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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
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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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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.



Printer manufactured by Matan, Ltd./ Israel, are designed with multiple
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Conmercial printers with width capabilijies up to 132 cm are avail able.
WO 03/ 092999 PCT/ US03/ 13236 -5 In contrast to the traditional screen print
approach for creation of vibrant colored i mages, the use of digital
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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
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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
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of the inmage onto its surface, as well as during subsequen

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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In the preferred enbodi nent of the present invention, the polyneric film
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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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manuf a @3 93 E%r‘%ﬁﬁ‘?régo% &Epnu%gu with the present inventio his type of equipment
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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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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transm ttance PVB | ayer which can increase the vibrancy of colors on the
printed PET | ayer. Plasticized PVB sheet at a non-critical thickness of
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Referring to FIG 2, a process wll be described for form ntg t he full
pri nt edo Rafinperegire siipissl toeprombogs tegapergry fasiem pending) imythah ghesthermadly softgesd cl e

o 2R Bt A Sl A OBl AR, Ly 18KE Bl =
18 wi t Hayer pBasd the ipzeferréMBakial e vdeiiedipalydiylend ergphitnlnel suitnbleaingpdratyes ais
fromr Oflrolm ggoult%O"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).



passed over tension roll 64 and subjected to noderate surface heating in
stations 66 positioned to gently heat either printed |am nate |ayer 18,

pl asti ci z&0 oBYRIsheet s 8 and 10, or both. Heating is to acrarspgiasaure
sufficient to pronote tenporary fusion bonding in that the thermally
softened 15 surfaces of layers 8 and 10 beconme tacky. When the polyneric
support layers of printed lamnate |layer 18 are the preferred biaxially
oriented pol yethylene terephthal ate, su#table tenperatures are from about
30'C to about 120 'C, with the preferred surface tenperature reachi ng about
50'C. Printed lam nate | ayer 18 and plasticized PVB | ayers 8 and 10, each
havi ng roughened .de-ajiring surfaces, are directed.,into.the |am nati nip
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mat ching float 5@l ass sheets. The glass sheets can be any comnbination of
any types of glass, including both clear glass and tinted gl ass, and
including aBpRatiad thd1@&BEmblyaAR heliad @cohenes adad @ssl.shzshq)eﬁ@amgpibmaj

| am nate of the present invention 5 has the advantage that it can be used

i n the sane nmaomérreshihgl saginatdacestempenatung of fmus &0°C; equi pnent as t hat

enpl oyed in form ng conventional safety glass |am nates, for exanple,
process for(#) pgsimgsthé dioy asfenddy thanighnt secandt pdinohgimrdisngl give dhepssembly

pl asticized PVB safety film The typical comercial safety glass

| amithat i on pr oeresghclemperase adhesor ¢p [seeli Hy edgspef thel Jarninalg ards aHewyfusthet he
two pieces of gms and conposite |amnate; 10 (2) passing the assenbly

t hrough a pres N roll at roomtenperature to expel trapped

(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 processés 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,



air; (3) heating the assenbly via IR radi ant or convective neans for a
short period, typically wuntil reaching a glass surface tenperature of
about 100WG;0309v9passi ng the hot assenbly through a seconecpaisns/af236i p
rolls to give the assenbly 15 enough tenporary adhesion to seal the edge
of the lam nate and allow further handling and (5) autoclaving the
assenbly typically at tenperatures between 130 to 150'C and pressures
bet ween 1050 to 1275 kN sq. mfor abouwi530 to 90 mi nutes. 20 O her neans
for use in de-airing of the plasticized PVB/ glass interfaces (steps 2-4)
known in the art and are commercially practiced include vacuun1bag and
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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



evaluation a series of at least 6 circular test specinmens with a dianeter
of 30 mnmm are cut froma |arger piece of glass lamnate using rotary

di anond cwo®3deiobd with water cooling. Water cooling is adiasvied2860 avoid
excessive heating of the lam nate and care is taken to m nimze glass 15
chi pping. After the test speci mens have been cut, they are conditioned
overnight at 21 to 23'C prior to testing. To initiate the testing, the
circular test specinen is placed into-tthe recessed circular area of the
stationary lower half of the test fixture after which the upper half of the
test fixtureis mated with the |ower half. The assenbled test fixture with
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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



io plasticized PVB and PET | ayers at the point where the peel test specinen
is scored and broken (see below) in order to facilitate the initial
peel i ng pwows®$299¢ herwi se it may be difficult to initiateprcrhsoyepasation
of the plasticized PVB and PET | ayers. Two such assenbl ed | am nates are
then placed with PET surfaces in contact with each other and passed

