps in Which the 
original polyester layer 37 upon Which the PVDF-acrylic 
layer 31 Was ?rst cast is removed While the adhesive layer 
33 is applied to result in the structure of FIG. 10 comprising 
the PVDF layer 31, the indium layer 32, and the adhesive 
layer 33. FIG. 11 illustrates the ?nal step in the process in 
Which the thermoplastic backing layer 36 is added to the 
structure. 

[0077] FIGS. 12-16 illustrate a method of making another 
embodiment of the present invention. As in the previous 
embodiment, the PVDF-acrylic layer 31 is cast from a 
source 43 onto a ?rst polyester layer 37, after Which the 
indium metal layer 32 is added to result in the structure of 
FIG. 13. 

[0078] FIG. 14 illustrates the neXt step in the process in 
Which the adhesive layer 33 is formed by applying the 
acrylic layer 35 and the polyurethane layers 34 to yet another 
polyester substrate 47. As indicated by the looping arroW 
betWeen FIGS. 14 and 15, this structure, Which is broadly 
designated at 50, is applied to the structure of FIG. 13 With 
the polyurethane layer 34 being applied to the indium layer 
32 to form the structure illustrated in FIG. 15. The polyester 
layers 37 and 47 can then be removed as partially indicated 
in FIG. 16 to produce the resulting structure. 

[0079] FIGS. 17-25 illustrate yet a third method of pro 
ducing metalliZed laminates according to the present inven 
tion. As in the previous tWo method embodiments, the 
method initially comprises the step of casting the PVDF 
layer 31 onto an appropriate substrate such as the polyester 
37. As illustrated by the progression from FIG. 17 to FIG. 
18, hoWever, in this embodiment the acrylic primer layer 46 
and polyurethane leveling layer 41 are applied to the PVDF 
acrylic layer 31 before the indium layer 32 is added. FIG. 19 
illustrates that a polyester layer 42 is added to facilitate press 
polishing. Layer 42 is then removed from the structure to 
result in the structure shoWn in FIG. 20. FIG. 21 again 
illustrates that in a separate step an adhesive layer formed of 
the acrylic composition 35 and the polyurethane 34 on the 
polyester carrier substrate 47 is added to the structure of 
FIG. 20 to result in the overall structure illustrated in FIG. 
22. Removing the polyester carrier substrate 47 from the 
adhesive layers produces the structure illustrated in FIG. 23, 
folloWing Which the thermoplastic backing layer 36 is added 
to complete the structure. The original polyester substrate 37 
can be removed as desired prior to later use of the laminate, 
such as to add polyurethane mask layer 48. The inclusion of 
a mask layer results in the structure shoWn in FIG. 25. 

[0080] In the draWings and speci?cation, typical embodi 
ments of the invention have been disclosed. Speci?c terms 
have been used only in a generic and descriptive sense, and 
not for purposes of limitation. The scope of the invention is 
set forth in the folloWing claims. 
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That Which is claimed is: 
1. A method for forming a bright metalliZed laminate, 

comprising: 

applying a polyvinylidene di?uoride-containing ?lm to a 
polymeric substrate; 

depositing a discontinuous layer of indium islands upon 
the polyvinylidene di?uoride-containing ?lm; 

placing a polymeric ?lm onto the discontinuous layer of 
indium islands; and 

press polishing the polyvinylidene di?uoride-containing 
?lm and the discontinuous indium layer. 

2. A method according to claim 1, Wherein the step of 
applying the polyvinylidene di?uoride-containing ?lm to the 
polymeric substrate comprises casting the polyvinylidene 
di?uoride-containing ?lm onto the polymeric substrate. 

3. A method according to claim 2, Wherein the step of 
casting the polyvinylidene di?uoride-containing ?lm onto 
the polymeric substrate comprises a technique selected from 
the group consisting of a knife-over roll coating process, a 
reverse roll coating process, and a slot die coating process. 

4. A method according to claim 1, Wherein the step of 
press polishing the polyvinylidene di?uoride-containing 
?lm and the discontinuous indium layer comprises pressing 
the polyvinylidene di?uoride-containing ?lm and the dis 
continuous indium layer betWeen rollers. 

