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(57) Abstract: The invention relates to a laminate (1) for use in glazing applications comprising an polymeric substrate (2) that is
optically transparent and has a first surface (3) that is selectively enriched with siloxane segments, the polymeric substrate being one
of a PMMA-based substrate and a PC-based substrate comprising one of PC, a PC-siloxane copolymer and a blend ot PC with PC-
siloxane copolymer. The laminate further comprises a silicon-based inorganic layer (4) that is optically transparent and has a second
surface (5) that is one of directly connected with the first surface of the polymeric substrate and connected with the first surface of the
polymeric substrate via one adhesion enhancing layer (6) that is arranged between the first surtace of the polymeric substrate and the
second surface of the silicon-based inorganic layer. The invention also relates to a glazing product (11) comprising such a laminate, a
vehicle (12) comprising such a glazing product and a method of fabricating such a laminate.
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LAMINATE FOR USE IN GLAZING APPLICATIONS, GLAZING PRODUCT
COMPRISING SUCH LAMINATE, VEHICLE COMPRISING SUCH GLAZING
PRODUCT AND METHOD OF FABRICATING SUCH LAMINATE

FIELD OF THE INVENTION

The present invention relates to a laminate for glazing applications in for example
the automotive and aviation industries. The invention also relates to a glazing product
comprising such a laminate and a vehicle comprising such a glazing product.

Moreover, the invention relates to a method of fabricating such a laminate.

BACKGROUND OF THE INVENTION

Polycarbonate (PC) is known 1o offer high optical transmissivity and design flexibility.
The former in combination with its superior low-temperature impact properties render
PC a suitable candidate for replacing glass in glazing applications. Automotive glazing
is one such application with significant potential for replacing glass with PC for light
weighting. The realization of this potential requires improvements of the ultraviolet (UV)
weatherability, barrier, and scratch and mar resistance of PC. In known PC-based
glazing products, glass-like abrasion resistance is imparted on a surface of a PC
substrate through the use of plasma enhanced chemical vapor deposition (PECVD) of
an inorganic silicon-based layer, e.g. silicon oxide (SiOx), as top surface.

In known PC-based glazing products as described in for example EXATEC LLC
patents US 6,797,384 B2 and US 8,361,607 B2, two tie layers are conventionally
applied prior to the deposition of the PECVD SiOx layer on the PC substrate. This is
done because the inorganic SiOx does not adhere well directly onto the organic PC
substrate. A first acrylic-based tie layer, hereinafter also indicated as an acrylic-based
primer layer, is applied to improve the adhesion of a wet silicone coating onto the PC
substrate. A second tie layer based on a silicone wet coating composition, hereinafter
indicated as a silicone hard coat, is applied to enable a robust adhesion of the PECVD
SiOx layer.

In the way described above, PC-based glazing products known in the art involve
organic-inorganic laminates comprising at least four layers and at least three
associated interfaces to achieve glass-like surface properties. Fabrication or
application of each of the at least four layers is associated with processing
infrastructure costs as well as potential rejects associated with formation of each layer,
which may adversely affect the overall efficiency of the manufacturing process. Each
interface further presents a potential site for failure, thus potentially reducing the

reliability of the final product.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide a laminate for glazing applications
that pre-empts, or at least reduces, at least one of the abovementioned and/or other
disadvantages associated with PC-based glazing products that are known in the art.
These disadvantages may also apply to other polymeric resins that may replace
conventional glass, such as poly methyl methacrylate (PMMA). It is also an object to
provide a glazing product comprising a laminate according to the invention, a vehicle
comprising such glazing product and a method of fabricating a laminate according to
the invention.

Aspects of the present invention are set out in the accompanying independent and
dependent claims. Features from the dependent claims may be combined with features
from the independent claims as appropriate and not merely as explicitly set out in the
claims.

At least one of the abovementioned objects is achieved by a first aspect of the
present invention that provides a laminate for use in glazing applications comprising a
polymeric substrate that is optically transparent and has a first surface that is
selectively enriched with siloxane segments, the polymeric substrate being one of a
poly methyl methacrylate (PMMA) based substrate, and a polycarbonate (PC) based
substrate comprising one of PC, a PC-siloxane copolymer and a blend of PC with PC-
siloxane copolymer. The laminate further comprises a silicon-based inorganic layer that
is optically transparent and has a second surface that is directly connected with the first
surface of the polymeric substrate or connected with the first surface of the polymeric
substrate via one adhesion enhancing layer that is arranged between the first surface
of the polymeric substrate and the second surface of the silicon-based inorganic layer.

The skilled person will appreciate that in the context of this application the term
polymeric substrate can be used to refer to a PC-based polymeric substrate, a PMMA-
based polymeric substrate, a plastic substrate or a thermoplastic substrate. In the case
of a PC-based polymeric substrate, siloxane segments in the PC-siloxane copolymers
or blends of PC with PC-siloxane copolymers yield an improved adherence of the
second surface of the silicon-based inorganic layer to the first surface of the polymeric
substrate that is selectively enriched with the siloxane segments. In another
embodiment of the laminate according to the invention, the entire first surface of the
polymeric substrate is enriched with siloxane segments. Analogously, in the case of a
PMMA-based polymeric substrate, siloxane segments in an acrylate-siloxane
copolymer yield an improved adherence of the second surface of the silicon-based

inorganic layer to the first surface of the polymeric substrate.
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The second surface of the silicon-based inorganic layer and the first surface of the
polymeric substrate are facing towards each other and can be in direct contact with
each other such that an interface is formed. However, it is also possible that the
second surface of the silicon-based inorganic layer is associated with the first surface
of the polymeric substrate via one adhesion-enhancing layer that is arranged between
the first surface of the polymeric substrate and the second surface of the silicon-based
inorganic layer. The adhesion-enhancing layer is a hybrid primer layer, including both
organic and inorganic segments, such as one of an oligomeric PC-siloxane primer
layer and an oligomeric acrylate-siloxane primer layer.

The laminate enables the omission of at least one of a primer layer and a silicone
hard coat layer known from laminates comprised in the state of the art. Consequently,
the laminate comprises a reduced number of layers compared to laminates comprised
in the state of the art. In this way, the reliability of the laminate having glass like
abrasion resistance and barrier properties can be improved. Consequently, the
production vield of laminates can be improved.