t hrough deairing rolls that have the gap adjusted to apply a required
amount of 15 pressure and effectivel yl@xpel excessive air |ocated between
the various layers. The |lam nates are then placed individually into a
convection air oven at 105'C. for 10 ninutes The hot | am nates are again
coupled.in Wt ar at.or needed adhesjon, .
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P Be langinate glen converte% mto break XelgL Measurec{| 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



techni ques described previously. At least 6 glass |am nates, preferably 12
glass lam nates are required to neasure the penetration resistance. The
prepar ed wbasmodoasri nates are individually io positioned i mca/usoppesé frane
as described in the ANSI/SAE Z26.1 autonotive test code. Wile at a
constant tenperature of 21'C 2C, a five pound (2.27 kg) spherical steel
ball is dropped onto the center of the lamnate froma specified height
that will result in penetration of thel8l-am nate. Two spaced magnetic coils
that are coupled and positioned beneath the test |am nate neasure the tine
for the steel ball to traverse the distance between the coils. This
measured tine SL\],% t hen cony ert
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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



progressively in 1/2 inch increnents along its bottonB8/4 inch . Wen this
bottom row has been conpletely pulverized, the next 3/4 inch is pul verized
and so orwoniob29adout 1/2 inch remains. The specinen is therusosnaed over
and the pumel is repeated. The pummel ed sanples are allowed to conme to
room tenperature and condensed 10 noisture is allowed to evaporate until
gradi ng begins. The sanples are then conpared to the standards. Standards
all have different |levels of glass attaghed to the PVB adhesive | ayer which
is what is being judged. Both the test sanple and one of the standards are
tilted together to catch the |ight source reflection which is positioned

overhead and i.n,front, .of t .eval.u r. The onpari sons .are eated.wi th
o T T RSt il Gl gy Sy Hilblr, GTeR s G ThE Purkitps e e £ BVALE Tl
and t heoaRARVieh the emynda@d/ixgﬂ %Eet@t@@o?&]?rr@p%§ 'hétetaéﬂygﬂidr&o akS OThahRbalea s
the existing standards. Pummel values are grouped and averaged for |ike

speci newsfacRehthvis BHTEN A@yedayafibn twas plasyes tiggtehpriometo ¢agting. flestinghef geolfh,

t he nunper of sappl.es ip the ar i [ of t
L erenr OREfes HeaP ATBLER of et B afted BRTANLOG TR MMad AIHR RN B RREY)
DP38s an@rlaydr ategdutediaei lantindEdn Wak fouldnebact Bead. by Dunnore Corporation of

Bristol, Pennsylvania- having a proprietary coating for inproved
performance with thermal 25 transf%ﬁﬁﬂﬂﬂhging was adhesi on pronoted on the

uncoated side via plasnma treatnent. Process conditions were enployed during
the pl asma tA dagitabrest suageheds ririged egalthacdat@Dsuwdfage édmdemh Exadiptes] osingfthe hi s

treated surface to_,Safl ext plastici i nt epl.ayer., ( 1) co rei y
bvar | aovath St r Pt end IR T CTUT seisn Y T, WiEons shRaTa, by %

N cm  ESoh¥nS o2 Adthefst REY. THetdsaMartitdstimaRshewvbdexRfledt cBidr ahawhigeafetft hyl ene
vinyl acetate copolyner containing 28% vinyl acetate was coated onto a

2.6830m | Hostaphang 4707 PET film Wixamwde$999 PCT/ US03/ 13236 19
(comrercially available from Mtsubishi Films, Geer, SQ The surface of
t he PET overTe\EVAIRBT caalagdilni dfHExanele? was dweat lainmatedatoaha panted PoITyfiker invas

not ta iqr t.o use. The uncoated PET surface of this PET/EVA qverl a
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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



5 interlayer after autoclave |lamnation was found to be 12 NNcm Exanple 3
A digital test image was printed onto the coated surface filmfrom Exanpl e
| using twe o3kbaven Sprinter B printer and Duracoat O DC300psenises1323dvt Y- K
ri bbons supplied by T2 Solutions of Amherst, NY. The resultant test inmage
showed excellent color and inmage detail. 10 Exanple 4 The EVA/ PET overl ay
filmof Exanple 2 was heat lamnated to the printed PET filmin Exanple 3
using a conventional heated roll/ pres8(re nip process configuration.
Process conditions were selected to achieve a final conposite appearance
wi th high transparency and no visible air entrapnent. 15 Exanple 5 The

