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Abstract

The present invention is directed to the use of injection molding to form polymeric
interlayers (16) directly between two rigid substrates (12, 14) that are positioned so
that after injection of the melted polymeric, material and after cooling, the resulting
multiple layer panel functions as a safety panel that can be used in any appropriate
conventional safety glazing application. Methods of the present invention utilize a
relatively low molecular weight polymer, multiple injection points, mold
compression, and/or a heated substrate in order to facilitate the injection of polymer
into the relatively narrow space between glazing substrates that is typically found in

safety glazings.
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INJECTION MOLDED MULTIPLE LAYER GLAZINGS
FIELD OF THE INVENTION

The present invention is in the field of multiple layer glazings, and,
specifically, the present invention is in the field of safety glazings that have
conventionally used autoclave lamination to combine polymeric sheets and rigid layers:

such as glass into a laminated safety glazing,

BACKGROUND

Any discussion of the prior art throughout the specification should in no
way be considered as an admission that such prior art is widely known or forms part of
common general knowledge in the field.

Safety glass is used in many glass applications for which improved impact
resistance and glass retention is desirable. A prominent example of safety glass use is as
a windshield for motor vehicle applications.

Safety glass is available in many configurations. Commonly, safety glass is
composed of a polymeric interlayer disposed between two layers of glass. The
polymeric interlayer can be, for example, a single sheet or multiple sheets. The
polymeric material is typically a plasticized poly(vinyl butryal) that functions in an
accident to both absorb energy and retain fragmented glass.

Safety glass is typically made by initially assembling a sheet of polymeric
interlayer between two panes of glass. The assembly is then fed to a de-air oven where
heat and force are applied to tack, or partially bond, the interlayer to the glass. The
prelaminate thus formed is then placed in an autoclave, where temperature and pressure
are applied in order to finish the bonding process and create an optically clear, impact
resistant safety glazing.

While well known and straightforward, this conventional lamination
technique is replete with procedural difficulties that are labor intensive, time
consuming, and pose safety concerns. For example, during the initial assembly of the
components, the interlayer sheet is typically larger than the bounding glass and is
usually trimmed flush with the edges of the glass. This operation typically requires
manual labor, often limits throughput, and poses a safety concern.

Further, the conventional lamination process is energy intensive and time-

consuming, both of which increase the cost and production time for laminated glass. For

RECEIVED TIME 17. JUN. 12:18
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example, the three main steps - assembly, de-air, and autoclave - each require

significant amounts of time, resulting in a total fabrication process that can easily add

up to 8 hours from start to finish. Furthermore, much of the energy supplied to one
process, such as the thermal energy supplied to the de-air process, is typically not i
carried over to the following autoclave step, which requires additional thermal energy.-
One proposed solution to the limitations inherent in conventional
lamination techniques is disclosed in European Patent Application 0908287
(Komatsu)(see also U.S. Patents 6,296,799, 6,669,890, and 6,368,537) which discloses
the injection of resin into a glass insert, followed by compression of the mold cavity.
What are needed in the art are methods of producing glass panels, and
other glazing panels, that do not require extensive fabrication procedures and that allow

for the rapid and inexpensive formation of multiple layer glazings.

BRIEF SUMMARY OF THE INVENTION

In one aspect of the invention there is provided a method of making a
multiple layer glazing panel, comprising:

providing two rigid glazing substrates

positioning said glazing substrates in position relative to each other,
thereby forming a gap between said glazing substates; and

injecting a polymer melt into said gap, thereby forming said multiple layer
glazing panel, wherein said polymer melt comprises a polymer having a molecular
weight of less than 150,000 Daltons and wherein said polymer melt comprising
poly(vinyl butyral), polyurethane, ethylene-vinyl acetate copolymer, or ionomers of

partially neutralized ethylene/(meth)acrylic acid copolymer.

SUMMARY OF THE INVENTION

The present invention is directed to the use of injection molding to form
polymeric interlayers directly between two rigid substrates that are positioned so that
after injection of the melted polymeric material and after cooling, the resulting multiple
layer panel functions as a safety panel that can be used in any appropriate conventional
safety glazing application. Methods of the present invention utilize a relatively low
molecular weight polymer, multiple injection points, mold compression, and/or a heated
substrate in order to facilitate the injection of polymer into the relatively narrow space

between glazing substrates that is typically found in safety glazings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents a schematic, cross-sectional view of two layers of glass
prior to injection molding.

Figure 2 represents a schematic, cross-sectional view of a two glass layer
injection molding process that insufficiently fills the space between the glass layers.

Figure 3 represents a schematic, cross-sectional view of a compression
injection molding method of the pfesent invention,

Figure 4 represents a schematic, cross-sectional view of a compression
injection molding method of the present invention.

Figure 5 represents increase in injection pressure over time for four
example injection molded glazings.

Figure 6 represents mold volume filled over time for four example
injection molded glazings. '

Figure 7 represents increase in injection pressure over time for an injection
molded glazing with four different gap and molecular weight configurations.

Figure 8 represents mold volume filled over time for an injection molded
glazing with four different gap and molecular weight éonﬁgurations.

Figure 9 represents increase in injection pressure over time for an injection
molded glazing with four different gate configurations. ‘

Figure 10 represents mold volume filled over time for an injection molded
glazing with four different gate conﬁgurationé. .

Figure 11 represents increase in injection pressure over time for an
injection molded glazing with four different gap and temperature configurations.

Figure 12 represents mold volume filled over time for an injection molded

glazing with four different gap and temperature configurations.

DETAILED DESCRIPTION

Unless the context clearly requires otherwise, throughout the description
and the claims, the words ‘comprise,’ ‘comprising,” and the like are to be construed in
an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to.”

The present invention is directed to methods of making multiple layer
glazings using injection molding. While the invention will, for convenience, be
described as a multiple layer construct having two panes of glass between which a
polymer melt is injected, it will be understood, and described in detail below, that in

various embodiments other rigid substrates can be used in place of glass.
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Multiple layer glass panels of the present invention are formed using
injection molding techniques that use one, two, or three of the following: a relatively
low molecular weight polymer, 'multiple injection points, and/or a heated substrate.

In various embodiments of the present invention, a multiple layer glass
panel is formed by providing two layers of glass, as described below, that are positioned

at a given distance so as to define a space between the two layers. In a preferred

(followed by page 4)

3a
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embodiment, the two layers of glass are held in position inside of an injection molding
mold. In most cases the width of the space will be chosen based on the desired thickness
of the polyraer interlayer in the final product; the thickness of the polyruer layer in the
finished product will, typically, approximately correspond to the thickness of the space
provided between the two glass layers, with some processing variation.

The glass pancls can be held in a relative position prior to polymer injection using
any suitable means. For example, vacuurn may be used to draw the glass panes against
respective mold halves. In an alternate practice, clamps can be applied to fix the outside
edges of the glass panes. Clamps can be designed, for example, with gaps defined in 2
subportion of the clamp to aliow for the passage of polymer into or out of the clamped
multiple tayer glazing. In other examples, a doubly grooved supporting edge piece, or
frame, is provided and the two layers of glass are positioned one in cach groove, wherein
the grooves are formed so as to provide the predetermined distance between the layers of
glass. Clamps, guides, frames and/or other supporting members can be provided along
part of, or the entire periphery of, glass panels. Appropriate holes and/or gaps may be
included to provide for polymer injection or out tlow, or gas sutflow.