In an embodiment of the laminate according to the invention, the PC-siloxane
copolymer based substrate has a siloxane content ranging from 0.5 wt.% to 10 wt.%
and siloxane segment sizes varying from 3 to 20 d-units, wherein the d-unit has the
formula -[Si(CH3)201-.

The amount and length of the siloxane polymer segments incorporated within the
PC-siloxane copolymer substrate are optimized to minimally impact the optical
transmissivity of the substrate compared to pure PC. The presence of the siloxane
polymer segments incorporated within the PC-siloxane copolymer substrate in turn
improves the chemical compatibility of this substrate to a silicone hard coat layer to the
extent that the use of any intermediate acrylic-based tie (primer) layer is eliminated.
The siloxane content of the PC-siloxane copolymer based substrate ranges from 0.5
wt.% to 10 wt.%, preferably from 1 wt.% to 7 wt.%, and more preferably from 2 wt.% to
5 wt.%. The siloxane segment sizes in the PC-siloxane copolymer based substrate
vary from 3 to 20 d-units, preferably from 5 to 15 d-units, and more preferably between
7 to 12 d-units.

In an embodiment of the laminate according to the invention, the substrate based on
a blend of PC with PC-siloxane copolymer has a siloxane content in the copolymer
ranging from 10 wt.% to 80 wi.% and siloxane segment sizes varying from 3 to 20 d-
units, wherein the d-unit has the formula -[Si(CH3),0]-.

The amount and length of the siloxane polymer segments incorporated within the
polymeric substrate comprising a blend of PC with PC-siloxane copolymer are

optimized so as to minimally affect the optical transmissivity of the substrate compared
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to pure PC. The presence of the siloxane polymer segments incorporated within the
polymeric substrate comprising a blend of PC with PC-siloxane copolymer in turn
improves the chemical compatibility of this substrate to a silicone hard coat layer to the
extent that the use of any intermediate acrylic-based tie (primer) layer is eliminated.

The substrate based on the blend of PC with PC-siloxane copolymer has a siloxane
content in the copolymer ranging from 10 wt.% to 80 wt.%, preferably from 15 wt.% to
25 wt.%, and more preferably from 18 wt.% to 22 wt.%. The loadings of the PC-
siloxane copolymer in such blends is to be chosen so as to result in an effective
siloxane content in the blend ranging from 0.5 wt.% to 10 wt.%, preferably from 1 wt.%
to 7 wt.%, and more preferably from 2 wt.% to 5 wt.%. The siloxane segment sizes in
the PC-siloxane copolymer vary from 3 to 20 d-units, preferably from 5 to 15 d-units,
and more preferably between 7 to 12 d-units.

In an embodiment of the laminate according to the invention, the adhesion-
enhancing layer is one of a hybrid primer layer, such as an oligomeric PC-siloxane
primer layer or an oligomeric acrylate-siloxane primer layer, and a silicone hardcoat
layer. The adhesion-enhancing layer enables a robust adhesion of the silicon-based
inorganic layer to the polymeric substrate. The silicone hardcoat layer can be prepared
and applied as described in detail in US 8,940,397 B2, column 16, lines 1-43.

In an embodiment of the laminate according to the invention, the silicone hardcoat
layer comprises ultraviolet (UV) reflecting and/or absorbing additives that prevent UV
radiation to reach the underlying polymeric substrate. In this way optimal weatherability
of the substrate can be ensured rendering the laminate suitable for out-door
applications.

In an embodiment of the laminate according to the invention, the polymeric
substrate is a PC-based substrate and the primer layer is a first composition
comprising an oligomeric PC-siloxane copolymer having an oligomeric chain length of
at most 100 and a siloxane content ranging from 5 wt.% to 95 wt.%.

In this way, the first surface of the PC-based polymeric substrate comprising one of
PC, PC-siloxane copolymers and blends of PC with PC-siloxane copolymers, has a
selectively enriched siloxane content. As a result, thereof at least one of the acrylate tie
layer and silicone hardcoat layer can be omitted. The PC segments of the oligomeric
copolymer tether to the first surface of the PC-based substrate while the siloxane
segments of the oligomeric copolymer provide tethers for the second surface of the
silicon-based inorganic layer. In this manner, a single oligomeric copolymer layer
serves the functionality of the conventionally used acrylic-based tie layer and the
silicone hardcoat composition. As a result, material and infrastructure costs associated

with an additional acrylate tie layer and / or silicone hardcoat application step can be
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reduced. Additionally, the probability of defects and interfacial failures associated with
the acrylate tie layer and / or silicone hardcoat layer, and the associated process
challenges can be discarded.

The oligomeric PC-siloxane copolymer of the first composition of the primer layer
has an oligomeric chain length of at most 100. Specifically, incorporating an oligomeric
PC-siloxane copolymer in which the siloxane segment lengths range from 3 to 45 d-
units, wherein the d-unit has the formula -[Si(CH3).0}-, with 1 or 2 such segments
incorporated, and the bisphenol PC segment lengths range between 5 to 20 monomer
units.

The oligomeric PC-siloxane copolymer has a siloxane content ranging from 5 wt.%
to 95 wt.%, preferably from 10 wt.% to 90 wt.%, and more preferably from 25 wt.% to
85 wt.%. The high content of siloxane in the first composition of the primer layer for PC-
based substrates facilitates an improved adhesion of the second surface of the silicon-
based inorganic layer and the siloxane segments in the first surface of the PC-based
substrate through Van der Waals bonds.

In an embodiment of the laminate according to the invention, the first composition of
the primer layer comprises UV reflecting and/or absorbing additives. As such, UV
weatherability is imparted to the laminate according to the invention.