f

printed test..i.mge anpl e .3 s "hapd" .encapsyl ated . wth two |ayers.o
b 35 oot areeEaie R ket Tip I S BBERRTS Rl Mot B s RUBE BT
avai | abthe pfifiteirededtwend obkPddtaftenialamdtioat ed with two pieces of 2.3 nm
anneal ed glass to forma finished glass |amnate using conventional nip
rol | ddd#%e/ hot tack and autH® ave processi ng as descri bed previously. 20
Conpr essi ve shear adhesi on were neasured and found to be low (7 MPa) with
fail ure obseCompressate $hver i nk/ plldsi MPazed PVB interface. This | ow
conpressi ve shear adhesion is considered at an unacceptable level for
overal | gl asgedrdBidaRHRigH(BOBH} Was @@ uingaRd 5 ¢hBaDERD! tBst tn@hod sidefound to
appearance of the printed inage were al so observed after |am nation and
wer e cdisgigdeedian (ifacuhichpt af legst compargble te ameauprlenpgipsypiagiisized & Vd/glass
Exa”p|Qm%hﬁﬂ% encapsul ated with two |layers of 0.38 mm standard Safl ext

e

pl asticlz VB interlayer (RI3 11) and then lamnated with two pieces of
2.3 mm anneal ed glass to forma fi dixahpde gl ass | am nate usi ng conventi onal

nip roll deair/ hot tack and autoclave processing. Both haze and

conpr essi ve glgdl RN WdPridtdiBmstHE 86atad sidt 08 A B MR D 3hBGEE WBraphix brand
PCT/ US03/ 13236 -20 to be wthin acceptable limts as shown bel ow. No

changescléan pelyested Blmbsing pe BiPdAesignint idaetaringdr. Ankdhgsivernoatng g @pphinsite the
obser Ve vea}];et §le éﬁﬂ‘e Rk Pk rels_liﬁga%t i]ma%%shc%ég) éoeo szilp\f)gar%]c%%d %?brg’ncly!oa
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



5 Mean Break Height (MBH) was tested using the 5 I b.ball drop test nethod
and found to be greater than 7.6 mwhich is at |east conparable to an
equi val enwogbas®dpl asti ci zed PVB/ gl ass | am nate. Exanpl e p¢TAISU3/gi2zB@l t est
i mage was printed on the coated side of a Sentinel |maging, G aphix brand
io clear polyester filmusing an HP Designjet inkjet printer. An adhesive
coating was applied to the reverse side of the film The resultant inmage
showed good appearance and vi brancy. ER&émple 8 A digital test inage was
printed on the coated side of a Sentinel |Imaging, G aphix brand clear

pol yester filmusing an HP DesignJet inkjet printer. An adhesive coating

was appli,ed tp the 15 reverse side of the film The resultant ijymage was

" hand- o ausivePiresinh Hob oz ardedrese shriadiiep Sets pRtve BT Wk

pl asti qoaRPtoMéBvithlh atécpydle IBRANEEE Bbrhireseivd dmRRY BedshRmMep®| wisi 18)2 MPad Ndren

| ami nated with two pieces of 2.3 mm anneal ed glass to forma finished gl ass
| ani natchangesiimthecowabsnpeaaade arioplar off thedwhited intiges werslobagrdedigftes daraipation.
processi ng as descri bed previously. oo rlel\ssi ve shear adhesi on was
nmeasured and found to be low (5 M ai l ure observed at 20 the

i nk/ plasticized PYB interface, Exanple 9 The EVA/ PET over]ay_film of .
Exanpl e 2 waé drgital test AinAgE BENted QMR 2BrOR3AEG VBEF RAlySster packlifafiln drom (didyy a

conventdangks BealEh BRI etRh SRS KhEwR aP PRIAGRY SresQRdd el ARtk P Bignk¥eddRefin o
conditions were selected’to achieve a final conposite appearance wth high
t r anspaviedey tgredconfigui2gon.i $hislpeingddrsuppont dipmeves.théixbondeéd td the Tody niréEic- fET in

conposite of Exanple 9, wa ncapsulated with two | ayers of .0

ot ahaar b SHT BREROR Bl arrddoPURTbalh Somproshie 1P avuthafend P b

Wi th twie phi9EREC Fimavad nobBvalifedbid B past hoddseribedanfExahpiesl tBé assplegiridat 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 tﬂu]n ggptable [imt and the conpressive
shear neasurenent was 11.2 MPa. No —c¢t in the visual appearance or

color of the, Rl Skt iastSinted SnR pasietitd Polyvinyl ityral ' ikig 4 VAR Biefbvu

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.



