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fit for production of glass laminates with customized graphics, with each technology having its
own distinct advantages. While most commercial uses of inkjet printing utilize opaque
substrates such as white polyester, paper or white polyvinyl chloride film (white vinyl) for

20 optimum appearance, clear films are also available. Thermal transfer print technology is also
able to print on many clear films so encapsulation of these printed color images in glass
laminates for customized applications provides an opportunity to deliver a see-through laminate
appearance desired in many glass applications.

Thermal transfer color printing was developed in early 1980’s and first used in

25 commercial color printers for corporate office printing. In the mid-1990’s inkjet printing
technology became dominant because of its much lower cost. Thermal transfer printing is still
broadly used today for numerous applications such as printing bar codes onto labels and tags.
Inkjet is the dominant print technology in many markets, including desktop publishing and

digital photography processing. It continues to expand into other areas such as textile and fabric

30 printing.



30 printing. WO 03/092999 PCT/US03/13236 -2 Thermal transfer printing is a
dry-imagi ng process that involves the use of a printhead containing many
resi sti vewb@anyrg el enents that selectively transfer soli @cirnisos/ixnse a
coated ribbon to a substrate. As the coated ribbon is transported through
the print head, targeted areas of the ink |ayer are heated, softened and
transferred to the substrate. The consuned ribbon is 5 usually rewound and
di sposed. The resolution of a typical thermal transfer printer is usually
around 200-400 dpi with software capability to utilize variable dot shapes
and screen angles so that output quality can be very high quality
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run as conpared to traditional 25 screen printing operations. There are
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pr oductAeng afitHreHeectdomaphdie,| AR GRSt ik Hofn@ation may contain humectants, surfactants,
biocides and penetrants along with other ingredients. Inkjet technologies include continuous and
drop-on-demand types, with drop-on-demand printing being the most common. While the
printhead, or arrays of the same, traverse the web, there are two main types. Thermal printheads
20 are used with aqueous inks and piezo-electric types are used with solvents. Knowledge of the
printhead, ink formulation and substrate are critical to producing a good image. Printer
resolutions can now exceed 1440 dpi with photographic and continuous tone capabilities.
A major advantage of digital printing is the minimal setup times required to produce an
image which reduces the cost and turnaround time of a short run as compared to traditional
25 screen printing operations.
There are numerous types of ink formulations used for thermal transfer print ribbons
including those that are primarily wax, wax/resin or resin based. Resin based ribbons are
usually more expensive and are primarily used for production of more durable images with the

ability to withstand outdoor exposure for up to 3-5 years without lamination. Wax based ribbons

30 are usually less expensive and used for less demanding applications.
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transfer printing has been used for many years in the printing of bar codes
on labels, tags, and tickets and the technol ogy for production of these

ri bbons has becone very specialized. A typical color ribbon is a
relatively conplex conposite structure ¥hat has been 5 developed to
provide for optinmum performance in the thermal transfer printing process. A
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describes the composition of a four layer thermal transfer ribbon structure for use in the printing
of black bar codes. With minor changes, this structure is thought to be representative of a typical
20 color ribbon formulation utilized with the present invention. This structure described in the 207
Patent comprises a heat-resistant backcoat bonded to one side of a thermally and dimensionally
stable substrate, such as PET film. An ultra thin release layer is provided on the other side of the
substrate, with a pigmented layer then being provided on the release layer.
The pigmented layer contains carbon black and resin binder including polystryrene and
25 polyacrylate resin with various functional groups such as methacrylic acid to promote adhesion
to a variety of printing substrates. During printing, the pigmented layer is transferred to the print
medium. Formulations for color ribbons used in applications requiring exterior durability will
likely utilize a resin binder containing only polyacrylate resins and colored pigments with
superior UV light stability. The formulation of the pigmented layer may also contain various

30  waxes and other additives in order to achieve targeted viscosity and physical properties for

optimum printing and coating performance.



likely utilize a resin binder containing only polyacrylate resins and
colored pignents with superior W light stability. The fornul ation of the
pi gment edwbagmo2opmy al so contain various 30 waxes and ot hecTasds/iizses in
order to achieve targeted viscosity and physical properties for optinmm
printing and coating performance. WO 03/092999 PCT/US03/13236 -4 In its
final printed form it is the release |ayer which if present functions as
the top surface of the printed inmage.-4As described in the '207 Patent, the
formul ation of this layer contains conponents that provide for easy
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Bristol, PA who supply print nedia for use with thermal transfer printing.
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suppliers such as IMAK/ T2 Solutions of Amherst, NY will usually provide lists of qualified
media to customers. In many cases there is a proprietary or patented coating on the print surface
of the substrate that provides for improved ink transfer characteristics. Warranty of outdoor
color durability of the printed image by the ribbon supplier is usually dependent upon use of
20 qualified media.
Recent advances in thermal printing technology include the introduction of lower cost
and higher performance color ribbons with excellent outdoor durability. IIMAK of Ambherst,
NY makes a line of high performance resin based color ribbons called DuraCoat® (DC-300
series).
25 For greater productivity, thermal transfer printing equipment, such as the Sprinter B
Printer manufactured by Matan, Ltd./ Israel, are designed with multiple print heads and ribbons.
Use of multiple print heads and corresponding ribbons require the use of a substrate with high
enough modulus so that color registration or misaligned color placement is not an issue. For
example, qualified thermal transfer printing media such as white vinyl needs to be reinforced
30 with a “backing” to minimize this issue. Commercial printers with width capabilities up to 132

cm. are available.
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Conmercial printers with width capabilijies up to 132 cm are avail able.
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PVB/glass laminate.
Dunmore Corporation produces a clear polyethylene terephthalate (PET) called Dun-
20 Kote® DP38 film coated with its own proprietary coating specifically designed for thermal
transfer printing. However, printing directly onto this substrate and subsequently incorporating
the printed film into a glass laminate via encapsulation with two layers of plasticized PVB has
been found to yield a laminate with inadequate structural integrity and with inconsistent printed
image quality. These problems have been found to be the result of poor adhesion between the
25 plasticized PVB and printed film component- both on the printed and unprinted surfaces as well
as unacceptable interactions between the PVB plasticizer and the printed side of the PET film. It
would thus be desirable to develop a laminate composite that provides a means for incorporation
of digitally printed color images into glass/plasticized PVB/glass laminates for customized

applications.



i mage quality. These probl ens have been found to be the result of poor
adhesi on between the 25 plasticized PVB and printed film conponent- both on
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bet ween the PVB plasticizer and the printed side of the PET film It would
thus be desirable to develop a | am nate conposite that provides a neans for
incorporation of digitally printed color inages into glass/plasticized
PVB/ gl ass | am nates for custom zed apmdcations. WO 03/092999
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that has overall performan ract eri st I i Ng penetration

resi stance, optical quali Sgﬂ‘i‘gﬁ\@g (g%hﬂ]l{“ @é‘éﬁﬁfbﬁm to a conventi onal
gl ass/ pl ast iQezanHEh ﬁsénio%ms rﬂ@taanev'é Beraaustinde Wil aeddcapRreandizraly
barrier characteristics of PET film use of a second PET film conponent

t hat i Printedi maagedthab h@h@VpradlnpercﬁomEnw ichanaetoostips implpdingt penstratiom resstansen

t he PVB l.asti.ci zer nedia co

onoout meuPSRalR &8RRGl R PR -t BhsP R e D s nipats

gl ass, Bdegusel dTithE |V&Ylelrec@g3ﬁikfdl Sdriigr ehapeti¥EEd 6f BBP PRI, u‘se Iomasswmr PETHila

| east one col or ynmeric 1o filmbonded to the nmeric su port

film wmw%ﬂhatné?@@m@ﬁed tﬁﬂg%prlgteéé’t%ﬁhntaweldp@wﬁ@ﬁera@ugmpp nthe B
t he po'ﬂf&E‘gEi’z&efr{d'tﬁ%pHrgﬂh&ﬁé @ﬂ%g%”fﬁ( gr bonded to the polyneric support
e er

film “and a second hest v ed to the polynmeric film Another
enbodi ment  dnet éBodimesndf tis irventiorenst ditkcted t@ 4l Avdrlayerc orplasirtacedcglagy itisd ng

col or ms}ges printed onto a 3. | ene terephthal ate (PET) substrate
usi ng dPgraEr ‘prPHENRG PO ssn?réccwa%ﬁ M SERROTHRE af I5H¥ ONE LO10K R ARRY PG

secqnd fithTbd ¥ ko %h%' Iﬂﬂyrﬁeﬁé"ﬁfﬂb@h' f}’lnﬁ%éhvﬁataﬁﬁ'le%@hﬁ%q‘ége iPb&HEL e o‘?}xﬂéﬂce”e

vinyl acetate copol ymer (EVA). The bonded PET layers-are then d| sposed
bet weersuppust fily encbtlmfpoplmtq f&lmzeldimheﬁlm hayergbanided i ths tpioty neawiepuppere filiithe

pl astic n ced bet. n two sheets of glass formng
the fi r?&fi |S"$ﬂ“ﬁ ed‘“’ OB&%H@&F?’ p(gémﬁ”efl\ﬁﬁ? her enbodi ment of this

i nvention i %r@tlﬁe@@hﬁ@dﬁ&n@of N DRl AFEtEPIROSIAR comtRité Sdmighisiil color
interlayer disposed between two gl ass sheets, the interlayer conprising a

pol ynerimegesuppated phtomas nplpeﬁhvleng terephthalate (RETY ovubstratprapsing adigitly penting
film bc%&ﬁﬁgloggl e P]?PE ?%pﬁ&’erdt tgfz{ %}é&mc? BET PR w2 GRhIY TBRMard S

bet ween YUEriC S por
adhesive, preferably ethylene vinyl acetate copolymer (EVA). The bonded PET layers are then

disposed between two layers of plasticized PVB, forming the plastic composite. The plastic
composite can then be placed between two sheets of glass forming the final laminated glass
product.