In an embodiment of the laminate according to the invention, the primer layer is a
second composition comprising an cligomeric acrylate-siloxane copolymer having an
oligomeric chain length of at most 100 and a siloxane content ranging from 5 wt.% to
90 wt.%. In this way, the first surface of the polymeric substrate has a selectively
enriched siloxane content. As a result, thereof at least one of the acrylate tie layer and
silicone hardcoat layer can be omitted. In case the laminate has a PMMA-based or PC-
based polymeric substrate, the acrylate segments of the cligomeric copolymer tether to
the first surface of the PMMA-based or PC-based substrate while the siloxane
segments of the oligomeric acrylate-siloxane copolymer provide tethers for the second
surface of the silicon-based inorganic layer. In this manner, a single oligomeric
copolymer layer serves the functionality of the conventionally used acrylic-based primer
and the silicone hardcoat composition. As a result, material and infrastructure costs
associated with an additional acrylate tie layer and / or silicone hardcoat application
step can be reduced. Additionally, the probability of defects and interfacial failures
associated with the acrylate tie layer and / or silicone hardcoat layer, and the
associated process challenges can be discarded. The oligomeric acrylate-siloxane
copolymer of the second composition of the organic primer layer has an oligomeric
chain length of at most 100. Specifically, incorporating an oligomeric siloxane-acrylate

copolymer in which the siloxane segment lengths range from 3 to 45 d units, wherein
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the d-unit has the formula -[Si(CH3).0]-, with 1 or 2 such segments incorporated, and
the acrylate segment lengths range between 5 to 20 monomer units. The oligomeric
acrylate-siloxane copolymer has a siloxane content ranging from 5 wt.% to 90 wt.%,
preferably from 10 wt.% to 85 wt.%, and more preferably from 20 wt.% to 80 wt.%. The
high content of siloxane in the second composition of the primer layer facilitates an
improved adhesion of the second surface of the silicon-based inorganic layer and the
siloxane segments in the first surface of the PC- or PMMA based substrate through
Van der Waals bonds.

In an embodiment of the laminate according to the invention, the second
composition of the primer layer comprises UV reflecting and/or absorbing additives. In
this way, UV weatherability is imparted to the laminate according to the invention.

In an embodiment of the laminate according to the invention, the polymeric
substrate is a PC-based substrate that comprises a first additive comprising oligomeric
PC-siloxane copolymer having an overall molecular weight ranging from 1500 to
12000, a surface energy ranging from 1 mN/m to 30 mN/m, and a siloxane content
ranging from 5 wt.% to 90 wt.%. Using oligomeric PC-siloxane copolymer additives /
master-batches having an optimal siloxane content and composition, and using
optimized process conditions, it is envisaged that these oligomers will preferentially
migrate towards the first surface (skin region) of the PC-based polymeric substrate
during the injection molding step in which the polymeric substrate is fabricated. By
enriching the siloxane content at the first surface of the PC-based substrate, the
second surface of the silicon-based inorganic coating layer, e.g. PECVD SiOx, will
have an improved adhesion to the first surface of the PC-based substrate. On the one
hand, this is due to the low overall molecular weight of the oligomeric PC-siloxane
copolymer that ranges from 1500 to 12000, preferably from 2000 to 9000, and more
preferably from 3000 to 4500 in comparison with pure PC. Additionally or alternatively,
this is due to chemical modification of the siloxane segments so as to render them with
low surface energy ranging from 1 mN/m to 30 mN/m, and preferably from 15 mN/m to
25 mN/m. The siloxane content of the oligomeric PC-siloxane copolymer ranges from 5
wt.% to 90 wt.%, and preferably from 25 wt.% to 85 wt.%. High concentrations of
siloxane at the first surface of the PC-based polymeric substrate facilitate an improved
adhesion of the second surface of the silicon-based inorganic layer and the siloxane
segments in the first surface of the PC substrate through Van der Waals bonds. As a
result of the above, the present invention provides a laminate that does not need to
comprise both the acrylic-based primer and the silicone hardcoat layer known in the
art.
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In an embodiment of the laminate according to the invention, the polymeric
substrate is a PMMA-based substrate that comprises a second additive comprising
oligomeric acrylate-siloxane copolymer having an overall molecular weight ranging
from 800 to 9000, a surface energy ranging from 0.1 mN/m to 30 mN/m, and a siloxane
content ranging from 5 wt.% to 90 wt.%. Using oligomeric acrylate-siloxane copolymer
additives / master-batches having an optimal siloxane content and composition, and
using optimized process conditions, it is envisaged that these oligomers will
preferentially migrate towards the first surface (skin region) of the PMMA-based
polymeric substrate during the injection molding step in which the polymeric substrate
is fabricated. This will enrich the siloxane content at the first surface of the PMMA-
based substrate and it is envisaged that this leads to an improved adhesion of the
second surface of the silicon-based inorganic coating layer, e.g. PECVD SiOx, to the
first surface of the PMMA-based substrate. On the one hand, this is due to the low
overall molecular weight of the oligomeric acrylate-siloxane copolymer that ranges from
800 to 9000, preferably from 1300 to 7500, and more preferably from 1600 to 2750 in
comparison with pure PMMA. Additionally or alternatively, this is due to chemical
modification of the siloxane segments so as to render them with low surface energy
ranging from 0.1 mN/m to 30 mN/m, and preferably from 9 mN/m to 20 mN/m. The
siloxane content of the oligomeric acrylate-siloxane copolymer ranges from 5 wt.% to
90 wt.%, and preferably from 20 wt.% to 80 wt.%. High concentrations of siloxane at
the first surface of the PMMA-based polymeric substrate facilitate an improved
adhesion of the second surface of the silicon-based inorganic layer and the siloxane
segments in the first surface of the PMMA substrate through Van der Waals bonds. As
a result of the above, the present invention provides a laminate that does not need to
comprise both the acrylic-based primer and the silicone hardcoat layer known in the
art.

In an embodiment of the laminate according to the invention, an oxide-based
inorganic coating layer having UV reflecting and/or absorbing properties is provided
either between the first surface of the polymeric substrate and the second surface of
the silicon-based inorganic layer or on a third surface of the silicon-based inorganic
layer that is arranged opposite to the second surface of the silicon-based inorganic
layer. This coating enables application of the laminate not only for in-door applications
but also in weatherable applications. Non-limiting examples of the oxide-based
inorganic coating layer are based on ZnO and CeO..

In an embodiment of the laminate according to the invention, the silicon-based

inorganic layer comprises PECVD silicon oxide, SiOx. By using PECVD SiOx, it is
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possible to also coat curved substrates. SiOx provides the laminate with glass-like
abrasion resistance and barrier properties, weatherability and wear resistance.

According to a second aspect of the present invention there is provided a glazing
product comprising a laminate according to the invention. Non-limiting examples of
glazing products in which laminates can be envisaged comprise automotive glazing
panels, aerospace glazing panels, architectural glazing for building and construction
and eyewear.