After provision of the glass, formation of the glass panel continues with the
injection of & polymer melt {with or without additives) into the space between the glass
layors. Processing of thermoplastic polymers into melt form is woll known in the art.
The polymer melt can be formed by, for example, blending the components during the
melting phase immediately before injection molding the melt into the space, orby
feeding palletized polyroer that has already been blended and thereafter extruded into
pelliet forn. In either case the melted polymer is forced at high pressure into the space
between the two glass panels.

In a preferred enmbodiment, glass panes are placed directly into an injection
molding machine against two opposing meld surfaces. The mold surfaces arc fabricated
in such a way as to evenly support the glass doring the subsequent high pressure steps in
order to reduce or eliminate glass breakage and to evenly conduct heat to and from the
glass. The injection roolding roachine is then operated in the usual fashion, rosulting in
the high-pressure injection of a polymer melt into the space between the glass layers

within the injection molding maching.
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In some embodiments of the present invention the temperature of one or both of
the glass layers 18 ralsed to ensure complete mold fillage during the injection step. In one
exatnple, the glass may be heated prior to loading inte the roold. In an alternate case, the
glass may be loaded into the mold and subsequently heated through conduction from the
mold or alternately from an external heat source. The invention may be practiced by
cither matching the glass and mold teraperatures, or by maintaining dissimilar
temperatures. In the case of the latter, the glass may be heated above the teniperature of
the mold and the injection process carried out before excessive cooling ooeurs, When
mold and glass temperatures are dissimilar, the terperature difference between the two,
and the temperature variation acress the surfaces, are controtled to prevent them from
exoeeding the magnitude at which the glass would break from thermal shock.

Iresome embodimients of the present fnvention, glass tamperature {8 raised to at
least 80°C, 100°C, 150°C, 200°C, or 250°C prior to injection of the polymer melt. In
preferred embodiments, the temperature of the glass is raised to at least 150°C or at least
200°C, or from 150°C to 250°C, or 175°C t0 225°C. Injecting poly(vinyl butyral),
athyleng-vinyl acetate copolymer, polyurcthane polymer melts, or ionomers of partially
neutralized ethylene/(meth)acrylic acid copolymer of the present invention between glass
panes heated to elevated temperatures that are greater than the solidification point of the
polymoers — in contradiction to the general practice of injection molding in which the
mold is kept at a temperatire below or near the solidification pointof the injected
polymer — results in more coniplete mold fillage at significantly reduced njection
[ressures,

In some embodiments of the present invention, the polymer melt is injected into at
least two locations around the periphery of the two glass arrangement, and, in some
preferved ermbodiments, the polymer melt 18 irgected through at least 3, 4, 6, or ten
lpcations. In various cmbodiments, ong of the injoction gates is formed to abut a portion
of one edge of the space or the entive edie of the space. For example, for a windshield,
one of the gates may be formed that is equivalent in width to the long or the short
dimension of the space formed between the glass, Alternatively, 4 series of gates can be
placed adjacent each other to emulate a large gate having a continuous opening for

injection. Tn such embodiments at least 20 or at Teast S0 gate can be employed.
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In these embodiments, injection locations can vary in any suitable number greater
than 1 and can be located adjacent to each other, opposed to each other, or may be
distributed in any variation suitable sround the periphery of the larninate to favor
successtul injection into more than one side of the space, for example into two or three
sides.

After attachment of the nozzle and upon application of préssure, the polymer melt
is forced into the mold cavity between the two panels of glass and the melt praceeds in
two or more fronts through the space until the entire space is filled, After the space is
filled, the mold can be cooled in order to cool the part prior to gjection. Depending on the
end use application, excess polymer at the edges may be tritnmed off to finish the panel
following ejection.

Iresome embodimients of the present fnvention, polymers of the present invention
have relatively low molecular weights that facilitate the flow of melted polymer into the
space between the glass layers. Inovarious embadiments of the present invention, the
polymer has a molecular weight range of 10,000 to 150,000 Daltons, or 40,000 to
100,000 Baltons. In prefarred erbodiments of the present invention, the polymer has a
molecular weight range of less than 150,600 Daltons, less than 100,000 Daltons, or less
than 70,000 Daltons. As used herein, the molecular weight range of a polymer means
that at lcast 80% of the molceules fall within the deseribed range. For example, a
polymer with a molecular weight of 40,000 to 180,000 has at least 80% of its polymers
within the specified range.

Yo various embodiments of the present invention, two or three of the jusi-
deseribed features — raised substrate temperature, low molecular weight polymer, and
multiple point injection — are combined. Combinations, therefore, include raised
substrate termpérature and low molecular weight palymer, taised glass temperature and
multiplc point tnjoction, low molecular weight polymer and multiple point injection, and
all three together.

Omne preferred method according to the invention is to use all three features
together. A procedure in which a low moelecular weight forraulation of 10,000 1o 125,000
Daltons, forced through 2-6 gates on at least two opposing sides of the part, and injected

between glass heated to 100°C o 250°C is most preferable
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In anocther preferred embodiment, a low molecular weight formulation of 10,000
to 125,000 Daltons is foreed through a single gate and injected between gluss heated to
100°C to 230°C.

In yet g further preferred embodiment, a low molecular weight formulation of
10,000 to 125,000 Daltons is forced through 2-6 gates on at least two opposing sides of
the part, and injected between glass with a temperature of 20°C to 80°C.

1o another preferred emboditoent, a low molecular weight formulation of 10,000
to 125,000 Dalions is forced through a single gafe, and injected between glass with a
temperature of 20°C to 80°C.

In another preferved embodiment, a standard, commercially available, molecular
weight forraulation of 150,000 to 300,000 Daltons is forced through 2-6 gates on at least
two opposing sides and injected between glass heatad to 100°C to 250°C.

1 yet another preferred embodiment, a molecular weight formulation of 70,000 to
250,000 Daltons is forced through 2-6 gates ou at least two opposing sides of the part,
and injected between glass heated to 100°C to 250°C.

In a preferrad embodiment, glass is loaded into an open mold and heated to
200°C. The mold is then fully closed so that the glags layers are separated by a distance
approximately equal to the desired interlayer thickness in the finished part. A low
mudecular weight formulation, consisting of a blend of molegules with molecular weights
ranging from 40,000 to 100,000 Daltons, is fed to the plasticating screw of the injection
roolding nnut. This formulation 1s melted in the screw and wnjected into the cavity
along the two long edges of the part to be laminated. After the cavity is filled, the mold
is cooled in order to solidify the melt, and the part is then gjected.