20 A further embodiment of this invention is directed to a laminated glass composite
comprising an interlayer disposed between two glass sheets, the interlayer comprising a
polymeric support film supporting at least one color image; a polymeric film bonded to the
polymeric support film, such that the color image is between the polymeric support film and the
polymeric film; a first adhesive layer bonded to the polymeric support film; and a second

25 adhesive layer bonded to the polymeric film. |

A further embodiment of this invention is directed to an interlayer comprising a
polymeric support film supporting at least one color image; a polymeric film bonded to the
polymeric support film, such that the color image is between the polymeric support film and the
polymeric film; wherein the interlayer is used in a glass laminate.

30



polymeric film a first adhesive |ayer bonded to the pol ymeric support

film and a second 25 adhesive |ayer bonded to the polyneric film A
further ewbadiopmms of this invention is directed to an i nPeTEBY®I13236
conprising a polymeric support filmsupporting at | east one color inmage; a
polymeric filmbonded to the polyneric support film such that the col or
image is between the polyneric support filmand the polyneric film
wherein the interlayer is used in a glass |am nate. 30 WD 03/ 092999
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forming the final glass laminate product

15 In one embodiment of the present invention, an image is printed onto a polymeric support
film and coated with a polymer film to improve its ink transfer characteristics. Alternatively, an
image may be printed onto an image layer that is supported by the polymeric support film. An
image can be a logo, symbol, geometric pattern, photograph, alphanumeric characters or
combinations thereof. The term "color" includes all colors as well as black and white.

20 The thickness of the polymeric support film is preferably 25 to 250 micrometers. The
polymeric support film of the present invention should have properties to maintain its integrity
during handling and deposition of the image onto its surface, as well as during subsequent
bonding and laminating steps. Furthermore, the polymeric support film should have properties
sufficient to be an integral part of the final safety-glazing product. To satisfy such performance

25 requirements, the polymeric support film should be optically transparent (i.e. objects adjacent
one side of the layer can be comfortably seen by the eye of a particular observer looking through
the layer from the other side). The polymeric support film preferably has, at minimum, an equal
to or greater, preferably significantly greater, tensile modulus than that of the outside adhesive
layers.

30 Among thermoplastic materials having the desired physical properties for use as the

polymeric support film are nylons, polyurethanes, polyacrylates, polyesters, polycarbonates,
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the like. Most preferred is polyvinyl butyral (PVB).

Merely adhering the printed polymeric support film to two adhesive layers, such as

20 plasticized polyvinyl butyral, such as is commonly done in the glass laminate industry, does not
appear to provide for a stable laminate composite structure. The polyacrylate resin binder
typically used for the ink layer of the thermal transfer ribbons seems to interact with common
plasticizers used in commercially available plasticized PVB interlayers (glycol esters, adipate
esters, etc.). This interaction may result in significant changes in laminate appearance and

25 interply adhesion as well as compromises in long term laminate durability.

By introducing a polymeric film to cover the printed surface of the polymeric support
film, which is very impervious to most of these common plasticizers, the interaction between the
plasticized PVB and polyacrylate resin or any proprietary thermal transfer coating is virtually
eliminated. This polymeric film preferably has a thickness of around 10 to 125 micrometers. If

30 such a polymeric film is not used, it is also possible for there to be significant interactions

between the proprietary coatings used on the thermal transfer print media and the adhesive layer.
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film such as PET film coated with either a pressure activated acrylic adhesive or a heat activated
20 adhesive such ethylene vinyl acetate copolymer. In the case of the PET overlay film with the
pressure activated adhesive there is usually a silicone release liner mated to the adhesive surface
which prevents blocking of the film in roll form and which must be removed prior to use.
With properly selected chemistry use of thermally activated adhesives commonly result
in robust adhesion between PET layers. Use of ethylene vinyl acetate (EVA) copolymer
25 provides acceptable peel and compressive shear adhesion properties that can result in excellent
laminate integrity. Use of EVA copolymer adhesive will result in penetration resistance and
other laminate performance properties that will be equivalent or superior to standard
glass/plasticized PVB/glass laminates. Furthermore, the use of a thermally activated adhesive
system to combine the PET-PET components is likely to provide for significant processing
30 advantages over acrylic pressure sensitive adhesives, for example, during the manufacturing

process of the plasticized PVB/PET-PET/plasticized PVB composite structure. With the use of a
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typically employs a supply roll of overlay film (heat activated adhesive + clear polymer film)

that can be preheated using heated rolls or infra-red heating elements prior to combination with
20 the printed film using nip roll pressure lamination. Such process equipment is normally
configured with line speed, heating and nip roll pressure controls to provide for a resultant two
ply laminate with excellent transparency which is indicative of no air entrapment between the
layers and adequate flow of the adhesive.
As with the conventional use of this laminating technology in the graphic arts industry it
25 is important to operate in a clean environment to minimize any contamination that might be
entrapped between the polymeric support film and polymeric film and cause significant optical
defects. Use of PET films with antistatic coatings is a preferred embodiment of the current
invention and its value is derived from the reduction in airborne contamination and consequential
improvement in optical quality.
30 After the printed polymeric support film is adhered to the second polymeric film, the

combined structure is then disposed between two adhesive layers. Adhesive layers that can be
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avail able from
chromatography using low angle laser light scattering. On a weight basis PVB resin typically

comprises less than 22%, preferably about 17 to 19% hydroxyl groups calculated as polyvinyl

alcohol (PVOH); up to 10%, preferably 0 to 3% residual ester groups, calculated as polyvinyl

20 ester, e.g. acetate, with the balance being acetal, preferably butyraldehyde acetal, but optionally

including a minor amount of acetal groups other than butyral, for example 2- ethyl hexanal as
disclosed in U.S. Patent No. 5,137,954.

The PVB resin of the sheet is typically plasticized with about 15 to 50 and more

commonly 25 to 45 parts plasticizer per hundred parts of resin. Plasticizers commonly employed

25 are esters of a polybasic acid or a polyhydric alcohol. Suitable plasticizers are triethylene glycol

di-(2-ethylbutyrate), triethyleneglycol di-(2-ethylhexanoate), tetraethyleneglycol diheptanoate,

dihexyl adipate, dioctyl adipate, mixtures of heptyl and nonyl adipates, dibutyl sebacate,

polymeric plasticizers such as the oil-modified sebacic alkyds, and mixtures of phosphates and

adipates such as disclosed in U.S. Patent No. 3,841,890 and adipates and alkyl benzyl phthalates

30 as disclosed in U.S. Patent No. 4,144,217. Also mixed adipates made from C4 to Cy alkyl

alcohols and cyclo C4 to Cj¢ alcohols as disclosed in U.S. Patent No. 5,013,779. Cgto Cg adipate
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layers may contain other performance enhancing additives such as pigments or dyes for coloring
all or part of the sheet, antioxidants and the like. For example, one of the PVB layers could be a
20 white color with low visible transmittance PVB layer which can increase the vibrancy of colors

on the printed PET layer.

Plasticized PVB sheet at a non-critical thickness of about 0.38 to 1.5 mm is formed by
mixing resin and plasticizer plus additives and preferably (in commercial systems) extruding the
mixed formulation through a sheet die, i.e., forcing molten, plasticized PVB through a
25 horizontally long vertically narrow die opening substantially conforming in size to the sheet
being formed. Roughness of the surface of the sheet is usually produced through a phenomenon
known to those skilled in the art as melt fracture and such desired characteristics can be derived
by design of the extrudate die opening as shown, for example, in figure 4 of U.S. Patent No.
4,281,980. Other known techniques for producing a rough surface on one or more sides of an
30 extruding sheet involve specifying or controlling one of the following: polymer molecular weight

distribution, water content and temperature of the melt. These techniques are disclosed in U.S.
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ni p rollhyepn@sse the rpebfagecstylsmany briented palystily hé regephiienlpe,i snitatsle tampenatves are

from about 30°C to about 120 °C, with the preferred surface temperature reaching about 50°C.

Printed laminate layer 18 and plasticized PVB layers 8 and 10, each having roughened

de-airing surfaces, are directed into the laminating nip between oppositely rotating press rolls

20 68a, 68b where the three layers are merged together. This expels the air between the layers and

this process step is critical because it is essential to remove as much air as possible from between

the layers. The result of this merging is the encapsulation of printed laminate layer 18 within

plasticized PVB layers 8 and 10 to form the lightly bonded laminate 2 of FIG. 1, without

flattening the outer unbonded de-airing surfaces of layers 8 and 10. Layers 8 and 10 are supplied

25 from rolls 72a, 72b and a tension roll 73 can be included in the plasticized PVB layer supply line.

If desired, press rolls 68a, 68b can be optionally heated to promote bonding. Bonding pressure

exerted by press rolls 68a, 68b can be varied depending on the carrier film material chosen and

bonding temperature employed but generally will range from about 0.7 to 5 kg/sq cm, preferably

about 1.8 to 2.1 kg/sq cm. The tension of laminate 2 is controlled by passage over idler roll 74.