5. A method according to claim 1, further comprising: 

removing the polymeric ?lm from the discontinuous 
indium layer after the press polishing step; and 

placing an adhesive layer onto the surface of the discon 
tinuous indium layer, opposite the polyvinylidene dif 
luoride-containing ?lm. 

6. A method according to claim 5, Wherein the step of 
placing an adhesive layer onto the surface of the discon 
tinuous indium layer comprises coating the surface of the 
discontinuous indium layer With an adhesive selected from 
the group consisting of alcohol-based adhesives and Water 
based adhesives. 

7. A method according to claim 5, Wherein the step of 
placing adhesive layer onto the discontinuous indium layer 
comprises: 

depositing an acrylic adhesive layer onto a second poly 
meric substrate; 

depositing a polyurethane adhesive layer onto the acrylic 
adhesive layer, opposite the second polymeric sub 
strate; 

bonding the polyurethane adhesive layer to the discon 
tinuous indium layer; and 

removing the second polymeric substrate from the acrylic 
adhesive layer. 

8. A method according to claim 5, further comprising 
bonding a thermoplastic backing layer to the adhesive layer. 

9. A method according to claim 8, Wherein the step of 
bonding a thermoplastic backing layer to the adhesive layer 
comprises bonding a backing layer selected from the group 
consisting of polyvinyl chloride, thermoplastic ole?ns, acry 
lonitrile-butadiene-styrene copolymers, polycarbonates, 
polystyrenes, and blends of these polymers. 
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10. A method according to claim 1, further comprising: 

removing the polymeric substrate from the polyvi 
nylidene di?uoride-containing ?lm; and 

placing an extensible polyurethane mask layer onto the 
surface of the polyvinylidene di?uoride-containing ?lm 
opposite the discontinuous indium layer. 

11. A method for forming a bright metalliZed laminate, 
comprising: 

applying a polyvinylidene di?uoride-containing ?lm to a 
polymeric substrate; 

placing a polymeric ?lm onto the polyvinylidene di?uo 
ride-containing ?lm, opposite the polymeric substrate; 

press polishing the polyvinylidene di?uoride-containing 
?lm; 

removing the polymeric ?lm from the polyvinylidene 
di?uoride-containing ?lm after the press polishing step; 
and 

depositing a discontinuous layer of indium islands upon 
the polyvinylidene di?uoride-containing ?lm. 

12. A method according to claim 11, Wherein the step of 
applying the polyvinylidene di?uoride-containing ?lm to the 
polymeric substrate comprises casting the ?lm onto the 
polymeric substrate. 

13. A method according to claim 12, Wherein the step of 
casting a polyvinylidene di?uoride-containing ?lm onto the 
polymeric substrate comprises a technique selected from the 
group consisting of a knife-over roll coating process, a 
reverse roll coating process, and a slot die coating process. 

14. A method according to claim 11, Wherein the step of 
press polishing the polyvinylidene di?uoride-containing 
?lm comprises pressing the polyvinylidene di?uoride-con 
taining ?lm betWeen a heated nip formed by rollers. 

15. A method according to claim 11, further comprising 
placing an adhesive layer onto the surface of the discon 
tinuous indium layer, opposite the polyvinylidene di?uo 
ride-containing ?lm. 

16. A method according to claim 15, Wherein the step of 
placing an adhesive layer onto the surface of the discon 
tinuous indium layer comprises coating the surface of the 
discontinuous indium layer With an adhesive selected from 
the group consisting of alcohol-based adhesives and Water 
based adhesives. 

17. A method according to claim 15, Wherein the step of 
placing adhesive layer onto the discontinuous indium layer 
comprises: 

depositing an acrylic adhesive layer onto a second poly 
meric substrate; 

depositing a polyurethane adhesive layer onto the acrylic 
adhesive layer, opposite the second polymeric sub 
strate; 

bonding the polyurethane adhesive layer to the discon 
tinuous indium layer; and 

removing the second polymeric substrate from the acrylic 
adhesive layer. 