According to a third aspect of the present invention, there is provided a vehicle
comprising a glazing product according to the invention. Non-limiting examples of
vehicles in which laminates can be envisaged, comprise cars, trucks, caravans, trailers,
busses, trains, trams, metros, yachts, ships, airplanes, helicopters. When applying the
laminate in one of the vehicles mentioned above, the skilled person will appreciate that
it is advantageous to arrange the laminate in such a way that the optically transparent
silicon-based inorganic layer, e.g. PECVD SiOx, is facing towards the environment
outside the vehicle because of the glass-like abrasion resistance and barrier properties,
weatherability and wear resistance this layer provides to the laminate. Consequently,
the optically transparent polymeric substrate of the laminate is facing towards the
environment inside the vehicle. Additionally, a further optically transparent silicon-
based inorganic layer, e.g. PECVD SiOx, may be facing towards an interior of the
vehicle, i.e. a surface of the polymeric substrate opposite of the first surface may be
selectively enriched with siloxane segments and may comprise a silicon-based
inorganic layer that is optically transparent and has a second surface that is directly
connected with the first surface of the polymeric substrate or connected with the first
surface of the polymeric substrate via one adhesion enhancing layer that is arranged
between the first surface of the polymeric substrate and the second surface of the
silicon-based inorganic layer. As such, the polymeric substrate has an inorganic layer
on both surfaces.

According to a fourth aspect of the present invention, there is provided a method of
fabricating a laminate for use in glazing applications according to the invention. The
method comprising at least one of blending, injection molding, injection-compression
molding, multi-shot (or multi-component or multi material) injection compression
molding, in-mold coating, in-mold painting, flow-coating, coextrusion, laminating,
plasticizing, calendaring, coating and plasma-enhanced chemical vapor deposition.
Siloxane segments improve adherence of the silicon-based inorganic layer to the
polymeric substirate. As a result, the application of at least one of an acrylic-based
primer and a silicone hardcoat layer known from laminates comprised in the state of

the art can be omitted. Consequently, the method can provide a laminate that
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comprises a reduced number of layers compared to laminates comprised in the state of
the art. The method enables the fabrication of laminates having glass like abrasion
resistance and barrier properties. Moreover, the method has both an improved
robustness and yield, which results in laminates having an improved reliability.

In an embodiment of the method according to the invention, an polymeric substrate
of the laminate is fabricated by blending PC with a masterbatch of a PC-siloxane
copolymer having a siloxane content ranging from 10 wt.% to 80 wt. % and siloxane
segment sizes varying from 3 to 20 d-units, wherein the d-unit has the formula -
[Si(CH3).0]-. The PC-siloxane copolymer masterbatch contains high concentrations of
siloxane segments with the siloxane content in the copolymer ranging from 10 wt.% to
80 wt.%, preferably from 15 wt.% to 25 wt.%, and more preferably from 18 wt.% to 22
wt.%. The loadings of the PC-siloxane copolymer is to be chosen so as to result in an
effective siloxane content in the blend of PC with PC-siloxane copolymer ranging from
0.5 wt.% to 10 wt.%, preferably from 1 wt.% to 7 wt.%, and more preferably from 2
wt.% to 5 wt.%. The siloxane concentration in the masterbatch is diluted to the desired
final concentration through blending with pure PC while ensuring minimal reduction to
its optical transmissivity while improving the compatibility of the polymeric substrate to
a silicone hardcoat layer to the extent that the need for any intermediate acrylic-based
tie (primer) layer is eliminated. The siloxane segment sizes in the PC-siloxane
copolymer vary from 3 to 20 d-units, preferably from 5 to 15 d-units, and more
preferably between 7 to 12 d-units.

According to this non-limiting embodiment of the method according to the invention,
a laminate can be fabricated that comprises a siloxane-rich and hardcoat-compatible
polymeric substrate that does not need to be treated with any acrylic-based tie (primer)
layer to improve the adhesion of an optically transparent silicon-based inorganic
protection layer.

In an embodiment of the method according to the invention, an polymeric substrate
of the laminate is fabricated using a two-step injection-compression molding (2K-ICM)
process, wherein in a first injection molding step a PC-siloxane copolymer is molded,
the PC-siloxane copolymer having a siloxane content ranging from 1 wt.% to 7 wt.%
and siloxane segment sizes varying from 3 to 20 d-units, wherein the d-unit has the
formula -[Si(CH3)20]-, and wherein in a second injection-compression molding step a
masterbatch of a PC-siloxane copolymer is molded, the masterbatch having a siloxane
content ranging from 10 wt.% to 80 wt.% and siloxane segment sizes varying from 3 to
20 d-units.

According 1o this non-limiting embodiment of the method according to the invention,

a laminate can be fabricated using a 2K-ICM process. The first injection-molding step
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(IM) is carried out to achieve the bulk of the optically transparent polymeric substrate of
the laminate according to the invention. The second injection-compression molding
(ICM) step is carried out to selectively enrich the first surface of the optically
transparent polymeric substrate with siloxane segments. By selectively enriching the
first surface of the polymeric substrate, the compatibility of the first surface of the
polymeric substrate with the silicone hardcoat layer is improved.

The selective surface enrichment of the polymeric substrate with siloxane segments
through ZK-ICM-based over-molding is also expected to result in an polymeric
substrate with low birefringence and residual stresses, improved compatibility of the
PC-based bulk layer (first shot) with the PC-siloxane copolymer masterbaich (second
shot), and overall better performance in terms of establishment of the silicone hardcoat
on the polymeric substrate.

The composition of the masterbatch (second shot) and the length of siloxane
segments in the masterbatch, as well as the thickness of the second shot surface layer
in 2K-ICM is optimized so as to minimally impact the optical transmissivity of the
substrate compared to pure PC or optically transparent PC-siloxane copolymers. The
thickness of first shot (IM) can range from 1 to 8 mm, and preferably between 3 to 5
mm. The thickness of the second shot (ICM) can range between 0.5 to 1 mm and more
preferably between 0.6 to 0.8 mm. The thickness of the polymeric substrate may range
from 1.5 to 9 mm, preferably 3.6 to 5.8 mm. Further, the incorporation of the PC-
siloxane copolymer masterbatch as the second shot (ICM) also ensures a uniformly
distributed and optically thin layer of the siloxane-containing layer, thereby ensuring
retention of the good optical transmissivity offered by the PC-based bulk layer (first
shot).

In an embodiment of the method according to the invention, the masterbaich of the
PC-siloxane copolymer is enriched with UV reflecting and/or absorbing additives in the
second injection-compression molding step. In this way, the method enables the
fabrication of a laminate comprising a polymeric substrate having optimal
weatherability.