30  Typical line speeds through the FIG. 2 assembly are from 1.5 to 10 m/min).



| ayer 18 within plasticized PVB |ayers 8 and 10. The printed | am nate | ayer
18 fromroll 62 is passed over tension roll 64 and subjected to noderate
surface hwetosngeodn stations 66 positioned to gently heat peirtuses/ 13286 nt ed

| am nate | ayer 18, plasticized PVB sheets 8 and 10, or both. Heating is to
a tenperature sufficient to pronote tenporary fusion bonding in that the
thermally softened 15 surfaces of |ayers 8 and 10 becone tacky. Wen the
pol yneric support |ayers of printed |amtnate |ayer 18 are the preferred
biaxially oriented polyethylene terephthal ate, suitable tenperatures are
fromabout 30C to about 120 C, with the preferred surface tenperature
reachi ng aboyt 50C. Printed lamnate |ayer 18 a I ci zed PVB Ia ers 8
ind 10, Ceach irAamiss ot B resnt Beckion Vil BafcagReomy e diprad wivren ohidr
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on the carrier filmmaterial chosen and bonding tenperature enpl oyed but

generally w w%n%eerrflglgrﬁr%ﬁ}eq}%&%lece %lg dcglin%n% egagbna abI y about 1.8 to

2.1 kg/sq c S Pseon passage over idler
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invention willpost commonly be di sposed between sheets of glass
preferably a pair of matching float glass sheets. The glass sheets can be

any comnbi ngB) pentiab tRN¥sséPESviQ IR Fhdiss, oriconvdediehebd for @l ot petias aypioslly
tinted glass, and including annealed, heat strengthened or tenpered glass.

The conposite hﬁmre@hmgm‘glasheutfamtempenanuenfahmmt B00t&s t he advantage that it
can be used in the same manner and | am nated enpl oyi ng the sanme equi pnent
as that enpl(éypahsing therhet asseobhy thrpuginalsesafdepair gf ags rélkniongive she hssembly
exanpl e, process formng a safety glass |am nate containing a single |ayer
pl astici zed Pvelcslahereylppramadirmon fty geelathecedaeeptithg layaimateyand alew further

| am nati on proce ) rises the follow ng steps: (1) hand assenbly of the
two pieces of B} 1§ga conposite | am nate;

(5) autoclaving the assembly typically at temperatures between 130 to 150°C and

pressures between 1050 to 1275 kIN/sq. m for about 30 to 90 minutes.

20 Other means for use in de-airing of the plasticized PVB/glass interfaces (steps 2-4) known in the
art and are commercially practiced include vacuum bag and vacuum ring processes in which
vacuum is utilized to remove the air.

Acceptable end use performance requirements of a glass laminate include maintenance of
structural integrity (that is, no interfacial separations) when subjected to external forces such as

25 those imposed by wind, temperature, etc. In addition, the nonplanarity of heat strengthened or
tempered glass if used for the fabrication of glass laminates can result in a force that may result
in the separation of one or more layers. For one of the embodiments of the current invention
there are at least six additional interfaces (e.g., plasticized PVB/PET, PET/thermal transfer
coating, thermal transfer coating/ink layer, ink layer/EVA adhesive, EVA adhesive/PET,



10 (2) passing the assenbly through a pressure nip roll at roomtenperature
to expel trapped air; (3) heating the assenbly via IR radiant or
convect i vwwormsam®9d or a short period, typically wuntil reaehiTngoaigbass
surface tenperature of about 100C, (4) passing the hot assenbly through a
second pair of nip rolls to give the assenbly 15 enough tenporary adhesion
to seal the edge of the lamnate and allow further handling and (5)

aut ocl aving the assenbly typically at-ti&nperatures between 130 to 150C and
pressures between 1050 to 1275 kN sq. mfor about 30 to 90 m nutes. 20

O her nmeans for use in de-airing of the plasticized PVB/glass interfaces
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interfa
prior to testing.

To initiate the testing, the circular test specimen is placed into the recessed circular area
of the stationary lower half of the test fixture after which the upper half of the test fixture is
mated with the lower half. The assembled test fixture with loaded test specimen is then inserted

20 into a testing apparatus such as an Alpha Technologies T20 Tensometer in which a crosshead
can apply a measured force to the movable top surface of the test fixture. Once the crosshead
makes contact with the top surface of the test fixture, the crosshead is moved at a constant rate of
3.2 mm/min and the maximum force required to shear the sample is determined. The interface at
which failure occurs should be noted to identify the weakest interface. The measured force is

25 then converted in compressive shear strength by dividing it by the cross-sectional area of the test
specimen. Minimum compressive shear strength for laminates with adequate integrity has been
estimated to be approximately 8§ MPa.

The 90 degree peel adhesion test method measures the adhesive bond strength between
plasticized PVB and PET film. Special test laminates (6.4 cm width x 17.1 cm length)

30 containing the PET film to be tested and Saflex® RB41 a commercially available plasticized

PVB sheet from Solutia Inc. are prepared using modified laminating techniques previously



able to nove freely within the test fixture as shown in the FIG 3. For
each |l am nate type under evaluation a series of at least 6 circular test
speci nenswoioshomdi aneter of 30 nmare cut froma | arger ppirases/of23gl ass

| am nate using rotary dianond core drill with water cooling. Water cooling
is adjusted to avoi d excessive heating of the lamnate and care is taken to
mnimze glass 1s chipping. After the test specinens have been cut, they
are conditioned overnight at 21 to 23€l6prior to testing. To initiate the
testing, the circular test specinen is placed into the recessed circul ar
area of the stationary lower half of the test fixture after which the

upper | f . of .the.t . ed with the | o
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| ayer i A% Rot  an inportant factor is usually

in the rangerwd sechOass€mBle® laminatthiafkihes lakd twith PET stiffacdd€n teoftabidwitRRIES
fromb50 - 175 mcroneters. In order to ensure that the adhesi on between the

s gl as®thgiand passer swengh desirimavplls Mias hayesthg ean pdiusien s ape ademusdamayst aken
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usef ul atreO aglarllr? %ttlplgd 1snrrt?a|1rls (gmth a pCarSeg( se%aratorn} n deg ?o (2)1501 Idﬂesp ion between the PET
layers) and passed through the nip rolls as before. These laminates are then autoclaved at a
pressure of 1275 kN/sq m using an autoclave cycle with a 20 minute hold time at 143°C.

20 After autoclaving is completed, two cuts parallel to the length of the laminate at a
distance of 4 cm from each other are made through the PET layer only using a razor blade or
other similar instrument. The surface is then scored on the glass side and broken parallel to width
dimension of the laminate at a position approximately 4 cm from the end of the laminate. From
the glass side of the laminate, a cut is made through the plasticized PVB layer at the glass break

25 to allow the PET film to be peeled from the plasticized PVB layer. The outside edge of the PET
film on each side of the 4 cm width strip is cut at the glass break. At least three samples for each
PET film type are tested per reported value.

Before conducting the actual peel test, the samples are conditioned overnight at 21°C.
During peel testing, the glass/plasticized PVB/PET test specimen is positioned in the grips of a

30 peel tester (cross-head speed of 12.7 cm per min) which is configured to peel the PET film from

the plasticized PVB surface at a 90 degree angle. The force necessary to separate the PET film



(about 12 mcroneters) PET filmhaving very | ow adhesion to plasticized PVB
between the io plasticized PVB and PET | ayers at the point where the peel
test specwomn/ov®9scored and broken (see below) in order taTfimod/kizsate the
initial peeling process otherwise it may be difficult to initiate the
separation of the plasticized PVB and PET | ayers. Two such assenbl ed

| am nates are then placed wth PET surfaces in contact with each other and
passed through deairing rolls that havé7the gap adjusted to apply a

requi red amount of 15 pressure and effectively expel excessive air |ocated
bet ween the various |ayers. The | am' nat es are then pl aced i ndi vi dual ly into
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t est, ries of glass |amnate .
? minate ?s then converted into break height. Measured Mean Break Height is the average

break height in meters of at least 6 ball drops in which both glass laminate failure and ball
penetration occurs.

20 Finally, laminate haze is measured following ASTM D1003-00 (Test Method for Haze
and Luminous Transmittance/ Procedure B) using a Byk-Gardner TCS Spectrophotometer.

The 0 degree Pummel Adhesion Test has been a standard Solutia procedure for over 30
years. It measures the adhesion level of glass to the PVB adhesive layer in a laminate
construction. The PVB layer to glass adhesion has a large effect on the impact resistance and

25 long term stability of glass/PVB structures.

A laminate is conditioned to 0 F degrees and pummeled with a 1 Ib. hammer. The amount
of glass remaining on the PVB adhesive layer is compared to standards and given a 1 to 10
rating.

The most commonly used method is as follows: 1) Cut the glass into 15 cm x 15 cm

30 sections. Then place the specimens in a cold air cabinet at 0 F degrees for at least 1 hour. Air

velocity in the cabinet should be a minimum of 100 fpm. The specimens should be separated to



havi ng di nensions of 30.5 cmx 30.5 cm are prepared using standard

autocl ave | am nation techniques described previously. At |east 6 gl ass

| am nat eswopsed®@pably 12 glass | aminates are required topPorasus/es2Bhe
penetration resistance. The prepared glass |lam nates are individually io
positioned in a support frane as described in the ANSI/SAE Z26.1 autonotive
test code. Wiile at a constant tenperature of 21 C 2C, a five pound (2.27
kg) spherical steel ball is dropped enge the center of the |am nate froma
specified height that will result in penetration of the |amnate. Two
spaced magnetic coils that are coupled and positioned beneath the test
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standards and given a rating. e nost commonly used nethod is as
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hel d atstandarddegree angle to the plane of the punmel plate so that
Pummel values are grouped and averaged for like specimens. Reported values state the
average pummel value for the group, the number of samples in the group and the maximum
range of the pummel adhesion rating for individual surfaces.