18. A method according to claim 15, further comprising 
bonding a thermoplastic backing layer to the adhesive layer. 

19. A method according to claim 18, Wherein the step of 
bonding a thermoplastic backing layer to the adhesive layer 
comprises bonding a backing layer selected from the group 
consisting of polyvinyl chloride, thermoplastic ole?ns, acry 
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lonitrile-butadiene-styrene copolymers, polycarbonates, 
polystyrenes, and blends of these polymers. 

20. A method according to claim 11, further comprising: 

removing the polymeric substrate from the polyvi 
nylidene di?uoride-containing ?lm; and 

placing an extensible polyurethane mask layer onto the 
surface of the polyvinylidene di?uoride-containing 
?lm, opposite the discontinuous indium layer. 

21. A method for forming a bright metalliZed laminate, 
comprising depositing a discontinuous layer of indium 
islands upon a microscopically-smooth surface of a polyvi 
nylidene di?uoride-containing ?lm. 

22. A method for forming a bright metalliZed laminate 
according to claim 21, Wherein the step of depositing a 
discontinuous layer of indium islands upon a microscopi 
cally-smooth surface of a polyvinylidene di?uoride-contain 
ing ?lm comprises depositing a discontinuous layer of 
indium islands onto a microscopically-smooth surface of a 
polyvinylidene di?uoride-acrylic ?lm comprising betWeen 
about 30% and 90% by Weight of polyvinylidene di?uoride 
and betWeen about 10% and 70% by Weight of an acrylic 
polymer. 

23. A method for forming a bright metalliZed laminate 
according to claim 21, Wherein the step of depositing a 
discontinuous layer of indium islands upon a microscopi 
cally-smooth surface of a polyvinylidene di?uoride-contain 
ing ?lm comprises depositing a discontinuous layer of 
indium islands onto a microscopically-smooth surface of a 
tinted polyvinylidene di?uoride-acrylic. 

24. A method for forming a bright metalliZed laminate 
according to claim 21, further comprising placing an adhe 
sive layer onto the discontinuous indium layer, opposite the 
polyvinylidene di?uoride-containing ?lm. 

25. A method for forming a bright metalliZed laminate 
according to claim 24, Wherein the step of placing an 
adhesive layer onto the discontinuous indium layer com 
prises placing a tinted adhesive layer onto the discontinuous 
indium layer. 

26. A method for forming a bright metalliZed laminate 
according to claim 24, Wherein the step of placing an 
adhesive layer onto the discontinuous indium layer com 
prises placing a composite adhesive layer onto the discon 
tinuous indium layer. 

27. A method according to claim 24, Wherein the step of 
placing an adhesive layer on the surface of the discontinuous 
indium layer comprises: 

depositing an acrylic adhesive layer onto a polymeric 
substrate; 

depositing a polyurethane adhesive layer onto the acrylic 
adhesive layer, opposite the polymeric substrate; 

bonding the polyurethane adhesive layer to the discon 
tinuous indium layer; and 

removing the polymeric substrate from the acrylic adhe 
sive layer. 

28. A method according to claim 24, Wherein the step 
placing an adhesive layer on the surface of the discontinuous 
indium layer comprises coating the surface of the discon 
tinuous indium layer With an adhesive selected from the 
group consisting of alcohol-based adhesives and Water 
based adhesives. 
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29. A method according to claim 24, further comprising 
bonding a thermoplastic backing layer to the adhesive layer. 

30. A method according to claim 29, Wherein the step of 
bonding a thermoplastic backing layer to the adhesive layer 
comprises bonding a backing layer selected from the group 
consisting of polyvinyl chloride, thermoplastic ole?ns, acry 
lonitrile-butadiene-styrene copolymers, polycarbonates, 
polystyrenes, and blends of these polymers. 

31. A method according to claim 29, Wherein the step of 
bonding a thermoplastic backing layer to the adhesive layer 
comprises bonding a tinted thermoplastic backing layer to 
the adhesive layer. 

32. A method according to claim 21, further comprising 
placing an extensible polyurethane mask layer onto the 
surface of the polyvinylidene di?uoride-containing ?lm 
opposite the discontinuous indium layer. 