Devices for injection molding melted polymer, or for melting pelietized polymer
and then injection molding the melt, arc well known in the art (Injection Molding
Handbouok, 3 edition, Dominick V Rosato, Donald V. Rosato, Marlene G. Rosato,
Kluwer Academic publishers, 2000, ISBN 0-7923-8619-1). In one embodiment, a screw
type extrudet is used to melt the polymer, develop pressure, and feed the melt into a
nozzle, runner, and gating system that dirgcts the melt, under pressure, into the space

between the glass pangls, Other devices that pressurize polyrier melt can be used, of

~
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course. For example, for embodiments in which a polymer melt is formed by melt
blending the various eomponents (resin, plasticizer, additives, eteetera) just prior to
njection, the resulting melt can be pressurized and injected into the space without the
need for a conventional hoppet/pellet/serew device,

A concept commonly referred to in injection melding is the flow-path-to-
thickness ratio, or the ratio of the total distance the meli must travel to il the mold as
compared to the mold thickuess. The maxitmum flow-path-to-thickness ratio thus
generally describes the greatest distance that a given polymer may be injected, for a given
gap, under optimized operating conditions. Most common thermoplastics generally fall
in the range of & 100:1 ratio, for materials with poor flow properties, to a 300:1 ratio for
material with high flow properties. In a preferred embodiment, the tnvention enables the
production of laminated glass containing plasticized poly(vinyl butyral} by melt injection
inte cavitics with flow-to-path ratios ranging of 200:1 up to 1250:1. For average sized
automotive parts, such as the 750 mm by 1250 rom part described in the examples, the
present invention enables the production of these parts with polymeric interlayer
thicknesses ranging from 0.3 mm up to approximately 2 num,

Any suitable injection pressure can be used, and, in varisus embodiments of the
prosent invention, injection pressures of ess than 1,7 x 10° Pascals, 1.4 x 10° Pascals,
0.85 x 10° Pascals, or 0.3 x 10° Pascals arc uscd.

The space between the glass panes can be any suitable thickness, and will
generally be determined by the intended use of the pariel and the properties of the
polymer melt being used, fo varipus embodiments, the space can be 0.1 and 4.0
millimeters, 0.2 to 2.0 millimeaters, 0.25 1o 1.0 millimeters, or 0.3 to 0.7 millimeters in
thickness.

The glass panels can he any suitable size, and jn various embodiments, the surface
arca of cach glass panct in contact with the polymer mclt is greater than 200, 500, or
contact with the polymer melf iy greater than 2000, 5,000, 10,000, or 20,000 square
centimaters.

In further embodiments of the present invention, one or more of the glass panes in

any of the above-described embodiments is replaced with a rigid polymet film substrate.
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Polymer films will be described in detail, below. In these embodiments, a polymer film
is used to form one boundary to the space into which the polymer melt is injected. The
polyraer filrg, as with the glags, is typically supported by the roetal mold. The vesulting
glazing construct, glass/interlayer/polvmer film, is known as & bilayer ¢nd has many
useful applications.

In yet further embodiments, two polymer films are used as rigid substrates to form
a polymer filmVintedlayer/polymer film embodiment.

In other embodiments, one or more glass layers are replaced with a rigid thick
plastic layer such as an acrylic such as Plexiglass®, a polycarbonate such as Lexan®, and
other plastics that are conventionally used as glazings.

In other embodiments additional injections are made to the exterior of the
laminate either during the initial injection or as a subsaquent step. The purpose of this
secondary injection is to affix additional polymer films or compenents to increase the
functionality of the final part. Tn automotive glazings, for examples, mirror buttons,
mounting clips, or gasketing may be injected onto the part.

In various embodiments of the present invention, in addition to anyone or a
combination of the features of heated glass, low moelecular weight polymer, and muoltiple
injection points, the formation of a multiple layer glass panel is accomplished using
compression, which begins with two layers of glass scparated by e given distance, and,
typically, paralicl to ¢ach other. The imtial gap between the glass layers is greater than
the gap that will separate the two layers in the final multiple layer glass product. Polymer
roelt 18 then injected into the space between the two glass layers. The total quantity of
injected melt is, in some embodiments, sufficient to completely fill the gap between the
glass in the finished part, and thus insafficient to fill the entire initial gap. Following the
melt injection, force iy exerted on the exterior of one or both of the two glass layers ina
manncr to compress the glass layers toward cach other and diminish the space between
the layers to the degired finished specifications. Duning this comprassion step, polymer
mielt i3 formed inte a continuous layer that is in contact with both glass layers on the two
inside surfaces.

The injection/compression process is shown schematically in Figures 1 through 4.

In Figure 1, two lavers of glass 12, 14 that are ready for polymer raelt injection are shown

9
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generally at 10. The space formed between the two layers of glass is shown as 16.
Figure 2, swhich is a representation of the limitations of conventional injection molding,
shows the two layers of glass 12, 14 in Figure 1 with a polymer injection device 20
injecting polymer into the space 16. As shown in Figure 2, because of the relatively
small distance between the two layers of glass 12, 14, the injected polymer front 1&
cannet be forced to the end of the space, resulting in 8 portion of the space having air or
an incomplete polymer layer. Obviously such a resnlt is undesirable. This flaw
fintitation has been an ropediment to the development of injection molding of multiple
layer glazings.

Figure 3 shows an injection process of the present invention in which, in addition
to providing one or more of the three features described above (low molecular weight
polymier, 2 or more gates, and heated glazing substrate), the distance; 4, between the two
layers of glass 12, 14 has been increased for the mital injection step. The added distance
between the layers 12, 14 allows the injection device 20 to effectively inject the polymer
melt throughout the entire space 16 without any air gaps or non-continuous sections of
polymear melt. Figure 4 shows the compression step, in which the layers of glass 12, 14
arg compressed, deoreasing the distange between the glass layers some distance lass than
“d”. During the compression step, excess polymer melt is expelled through any openings
arpund the edges of the glass fayers 12, 14, The cxecss, expelled polymer can be
removed by simple trimming after cooling and solidification 68the polymer melt.

The width, “d”, of the space and the amount of the compression of the glass layers
will be chosen based on the desired thickness of the polvmer mterlayer in the final
product and the processing parameters of the polymer melt and the injection apparatus
being used. The thickuess of the polymer layer in the finished product will
approximately correspond to the final, reduced distance between the two glass layers,
with somc processing variation.

I various embodiments of the present invention, the distance “d” can be 0.25
millimeters to 10.0 millimeters. In various embodiments, the distance “d"” can be reduced
through compression to less than 75%, less than 50%, or less than 23% of the original
distance “¢d”. In various embodiments, the distance “d” 18 reduced 0.1 millimeters to 7.5

miilimetars,

10
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The polymer melts of the present invention can comprise any suitable polymer,
and, in preferred embodiments, the polymer melt comprises poly{vinyl butyral},
polyurcthane, ethylenc-vinyl acctate copolynier, or ionomers of partially neutralized
cthyleng/{methjacrylic gcid copolymer. In preferred embodiments, the preferred polymer
is poly{vinyl butyral} or polyurethane. Ina preferred embodiment the preferred polymer
is poly(vinyl butyraly. In a4 preferred embodiment the preferred polymer is polyurethane.