In an embodiment of the method according to the invention, an polymeric substrate
of the laminate is fabricated by blending one of polycarbonate (PC) and poly- methyl
methacrylate (PMMA) with a masterbatch of an acrylate-siloxane copolymer having a
siloxane content ranging from 10 wt.% to 80 wt.% and siloxane segment sizes varying
from 3 to 20 d-units, wherein the d-unit has the formula -[Si(CH3).0]-.

The acrylate-siloxane copolymer masterbaich contains high concentrations of
siloxane segments with the siloxane content in the copolymer ranging from 10 wt.% to
80 wt.%, preferably from 15 wt.% to 25 wt.%, and more preferably from 18 wt.% to 22
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wt.%. The loadings of the acrylate-siloxane copolymer is to be chosen so as to result in
an effective siloxane content in the blend of PC or PMMA with acrylate-siloxane
copolymer ranging from 0.5 wt.% to 10 wt.%, preferably from 1 wt.% to 7 wt.%, and
more preferably from 2 wt.% to 5 wt.%. The siloxane concentration in the masterbatch
is diluted to the desired final concentration through blending with either pure PC or pure
PMMA while ensuring minimal reduction to its optical transmissivity while improving the
compatibility of the polymeric substrate to a silicone hardcoat layer to the extent that
the need for any intermediate acrylic-based tie (primer) layer is eliminated. The
siloxane segment sizes in the acrylate-siloxane copolymer vary from 3 to 20 d-units,
preferably from 5 to 15 d-units, and more preferably between 7 to 12 d-units.

According to this non-limiting embodiment of the method according to the invention,
a laminate can be fabricated that comprises a siloxane-rich and hardcoat-compatible
polymeric substrate that does not need to be treated with any acrylic-based tie (primer)
layer to improve the adhesion of an optically transparent silicon-based inorganic
protection layer.

In an embodiment of the method according to the invention, an polymeric substrate
of the laminate is fabricated using a 2K-ICM process, wherein in a first injection
molding step either pure PC or pure PMMA or a PC-siloxane copolymer is molded, the
PC-siloxane copolymer having a siloxane content ranging from 1 wt.% to 7 wt.% and
siloxane segment sizes varying from 3 to 20 d-units, wherein the d-unit has the formula
-[Si(CH3)20]-, and wherein in a second injection-compression molding step a
masterbatch of an acrylate-siloxane copolymer is molded, the masterbatch having a
siloxane content ranging from 10 wt.% to 80 wt.% and siloxane segment sizes varying
from 3 to 20 d-units.

According to this non-limiting embodiment of the method according to the invention,
a laminate can be fabricated using a 2K-ICM process. The first injection-molding step is
carried out to achieve the bulk of the optically transparent polymeric substrate of the
laminate according to the invention. The second injection-compression molding step is
carried out to selectively enrich the first surface of the optically transparent polymeric
substrate with siloxane segments. By selectively enriching the first surface of the
polymeric substrate, the compatibility of the first surface of the polymeric substrate with
the silicone hardcoat layer is improved.

The selective surface enrichment of the polymeric substrate with siloxane segments
through ICM-based over-molding is also expected to result in an polymeric substrate
with low birefringence and residual stresses, improved compatibility of the PC or
PMMA or PC-siloxane copolymer bulk layer (first shot) with the acrylate-siloxane

masterbatch (second shot), and overall better performance in terms of establishment of
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the silicone hardcoat on the polymeric substrate. The composition of the masterbatch
(second shot) and the length of siloxane segments in the masterbatch, as well as the
thickness of the second shot surface layer in ICM is optimized so as to minimally
impact the optical transmissivity of the substrate compared to pure PC or pure PMMA
or optically transparent PC-siloxane copolymers. The thickness of first shot (IM) can
range from 1 to 8 mm, and preferably between 3 to 5 mm. The thickness of the second
shot (ICM) can range between 0.5 to 1 mm and more preferably between 0.6 to 0.8
mm. The thickness of the polymeric substrate may range from 1.5 to 9 mm, preferably
3.6 t0 5.8 mm. Further, the incorporation of the acrylate-siloxane copolymer
masterbatch as the second shot ICM also ensures a uniformly distributed and optically
thin layer of the siloxane-containing layer, thereby ensuring retention of the good
optical transmissivity offered by the PC-based or PMMA-based bulk layer (first shot).

In an embodiment of the method according to the invention, the masterbatch of the
acrylate-siloxane copolymer is enriched with UV reflecting and/or absorbing additives in
the second injection-compression molding step. In this way, the method enables the
fabrication of a laminate comprising a polymeric substrate having optimal
weatherability.

In an embodiment of the method according to the invention, flow-coating is used to
provide a first surface of the polymeric substrate of the laminate with an primer layer
that comprises a first composition comprising an oligomeric PC-siloxane copolymer
having an oligomeric chain length of at most 100 and a siloxane content ranging from 5
wt.% to 95 wt.%, and wherein the first composition employed for flow-coating has an
intrinsic viscosity ranging from 0.5 mPa-s to 25 mPa-s.

In this way, the first surface of the PC-based polymeric substrate comprising one of
PC, PC-siloxane copolymers and blends of PC with PC-siloxane copolymers, has a
selectively enriched siloxane content. As a result, thereof the silicone hardcoat layer
can be omitted. The PC segments of the oligomeric copolymer tether to the first
surface of the PC-based substrate while the siloxane segments of the oligomeric
copolymer provide tethers for the second surface of the silicon-based inorganic layer.
In this manner, a single oligomeric copolymer layer serves the functionality of the
conventionally used acrylic tie layer and the silicone hardcoat composition. As a result,
material and infrastructure costs associated with an additional acrylic tie layer and / or
silicone hardcoat application step can be reduced. Additionally, the probability of
defects and interfacial failures associated with at least one of the acrylic tie layer and
silicone hardcoat layer, and the associated process challenges can be discarded.

The oligomeric PC-siloxane copolymer of the first composition of the primer layer

has an oligomeric chain length of at most 100. Specifically, incorporating an oligomeric
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PC-siloxane copolymer in which the siloxane segment lengths range from 3 to 45 d
units, wherein the d-unit has the formula -[Si(CH3).0}-, with 1 or 2 such segments
incorporated, and the PC segment lengths range between 5 to 20 monomer units.