5 Adigital test image printed onto an opaque white pol yester backlit film
fromCrcle Gaphics Co. using an inkjet printer known as Purgatory,

resul t ed wo oa/0229my si gnage effect in a w ndow type conf ipgurasbs/oa23e Thi s
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 Ma.
When the polyneric filmwas not overlayed onto the print as described in
Exanpl e 8, the conpressive i0 shear ABasurenent was 5.2 MPa. Exanple 12 A
digital test inmage printed onto plasticized polyvinyl butyral using a Vutek
UtraVu 3360 inkjet printer and Inkware ink fornulation. This printed test
i mge was "hgnd" ncapsul.at ed. wi | ayers of..0.38. nm standard Saf]l ext
R 1ot ast] 6 Vs RGaRa aiperet St Ro ot JRisais BF Sh SRR A)
and t hapkdnaifl AainsitddnBe.t WarRiu§ GRSdifitatdns i ARRRARdNS dvillgbe$éadilp dppirh@to
finished glass |am nate using conventional nip roll deair/ hot tack and

aut oc| apeesonp plgledis the ads [tde sdendsd dtherebarg.chat| the favegsingbheasisisisredens gkemplaty t he
printed PV Lot er . r . i on the

Gorm nant % R hE e BE e hARSH ek Bk binkd e hERUSRETERIE 0" 112 o1 s
to aghesive | ayer PVB adhesion | evel varied between O to 6 pummel units 20
dependi ng on the color of the print. This strongly hints at mgration of

el enents fromthe color inkjet ink forrmulation through the structure to
the outernost (glass / adhesive PVB) interface. The results also indicate
that the resulting lamnate wll not have the integrity to be used in many
applications where traditional safety glass is used . Exanple 13 25 Exanpl e
12 was repeated using a Mtsubishi 4707 PET polyneric filmas the polyneric
overlay filmas well as the polyneric support film The adhesion of the

gl ass to the adhesive PVB |ayer neasured 5.0 pumel units which did not
vary froma targeted level of 5.0 +/- 1.0 pumel units. This result all ows
the lam nate perfornmance to be predicted and used in a safety glass
application. WO 03/092999 PCT/ US03/ 13236 -22 The precedi ng 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 intended, therefore, that

t he foregoing be considered as exenplary only and that the scope of the
invention be ascertained fromthe foll ow ng cl ai ns.



5 WD 03/092999 PCT/US03/13236 -23- Clains: | . An interlayer for |am nated
glass, the interlayer conprising a polyneric support film supporting at

| east onewoaBwop29p9rage; a polymeric filmbonded to the pol yaerisos/sizppor t
film such that the color inmage is between the polyneric support film and
the polyneric film a first 5 adhesive | ayer bonded to the polyneric
support film and a second adhesive | ayer bonded to the polyneric film 2.
The interlayer of claiml, wherein the2pel yneric support filmand the
polyneric filmare individually selected fromthe group consisting of

nyl ons, epoxies, polyurethanes, polyacrylates, polycarbonates,cellul ose
acetates,.cellulose triacetates, vinyl chloride polyners, vinyl chloride
io copéﬁ? ¥s and polyesters. 3. The interlayer of claim1, wherein both
the polyneric support filmand the polyneric filmare biaxially stretched
pol yet Hyl ené\it éxteriyven dprataminated ghass.i the dpicHpEsr @MREisHign? PolpraIcefUpPPH ilm

Dol yer | N . C ovi . c . . g . .

Foact | erhsripht B oRY pOAGFinibecrABoNBRrE Mn, AL pSHRRAL burdokt il 068 ¢,
| i ght ahathatcolds. imEge is reewdeaythe milymaédd suphortfibm eind thhepolwaaid fitmmaxfinst e
is selected fromth roup onsj sting pol yacryl ate, epqxy, ,polyester or
pol yiir Se e Tang hoagrd isothe gofvParsic;ypath §[;asr anfa sqolpdpdtiesiyR et hgle%é to the

pol ynegpjofyrﬁ%ricrmh]s provi ded by coating the polyneric support filmw th an
aqueous emul sion or a solvent based polymer solution and then 2o renoving
t he watZer orThechtedayerobwiaomdnwheieirethapohapdéronsupport Tilre and tle pelymeriofilrolasd m
6, wher.ei.n. t I used with the. a ous enul sion .or _.solvent based
ot ut ot gually Bl FoBiRe ettt R S gt Ssopy R Rise POTR e
pol yestRlycarbonied, ¥elfuddsh Haetatel 88l dst @Hacetates] Renyil @hﬁfrﬂd@mnylﬁérs,ctia¥1_rr¢1illorid¢
wherein the color inmage is printed on the polyneric support 25 filmusing

di gite alcopelymefsragpdipebiesisisogy. 9. The interlayer of claim8, wherein the

color 0 s, AEHALG, OIaSh. ALMIEEDS LR b b ATIAG B o
col or ififimgee biaixjatly Rtredhahpdlyhydete/terphthabtgpor t
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.