20 EXAMPLES

Example 1

Dun-Kote® DP38- a 3 mil high clarity PET film manufactured by Dunmore Corporation

of Bristol, Pennsylvania- having a proprietary coating for improved performance with thermal

25 transfer printing was adhesion promoted on the uncoated side via plasma treatment. Process
conditions were employed during the plasma treatment so that the resultant 90 degree peel
adhesion of this treated surface to Saflex® plasticized PVB interlayer (RB41) commercially

available from Solutia Inc. after autoclave lamination was found to be 8 N/cm.

Example 2

30 A PET overlay film consisting of 1 mil layer of ethylene vinyl acetate copolymer

containing 28% vinyl acetate was coated onto a 2.65 mil Hostaphan® 4707 PET film



5 only the edge of the broken glass contacts the plate. The specinen is
then pumel ed progressively in '/2 inch increnents along its bottom 3/4
inch . Wwo oBlo®obottom row has been conpletely pul veri zedjr/ushginext 3/4
inch is pulverized and so on until about '/2 inch remains. The specinen is
then turned over and the pumel is repeated. The pummel ed sanples are
allowed to cone to roomtenperature and condensed io0 noisture is allowed
to evaporate until grading begins. Thel8anples are then conmpared to the
standards. Standards all have different |levels of glass attached to the PVB
adhesive layer which is what is being judged. Both the t est sanple and one
of the tandar tilte eth to_catc e li tion
ohi ch | GOBBERIH BrBa BYe FREM SRE T FR o n g ouriR e i ovéilay i
conpar i aRgd wftetht RRSRNE i ltabetétHcoE&Wm‘éF ansasdaclyridr t8 us@t The hifcorRAPETT he
pummel nunber is 15 recorded and the sanple is turned over and the opposite

si de i susfrepof ﬁn%BEW@r\éﬁ§V@Iﬂ@’ &l svasrpjasnen eated pEor PueARbingy llegténg af the 90
gr ouped and ay

punmel d\;gf é)e]e ﬁgn 09 {heI dn‘éf)'\fhtg&) %%'I%nf?lt B e&% Fcij fgexﬁélagtgc% e I;\b]lg ({(ﬁ‘iﬂ age

nunber o sanp es™f roup

maxi ETUFIhteHamet@If a&&tﬁav&uﬁ’ﬁﬁiatlaﬂhas faundrabe DY N/@h. i ndi vi dual sur f aces.
EXAMPLES Exanple 1 Dun-Kote(r) DP38- a 3 m| high clarity PET film

manuf act ured by Dunnore Cbrporatlon__ﬂﬂﬂiﬁistol Pennsyl vani a- having a
proprietary coating for inproved performance mnth thermal 25 transfer
printing wasA d@gitab teshinpage mxsgutinged ote thicadtdesirfice éilmifrorp | Exemplet I esingwing .

Process ,con ns_we ed d | a nt so .that the
Feoul t MFRBo R oB Fie” SB tEResi 1 DERN Seles BN Lo ALERs stsalioichy 132
pl ast i @ot@tbnE¥BANHeeS | Ny eThé P@ﬁ&antq&ma%l sAbhv¥d edeBbhtablR ahd foétg%cﬂeﬂill a Inc.
after autoclave |am nation was found to be 8 Ncm Exanple 2 30 A PET

overfay filmconsisting of 1 m| |afxemplethy| ene vinyl acetate copol ymer
cont ai ni ng 28% vinyl acetate was coated onto a 2.65 m| Hostaphan(r) 4707
PET fi | m WO T/ ORGFT GETlal$06/ df3I23fple 2 9vas doarfemaiasdd tp the arihtad [PETT filomn

M t subi_shi ilLms,. G eer The surface of the PET overl film _coated
with tHea8y |3eH@n%.%§?nV§83%% he@ offg}ﬁemewage Rt p{O&&%yC%fa ratiog. | Lgocess o

uncoat egdnfdns %fefs%re@teefto taahévé%ﬁﬁﬁ%ng%@l&é Bpehiahfd WaR hPSIRpIERAL &1 Ry 1 OF

to coating. Testing of the
visible air entrapment.

15 Example §

The printed test image of Example 3 was “hand” encapsulated with two layers of 0.38

mm standard Saflex® RB-11 plasticized PVB interlayer (commercially available from Solutia)
and then laminated with two pieces of 2.3 mm annealed glass to form a finished glass laminate
using conventional nip roll deair/ hot tack and autoclave processing as described previously.

20 Compressive shear adhesion were measured and found to be low (7 MPa) with failure observed
at the ink/ plasticized PVB interface. This low compressive shear adhesion is considered at an
unacceptable level for overall glass laminate integrity. Significant changes in the visual
appearance of the printed image were also observed after lamination and were considered

unacceptable.

25 Example 6

The PET-PET composite of Example 4 was encapsulated with two layers of 0.38 mm
standard Saflex® plasticized PVB interlayer (RB11) and then laminated with two pieces of 2.3
mm annealed glass to form a finished glass laminate using conventional nip roll deair/ hot tack

and autoclave processing. Both haze and compressive shear adhesion were measured and found



degree peel adhesion of the uncoated PET surface to standard Safl ex(r)

pl asticized PVB (RB41) 5 interlayer after autoclave |am nation was found
to be 12 woaswodesanple 3 A digital test inmage was printedpromusos/is3coat ed
surface filmfromExanple 1 using the Matan Sprinter B printer and
Duracoat (r) DC300 series CMY-K ribbons supplied by T2 Sol utions of
Amherst, NY. The resultant test imge showed excellent color and i mge
detail. 10 Exanple 4 The EVA/ PET overtad9-fil mof Exanple 2 was heat

| am nated to the printed PET filmin Exanple 3 using a conventional heated
roll/ pressure nip process configuration. Process conditions were selected

to achievye a.f.inal osi.te ear ance. W th high. transparency and no

Vs bl doger b AespERIE RS B RBFESANGE N chinetedh Al PR AR R 08 siiBe o
was " hafeprifed apsids ateeslobdeiledtafer lagyieitionof 0. 38 nm standard Safl ex(r)
RB-11 pl asticized PVB interlayer (commercially available fromSolutia) and
then | di#4%ated with two pi et of 2.3 nm anneal ed glass to forma finished
gl ass lam nate using conventional nip roll deair/ hot tack and autocl ave
processi ng dsomgsssiveb¥ieapr evi ousl2y3 MP@ Conpr essi ve shear adhesi on were
measured and found to be low (7 MPa) with failure observed at the ink/

pl asti ci zed Ni¥dh BrakHeag@e (MBHSwhOWste@ iiPing 36 ¥ ¢b.5A1E afopasdiesdtidll aril found to
considered at an _unacceptable I evel for overall glass lamnate integrity.

Si gni f i keageatehtiagd$ mnwhigh iy ptslgast compyrabledn e egrivaleat plapsiplagicized J& Biglags
al so oq§@qn\%§d after | am nation and were considered unacceptable. 25
e

Exanpl ‘e PET- PET conposite of Exanple 4 was encapsulated with two

| ayers of 0.38 mm standard Safl ex(ExaplphsTici zed PVB interlayer (RB11) and
then lamnated with two pieces of 2.3 mm annealed glass to forma finished

gl ass | am nag %i%ﬁi {9t {HRHRY SR IRIARd dH the £OAtkd Si@aoF & F3Rfind] 3mkgin@GraphixAthiay €
processi ng. Both haze and conpressive shear adhesion were neasured and
f ound \aipay polyestecdinpasme im0 BIP e et iggetipsinges. M adhesivecoepngibias appliddte the

shown br \lleor\s’\é si<gl\)|e0 oﬁﬂ@@ﬂ%ﬁ l%eernre%than%/ f a%%lshc?&ggcg (go%na%%a%mc%oa!ngrviborgncf he printed

i mages were observed a am nat i-on.
Example 8

A digital test image was printed on the coated side of a Sentinel Imaging, Graphix brand

clear polyester film using an HP Designjet inkjet printer. An adhesive coating was applied to the

15 reverse side of the film. The resultant image was “hand” encapsulated with two layers of 0.38

mm standard Saflex® RB-11 plasticized PVB interlayer (commercially available from Solutia)

and then laminated with two pieces of 2.3 mm annealed glass to form a finished glass laminate

using conventional nip roll deair/ hot tack and autoclave processing as described previously.
Compressive shear adhesion was measured and found to be low (5 MPa) with failure observed at

20 the ink/plasticized PVB interface.
Example 9

The EVA/PET overlay film of Example 2 was heat laminated to the printed PET film in
Example 7 using a conventional heated roll/ pressure nip process configuration. Process
conditions were selected to achieve a final composite appearance with high transparency and no

25 visible air entrapment.