The oligomeric PC-siloxane copolymer has a siloxane content ranging from 5 wt.%
to 95 wt.%, preferably from 10 wt.% to 90 wt.%, and more preferably from 25 wt.% to
85 wt.%. To achieve the primer composition, the oligomeric PC-siloxane copolymer is
dissolved or dispersed in a volatile organic solvent mixture containing two or more of
chloroform, dichloromethane, toluene, xylene, hexane, isopropanol, n-butanol,
isobutanol, and methyl-isobutyl ketone. The volatile solvent mixture is employed to
make the primer composition amenable for application using flow-coating. The
concentration of the oligomeric PC-siloxane copolymer within the primer ranges from 5
wt.% to 50 wt.%, and more preferably from 10 wt.% to 25 wt.% so as to achieve
viscosities ranging from 0.5 mPa-s to 25 mPa-s. The primer is applied through flow-
coating, followed by a flash-out stage to remove the volatile solvent mixtures. In this
way, the first primer layer that is achieved on the first surface of the PC-based
polymeric substrate has an effective siloxane content ranging from 25 wt.% to 85 wt.%.
The high content of siloxane in the first composition of the primer layer for PC-based
substrates facilitates an improved adhesion of the second surface of the silicon-based
inorganic layer and the siloxane segments in the first surface of the PC substrate
through Van der Waals bonds.

The low intrinsic viscosity of the first composition of the organic primer layer, ranging
from 0.5 mPa-s to 25 mPa-s, allows easy spreading and interdiffusion of the first
composition into the polymeric substrate, leading to effective surface treatment.

In an embodiment of the method according to the invention, flow-coating is used to
provide a first surface of the polymeric substrate of the laminate with an primer layer
that comprises a second composition comprising an oligomeric acrylate-siloxane
copolymer having an oligomeric chain length of at most 100 and a siloxane content
ranging from 5 wt.% to 90 wt.%, and wherein the second composition employed for
flow-coating has an intrinsic viscosity ranging from 0.5 mPa-s to 25 mPa-s.

In this way, the first surface of the polymeric substrate has a selectively enriched
siloxane content. As a result, thereof the silicone hardcoat layer can be omitted. In
case the laminate has a PMMA-based or PC-based polymeric substrate, the acrylate
segments of the oligomeric copolymer tether to the first surface of the PMMA-based or
PC-based substrate while the siloxane segments of the oligomeric acrylate-siloxane
copolymer provide tethers for the second surface of the silicon-based inorganic layer.
In this manner, a single oligomeric copolymer layer serves the functionality of the

conventionally used acrylic-based primer and the silicone hardcoat composition. As a
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result, material and infrastructure costs associated with an additional acrylic tie layer
and / or silicone hardcoat application step can be reduced. Additionally, the probability
of defects and interfacial failures associated with at least one of the acrylic tie layer and
silicone hardcoat layer, and the associated process challenges can be discarded.

The oligomeric acrylate-siloxane copolymer of the second composition of the
organic primer layer has an oligomeric chain length of at most 100. Specifically,
incorporating an oligomeric siloxane-acrylate copolymer in which the siloxane segment
lengths range from 3 to 45 d units, wherein the d-unit has the formula -[Si(CH3)20]-,
with 1 or 2 such segments incorporated, and the acrylate segment lengths range
between 5 to 20 monomer units.

The oligomeric acrylate-siloxane copolymer has a siloxane content ranging from 5
wt.% to 90 wt.%, preferably from 10 wt.% to 85 wt.%, and more preferably from 20
wt.% to 80 wt.%. To achieve the primer composition, the oligomeric acrylate-siloxane
copolymer is dissolved or dispersed in a volatile organic solvent mixture containing two
or more of chloroform, dichloromethane, toluene, xylene, hexane, isopropanol, n-
butanol, isobutanol, and methyl-isobutyl ketone. The volatile solvent mixture is
employed to make the primer composition amenable for application using flow-coating.
The concentration of the oligomeric acrylate-siloxane copolymer within the primer
ranges from 5 wt.% to 50 wt.%, and more preferably from 10 wt.% to 25 wt.% so as to
achieve viscosities ranging from 0.5 mPa-s to 25 mPa-s. The primer is applied through
flow-coating, followed by a flash-out stage to remove the volatile solvent mixtures. In
this way, the first primer layer that is achieved on the first surface of the PMMA-based
or PC-based polymeric substrate has an effective siloxane content ranging from 20
wt.% to 80 wt.%. The high content of siloxane in the second composition of the organic
primer layer facilitates an improved adhesion of the second surface of the silicon-based
inorganic layer and the siloxane segments in the first surface of the PMMA- or PC-
based substrate through Van der Waals bonds.

The low intrinsic viscosity of the second composition of the organic primer layer,
ranging from 0.5 mPa-s to 25 mPa-s, allows easy spreading and interdiffusion of the
second composition into the polymeric substrate, leading to effective surface treatment.
In an exemplary embodiment of the method according to the invention, an polymeric
substrate of the laminate having a first surface that is provided with an primer layer
having a first composition is fabricated using a two-step injection-compression molding
process, wherein in a first injection molding step a PC-siloxane copolymer is molded,
the PC-siloxane copolymer having a siloxane content ranging from 1 wt.% to 7 wt.%
and siloxane segment sizes varying from 3 to 20 d-units, wherein the d-unit has the

formula -[Si{CH3)20]-, and wherein in a second injection-compression molding step a
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first composition comprising an oligomeric PC-siloxane copolymer having an oligomeric
chain length of at most 100 and a siloxane content ranging from 5 wi.% to 95 wt.% is
molded, and wherein the first composition has an intrinsic viscosity ranging from 0.5
mPa-s to 25 mPa-s.

The PC-siloxane copolymer contains high concentrations of siloxane segments with
the siloxane content in the copolymer ranging from 1 wt.% to 7 wt.%, preferably from 2
wt.% to 5 wt.%. The siloxane segment sizes in the PC-siloxane copolymer vary from 3
to 20 d-units, preferably from 5 to 15 d-units, and more preferably between 7 to 12 d-
units.

The oligomeric PC-siloxane copolymer has a siloxane content ranging from 5 wt.%
to 95 wt.%, preferably from 10 wt.% to 90 wt.%, and more preferably from 25 wt.% to
85 wt.%. In this way, the first composition of the organic primer layer that is employed
for treating the first surface of the PC-based polymeric substrate has a siloxane content
ranging from 25% to 85%. The oligomeric PC-siloxane copolymer has an oligomeric
chain length of at most 100. Specifically, incorporating an oligomeric PC-siloxane
copolymer in which the siloxane segment lengths range from 3 to 45 d units, wherein
the d-unit has the formula -[Si(CH3)20]-, with 1 or 2 such segments incorporated, and
the PC segment lengths range between 5 to 20 monomer units.