filmusing inkjet printing technology. WO 03/092999 PCT/ US03/13236 -24 11.
The interlayer of claiml1, wherein the polyneric support filmis bonded to
t he pol ynwoios/o9fopd m using a thermal ly activated adhesi ve P2r/UB0®13284 er | ayer
of claim 11, wherein the thermally activated adhesive is ethylene vinyl
acetate copolyner. 5 13. The interlayer of claim1l, wherein the polyneric
support filmand polyneric filmare bonded together with a m ni nrum bond
strength of 4 NNcm 14. The interlayer2df- claim 1, wherein the polyneric
support filmand polyneric filmare bonded together with a preferred bond
strength of at least 8 Ncm 15. The interlayer of claim1l1l, wherein the

t hi ckness of..t he pol ric support filmis between_..iao about 25 to.250.

i G onetlor s TRANIFBY O ST, o MRTGH 11 TR R00 610 PO aess MR s
16. Thefilighd aURmAy &highted ddhesiWeer ei n the thickness of the polyneric
support filmis about” 75 mcrometers. 17. The interlayer of claim15,

wher ei nl2 he Thei oketkger of claive 1pomhasin thef thermally atbiyated Pehesive sostbylens vinyb
18. The i a¥er| a%%%r of claim1l, wherein the adhesive |layer is selected from
I’s

the gr oatfﬁ e e|r'ng of pol yurethane, ethylene vinyl acetate copol yner,

pl asti cized @ invdriybr ehtlgin de waiekin Pheapblydiczie Gupsdry Yilm Yndpol yhéxic ik .ard he
interlayer of claim 18, wherein the adhesive |ayer is plasticized polyvinyl
but yr al bonded toggides with amypapurpporg srenetioof 40N&mki n t he pl astici zed pol yvi nyl

butyral,js St i e : f

consi st1|4hg 8#@% ﬁkeg{aﬁéﬁ%f;\\%lgg f/léc‘;%l %ffl% ?%’t E(?lk@%tlﬁt% g#lg({}{e?‘ﬂn a[nrgmé)?ﬂg?rg\ggﬁyaé%l

di - ( 2- didndedegatheatvah a prefentakbdiy sereagth\f at leakt Baptmnoat e, di hexyl adi pat e,

di octyl adipate, mxtures.of heptyl and ponyl _adipates, dibut sepacat e,
pol yneri% pl B nEragerof i f%ﬁ@tglﬁ%égsﬁstp@_ TR %‘apﬂaﬁs@,w WEEh es
of adi RabeE2 PRD 5! iktonRedE Yhd ﬁ@tgagrﬁérﬁzsﬁlnms)b@fiveeﬁ‘%&ﬁtl@% Tad&ilbRRetd to C9
al kyl al cohols and cyclo C4 to Cl1O alcohols, C6 to C8 adi pate esters, 25
and mi xt6ur esThehiateglaferaof. claiimel 5, riwherdin yler thotknedsaifrithe polyingrie isnppsmiefilor ishatout of

t he ad ive Ia¥ers conprise an ultra- violet |ight absorber. 22. The

i nterl aye™ St Ei m 1, wherein one or both of the polyneric support film or

t he 17. The interlayer of claim 15, wherein the thickness of the polymeric 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.



polymeric filmconprise an ultra-violet |ight absorber. 30 23. The
interlayer of claim1, wherein one or both of the adhesive |ayers are

col ored. WO 0B8HIPIPLO99 PCT/ US03/ 13236 -25 24. The interl aper/usbs/edaé m 1,
wherein the first and the second adhesive |ayers have a thickness of about
0.38 to 1.5 mm 25. The interlayer of claim1, wherein the surfaces of the
pol ynmeric support filmand the polyneric filmin contact wth the adhesive
| ayers are chem cally nodified using a2process 5 selected fromthe group
consisting of flanme treatnent, chem cal oxidation, corona discharge,

carbon sputtering, plasma treatnment in vacuum and plasnma treatnent in air.

26. The interlayer of claim1, wherein an adhesjve is applied o the

sur f aced of elfhr‘?e}/“&f Ayl Of Flaily, by SPereq) Ir&?ﬁ gﬁ% I ?qCSaniaE}t]ﬁsi‘Vﬁ taéfﬁt?g}&vevﬁ th
t he adhggkM&s bAXS$0.38 %0 1 8¥a@m. Nt erl ayer of claim1, wherein the color inmage
is selected fromthe group consisting io of a |ogo, synbol, geonetric

pat t er 5. phokhsgintgslay erappelainu e rihsredih Sreasiréaces ghthecpotpinaee isopport filne padfthe g,

he i | f .clai i h | i y [
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pol yyi nglecRUtfysd!the ByduPnSonsistinof famePRbatthest Raaakal pRIdYEET, YWordn@Sdischarge,

pol ycar bonat es, cel | ul ose acetates, cellulose triacetates, 15 vinyl

chl ori rarhssIspriaTing, Diapmp eaMsn! Wevagwp Apdalasmaticagpeiiddaiér s. 29. The