Example 10

The PET-PET composite of Example 9 was encapsulated with two layers of 0.38 mm
standard Saflex® plasticized PVB interlayer (RB11) and then laminated with two pieces of 2.3

mm annealed glass to form a finished glass laminate using conventional nip roll deair/ hot tack



Conpr essive Shear 12.3 MPa 5 Mean Break Height (MBH) was tested using the 5
| b.ball drop test nethod and found to be greater than 7.6 mwhich is at

| east comnpercalpdm®ed 0 an equi val ent gl ass/ pl asticized PVB/ glpasasod/amnat e.
Exanple 7 A digital test inmage was printed on the coated side of a Sentine
| magi ng, G aphix brand io clear polyester filmusing an HP Designj et

inkjet printer. An adhesive coating was applied to the reverse side of the
film The resultant inage showed good-appearance and vi brancy. Exanple 8 A
digital test inage was printed on the coated side of a Sentinel |naging,

G aphi x brand clear polyester filmusing an HP Designjet inkjet printer

An adheswecatln ) ibed to, the i si de

Fesal t 2Rt SHIT R AR aBol 601 SRR Y A8 S1o8] MG Htar o
Saf | ex(fehnd¥8- bl%]wiﬂhﬁ%bée‘ﬁta%ﬁqnﬁ’wand rth@édnapf&és&ecmhgasaférwer@wsl 1abd Ripfar o8
Solutia) and then amnated with two pieces of 2.3 mm anneal ed gl ass to

f or m a dhprges hetheglinskappgaianes @ colpsiohtheauinieshimagamensiqpseryed aftRsdamination. t ack
and autocl ave processing as descri b%ga EEEVllE!ousl y. Conpressive shear

adhesi on was neasured and found to MPa) with failure observed at
20 the ink/p ized PVB i.nterface. le.9 The EVA/ PET er m of
Exanpl e 2 walsa‘iﬁ%‘&’i test HnAgs eEnted QiR aﬁr?mg% ‘”{%P_i‘? quyqﬁqr,{)acggaﬁlgp °?¥ SI§T°hf‘g
conventgﬁmbs b@aﬁs‘?& @Hllﬁl()et%ﬁ&?' ®hEwh 'aE’PQfg‘ﬁfEﬁ? 5re§x91'f€d' 19%23%991 nfée%i‘f‘e%&n a

conditions were selected to achieve a final Conposite appearance wth high
t r anspavigdey tgpedconfigu2gon.i $hislpeingddrsuppent imreves. th&xmmlleé td Che THody igFic- T in

corrp05| e of Exa apsu with two ers of .0

ot ahaar b ST BRETTe T e ATO TR HEEh | apRrest g hors aevuthfend AR Y b

Wi th t vwRe phl9fRHc Fim3vad nofBVeiRpedbad tBd psst hoddseribedanExahipikegl tBE asdplegsivanat e
usi ng conventional nip roll deair/ hot tack WO 03/092999 PCT/ US03/ 13236

- 21 '‘andhegrmeraserewept Weses s MRR. Bot h haze and conpressive shear adhesion were
nmeasured; haze was found to be w tﬂ‘]n ggptable [imt and the conpressive
shear measurenent was 11.2 MPa. No —c¢f in the visual appearance or

col or of the r|n ed L nages.were ob erved aftl
1g1ta test image printed onto p astlclzed po

yvmylet)utyrgl iu%?n'g a Vutek UltraVu
3360 inkjet printer and Inkware ink formulation. This printed test image was “hand”
encapsulated with two layers of 0.38 mm standard Saflex® RB-11 plasticized PVB interlayer
15 (commercially available from Solutia) and then laminated with two pieces of 2.3 mm annealed
glass to form a finished glass laminate using conventional nip roll deair/ hot tack and autoclave
processing as described previously. Peel adhesion results at the printed PVB/PVB interface
ranged from 1 to 6 N/cm depending on the dominant color of the image and the percent of color
coverage. The glass to adhesive layer PVB adhesion level varied between 0 to 6 pummel units
20 depending on the color of the print. This strongly hints at migration of elements from the color
inkjet ink formulation through the structure to the outermost (glass / adhesive PVB) interface.
The results also indicate that the resulting laminate will not have the integrity to be used in many

applications where traditional safety glass is used .

Example 13

25 Example 12 was repeated using a Mitsubishi 4707 PET polymeric film as the polymeric
overlay film as well as the polymeric support film. The adhesion of the glass to the adhesive
PVB layer measured 5.0 pummel units which did not vary from a targeted level of 5.0 +/- 1.0
pummel units. This result allows the laminate performance to be predicted and used in a safety

glass application.



Exanple 11 5 A digital test imge printed onto an opaque white pol yester
backlit filmfromC rcle Gaphics Co. using an inkjet printer known as

Pur gat or yworeemeddbed in a 2-way signage effect in a w ndowCryses/13236
configuration. This printed support filmwas then bonded to the polyneric
filmin the sane processes as descri bed above and had a conpressive shear
result of 9.9 MPa. When the polyneric filmwas not overlayed onto the
print as described in Exanple 8, the e@pressive 10 shear measurenent was
5.2 MPa. Exanple 12 A digital test imge printed onto plasticized polyvinyl
butyral using a Vutek UtraVu 3360 inkjet printer and | nkware ink

formul ation. This pri d test capsul at.ed wi.th t

| ayers of 0 38 b it ap e skt B RS pritrs of AERGRIMLORT faited pal s o
(comergkedl Inya GIMﬁ'tédaEEln@ef P4 oDe! HbdifiatRmg dnbledltekaibnS avidbavirdadily ippiresC &S Of
2.3 mm anneal ed glass to forma finished glass |amnate using conventional
ni p rolperwaapkilledhatthe ack ltapentengdedcthergéore, ph@db%&trf:@l@&b@@@@rdemg@sm@vpbus| y.
Peel adh 0 P d fromlto 6
thntdep n%Fﬁhgﬁﬁg%ﬁi §%HFQ§% %8g%ggﬁm¥§@§yﬁnbﬂ%g%hﬁ§9?%Cﬁﬂg§cent of col or
covegage. The gl ass to adhesive | ayer PVB adhe5|on | evel varled bet ween 0O
to 6 pumel units 20 depending on the color of the print. This strongly
hints at mgration of elements fromthe color inkjet ink formnulation
through the structure to the outernost (glass / adhesive PVB) interface.
The results also indicate that the resulting lamnate will not have the
integrity to be used in many applications where traditional safety glass
is used . Exanple 13 25 Exanple 12 was repeated using a Mtsubishi 4707 PET
polyneric filmas the polynmeric overlay filmas well as the polyneric
support film The adhesion of the glass to the adhesive PVB |ayer neasured
5.0 pumel units which did not vary froma targeted level of 5.0 +/- 1.0
pummel units. This result allows the | am nate performance to be predicted
and used in a safety glass application. WD 03/092999 PCT/US03/13236 -22

The preceding description is set forth for purposes of illustration only
and is not to be taken in a limted sense. Various nodifications and
alterations will be readily apparent to persons skilled in the art. It is

i ntended, therefore, that the foregoing be considered as exenplary



only and that the scope of the invention be ascertained fromthe follow ng
claims. 5 WO 03/092999 PCT/ US03/ 13236 -23- Clainms: 1. An interlayer for

| am nat edwoloa®$2999 he i nterlayer conprising a polyneric supoarusos/iiees
supporting at |east one color image; a polyneric filmbonded to the

pol ynmeric support film such that the color inmage is between the polyneric
support filmand the polyneric film a first 5 adhesive |ayer bonded to the
pol yneric support film and a second adbesive | ayer bonded to the

polymeric film 2. The interlayer of claim1l, wherein the polyneric support
filmand the polyneric filmare individually selected fromthe group

consi st(lgnﬂgqf nyl ons, epoxies, polyurethanes, polyacrylates,

pol ycarpBH&Yes, cel | ul ose acetates, cellulose triacetates, vinyl chloride
polymers, vinyl chloride 1o copolyners and polyesters. 3. The interl ayer

of clailm 1, Ahéeslayepdenlamipatgd|glaserthe 8GRVt COMATHIngnd PohEnssis! speestcdilng | m

are biax] : h er i s

ol ai m Sobtig it EE R ColBPInkE™Y pRRHE LR B ine folyfic it AE el
suppor tthdti then osldr hineage eia dtetweennihe t pol emerid stippent Gimiang thhepolwaaid Higmmaxfinst e
usi ng ultraviolet light or heat. 5. The interlayer, of claimd4, wherein
the f edbbsie rsiitanged b S oBirsicr o ﬁl@ng%%seceaﬁigﬁﬁ@ﬁwﬁ 2y bonded 1o the
pol yacg%lﬁﬁgic @REXy, polyester or polyurethane chem stries. 6. The
interlayer of claiml1l, wherein the polyneric filmis provided by coating

the pd ynerlite istegpyartof ftlalim lyivthkrezmtha qodousriceswpbsiit dilmeind shespdlymatic bis ad
pol ynmer. sol ution. and, t he 20 renmoving the . water or sqglvent conponent by
bvaor dRRGHA SeH S G e S SPR 1 R onir, PO HETgAe: PRSBT
the aquRBKarRAtbSEQRIRE acé@lcl codllulas eHacaltét vty ichlcsRle ol aflert,r GRYIL EiRoBdOUP
consi sting of polyacrylate, epoxy, polyester or polyurethane chem stries.