In this way, a polymeric substrate can be achieved that has a first surface that is
selectively enriched with siloxane segments to improve the compatibility with the
silicon-based inorganic layer, which for example is PECVD SiOx. The second
compression step associated with the primer layer that comprises a first composition
comprising oligomeric PC-siloxane copolymer allows an intimate surface contact of the
primer layer with the bulk substrate and also allows the formation of an optically thin
layer of the primer layer to ensure minimal reduction of the optical transmissivity of the
bulk substrate.

Furthermore, it is noted that using an oligomeric PC-siloxane copolymer primer in
the second stage ICM step, or alternatively an in-mold coating or painting step, can
result in an even thinner top layer as it would be possible to reduce the thickness of the
top layer to 0.1 mm instead of 0.5 mm with the masterbatch. This is due to the lower
viscosity of the oligomeric PC-siloxane copolymer compared to the masterbatch.

Moreover, it is noted that in contrast to using an oligomeric PC-siloxane copolymer
primer for flow-coating, using a primer for ICM step in 2K-ICM does not require the
application of any solvents for viscosity reduction. The skilled person will appreciate
that adhesion between two layers in 2K-ICM is achieved via heat-sealing instead of

solvent etching, as is the case in flow-coating.
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In another specific embodiment of the method according to the present invention,
the first composition comprising oligomeric PC-siloxane copolymer is used as an in-
mold coating during injection molding of the bulk substrate. In yet another specific
embodiment of the method according to the present invention, the first compaosition
comprising oligomeric PC-siloxane copolymer is used as an in-mold decoration surface
film during injection molding of the bulk substrate.

In an exemplary embodiment of the method according to the invention, an
polymeric substrate of the laminate having a first surface that is provided with an
organic layer having a second composition is fabricated using a two-step injection-
compression molding process, wherein in a first injection molding step either pure PC
or pure PMMA or a PC-siloxane copolymer is molded, the PC-siloxane copolymer
having a siloxane content ranging from 1 wt.% to 7 wt.% and siloxane segment sizes
varying from 3 to 20 d-units, wherein the d-unit has the formula -[Si(CH3),0]-, and
wherein in a second injection-compression molding step a second composition
comprising an oligomeric acrylate-siloxane copolymer having an oligomeric chain
length of at most 100 and a siloxane content ranging from 5 wt.% to 90 wt.%, and
wherein the second composition has an intrinsic viscosity ranging from 0.5 mPa-s to 25
mPa-s.

The PC-siloxane copolymer contains high concentrations of siloxane segments with
the siloxane content in the copolymer ranging from 1 wt.% to 7 wt.%, preferably from 2
wt.% to 5 wt.%. The siloxane segment sizes in the PC-siloxane copolymer vary from 3
to 20 d-units, preferably from 5 to 15 d-units, and more preferably between 7 to 12 d-
units.

The oligomeric acrylate-siloxane copolymer has an oligomeric chain length of at
most 100. Specifically, incorporating an oligomeric siloxane-acrylate copolymer in
which the siloxane segment lengths range from 3 to 45 d units, wherein the d-unit has
the formula -[Si(CH3),0]-, with 1 or 2 such segments incorporated, and the acrylate
segment lengths range between 5 to 20 monomer units. The oligomeric acrylate-
siloxane copolymer has a siloxane content ranging from 5 wt.% to 90 wt.%, preferably
from 10 wt.% to 85 wt.%, and more preferably from 20 wt.% to 80 wt.%. In this way, the
primer layer comprising the second composition that is employed for treating the first
surface of the PMMA-based or PC-based polymeric substrate has a siloxane content
ranging from 25% to 85%.

In this way, a polymeric substrate can be achieved that has a first surface that is
selectively enriched with siloxane segments to improve the compatibility with the
silicon-based inorganic layer, e.g. PECVD SiOx. The second compression step

associated with the primer layer that comprises the second composition comprising
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oligomeric acrylate-siloxane copolymer allows an intimate surface contact of the primer
layer with the bulk substrate and also allows the formation of an optically thin layer of
the primer layer to ensure minimal reduction of the optical transmissivity of the bulk
substrate.

Furthermore, it is noted that using an oligomeric siloxane-acrylate copolymer primer
in the second stage ICM step, or alternatively an in-mold coating or painting step, can
result in an even thinner top layer as it would be possible to reduce the thickness of the
top layer to 0.1 mm instead of 0.5 mm with the masterbatch. This is due to the lower
viscosity of the oligomeric siloxane-acrylate copolymer compared to the masterbatch.

Moreover, it is noted that in contrast to using an oligomeric siloxane-acrylate
copolymer primer for flow-coating, using a primer for ICM step in 2ZK-1CM does not
require the application of any solvents for viscosity reduction.

In another specific embodiment of the method according to the present invention,
the second composition comprising oligomeric acrylate-siloxane copolymer is used as
an in-mold coating during injection molding of the bulk substrate. In another specific
embodiment of the method according to the present invention, the second composition
comprising oligomeric acrylate-siloxane copolymer is used as an in-mold decoration
surface film during injection molding of the bulk substrate.

In an embodiment of the method according to the invention, a PC-based polymeric
substrate of the laminate comprising a PC-siloxane copolymer having a siloxane
content ranging from 0.5 wt.% to 10 wt.% and siloxane segment sizes varying from 3 to
20 d-units, wherein the d-unit has the formula -[Si(CH3),0]-, is plasticized with
oligomeric PC-siloxane copolymer having an overall molecular weight ranging from
1500 to 12000, a surface energy ranging from 1 mN/m to 30 mN/m, and a siloxane
content ranging from 5 wt.% to 90 wt.%.