interl r cl aj i i jp hit j .ayer
corpri g atsarBuRG oS, MR BEhiesh BRI RAR ol 8 o o EReREY )
wher ei rsuppert filth afid polggeric $ilprin ndeactiwith thekdlesiveéghnol ogy on an i mage | ayer

conprising a_pol yvi nyl tyral polyner film |.am nat ed gl ass .
&1l

b 2q 31.
conposi4’e colsrip&riaycraa{ q?%fnelm%@fé?lnah%%gre@}a@sﬂaééﬁct? OB e STURLONSISIng he
i ntepl ayef 1@9?@%@@3%@1@9&@5@@& BRRLh, highMAEHRROdrtGerdtandl @B/ Hbi R8s

col or inage;” a "~ po ric filmbdnded to the polymeric support film such

t hat t hbereof or i nage is between the polyneric support filmand the

pol ynerjc fiJm.a first adhesive |ayer,bonded.to the po]ynmeric .su rt

P At o U ierah el IamT o) SinEhdan PO it ry BRI T 14 raREShbr o

| ami natc%%;gitsﬁx%sa PRSI filth QéleCibdiffond t}163 gm?r &mistihe JfvmlBliaddshiEnaet§lese a
mat ¢ :

pair of ] ing float glass sheets. he | am nated gl ass conposite of
cl ai m Fpexiephpolzunsthanes, tnabyagrydaiss, sprdxqasbogatesiceldlosedaestatss, 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,



selected fromthe group consisting of clear glass, tinted glass, anneal ed
gl ass, heat strengthened glass, and tenpered glass. 30 34. The | am nated
gl ass compoasmezed cl ai m 31, wherein the pol ymeric suppor teciriusos/aangs t he
polyneric filmare individually selected fromthe group consisting of

nyl ons, epoxies, WO 03/092999 PCT/US03/13236 -26 pol yurethanes,

pol yacryl ates, polycarbonates, cellul ose acetates, cellulose triacetates,
vinyl chloride polyners, vinyl chlori@é-copolynmers and pol yesters. 35. The
| am nat ed gl ass conposite of claim3 1, wherein both the polyneric support
filmand the polyneric filmare biaxially stretched pol yet hyl ene

terephth | am ass 03| e of ¢laim3 1, where
e polRgFrEnes BPIvac Ty e iPordisa: Pl ORe M gmes LSt Jhaf ety

ar eaCtdhllﬁld@‘pMﬁﬁ&s &ﬂ@rlbﬂl@ﬂd&%ﬂdﬁﬂné@%& 9@1%&&'1@ m xture using ultraviol et
i ght or heat. | am nat ed gl ass conposite of claim36, wherein the

react i \B8. ni x"Eh@rl@mir@tes@l@s@tcemlet@mf cldim iglr ohsredo hethghe p@iymferlpémmtr@lnami
epoxy, tﬁ%p ?rsntgfelé ir?rr‘}j?Pe 1X r elre cei} ﬁ@% lén%%eref?}ﬂpglgte The lam nated gl ass

CONMpPosi nerlc mis provided by coating

t he pol3grer iTheSldppitdd glaisradm;idau@af ARUA BUS wWhetdirs RN AdYmeris Ol e brdvadedcby
pol ymer solution and then renoving the water or solvent conponent hy

evapor #OrdRE thspolymesiq sippera iy witing seacHnp Buxtuee ad themypyrmgsthe fpaskxe MIxyes

polyner qﬂHMh%@t%Qﬁogggﬁous enul sion or solvent based solution is
sel ect €d From t consi sting of polyacrylate, epoxy, 15 polyester or

pol yur é7hanelteHemimted gass cdfipositeenflciaimris, wﬂxe@hmﬂm remtipeﬂiixmredfs seleaednfrdml
mhereln the col or | ﬁg %' {lnted on the df0| é ort filmusing
di gi t althHEOHP CoRSITEEIRN 8P @‘3{9 2l PPy PPIYRTRATAYT e Bane G i$e of claim 40,

wher,gi nigt he 8l QhiraR98adsScoRioRfE df emlrh@q “m@}eymel SolHERO bitm fid biovikRdNg,
thermal transfer printing technol ogy. 20 42. The |l amhated gl ass conposite

of cl aicontig ﬂmpolevmrlt: hesippart d‘rlm m@ean 9qp¢qunt@mll@1nntd1ea spbieytrbased pippor t
filn1usiE% |nk print.in tb nlnated gl ass conposite of
cl ai m 30D ASY e HE BB B oFS OB O & BB fo & he. pol yrmer i c
film usong ar}ieh%mteldy%]@ﬁtcbmbﬁfé Shas ¥& viereid e paymbaied @ltRse 4pRPEsSi te
of claim43, wherein the thermally act i vat ed adhesive is 25 ethyl ene vinyl
acet at éﬂé’éfp@ﬂl gheqlvent based solution is selected from the group consisting of polyacrylate, 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.