33. A method for forming a bright metalliZed laminate, 
comprising: 

applying a thermoplastic leveling layer to a polyvi 
nylidene di?uoride-containing ?lm; and 

depositing a discontinuous layer of indium islands upon 
the thermoplastic leveling layer. 

34. A method for forming a bright metalliZed laminate 
according to claim 33, Wherein the step of applying a 
thermoplastic leveling layer to a polyvinylidene di?uoride 
containing ?lm comprises applying a thermoplastic leveling 
layer to a polyvinylidene di?uoride-acrylic ?lm comprising 
betWeen about 30% and 90% by Weight of polyvinylidene 
di?uoride and betWeen about 10% and 70% by Weight of an 
acrylic polymer. 

35. A method for forming a bright metalliZed laminate 
according to claim 34, Wherein the step of applying a 
thermoplastic leveling layer to a polyvinylidene di?uoride 
acrylic ?lm comprises applying a thermoplastic leveling 
layer to a tinted polyvinylidene di?uoride-acrylic ?lm. 

36. A method for forming a bright metalliZed laminate 
according to claim 34, Wherein the step of applying a 
thermoplastic leveling layer to a polyvinylidene di?uoride 
acrylic ?lm comprises applying a tinted thermoplastic lev 
eling layer to a polyvinylidene di?uoride-acrylic ?lm. 

37. A method for forming a bright metalliZed laminate 
according to claim 34, Wherein the step of applying a 
thermoplastic leveling layer to a polyvinylidene di?uoride 
acrylic ?lm comprises applying a polyurethane thermoplas 
tic leveling layer to a polyvinylidene di?uoride-acrylic ?lm. 

38. A method according to claim 34, further comprising 
applying a thermoplastic primer layer to the polyvinylidene 
di?uoride-acrylic ?lm before the step of applying the lev 
eling layer to the polyvinylidene di?uoride-acrylic ?lm. 
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39. A method according to claim 38, Wherein the step 
applying a thermoplastic primer layer to the polyvinylidene 
di?uoride-acrylic ?lm comprises applying an acrylic primer 
layer to the polyvinylidene di?uoride-acrylic ?lm. 

40. A method according to claim 34, further comprising 
placing an adhesive layer onto the surface of the discon 
tinuous indium layer, opposite the thermoplastic leveling 
layer. 

41. A method for forming a bright metalliZed laminate 
according to claim 40, Wherein the step of placing an 
adhesive layer onto the surface of the discontinuous indium 
layer comprises placing a tinted adhesive layer onto the 
surface of the discontinuous indium layer. 

42. A method for forming a bright metalliZed laminate 
according to claim 40, Wherein the step of placing an 
adhesive layer onto the surface of the discontinuous indium 
layer comprises placing an adhesive layer that comprises 
polyurethane onto the surface of the discontinuous indium 
layer. 

43. A method for forming a bright metalliZed laminate 
according to claim 40, Wherein the step of placing an 
adhesive layer onto the surface of the discontinuous indium 
layer comprises placing an adhesive layer that comprises 
acrylic onto the surface of the discontinuous indium layer. 

44. A method for forming a bright metalliZed laminate 
according to claim 40, Wherein the step of placing an 
adhesive layer onto the surface of the discontinuous indium 
layer comprises placing a composite adhesive layer onto the 
surface of the discontinuous indium layer. 

45. A method according to claim 40, further comprising 
bonding a thermoplastic backing layer to the adhesive layer. 

46. A method according to claim 45 Wherein the step of 
bonding a thermoplastic backing layer to the adhesive layer 
comprises bonding a backing layer selected from the group 
consisting of polyvinyl chloride, thermoplastic ole?ns, acry 
lonitrile-butadiene-styrene copolymers, polystyrenes, poly 
carbonates, and blends of these polymers. 

47. A method according to claim 45, Wherein the step of 
bonding a thermoplastic backing layer to the adhesive layer 
comprises bonding a tinted thermoplastic backing layer to 
the adhesive layer. 

48. A method according to claim 34, further comprising 
placing an extensible polyurethane mask layer onto the 
surface of the polyvinylidene di?uoride-acrylic ?lm, oppo 
site the leveling layer. 