Tn any of the embodiments of the present invention given herein that comprise
poly{vinyl butyral) as the polymeric component of the polymer melt, another
embodiment is included in which the pelymer component consists of or consists
essentially of poly(vinyl butyral}). In these embodiments, any of the variations in
additives, including plasticizers, disclosed hercin can be used with the polymer melt
having a polymer consisting of or consisting essentially of pely{vinyl butyral).

1 one embodiment, the polymer melt comprises a polymer based on partially
acetalized poly(vinyl alcohol)s. In further embodiments the polymer melt comprises
poly{vinyl butyral) and one or more other polymers. In any of the sections herein in
which preferred ranges, values, and/or methods are given specifically for poly(vinyl
butyral) (for example, and witheut Hmitation, for plasticizers, component percentages,
thicknesses, and characteristic-enhancing additives), those ranges also apply, where
applicable, to the other polymers and polymer blends discloscd hercin as useful as
compaonents i polymer melts.

For erobodirents comprising poly(vinyl hutyral), the polv{vinyl butyral) can be
produced by any suitable method. Detatls of suttable processes for making poly(vinyl
butyral) are known to those skilled in the art (see, for example, U.S. Patents 2,282,057
and 2,282,026}, In one embodiment, the solvent method deseribed in Vinyl Acetal
Polymets, in Encyelopedia of Polymer Science & Technology, 3° ¢ edition, Valume 8,
pages 381-399, by B.E. Wade (2003 ) can be used. In anothor cmbodiment, the aqucous
method described therein can be used. Poly(vinyl butyral} is commercially available in
various forms from, for example, Solutia Inc., St. Louls, Missouri as Butvar™ resin.)

1 various embodiments, the resin used to form polymer melt comprising
poly(viny! butyral) comprises 10 to 3§ weight percent {wt. %) hydroxyl groups caleulated

as poly(vinyl alcohol), 13 t0 30 wt. % hydroxyl groups calculated as poly(vinyl alcohel),

I8
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or 15 to 22 wt. % hydroxyl greups calculated as poly(vinyl alecohol). The resin can also
comprise less than 15 wt. % residual ester groups, 13wt %, 11 wt. %, 9 wt. %, 7 wt. %,
5 wi. %, orless than 3 wi. % residus! ester groups calculated as polyviuyl acetate, with
the balance being an acetal, preferably butyraldehyde acetal, but eptionally including
other acetal groups in a minor amount, ¢.g.. a 2-ethyl hexanal group (see, for example,
U.B. Patent 5,137,954} .

Yarious adhesion control agents can be used in polymer melts of the present
invention, including sodium acetate, potassium acetate, and nagnesivm salts,
Magnesium salts that can be used with these embodiments of the present invention
incluade, but are not limited to, those disclosed in U.8. Patent 3,728,472, such as
magnesium salicylate, magnesium nicotinate, magnesium di-{2-aminobenzoate),
magnesium di-(3-hydroxy-Z-napthoate), and magnesium bis(Z-ethyl butyrate) (chemical
abstracts number 79992-76-0). In various embodirents of the present invention the
magnesium salt is magnesium bis{2-ethyl butyrate).

Additives may be inzorporated into the polymer melt to enhance its performance
in a final multiple layer glazing product. Such additives include, but are not limited to,
the following agents: antiblocking agents, plasticizers, dyes, pigments, stabilizers (e.g.,
ultraviolet stabilizers), antioxidants, flow modifiers, reinforcing fillers, impact modifiers,
flame rotardants, IR absorbers, and combinations of the forcgoing additives, and the like,
as are known in the art. In a preferred embodiment, polymer melts of the present
tnvention include one or more lubricant additives, flow modifiers, hight stabilizers, mold

In various embodiments of polymer melts of the present invention, the polymer
melts can corprise 5 to 60, 25 to 60, $ to 80, 10 t0 70, or 20 to 80 parts plasticizer per
one hundred parts of resin (phr). Of coutse other quantitics can be used ag is appropriate

for the particular application. In some cmbodiments, the plasticizer has a hydrocarbon

segment of fewer than 20, fewer than 135, fewer than 12, or fewer than 10 carbon atoms.
The amount of plasticizer can be adjusted to affect the glass transition temperature
(T,) of the poly(viny! butyral) layer that 15 formed from the mclt. fn genoral, higher

amounts of plasticizer are added to decrease the T, Poly(vinyl butyral) polymer
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interlayers formed from melts of the present invention can have a T, of, for example,
40°C or less, 35°C or less, 30°C or less, 23°C or less, 20°C or less, and 15°C orless,

Any suitable plasticizers can be added to the polymer resins of the present
invention in order to form the polymer melts. Plasticizers used in the polymer meits of
the present invention can include esters of a polybasic acid or a polyhydric alcohol,
among others. Suitable plasticizers inglude, forexample, tricthylene glyeol di-(2-
ethylbutyrate), triethylene glyeo! di-(2-ethylhexanoate), triethylene glycol diheptanaate,
tetracthylene glycol dibeptancate, dihexyl adipate, dioctyl adipate, hexyl
cyclohexyladipate, mixtures of heptyl and nonyl adipates, diisononyl adipate, heptylnonyl
adipate, dibutyl schacate, polymeric plasticizers such as the oil-modificd schacic alkyds,
and mixtures of phosphates and adipates such as disclosed in 1.5, Pat. No. 3,541,890 and
adipates such as disclosed in US. Pat. No. 4,144,217, and mixtures and combinations of
the foregoing. Other plasticizers that can be used are mixed adipates made from Cq to Gy
alleyl alcohols and cyclo Ty to Cyy alcohols, as disclosed in ULS. Pat. No. 5,013,779 and
Ce to Cp adipate esters, such as hexyl adipate. In various embodiments, the plasticizer
used is dihexyl adipate snd/or tricthylene glycol di-2 ethylhexanoate.

Various embodiments include ethrvlenc-vinyl acetate copolymer (also called
poly{ethylene-co-vinyl acctate)} as described in U.S. Patent 4,614,781, U.S. Patent
5,415,909, U.5. Patent 5,352 530, and U.S. Patent 4,935,470, Various embodiments
inchude polyurcthane comprising, for example, aliphatic isocyanate polyether based
polyurcthane (available from Thermedics Polymer Products of Noveon Ing.). In
embodiments comprising ionomers of partially neutralized ethylene/(methjacrylic acid
copolymer, a preferred ionomer is Sur],yn(@, which is available from DuPont. Other
additives can be incorporated into the polyurethane resing during roelt formation, such as
UV stabilizers and functional chemieals to provide high adhesion to glass.

In a preferred embodiment, plasticized poly{vinyl butyral) pellets such as those
disclosed in pending U.S. application 11/264,510 are used to form the polymer melt.
Such pellets can be hopper fed into a conventional injection molding maching to produce
a poly{vinyl butyral) meit.

As used herein, a “polymer film™ means a relatively thin and rigid polyroer layer

that functions as a rigid substrate or as a performance enhancing layer, Polymer films

i3
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differ from the interlayers formed from polymer melts in that polymer films do net
themselves provide the necessary penetration resistance and glass retention properties to
a multiple layer glazing structiure. Poly{ethylenc terephthalste) is most contmonly used
as a polymer film.