45. The | am nated gl ass conposite of claim 31, wherein the polyneric
support filmand polyneric filmare bonded together with a m ni nrum bond
strengt h wh od/0ddogan 46. The | am nated gl ass conposite of elcaiusn813k36 wherein
the polyneric support filmand polyneric filmare bonded together with a
preferred bond strength of at least 8 Ncm WD 03/092999 PCT/ US03/ 13236
-27 47. The lam nated gl ass conposite of claim3 1, wherein the thickness
of the polyneric support filmis betwegn about 25 to 125 microneters and
the polyneric filmis between about 10 to 125 microneters. 48. The

| ami nated gl ass conposite of claim47, wherein the thickness of the

pol yner | su ort filmis about 75 m croneters he | nat l ass
Pormoei 48 or T BRRidzed el BriboRis of RS ovherei b€ Thickngs: & WE b e
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wher ei n e adhesi ve Iayer is selected from the group consisting of

pol yuretDHaﬁ@lICI@mﬁﬂI%ne VI nyl acetate copolyner, plasticized polyvinyl 10
ol or® &, 200l BRIRELF bR oot P Ul el ATBR ST 8k W upis

conposi edive Y ayer I'S p Y1z

butygalsupﬁéh filkh & dbati TRiedoge@sss conposite of claim 51, V\,her ein the
pl asti CI zed olyvinyl butyral is ﬁl asticized wwth a plasticizer selected
from tHE ﬁ}? lawinstask glass omposite phelpiah 47 givherein the ﬂ(lelmeieoefthﬁmymewaﬁle)

triethy I et hyl hexanoat e), tetraethyl eneglycol diheptanoate,
di hexyl Eﬁgﬁﬁﬁ 7¥%kﬁ?ﬁ{§é‘§‘§| adi pate, m xtures of heptyl and nonyl adi pates,

di but yl50sebdrist lemxxmeddygtagsl @mppkas bf clhine3$, wherdinnthx tadhesﬁreolhy@hs)sﬂbaéce&oand

adi pate m xt ur es .of ate and Kyl nzyl al ate m xed adi pat es
made f rt B?nge&lpt gPneyting |p0§>1 %wlfnewelilyg aﬁeo? ol mfte Blstiazedcpo! pydEs

adi pat eche(g;dgraﬁ parslglcﬁw(ﬁdg,\eﬁ 1t 1glof 20 53. The lam nated gl ass conposite
of claim3 erein one or both of the adhesive |ayers conprise an

ul tra-\ilol etThel ghninagdyk glabe compdsite TofeclhianiShawbdregl dwsadhesipodivtee inflasticized 3
1, wherelln o)a%? 1both of the polyneric support filmor the polymeric film
conpri FEANMUIHPA2vi ol et 1ight absorber. 55. The |aminated gl ass conposite

of claigp 3 ITheaRiRkdd GBS @mpdeid obtlainh 81 adhesinvae |plasatised golydingl bakal e
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.



56. The | am nated gl ass conposite of claim3 1, wherein the first and the
second adhesive |ayers have a thickness of about 0.38 to 1.5 mm 57. The

| am nat edwgloassepnposite of claim 3 1, wherein the surfaees/usbi/idres

pol yneric support filmand the polyneric filmin contact with the adhesive
| ayers are chemcally nodified using a 30 process selected fromthe group
consisting of flane treatnent, chem cal oxidation, corona discharge,

carbon sputtering, plasma treatnent in2%acuum and plasma treatnment in air.
WO 03/ 092999 PCT/ US03/ 13236 -28 58. The | ami nated gl ass conposite of claim
3 1, wherein an adhesive is applied to the surfaces of the polyneric

support film.a ic filmi ontact . with t adhesi v ayers. .59.
The' | arinat chiegiaBetl Gl crrEonk e, ¥hoighnahe ke sappi Prpairfess
sel ect eff gid M}'ﬁigﬁc s@fpeﬂm&.%alp%tyn{wwqﬁnﬁnlceg@ct WYHRR adh@PRIBydrs.C pattern,
phot ogr aph, phanuneri c characters and conbi nati ons thereof. 60. The

| am nat ngsslammm@lm cofnposlm mmnv\}ﬂervélerﬁmme mrdmagmlqcsedpfmmttb@j on
er .conprisin yrer fil sele ted . fr t he qr

cons! St BIskTe oF Ayfecharpay bR netlr piieation, s el didhrcters and

pol yacryshdisionP@eodr bonat es, cellulose acetates, cellulose triacetates,

vinyl chloride polyners, vinyl chloride copolyners and pol yesters. io0 61.