8. The copelymeespad polyestest m 1, wherein the color image is printed on the
2oL YTEed 48RSl 0L MIESL ORI ShA T DIR AGRRSHRSA B Mo
suppor tfilmfdré Biakiilpgtretoredpdlydtheiass erephthalatd. ng t echnol ogy.
4, The interlayer of claim 1, wherein the polymeric film is provided by coating the
polymeric support film with a reactive mixture and then curing the reactive mixture using
15 ultraviolet light or heat.
5. The interlayer of claim 4, wherein the reactive mixture is selected from the group
consisting of polyacrylate, epoxy, polyester or polyurethane chemistries.
6. The interlayer of claim 1, wherein the polymeric film is provided by coating the
polymeric support film with an aqueous emulsion or a solvent based polymer solution and then
20 removing the water or solvent component by evaporation.
7. The interlayer of claim 6, wherein the polymer used with the aqueous emulsion or
solvent based solution is selected from the group consisting of polyacrylate, epoxy, polyester or
polyurethane chemistries.
8. The interlayer of claim 1, wherein the color image is printed on the polymeric support
25 film using digital printing technology.
9. The interlayer of claim 8, wherein the color image is printed on the polymeric support
film using thermal transfer printing technology.
10.  The interlayer of claim 8, wherein the color image is printed on the polymeric support

film using inkjet printing technology.



10. The interlayer of claim8, wherein the color inmage is printed on the
pol ynmeric support filmusing inkjet printing technol ogy. WO 03/092999
PCT/ USO3/W8236929994 11. The interlayer of claim1, wherei pcrhwsopoigereric
support filmis bonded to the polyneric filmusing a thermally activated
adhesive 12. The interlayer of claim 11, wherein the thermally activated
adhesive is ethylene vinyl acetate copolyner. 5 13. The interlayer of
claim1l, wherein the polyneric support2fi-l mand polyneric filmare bonded
together with a mninmum bond strength of 4 NNcm 14. The interlayer of
claim1l, wherein the polyneric support filmand polyneric filmare bonded

together. with a preferred.bond.strength.of at |ea 8 .N ¢ 5., Th .
nter i aer oftetplryE or gt wrihit P ke spBPR IR DRSS LBBIReRS | m
i s bet Wagusih®a RAHAIYRtVRed 28hddiver onet ers and the polyneric filmis

bet ween about 10 to I25 mcroneters. 16. The interlayer of claim 15,

wher ei nl2 he Thei ketleser of claive 1pomharsin thesiippaally adtivaieil adhesy is gthylene vinyl
m cromatce a?e‘ 0131 m‘léhe interlayer of claim 15, wherein the thickness of the
pol yrrerafg TR bout 75 microneters. 15 18. The interl ayer of claiml,

wher ei N3 he RghRrvgel &y Ehim 9, selefsih ¢kt polgMetibsugport film emdspodymerc Gfm are
pol yur et hane, ethyl ene vinyl acetate copolyner, plasticized polyvinyl
chl or i deondegitogpthgsyith p upingsn pondistrength 9fblN/cmg - The interl ayer of claim

18. wh . ‘ : ) AN . ¢ )
i erl apfor | ofec AT U 3 wlrcBh B bty ERHe Rb M o, Bheric*Him HhE
pl ast i chanded wigktheawitR @ ppdferséd eirdetreagthed beldadt8dwcmhe group consi sting of

triethy] ene glycol di-(2-ethylbutyrate), triethyleneglycol .

di - (2 k| HERHRBHREY o f@emgwﬁwe&%%@wsap tRaRGREHS SUppPr Bl isBRtaE,

di och yl 138 PAS 50Tt RS s hd e RoWmERKIRLRBEALH RBGRS ) 1811 DS InféromiRRAC AL €,
polynmeric plasticizers, and m xtures of phosphates and adi pates, m xtures
of adi plft es Hredintrlayér dietaiml 1 Hivheadintiesthickngssdf thelpplamssic suptwrf fllomisGiboud C9
al kyl a%scohol S tand cyclo C4 to Cl10 alcohols, C6 to C8 adipate esters, 25
and” mi xtUPEEPREPeof . 21. The interlayer of claim1, wherein one or both of

the adhesi veThcaifdrhye0oPLlafit 1) whdréia-th¥itBicRhesk iofhthe HBB@HARS film is about 75
micrometers.

15 18.  The interlayer of claim 1, wherein the adhesive layer is selected from the group
consisting of polyurethane, ethylene vinyl acetate copolymer, plasticized polyvinyl chloride and
plasticized polyvinyl butyral.

19.  The interlayer of claim 18, wherein the adhesive layer is plasticized polyvinyl butyral.
20.  The interlayer of claim 19, wherein the plasticized polyvinyl butyral is plasticized with a

20 plasticizer selected from the group consisting of triethylene glycol di-(2-ethylbutyrate),
triethyleneglycol di-(2-ethylhexanoate), tetracthyleneglycol diheptanoate, dihexyl adipate,
dioctyl adipate, mixtures of heptyl and nonyl adipates, dibutyl sebacate, polymeric plasticizers,
and mixtures of phosphates and adipates, mixtures of adipates and alkyl benzyl phthalates, mixed
adipates made from C4 to Cg alkyl alcohols and cyclo C4 to C)g alcohols, Cg to Cs adipate esters,

25 and mixtures thereof.

21.  The interlayer of claim 1, wherein one or both of the adhesive layers comprise an ultra-
violet light absorber.

22.  The interlayer of claim 1, wherein one or both of the polymeric support film or the
polymeric film comprise an ultra-violet light absorber.

30 23. The interlayer of claim 1, wherein one or both of the adhesive layers are colored.



22. The interlayer of claim1, wherein one or both of the polyneric support
filmor the polyneric filmconprise an ultra-violet |ight absorber. 30 23.
The i nt erweyenowd cl aim 1, wherein one or both of the adhesiruesos/aseess are
col ored. WD 03/092999 PCT/ US03/13236 -25 24. The interlayer of claim1l
wherein the first and the second adhesive | ayers have a thickness of about
0.38 to 1.5 mm 25. The interlayer of claim1l, wherein the surfaces of the
pol ymeric support filmand the polynmeese filmin contact with the adhesive
| ayers are chemically nodified using a process s selected fromthe group
consisting of flanme treatnent, chem cal oxidation, corona discharge,

car bon sputt rin | as t.r eat nen cuum d a treafnment, in air.
26, Theh nt leaeirBET o AL - NERH (P st es FUes RS g e Foorr e &
surfacqﬁwgﬁm$epam9ﬁg@gqbq5,§prort filmand polyneric filmin contact with
t he adhesive layers. 27. The interlayer of claim1, wherein the _color imge

is sel et ed Fheomtarhgergelodpine dnsihstdimghe susfases af ltlwgbolymym@wpogteﬁlmanﬁ ghe
patter

h h
e noagls RRE coPheh ST forf 2 BEY SR PRNAER iR e ™
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pol yvi nyl butyral, | ons, epoxies, polyurethanes, polyacrylates,
pol ycardsghearsputterisig, n Ay UrgelEteat WeVachyny apdgdsmatTaBet iRl 15 vi nyl

chlorl pol |0

it er | pr  oEaP@rafds ki i Wi AERINECRE S, Aieh 2 HeNBhes cf the pllfmeric,
conpr i ssupporafipebyd polymeliutiymnah cpahgtweth the hdlhesB@ lay'Ek'ee interlayer of claim 29
e b g Silgf s M ket SR Rl s B4
CoNpPsi 46, "s&rﬁb&g 5@&1‘1&@1{0?&[&# " hgioépa%ﬁeglpﬁﬁﬁd‘l\ﬁ‘&fb LR rdSad %B%‘ir?aﬂon§ he

|nterlayer onprisin meric support filmsupporting at |east one
col or ithegef a polynerlc filmbonded to the polyneric support f|In1 such

that t I t th t.
borymer e r1 i SRR f oL U Vit Rb o A Be PBIenEh A ok, e
film anehpismCo pdlyrstiesiny Scla¥efrdmwbtedrdup &diRisHAg Yorasdlyviyll tityrdh BonsThe

| am nat ed gl ass conposite of claim31l, wherein the two gl ass sheets are a
pai r ofepoxgs.cholrgrethanes, @lgggylgth%emcgycarbonates cellulose acetates, cellulose triacetates,

15 vinyl chloride polymers, vinyl chloride copolymers and polyesters.

29.  The interlayer of claim 28 wherein the color image is printed on an image layer
comprising a polyvinyl butyral polymer film.

30.  The interlayer of claim 29 wherein the color image is printed by inkjet technology on an
image layer comprising a polyvinyl butyral polymer film.

20 31. A laminated glass composite comprising an interlayer disposed between two glass sheets,
the interlayer comprising a polymeric support film supporting at least one color image; a
polymeric film bonded to the polymeric support film, such that the color image is between the
polymeric support film and the polymeric film; a first adhesive layer bonded to the polymeric
support film; and a second adhesive layer bonded to the polymeric film.

25 32.  The laminated glass composite of claim 31, wherein the two glass sheets are a pair of
matching float glass sheets.

33.  The laminated glass composite of claim 31, wherein the two glass sheets are individually
selected from the group consisting of clear glass, tinted glass, annealed glass, heat strengthened
glass, and tempered glass.