In various embodiments, the polymer film layer has a thickness of (1.013 mm to
0.20 vam, preferably 0.028 mm to 0.1 mam, or 0.04 10 0.06 v, The polymer film layer
can optionally be surface treated or coated fo 1iprove ane of wore propertics, such as
adhesion or infrared radiation reflection. These funclional performance layers include,
for example, g mulfi-layer stack for reflecting infrared solar radiation and transmitting
visible Hight when exposed to sunlight. This multi-layer stack is knowan in the art {see, for
example, WO 88/01230 and U 8. Patent 4,799.745) and can comprise, for exaraple, one
ormore Angstroms-thick metal layers and one ormore (for example two) sequentially
deposited, optically cooperating dielectric layers. Asis also known, (ses, for example,
UK. Patents 4,017,661 and 4,786,783}, the metal layer(s) may optionally be electrically
resistance heated for deftosting or defogging of any associated glass layers.

An additional type of polymer film that can be used with the present invention,
which is degeribed in U.S. Patent 6,797,396, comprises 4 multitude of nonmetallic layers
that function to reflect infrared radiation without creating interforence that can be caused
by metallic layers.

The polymer film layer, in some embodiments, is optically transparent (i.e.
objects adjacent one side of the layer can be comfortably seen by the eye of 4 particular
observer looking through the layer from the other side), and usually bas a greater, in
some embeodiments significantly greater, tensile modulus regardless of composition than
that of any adjacent polymer layer. In various embodiments, the polymer film layer
compriscs a thermoplastic material, Among thernioplastic materials having suitable
propertics are nylons, polyurethancs, acrylics, polycarbonates, polyolcfing such as
polypropylene, celiulose acetates and triacetates, vinyl chloride polymers and copelymers
and the Hke. In various embodiments, the p(ﬂ}mer film fayer comprises materials such as
re-stretched thermoplastic filrus having the noted properties, which include polyesters, for
exanmple poly{ethylene terephthalate) and polv(ethylene terephthalate) plyeol (PETG). In

various embodiments, polyfethylene terephthalate) is used, and, in varicus embodiments,

14
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the poly(zthylene terephthalate) has been hiaxially stretched to improve strength, and has
been heat stabilized to provide low shrinkage characteristics when subjected to elevated
ternperatures (e.2. less than 2% shrinkage in both directious after 30 minutes at 150°C).

Various coating and surface treatment techniques for poly{ethylene terephthalate)
film that can be used with the present invention are disclosed in published European
Application No. 157030, Polymer films of the present invention can also inchide a
hardeaat and/or and antifog layer, ag are knownt in the art.

There are many advantages to the injection nmwolding methods of the present
invention. The difficulties encountered with the production, storage, and handling of
polymer sheets are obviated, for exaraple, which can significantly reduce costs.
Additionally, the injection molding processes disclosed herein are much simpler than the
multi-step processes that currently exist, which can require, for example, multiple heating

steps, autoclave conditions, and other procedurally arduous steps.

Example 1

The following table represents @ computer generated modeling of injection
molded flow characteristics for injection of low molecular weight plasticized poly(vinyl
butyraly baving a molecular weight range of 40,000 to 100,000, heated to a melt
temperature of 220°C. The polymer melt is fod from a serics of 31 injoction ports spaced
ovenly along one of the long edges of the part to be filled. The dimensions of the cavity
are 1250 mom wide by 750 mm long by 1.2 mnt thick. The igection surfaces are heated
to 50°C, For the purposes of the simulation, injection time 1s assumed to be
approximately 5 seconds, and the maximum injection pressure supplied by the equipment
is limited to 1.72 x 10° Pascala (25,000 pounds per square inch). Simulations for this and
other exanples were run using the Moldflow” software package (Moldflow Corporation,

Framingham, Massachusctts),

Time | Volume | Pressure (Pascals)
{Seconds) | Percent

0.23 491 2.58E+06
047 8.51 6.80E+06
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0.69 13.68 L28E+07
0.9 17.66 2.00E+07
1.13 21.8 2.84E+07
1.36 26.06 3.90E+07
1.58 30.05 4.94E+07

1.8 34.09 6.06E+07
2.04 38.39 7.35E+07
225 42.33 BS1E+HD7
2.53 4741 1.OZE+08
271 50.67 1.12E+08

293

L26E+0&

3.16

1.41E+08

3.38

L55E+0%

361

1.70E+0%

383

1.72E+0%

4.07 75.15 1.72E+08
429 77.24 1.72E+08
4.5 78.57 1.72E+08
478 79.69 1,726+08

5 80.2 1.72E+08
5.24 80.56 1.72E+08
548 80.78 1.72E+08
6.09 81.05 172E 108

Hrample 2

The following table represents 4 computer generated modeling of injection

molded flow characteristics for injection of the same poly(vinyl butyral) as in Example 1

but with injection surfaces heated to 100°C.

Time | Veolume | Pressure (Pascals)
{Seconds) | Percent

(023 4.9 2.28E+06

0.45 9.45 542E+06

16
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0.7 14.23 LOIEHDT
0.9 18.22 1.49E+07
1.13 2248 206E+07
1.36 269 2 TVEHGT
1.58 31.17 3.38E+Q7
1.8 35.55 4. 13E+G7
40.08 4.91E+07
44.59 575E+HG7
48.46 6.43E-+07
52.78 7.33E+G7
7.8 RITE+0O7
61.5 9. 11E+7
66 9.99E-+07
70.51 1.10E+D8
74.84 i.19E+0%
405 79.21 1.29E+08
4.29 43.91 1.38E+08
4.5 88.12 1 48E+H08
473 928 1.58E+08
495 97.13 1.68E+08
5.05 99.04 LTTE+0R
5.06 100 1.36E+08

_;;,;3
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Example 3
The following table represents a computer generated modeling of injection
molded flow characteristics for injection of the same poly(vinyl butyral) as in Example 1

5 butwith injection surfaces heated to 150°C.

Time | Volume | Pressure (Pascals)
{Sceonds) | Perecnt

0.24 491 1.91E+06
0.47 9.55 4.02E+06
0.71 14.14 8.96E+06

17
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0.95 18.88 9.82E+06
118 23.31 1.33E+G7
143 28.18 1L.68E+G7
1.65 3356 2.04E+G7
1.89 37.17 2.42E+07
2.13 41.93 2R2EHYT
2.36 46.25 I2TEHT
2.62 SL21 3.60E-+H07
283 3522 4.03E+07
3.06 55.69 4 44E+G7
3.3 64.4 4 91EH07
3.53 6R.9% 533E+07
377 73.59 5.82E+07
4 78.26 6.2TEHOT
4.24 &3.01 6.76E+07
4.47 8742 T21E+QT
4.7 91.99 768807
498 9747 S4BT
5.06 99.12 &.38EAH07
5.07 160 6.70E+07

Example 4
The following table represents a computer generated medeling of injection
molded flow characteristics for injection of the same poly(vinyl butyral) as in Example |

5 butwith injection surfaces heated to 200°C.