The | arfihat eﬂlegnaag@t@bgbé%p@@pwtecqfaﬂmélM@(r@n rthe |8log mage st on an

t ed 62.
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butyral polynmer film .63. An inter]a e[ conpr|5|ng a polynmeric support film
supporttflh"g?taé?s visxsehleride BRIy BETS; Y%§§]e°h¥%rl cL9p thearri d’OE ¥fThonded to the
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support f|In1an ynerl | m wherein the interlayef is used in a
gl ass lismaps btyer conﬁmsm'@'aepdlmmyll lmjwal flyroéafilm. 63, wherein the poI yneric
support_film,and the p meric fi are ual |y sel ected m.t he

o oup. st eI Reorigai BEREE ) TSI s e i papisd B inke
pol nyirtQ&ﬁ@Ic%?1on%ﬁ|1ﬁlﬁé@ﬁ9e%%}ﬂisﬁ&%a ;fcﬂwlwlczﬁ@yrmrpoaﬁﬁémlms vinyl chloride
polymers, vinyl chlorrde” 20 copolyners and_pol yesters. 65. The |nterlayer
of cl ai 63, Awréaynr ponprisingea pelyineee iseppouipilor surportingaa deashenesllgmaiage; a
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of cf m1's ’provi
polymerlc 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.



pol yneric support filmwith a reactive m xture and then curing the reactive
m xture using 25 ultraviolet |ight or heat. 67. The interlayer of claim
66, wher evo oBlos9peacti ve m xture is selected fromthe groepT/usosnsi2sd i ng of
pol yacryl ate, epoxy, polyester or polyurethane chem stries. 68, The
interlayer of claim®63, wherein the polyneric filmis provided by coating
the polyneric support filmw th an aqueous emnul sion or a solvent based

pol yner solution and then 3o renoving20he water or solvent conponent by
evaporation. WO 03/092999 PCT/ US03/ 13236 -29 69. The interlayer of claim
68, wherein the pol yrrer used with the aqueous errul si on or solvent based
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pol yacryl ate, epoxy, polyester or ur et hane chem stries.
interl a;péyurgthamﬂqxem%@es V\/nerel n the color image is printed on the poI erEI’I C
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usi ng tdbﬂél@ﬁﬂg (Bﬂ;ftl)m;&f:@llat@rdpﬁky rwlﬁeetehappcﬂgmethaﬁe digmidtkies.i nterl ayer of claim
63, wherein the color image is printed on the polyneric support film using
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pol ymerg, f to the polyneric filmusing a thermally
acti vattl(ieg1 &s&%ﬁi%ael d}]gﬁhéf?t%&l?ﬁg@dl ayer of claim 74, wherein the thermally
acti vat7ezd adﬁmmeelaya ofteiimeTle whemyih thelolacietagt és popiet ethe p@kymetibaupport

|nterI | ai m 63, wherein pol yneric support filmand polyneric
fil mar é’ "’g] #%rrpr\‘/ﬂ“tnﬁt%{:thﬁf)h’g?‘rum bond strength of 4 NNcm 77. The
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filmare bonded together with a preferred bond strength of "af |east
N cm 2fdm71&mgTilanet ptigigayemobigycl ai m 63, wherein the thickness of the
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polymeric ﬁlm using a thermally activated adhesive
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



79. The interlayer of claim78, wherein the thickness of the polyneric
support filmis about 75 mcroneters. 25 80. The interlayer of claim78,
wher ei n twe whiminess of the polyneric filmis about 75 mcorusowiass. 81.
The interlayer of claim63, wherein one or both of the polyneric support
filmand the polymeric filmconprise an ultra-violet |ight absorber. 82.
The interlayer of claim63, wherein the color inage is selected fromthe
group consisting 30 of a |ogo, synbol30geonetric pattern, photograph,

al phanumeric characters and conbi nati ons thereof W 03/092999

PCT/ US03/ 13236 -30 83. The interlayer of claim®63 wherein the col or inmage

is printed an i e l.ayer onpri Si a ,pol.ynmer .fil el ected fromthe
group dnsi SHIERBISIT RGP A S5uYherain, Uiy FalRE hags dsnatbted gy A Bpagtn by er
pol yacraphatkighg £ Polaidr DRIRALEISER ol AKE gRRPL @in@ﬁ;,ting%'fgjéhﬁﬁ@ltﬁdtﬁﬁﬁtxgﬂ&ﬁ;
vinyl chloride polymers, vinyl chloride copolyners and pol yesters. 84.
The i nteppxiggepolpiretianesm ®Ryaghdates, rpol yrarhowpiss.célivders acstaesi reeBelosm tragveiasge

| ayer ¢coO i sin ol yvinyl, butyral pol r film 85. The interlayer of
ci 21 m SAIRBIoBR P RaREu b et R M B ol ymer o support - f11m
usi ng i8ak| etTHer intdriaygr tof chifl @gywherein the color image is printed 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.