30 34.  The laminated glass composite of claim 31, wherein the polymeric support film and the

polymeric film are individually selected from the group consisting of nylons, epoxies,



33. The | am nated gl ass conposite of claim 31, wherein the two gl ass sheets
are individually selected fromthe group consisting of clear glass, tinted
gl ass, amnweabmgkogd ass, heat strengthened glass, and tenpecedsgs/arss 30 34.
The | am nated gl ass conposite of claim 31, wherein the polyneric support
filmand the polyneric filmare individually selected fromthe group

consi sting of nylons, epoxies, WO 03/092999 PCT/ US03/ 13236 -26

pol yur et hanes, pol yacryl ates, pol ycarbd6ates, cellul ose acetates, cellul ose
triacetates, vinyl chloride polynmers, vinyl chloride copolyners and

pol yesters. 35. The |am nated gl ass conposite of claim31, wherein both the
polymeric support filmand the polynmeric.filmare biaxially stretched

ol 3ot raReiEse pbREYETS. RosarontEs) sfiarontifias s b St grs oy
31, whehiriletydf s, Wil cRlofitié BdpotyRERhd Belybsterscoat i ng the pol yneric
support filmw'th a reactive m xture and tf){en.curl ng the reactive mxture
usi ng W3t r avihellemirategglass compasite @zlaimnl, vdigraiabeld thg pelsmeperpepniortefilaf and ai m
36, wherein the reactive .mxture i ect f t he group consi sting of
pol yacﬁ{}? Bélg?lerelf)ggr?,arep%fnf}gﬂ& getFet%redg)é)fy%hryg?nﬁg%rgﬁ }g el?n stries. io 38. The

| am patsd gH&&SlaﬁlQ{ﬁIm}S%]h@; @mpolsiaé BF 3kim ¢ dierein B fudynieme fitm fi§ brovided by
provided by coating the polyneric support filmwth an, agueous enul sion or
a sol veratihte Pobensrisssuppars il i aﬁ@cgh%mméwdﬁge& R ingathe reastive By
conponegp wtr%&gﬂggﬁiop 39. The | am nated gl ass conposite of claim 38,

eat. .
wherein trﬁe pol ynmer useg With the aqueous enul sion or solvent based

sol uti @&7.i s Helleiratkdfglamncompogreaflaaris, stherein ik rexetiyaariytuat ie seleged from 15
pol yester or pol yurethane chem stries. 40. The | anj nat gg | ass conposite of

cl ai m 31S SRHBLERTSINROT BOIVBTTY aHa GROYYs PR PHEY PO U Faane 135 support film
UST 9 801 { AnePbinilchdd0a hRUANURRY of him H1E WIBBN A FhESS HERTP BRI RA%y

claim40, wherein the color inmage is pri nfed on the 'polyneric support film
usi ng tceetingaithet palysfesc support ifign wathhamlagggous 2mulgion Trea |salvientabasgd ghcdgmer
conposite .of claim40, .wherein the color image.is printed on the polyneric
suppor 0P i g Ryl Hsrdled o f BeriosBRen typ AR oy nat ed gl ass
conposijge OofTHel lamMatell, gl A3 RbMipBsite s’ by P& Miteréin PROpdlyrhel Well SwhR Rikesueb@s t he
polyneric filmusing a thermally activated adhesive 44. The | am nated gl ass

conposicmalaen ef salvend basegiseludion i3 prdeaterofral thy Seriipi cpasisingaefeodyageylats, epoxy,
15 polyester or polyurethane chemistries.
40.  The laminated glass composite of claim 31, wherein the color image is printed on the
polymeric support film using digital printing technology.
41.  The laminated glass composite of claim 40, wherein the color image is printed on the
polymeric support film using thermal transfer printing technology.
20 42.  The laminated glass composite of claim 40, wherein the color image is printed on the
polymeric support film using inkjet printing technology.
43.  The laminated glass composite of claim 31, wherein the polymeric support film is bonded
to the polymeric film using a thermally activated adhesive
44.  The laminated glass composite of claim 43, wherein the thermally activated adhesive is
25 ethylene vinyl acetate copolymer.
45.  The laminated glass composite of claim 31, wherein the polymeric support film and
polymeric film are bonded together with a minimum bond strength of 4 N/cm.
46.  The laminated glass composite of claim 31, wherein the polymeric support film and

polymeric film are bonded together with a preferred bond strength of at least 8 N/cm.



25 ethyl ene vinyl acetate copolyner. 45. The | am nated gl ass conposite of
claim31l, wherein the polyneric support filmand polyneric film are bonded
t oget her wwotod/oseom ni mrum bond strength of 4 NNcm 46. The lpamusas/est3gl ass
conposite of claim31l, wherein the polyneric support filmand polyneric
filmare bonded together with a preferred bond strength of at least 8 NNcm
WO 03/092999 PCT/ US03/ 13236 -27 47. The | am nated gl ass conposite of claim
31, wherein the thickness of the polyr@7i-c support filmis between about
25 to 125 mcronmeters and the polyneric filmis between about 10 to 125

m croneters. 48. The | ami nat ed gl ass conposite of claim47, wherein the

t hi ckne of .th 5 supporft f|| IS abou crometers 49. The
o nachh ol Hies BT EA SPREPSI ok 15Tty eV HTEReE HSRHES Sl  Rrbymeri

pol ynerduppd kilth id SetRB@dbotb2 ML IR cBoieter®And TiepdipHtmeting 1@&&@%6@@&1 te
of claim %1 wherein the adhesive layer is selected from the group

consi sttprié5m1049m€$fm$ et hane, ethyl ene vi nyl acetate copol yrrer pl astici zed
pol yvi chl ori d I ast o) n but.y, he_ | am nat ed
gl ass cyoéﬁpoéﬁl aanat? S%(fem\%% e’n &Hg ‘?dheselx%/lg éfielgklm?s f a; i C|13£r3%f1°

pol yyi nybpdrutiyh & ab05t275 higomatsnat ed gl ass conposite of cl a| m 51 wher ei n
t he pl astl ci zed polyvinyl butyral is  plasticized with a plasticizer

sel ect étf-f r obhet M@lr@r%a@m@@%gf ‘é‘ﬁm’é Y evhgreiarbe fignses of the polymeric film
ethylb , | enegl ycol - (2- et hyl hexanoat e) ,
tetraeﬁ%x‘;(g}rﬁéﬂny%%b%d&%ept anoat e, di hexyl adi pate, dioctyl adipate,

m xt ur eX0). of TieplhmlinaaaaHglassrr;olmymdit@af elaim Gil bwhyreinsthbadhdséve lppdryiseleaed from

pl asticjzers, and nixt of  phosphat es .and adi pat e m xt ur.es of adl f"t es
and al KYFf SEBIRZSAMSISHAS 9 ipalweeth; ow et pARY gsaCFrf&Efecanfﬁwm agligigeda polyyiny

al cqhol $180d 54 a@tl&‘é’e&ﬁb_rﬁl’ %,laglg,}qul s, C6 to C8 adipate esters, and

m xt ures thereo amnated gl ass conposite of claim 31 wher ei n
one or Yot h Bfe lahenateth gbisy eompgwtesof dainp b0 swhersiruther adhesivt dayer |1gtptast1c126d
absor ber | am nat ed gl ass conposite of claim31, wherein one or
both ofP¥Han 3651“5’ #ric support filmor the polymeric film conprise an

ul tra-viol etTHel 1gﬂﬁna@éasglag&rom ite $helalnd Bl NAh&dindihe PPaserBd polyeindf byl 1§ 31,

wherein one or both of the adhesive Iaxers
plasticized with a plasticizer selected from the group consisting of triethylene glycol di-(2-

15 ethylbutyrate), triethyleneglycol di-(2-ethylhexanoate), tetracthyleneglycol diheptanoate, dihexyl
adipate, dioctyl adipate, mixtures of heptyl and nonyl adipates, dibutyl sebacate, polymeric
plasticizers, and mixtures of phosphates and adipates, mixtures of adipates and alkyl benzyl
phthalates, mixed adipates made from C4 to Cy alkyl alcohols and cyclo Cy4 to Cyg alcohols, Cg to
Cs adipate esters, and mixtures thereof.

20 53.  The laminated glass composite of claim 31, wherein one or both of the adhesive layers
comprise an ultra-violet light absorber.

54.  The laminated glass composite of claim 31, wherein one or both of the polymeric support
film or the polymeric film comprise an ultra-violet light absorber.
55.  The laminated glass composite of claim 31, wherein one or both of the adhesive layers

25 are colored.

56.  The laminated glass composite of claim 31, wherein the first and the second adhesive

layers have a thickness of about 0.38 to 1.5 mm.

57.  The laminated glass composite of claim 31, wherein the surfaces of the polymeric support

film and the polymeric film in contact with the adhesive layers are chemically modified using a
30 process selected from the group consisting of flame treatment, chemical oxidation, corona

discharge, carbon sputtering, plasma treatment in vacuum, and plasma treatment in air.



25 are colored. 56. The | am nated gl ass conposite of claim 31, wherein the
first and the second adhesive |ayers have a thickness of about 0.38 to 1.5
mm 57. TWe oBasaopat ed gl ass conposite of claim 31, wherei rcthsozunBaces of
the polyneric support filmand the polyneric filmin contact with the
adhesive layers are chemcally nodified using a 30 process selected from
the group consisting of flanme treatnent, chem cal oxidation, corona

di scharge, carbon sputtering, plasna tegatnment in vacuum and pl asma
treatment in air. WD 03/092999 PCT/US03/ 13236 -28 58. The | am nated gl ass
conposite of claim 31, wherein an adhesive is applied to the surfaces of

t he pol yneri upport, filmand .polyperic filmin contact with the adhesive
| ayers. 5%, Tl iiod-aless Onaey B Faveid e Whertn o ey ve (yagplischiodhe Surfacer

i mage | Aehesk SRS andr GRMAMShicBAtaef with {RIAhessWTRRIrs. geometric
patterﬁ?‘%ﬁ%t%@raphﬁgalphaﬁﬁné?ﬁ%hchqractgrsaaﬁg 5 ch%inatléﬁs t her eof .
60. tTh(;le§9|. ani Tlatl_emirgmllgassmmgsltegofqﬂalm %Ji,rvlvlmelmﬂ?r Tsiltrr lmlzaee sﬂﬂﬁctdd@?ﬁ the
printed on an .i.nma ayer ¢ risi a_pbolyner film ecte ro e

or oup. CBRd SHistRBPT ptsR rygPolbbrapedttc Pafighepibtoasipll rBaTRGs cHafilor Hnd
pol yacryshtisionPlepodr bonat es, cel | ul ose acetates, cellulose triacetates,

vinyl chloride polyners, vinyl chloride copolyners and pol yesters. io 61.
The' | arfidnat ekheglagdirated glass ceapesite fa¢1ane 8 1 wiksrein the |gelog dmage isyageted on an

printed _on an i . I ISl ' ' 62.