Time | Volume | Pressure (Pascals)
(Seconds) | Percent

.24 492 1.53E+06

0.49 9.83 2.80E+06

0.73 14.57 4.52E+06

0.97 19.48 6.158+06

1.21 24.09 7 64E+06

1%
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45 28.95 9.43E+06
1.68 33.62 LORE+07
1.92 38.3 1.27E+Q7
2.16 43.11 L44E+07
241 48.05 1.60E+07
2.67 5301 1.79E+H)7
2.88 57.33 1O4E+H07
313 62.31 2A3E+HGT
3.39 67.39 2.33E+07

36 71.78 2 A8E+(G7
3.85 76.61 26TE+07
4.09 §1.48 2 85E+G7
432 86.13 JAOZEH0T
4.57 91.11 3.22E+07
481 96.01 3.39E-+07
497 99.19 3.51E+Q7
4.98 100 2.80E+07

Exampic 5
Increase in injection pressure over time for the four examples above 15 provided in

Figure 5.

Exampic 6

Mold volume filled over time for the four examples above 1s provided in Figure é.

Exampic 7

The following table represents a computer generated modehing of injection
molded flow characteristics for a low melecular weight poly(vinyl butyral} ("Low MW
PVB") intto a 1.8 millimeter gap. Low roolecular weight poly(vinyl butyraly refers to a
plasticized poly(vinyl butyral) having a molecular weight range of 40,000 to 100,000.

The formulation is heated to 8 melt tormperatare of 220°C prior to injection. The polymer

19
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melt is fed from a single gate into a cavity. The cavity is 1250 millimeters wide by 750
millimeters long, and the gate is centered at the edge of the 1250 millimeter side. The
wnjection surfaces are heated to 30°C. For the purposes of the simulation, injzetion time
is assumed to be approximately 3 seconds, and the maximum injection pressure supplied

by the equipment {s limited to 1.72 x 10° Pascals (25,000 pounds per square inch).

Timie Volume Pressurf;
{Scconds) | Percent | (Pasesls)
0.24 2.83 L23E+07
048 727 1.86E+07
0.73 11.81 2.39E+07
0.97 16,33 2. 86E+07
1.2 20.75 329EHQ7
1.45 2539 3.73E+07
1.69 36.05 4. 16E+07
1.93 34.63 4. SRE+G7
2.17 39.19 4 98E+07
241 43.83 5.39E+07
2.65 48.44 5. 79E+Q7
2.88 52.93 6. 1RE+07
3.12 57.56 6.57E+07
337 62.34 6.98E+07
3.61 66.89 7.40E+07
3.85 71,53 8.0LE+D7
409 76.04 8.62E+07
4.33 %0.41 9. 20E+H07
4.57 84.99 9.78E+07
4.8 €9.35 LO4E+08
5.05 93.71 LI4E+Q¥
528 97.71 1.28E+08
5.37 99 1.34E+08
5.38 29,16 1.07E+08
5.45 9997 LOTE+08
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5.46 160 LOTE+OR

Exampie 8
The following table represcats a computer genierated modcling of injection
molded flow characteristics exactly as in Example 7, but wherein the cavity has a 2.8

S millimeter widih:

Tiue Volume | Pressure
{Scconds} | Percent | (Pascals)

0.24 3.91 647606

0.4% 8.67 8.80E+06

473 1349 1 1 p6E+07

0.96 18.14 1.21B+07

1.21 23.02 1.A6E+HOT

144 | 2172 | 1 49B+07
Le8 | 3254 | e3Eeq7
3

1.92

&V
~J
[

1.76E+07
216 42.1 1.88E+07

2.41 46.96 2 01E+07

2.65 2177 2 14E+(07

288 56.38 2. 26E+07

3.14 61 .44 2 A9E+HOT

336 65.96 2.51E+07

3.61 70.86 2.698+07

3.84 7542 | 2 88E+07

4.09 50.3 3.09E+07

432 B4.78 3.29E+07

4.57 89.59 3.50E+07

4.8 84.01 3. 84E+07

505 98.54 4.378+G7

3407 99.02 4 A5E+07
5.00 99.23 3. 56E+07
5.13 99.9% 3.5
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The following table represcats a computer genierated modcling of injection

molded flow characteristics exactly as in Example 7, but wherein the poly(viny! butyral)

is “standard” poly(vinyl butyral) ("Std. PVB"), which mieans a plasticized poly{vinyl

butyral) having a molecular weight range of 150,000 to 300,000 Daltons:

Time | Volume | Pressure
{Seconds} | Percent | (Pascals)
0.24 1.63 2. 76E+07
0.4% 4.9 4,73E+07
0.73 8.83 6, 37807
0.97 12,88 7. 7307
1.21 17.13 8.95E+07
1.45 21.42 1.01E+08
1.68 25.66 1.11E+08
1.93 30.23 122E+08
216 3445 1.31E+08
241 3915 L41E+(08
2.635 43,54 1.50E+08
2.88 47.89 1.58E 108
3.12 52.39 1.66E+08
337 37.06 1.72E+08
3.62 61.16 I2EAH0B
3.85 64.27 L72E+08
4.1 66.81 1.72E+08
4.33 63,58 1.72E+08
461 70.16 1.72E+08
4.8 70.98 1728408
5,09 71.95 1.72E+08
5.33 72.57 1.72E+08
5.65 73.2 1.72E+08
3.86 73.51 1.72E+08
6.1 73.82 1726408
6.4 74,11 1.72E+0%
6.84 7443 1.72E+08
748 74,73 1.72E+08
8.65 75.03 1.72E+08

Example 10
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The following table represents a computer generated modeling of injection

molded flow characteristics exactly as in Example 9, but wherein the cavity has a 2.8

miitlimetor widdy

Example 11

Time Volume | Pressure
(Seconds) | Pereent | (Pascals)
.24 2.3 1.84E+(07
(.48 6.21 2.92E+Q7
0.72 10.48 3. 73E-+07
0.96 14.91 4 4TE+07
1.2 19.37 5 01E+07
1.44 23.9 5.58E+07
1.68 28.46 6.09E+07
1.92 3307 6.60E+07
2.17 37.89 7.08E-(07
241 42.5 7548107
2.68 47.13 7 98E+07
2.88 51.6 8. 38E07
3.12 56.23 8. 79E+07
337 60.97 9 19E+07
3.62 65.82 3.60FE+07
3.85 70.25 LOTE+OE
4.08 74,62 1LO7EHOE
4.33 79.33 112E+(%
4.56 83,66 1. I8E+08
4.81 88.45 1.23E+08
5.05 92.61 1.32E+08
5.29 96.7 1. 44E+08
5.43 99 1.53E+08
545 99.21 1.23E+08%
5.53 99 94 1.23E+0¥
5.54 99.98 1.23E+0¥
5.58 100 1236408

A graph of injection pressure over time for the data given above in Examples 7

through 106 is shown in Figure 7.

Example 12
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A graph of mold fillage percentage over time for the data given above in

Examples 7 through 10 is shown in Figure 8.

Example 13

The following table represents a computer generated modeling of injection

molded flow characteristics for injecting a plasticized poly(vinyl butyral) having a

rmolecular weight range of 40,000 to 100,000 heated to a melt temperature of 220°C prior

to injection into a 1.2 millimeter thick cavity through a single gate. The dimensions of

the cavity are 1250 millimeters wide by 750 millimeters long. The single gate is centered

at the edge of the 1250 millimeter side. The injection surfaces are heated to 200°C. For

the purposes of the simulation, injection time is assumed to be approximately § seconds,

and the maximum fnjection pressure supplied by the equipment is limited to 1.72 x 108

Paseals (25,000 pounds per square inch).

Time Volume Pressure
(Seconds) | Percent | (Pascals)
0.24 1.85 2 498+07
0.47 3.7% 3.84E+07
07 16.11 4.73E+07
694 14.5% 5.35F-+07
1.18 19.32 5.81E+07
1.42 24.06 6.218+07
1.65 2866 | 6 558+07
1.89 3354 6.87E-+07
212 382 | 7.15B+07
235 42.91 7.41E+07
26 47.95 | 7.668+07
2.82 52.56 7.876+07
3.97 3767 | 8.08E-07
3.31 62.58 8.28E+07
3.53 §7.24 R A8E+07
3.77 71.98 | § R6E-07
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4.01 76.64 9.25E+07
4.23 §1.14 9,63E+07

447 85.85 1.O0E+08

4.71 90.62 LOSE+0¥

4.94 94,74 LI3EFDS
SA7 98.72 1L.26E+0%
5.19 99.04 1.27E+08
5.21 99.21 LO2E+08
327 99.97 1.00E+H08
528 100 LOZEHO8

Example 14
The following table represents a computer generated modeling of injection
molded flow characteristics exactly as In Exarople 13, but wherein g second gate {s used

3 and is positioned opposite the first gate, centered on the second 1250 mm edge:

Time Volume | Pressure
{Scconds) | Percent | {(Pascals)

0.24 267 1.7OB+07
(.48 6.9 2.54F+07

0.71 1142 3. 01EHQ7
0.95 16.16 3.35E+07

1.18 20.82 361EH07

1.42 25.73 3.83B+07

166 30.65 4.03E+07

1.89 353 4 20E+07

212 40.25 4356407

236 45.31 4 5007
2.6 50.11 4. 68E+-07
282 546 4 95B+G7

307 3955 | 526FE+07
3.3 64.19 | 5538407

3.53 68.43 5 81507

b
(¥ 4]
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377 737 | 6.10E+-07

4 7841 | §38E+07
4,24 83.19 | 466807
4.47 8791 6.94E+07
4.7 92.59 7 21EH07
4.94 97.38 | 7508407
5.03 99.09 7 IREADT
5.05 99.27 6.22E+07
3.09 98 79 6. 9YE+0T
5.1 100 6.22F+07

Example 15

PUT/USZ007/076462

The following table represents a computer generated modeling of injection

molded flow characteristics exactly as in Example 14, but wherein a third and fourth gate

are used, The gates are positioned such that two sets of gates oppose gach other along

cach of the opposing long edpes. Gates 1 and 2 are thus located ar 416 mm and 833 mm

along the first 1250 mm edge, while gates 3 and 4 are located at 416 mm and 833 mm of

the sgcond 1250 mim edge.

Time Volume | Pressure
{(Seconds) | Percent | {Pascals)
0,24 267 LOTEAQT
0.47 7.1 1.51E+07
0.71 1183 LTTEAQ7
(.94 16.65 1,976+07
119 2L63 | 2 12B+07
1.43 26.7 2 AEH0T
1.66 31.52 2 34B+07
1.8 36.54 244E+07
213 | 4126 | 2578507 |
236 46,13 2 6OE+H07
2.61 51.27 2 6TE+07
283 56,05 2 IRELOT
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3.06 60.84 5 TOR+HYT
3.31 66.0% 2, 86E+07
3.55 70.98 2.978+07
3.78 7569 3 10B+07
402 80.68 3. 23E+H07
4.24 85.38 3.35E+07
4.47 990.04 3 50E+07
471 94.94 3.84E+07
4,94 99.13 4 35E+H07
4.95 99,32 3AREAO7
498 99.65 3 48E+07
4.98 100 3ARE+(7

Example 16

The following table represents a computer generated modeling of injection
molded flow characteristics exactly as in Exaraple 15, but wherein a fifth and sixth gate
arcused. The gates arg positioned such that two sets of gates eppose cach other along
cach of the opposing long edges. Gates 1, 2 and 3 are thus located at 312.5 mm, 625 mm,
and 973.5 mum slong the first 1250 mm edge, while gates 4, 5 and 6 are located at 312.5

I
7

mm, 623 mm, and 973.5 mm of the second 1230 mm edge.

Timg Volume | Pressure
(Seconds) | Percent | {Pascals)
8.24 385 8.80E+06
Q.47 8.22 116E+07
0.72 13.29 1.338+H7
0.95 18.13 1465107
1.2 232 | 1.56BE+07
1.41 2771 LE3E+07
1.65 3265 1L.71E+07
1.91 38.14 1 38E+07
215 | 4308 | | 83F+07
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2.36 47.59 1.93E+07
2.6 52.6 2 06E+(7
282 S7T.A7 2. 18E+07
3.07 62.23 2.30B+07
3.29 66.9 242607
3.53 71.8 2.54B+07
3.7 76.97 2.67E+07
4.41 81.66 2TTEHT
424 86.4 2.90B+07
447 91.25 3.005+07
4.72 96.49 3. 15E+07
4.85 99.47 3.26E+07
4.86 160 2 60E+07

Example 17
A graph of injection pressure over time for the data given above in Examples 13

through 16 i3 shown in Figure 9.

Example I8
A graph of mold fillage pertentage over time for the data given above in

Examples 13 through 16 is shown 1n Figure 10,

Example 19

The following table represents a computer generated modeling of injection
molded flow characteristics for injection n between glass plates heated to temperdtures
of 50°C and has a gap of 1.8 millimeters. A plasticized poly(vinyl butyral) having a
molecular weight range of 40,000 o 100,000 is heated to a melt temperature of 220°C
prior to injection. The dimensions of the cavity between the glass plates is 1250
millimeters wide by 750 millimeters long. The melt is fod through a single gate centered
at the edge of the 1250 millimeter side. For the purposes of the simulation, injection tinme
i assumed to be approximaiely § seconds, and the maximum injection pressurs supplied

by the equipment is Himited to 1.72 x 108 Pascals (25,000 pounds per square inch).
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Time Volume | Pressure
{Scconds) | Percent | (Pascals)