The |aﬁPﬁﬁ%ede§?§§@%%%§%§gb e &Phé%%?ﬁ?é§9%ﬁ§%%¥%p?ﬁ%xﬁﬁkég%%ﬁggglighgaa

Erit nt efhyﬂxynlsj r‘dﬂogi]tce_s,l tpeqlm63mh%gy,. @?l}aFryﬂmagepdlmqummellﬂFm &@@&k,ywkhyl{ose]c .
utyral polymer film 63. An interl|layer conprising a polynmeric suppor ilm

suppor tirigggtates, vy ehlopige pyBers; Yl‘%]e"h¥ ldeI@P%thearqdd’OEXeﬁﬁ?fsoonded to the

pol yprerdic S%qg}%i%agéd;gawe&n@m 3 8aisP kO widMBEahE SoREIMEEN i PAnte@YnYARET i C

support filman ynmeric film wherein the interlayer is used in a

gl ass liamapahtyer contptisinprepalpvieyl tayyerl mflyroésfilm.63, wherein the pol yneric

support_film.and the palyneric filmare .individually selected from.the
or op Bnsi Shamupte Retrecomumsis aEURED ) b S e FisE s Pl B it
pol ycarbamafods onedlimdbORSeroaitisRE a s Viky 1wy rhlrjoraméailes, vinyl chloride
polymers, vinyl chlorrde” 20 copolyners and_pol yesters. 65. The interlayer
of cl aifh 63, Anminerliyar unprisitgea polly e iseppoupiblor supportmeaat deashenepwilgrigage; a

fil m arp%lybningr%(ci ﬁfnlq %or?cierdettoctﬂee golgl%le)/igtsﬁgﬂo%ﬁhﬁ,egu%f? %ara%eact:(ﬁ()r image is between the

polymeric support film and the polymeric film; wherein the interlayer is used in a glass laminate.

64.  The interlayer of claim 63, wherein the polymeric support film and the polymeric film are

individually selected from the group consisting of nylons, epoxies, polyurethanes, polyacrylates,

polycarbonates, cellulose acetates, cellulose triacetates, vinyl chloride polymers, vinyl chloride
20 copolymers and polyesters.

65.  The interlayer of claim 63, wherein both the polymeric support film and the polymeric

film are biaxially stretched polyethylene terephthalate.

66.  The interlayer of claim 63, wherein the polymeric film is provided by coating the

polymeric support film with a reactive mixture and then curing the reactive mixture using
25 ultraviolet light or heat.

67.  The interlayer of claim 66, wherein the reactive mixture is selected from the group

consisting of polyacrylate, epoxy, polyester or polyurethane chemistries.

68.  The interlayer of claim 63, wherein the polymeric film is provided by coating the

polymeric support film with an aqueous emulsion or a solvent based polymer solution and then

30 removing the water or solvent component by evaporation.



66. The interlayer of claim63, wherein the polynmeric filmis provided by
coating the polyneric support filmwith a reactive m xture and then curing
t he reactwoasnm2odure using 25 ultraviolet |ight or heat. PET/USINES236
interlayer of claim66, wherein the reactive mxture is selected fromthe
group consisting of polyacryl ate, epoxy, polyester or polyurethane

chem stries. 68. The interlayer of claim63, wherein the polyneric filmis
provi ded by coating the polyneric suppdrt filmw th an aqueous enul sion or
a solvent based polymer solution and then 30 renoving the water or sol vent
conponent by evaporation. WO 03/092999 PCT/US03/ 13236 -29 69. The

i nterl ayer cl ai m 68 erei,n the.pal r used with the agueous emul sion
or sol%%ent th?s@gerg]ﬁfruﬁ \g?imil ?SSM%EQIB%%/E%WE@S%# oﬁ‘_ﬁh égﬁgﬂ%f’flﬁﬁ ston or
pol yacryldhebase® 9fMiioP Bl bRt frdth thaPQLMY COANMNE oF P Mabyldt& Sopox¥ -polRSter or
interlayer of claim68, wherein the reactive mxture is sel ectec? fromthe

group melyoetbaestdhegivfiespol yacryl ate, epoxy, polyester or pol yuret hane
chem st e 1 el PLEWREL erfh T 2o dNERER L BERh o TBOS b

printed on rrc support m asi ng prirnting te

72. Fheonsikid elyaofylat,aipoky, bolywberf 6t polilrethand eHentisteige is printed on the
pol ynmeric support filmusing thermal transfer printing technology. 10 73.
The i ntdr| aydie isterlayeiahckmm whevhsrein theecalen wrage nngented oyrthe pelymescsypport

pol ynmer4 - i 1. ' inkjet printing technology. 74. The

interl a@g&%@%gw@%&gﬁﬁg&g%ﬂ he pol yneric support filmis bonded to the
pol ynmeri2c fiTha iusirlageraoftdeemnal, Iwheaaih itheatdolr mehge s pantéd.onTthe polyherik aypporof

claim74, wherein the therm)ly actjvated adhesive is ethylene vinyl 15
acet at eﬁl%%m%/ﬁé??alV@wan}t%é‘?q%%bgyof clai m 63, wherein the polyneric

supper t73f i | W&Wﬂteﬁ’l‘&&éﬂ&@l&m‘céj,%}ﬂén tﬁ@&ﬂ&dixﬁafgg% gﬁﬁte&’iotnhh@ pHiyEHePIU %P;SH}@
strength of 4 NNcm~ 77. The interlayer of claim63, wherein the polyneric
suppor tfilfni dsmginkjjepptigtimgrtechnbldgm are bonded together with a preferred bond

thi ckncls or TendRsst | o2y Sor i rine cPbeREenPimb ol Pyndlsts™ e 11
M cr ongioyrherdlint fiend@erBAllCadtivhigd aghd3gleween about 10 to 125
75.  The interlayer of claim 74, wherein the thermally activated adhesive is ethylene vinyl

15 acetate copolymer.

76.  The interlayer of claim 63, wherein the polymeric support film and polymeric film are
bonded together with a minimum bond strength of 4 N/cm.

77.  The interlayer of claim 63, wherein the polymeric support film and polymeric film are
bonded together with a preferred bond strength of at least 8 N/em.

20 78.  The interlayer of claim 63, wherein the thickness of the polymeric support film is
between about 25 to 125 micrometers and the polymeric film is between about 10 to 125
micrometers.

79.  The interlayer of claim 78, wherein the thickness of the polymeric support film is about
75 micrometers.

25 80.  The interlayer of claim 78, wherein the thickness of the polymeric film is about 75
micrometers.

81.  The interlayer of claim 63, wherein one or both of the polymeric support film and the
polymeric film comprise an ultra-violet light absorber.
82.  The interlayer of claim 63, wherein the color image is selected from the group consisting

30 of a logo, symbol, geometric pattern, photograph, alphanumeric characters and combinations

thereof



m croneters. 79. The interlayer of claim 78, wherein the thickness of the
pol yneric support filmis about 75 mcroneters. 25 80. The interlayer of
cl aim 78, wotwneiom t he t hi ckness of the polynmeric filmis @autsodms236

m cronmeters. 81. The interlayer of claim®63, wherein one or both of the
pol yneric support filmand the polyneric filmconprise an ultra-violet

| i ght absorber. 82. The interlayer of claim®63, wherein the color imge is
selected fromthe group consisting 3030f a | ogo, synbol, geonetric
pattern, photograph, al phanunmeric characters and conbi nati ons thereof WO
03/092999 PCT/ USOS/ 13236 -30 83. The interlayer of claim63 wherein the

lor i | | f
ol act APy ot RherBb e sT iRl S8 HBersR Bl gUPmyTait it i ot imedh lves.
pol yur ebhmieme @%Wryﬁlm 8SlectBd IfER HIRO BAJUBSediBisting @ HoRRAkA RSyral alylaHsose

triacetates, vinyl chloride polymers, vinyl chloride copolrners an
pol yesteppxies,sp@yurethianes, w@wa@w dfrolmashqmamcM@ aretdies, colldlpsd fraagetates,

printed.o na Ia er r|S|n vin butyral pol ymer film 85.
e nea 5§ RregPoEmeR vl GRER SRRy M S bri nbed o ¢ he
pol ygerg4c sumeorriterlafyell B Saing 88 Mh&tinp thentdl6g 1ﬁ1@§é1ﬁ§)|}:ﬁi@$éd on an image layer
comprising a polyvinyl butyral polymer film.
85.  The interlayer of claim 84 wherein the color image is printed on the polymeric support

film using inkjet printing technology.