0.24 2.93 1.238+07
0.48 7.27 1.86E+07
0.73 1181 2.39E+G7
(.97 16.33 2 86E+07
1.2 2075 | 329B+07
1.45 25.39 3. 73E+07
1.6% 30.05 4 16EH07
1.93 34.63 | 4.58E+07
217 3219 4 98E+07
241 43.83 5.39E+07
2.65 4844 | 579B+07
2.88 52.93 618807
312 57.56 6.57FE+07
3.37 62.34 & 98BE+07
3.61 00.89 | 740B+07
3.85 71.53 8.O01E+07
4.09 76.04 R 6IFH0T
433 8041 9. 208+07
4.87 £84.99 9. 78E+07
4.8 89,35 LO4EAHO8
5.05 93.71 1.14E+08
528 97.71 1 28E+08
5.37 99 1.34E4+08
538 99.16 1.07E+0%
545 9997 1.07E+08
546 100 1L.O7E+08

Example 20
The following table represents a computer generated modeling of injection
molded flow c¢haracteristics exactly as in Example 19, but wherein the cavity has a 2.8

5 wmitlimeterwidth
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Example 21

Time Volume | Pressure
(Seconds) | Percent | (Pascals)
0.24 3.91 6. 47H+HD6
0.48 8.67 8.80E+06
0.73 13.49 LOGE+HG7
(.96 18.14 1218407
121 23.02 1.36E+07
1.44 2772 1AGE+O7
1.6% 32.54 1.63E107
1.92 37.31 1.76E-+07
2.16 421 1.88E+07
241 46.96 201E+07
2.65 SLI7 | 214E+07
2.88 56.38 | 226F+07
3.14 61.44 2.39E+07
336 65.96 2.51E+07
3.61 70.86 | 2698407
3.84 T5.42 2. 88E+07
4,09 R0.3 3.00F+07
4.32 8478 | 3 29E+(7
4.87 £89.59 3.50E+07
4.8 94.01 3 RAELOT
5.05 9854 | 437E+H07
5.7 99.042 4 45E+07
509 96.23 3.56E+07
5.15 99.98 35607
5.15 100 3.56E+07

PUT/USZ007/076462

The following table represents a computer generated modeling of injection

molded flow characteristics exactly as in Example 19, but wherein the glass plates are

higated to 200°C:
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Time

(S'660111¢g)

Yolume
Percent

Pressurs
{Pascals)

0.24

3.19

9.69E-+H06

(.49

7.93

1 27E+07

0.72

12.7

1.44B+07

0.96

17.33

1.56E-+07

1.2

224

1.66E+07

1.44

27.38

1758407

1.68

32.23

1R2E+H(7

1.93

3735

1.88E+Q7

2.16 42.15 1.94E+07
Z241 4717 1L.99E+07
2.65 5214 | 2.04B+07 |
289 37,17 208E-+07
3.13 62.01 2 10E0T

3.37

6698

2 17E+07

3.6 7L71 | 2.26E+07
3.84 76.57 | 2.35EB+07
4.08 8153 | 2448107

4.33

2.53E+07

4.56

91.21

2.66E+07

4.8

95.87

2.92E+07

4.97

99.02

3.25E+07

4.98

99.2

2.60E+07

5.04

99.9%

2.60E+07

5.05

160

2.608+07

i
¥
i

Example 22

PUT/USZ007/076462

The following table represents a computer generated modeling of injection

molded flow characteristics exactly as in Exarople 19, but wherein the glass plates dre

heated to 200°C and the cavity hasa 2.8 millimeter gap:

Time

Velume

Pressure
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(Seconds) | Percent | {Pascals)
0.24 4.09 | 532806

(.48

892

6.49E+06

0.72

13.85

TA9B+H06

0.97

18.86

7. F1E+06

1.21

23.92

8. 12E+06

1.44 2873 | RASEI06
.69 33.77 8. 75E+06
1.92 38.62 9.0OE+06
2.16 43.62 G24E+06
2.41 48.65 945E+06
2.64 33.54 9 64E+06
2.89 58.69 9. 83H+06
313 63.64 1.OOE+07

N
B
|

LO3E+07

73.55 1.07E+07
3.85 78.35 LI0E+Q7
4.08 83.22 1.14E+07
4.32 88.12 1LI8E+07
436 93.01 1.26E+07
4.8 97.87 L42E+07
436 99.04 1.50E+07
487 99,23 1.208+07
4,93 99.97 1 20E+07
4.93 100 1.20E+07

Example 23

PUT/USZ007/076462

A graph of injection pressure over time for the data given above in Examples 19

through 22 1s shown in Figure 11,

Example 24

A graph of mold fillage percentage over time for the data given above in

Examples 19 through 22 is shown in Figure 12.

[ 53
N
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While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes miay
be made and equivalents may be substituted for clements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from
the essential scope thercof. Therefore, 1t 15 ntended that the invention not be limited to
the particular embodiments disclosed as the best mode conteniplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of
the appended claims.

1t will further be understood that any of the ranges, values, or characteristics given
for any single component of the present invention can be used interchangeably with any
ravges, values, or characteristics given for any of the other components of the invention,
where compatible, to form an embodiment having defined values for cach of the
components, as given herein throughout. For example, a polymer resin can be formed
comprising residual hydroxyi content in any of the ranges given in addition to any of the
raniges given for plasticizer, where appropriate, to form many permutations that are
within the scope of the present invention but that would be cumbersoroe to list.

Any figure reference numbers given within the abstract or any claims are for
itfustrative purposes only and should not be construed to limit the claimed invention to
any one particular embodiment shown n any figure.

Figures are not drawn to scale unless otherwise indicated.

Bach reference, including journal articles, patents, applications, and books,

referred to herein is hereby incorporated by reference in its entirety.
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The claims defining the invention are as follows:

1. A method of making a multiple layer glazing panel, comprising;
providing two rigid glazing substrates;

positioning said glazing substrates in position relative to each other, thereby forming a gap between

said glazing substrates; and

injecting a polymer melt into said gap, thereby forming said multiple layer glazing panel,
wherein said polymer melt comprises a polymer having a molecular weight of less than 150,000
Daltons and wherein said polymer melt comprising poly(vinyl butyral), polyurethane, ethylene-vinyl
icetate copolymer, or ionomers of partially neutralized ethylene/(meth)acrylic acid copolymer.
2. The method of claim 1, wherein said molecular weight is less than 100,000 Daltons.
3. The method of claim 1, wherein said molecular weight is less than 70,000 Daltons.
L The method of claim 1, wherein said substrates are glass.
). The method of claim 1, wherein one or both of said rigid glazing substrates are heated to

it least 80 °C prior to said injecting and wherein at least two separate gates are used for said injecting.

6. The method of claim 5, wherein said molecular weight is less than 100,000 Daltons,
wherein one or both of said rigid glazing substrates are heated to at least 150 °C prior to said

injecting, and wherein at least four gates are used.

7. The method of claim 5, wherein said polymer melt comprises poly(vinyl butyral).
8. The method of claim 5, wherein said substrates are glass.
9. The method of claim 1,

A)  wherein one or both of said rigid glazing substrates are heated to at least 80 °C

prior to said injecting; or,

34
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B)  wherein at least two separate gates are used for said injecting.

10. The method of making a multiple layer glazing panel as claimed in any one of claims 1

to 9, substantially as herein described.

17 Jun 2013

11. The method of claim 1, substantially as herein described with reference to any one of

Figures 3 to 12 and/or any one of the Examples thereof.

2012201329

35
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