During molding of the PC-based polymeric substrate using oligomeric PC-siloxane
copolymer having an optimal siloxane content and composition, and using optimized
process conditions, it is envisaged that these oligomers will preferentially migrate
towards the first surface (skin region) of the PC-based polymeric substrate. In this way,
the siloxane content at the first surface of the PC-based substrate will be enriched and
it is envisaged that this leads to an improved adhesion of the second surface of the
silicon-based inorganic coating layer, e.g. PECVD SiOx, to the first surface of the PC-
based substrate. On the one hand, this is due to the low overall molecular weight of the
oligomeric PC-siloxane copolymer that ranges from 1500 to 12000, preferably from
2000 to 9000, and more preferably from 3000 to 4500 in comparison with pure PC.
Additionally or alternatively, this is due to chemical modification of the siloxane

segments so as to render them with low surface energy ranging from 1 mN/m to 30
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mN/m, and preferably from 15 mN/m to 25 mN/m. The siloxane content of the
oligomeric PC-siloxane copolymer ranges from 5 wt.% to 90 wt.%, and preferably from
25 wt.% to 85 wit.%. High concentrations of siloxane at the first surface of the PC-
based polymeric substrate facilitate an improved adhesion of the second surface of the
silicon-based inorganic layer and the siloxane segments through Van der Waals bonds.
As a result of the above, the present invention provides a laminate that does not need
to comprise both the acrylate-based primer and the silicone hardcoat layer known in
the art.

In an embodiment of the method according to the invention, a PMMA-based
polymeric substrate of the laminate is blended with oligomeric acrylate-siloxane
copolymer having an overall molecular weight ranging from 800 to 8000, a surface
energy ranging from 0.1 mN/m to 30 mN/m, and a siloxane content ranging from 5
wt.% to 90 wt.%.

During blending the PMMA-based polymeric substrate using oligomeric acrylate-
siloxane copolymer having an optimal siloxane content and composition, and using
optimized process conditions, it is envisaged that these oligomers will preferentially
migrate towards the first surface (skin region) of the PMMA-based polymeric substrate.
In this way, the siloxane content at the first surface of the PMMA-based substrate will
be enriched and it is envisaged that this leads to an improved adhesion of the second
surface of the silicon-based inorganic coating layer, e.g. PECVD SiOx, to the first
surface of the PMMA-based substrate. On the one hand, this is due to the low overall
molecular weight of the oligomeric acrylate-siloxane copolymer that ranges from 800 to
9000, preferably from 1300 to 7500, and more preferably from 1600 to 2750 in
comparison with pure PMMA. Additionally or alternatively, this is due to chemical
modification of the siloxane segments so as to render them with low surface energy
ranging from 0.1 mN/m to 30 mN/m, and preferably from 9 mN/m to 20 mN/m. The
siloxane content of the oligomeric acrylate-siloxane copolymer ranges from 5 wt.% to
90 wt.%, and preferably from 20 wt.% to 80 wt.%. High concentrations of siloxane at
the first surface of the PMMA-based polymeric substrate facilitate an improved
adhesion of the second surface of the silicon-based inorganic layer and the siloxane
segments through Van der Waals bonds. As a result of the above, the present
invention provides a laminate that does not need to comprise the silicone hardcoat
layer known in the art.

In an embodiment of the method according to the invention, the method further
comprises the step of applying an oxide-based inorganic coating layer having UV
reflecting and/or absorbing properties either between a first surface of the polymeric

substrate of the laminate and a second surface of a silicon-based inorganic layer of the
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laminate or to at least a third surface of the silicon-based inorganic layer that is
arranged opposite to the second surface of the silicon-based inorganic layer. This
coating enables application of the laminate not only for in-door applications but also in
weatherable applications. Non-limiting examples of the oxide-based inorganic coating
layer are based on ZnO and CeOQ..

In an embodiment of the method according to the invention, the method further
comprises the step of covering the laminate with a silicon-based inorganic layer
comprising SiOx using PECVD. By using PECVD SiOx, it is possible to also coat
curved substrates. SiOx provides the laminate with glass-like abrasion resistance and

barrier properties, weatherability and wear resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will become apparent from the
description of the invention by way of exemplary and non-limiting embodiments of a
laminate for use in glazing applications according to the invention, a method of
fabricating such laminate, a glazing product comprising such laminate, and a vehicle
comprising such glazing product.

The person skilled in the art will appreciate that the described embodiments of the
laminate, the method, the glazing product and the vehicle are exemplary in nature only
and not to be construed as limiting the scope of protection in any way. The person
skilled in the art will realize that alternatives and equivalent embodiments of the
laminate, the method, the glazing product, and the vehicle can be conceived and
reduced to practice without departing from the scope of protection of the present
invention. Reference will be made to the figures on the accompanying drawing sheets.
The figures are schematic in nature and therefore not necessarily drawn to scale.
Furthermore, equal reference numerals denote equal or similar parts. On the attached
drawing sheets,

figure 1 shows a cross-sectional view of a first exemplary, non-limiting embodiment
of a laminate according to the invention comprising an adhesion-enhancing layer that is
a silicone hardcoat layer;

figure 2a shows a cross-sectional view of a second exemplary, non-limiting
embodiment of a laminate according to the invention comprising a PC-based substrate
that is provided with an adhesion enhancing layer at its first surface, the adhesion
enhancing layer being an organic primer layer comprising a first composition;

figure 2b shows a cross-sectional view of the second exemplary, non-limiting
embodiment of the laminate according to the invention comprising an polymeric

substrate that is one of a PC-based substrate and a PMMA-based substrate, the
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polymeric substrate being provided with an adhesion enhancing layer at its first
surface, the adhesion enhancing layer being an organic primer layer comprising a
second composition;

figure 3a shows a cross-sectional view of a third exemplary, non-limiting
embodiment of a laminate according to the invention that is free of any adhesion
enhancing intermediate layer;

figure 3b shows a cross-sectional view of the third exemplary, non-limiting
embodiment of the laminate according to the invention that is provided with an oxide-
based inorganic coating layer that is arranged between a first surface of the polymeric
substrate and a second surface of a silicon-based inorganic layer of the laminate;

figure 3¢ shows a cross-sectional view of the third exemplary, non-limiting
embodiment of the laminate according to the invention that is provided with an oxide-
based inorganic coating layer that is arranged on a third surface of the silicon-based
inorganic layer of the laminate;

figure 4 shows a perspective view of a first exemplary, non-limiting embodiment of a
glazing product comprising a laminate according to the invention; and

figure 5 shows a perspective view of a first exemplary, non-limiting embodiment of a

vehicle comprising a glazing product according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiment 1: Laminate free of acrylic-based tie layer

Figure 1 schematically shows a cross-sectional view of a first exemplary, non-
limiting embodiment of a laminate 1 according to the invention. The laminate 1
comprises an optically transparent polymeric substrate 2 that that can be either a
PMMA-based substrate, or a PC-based substrate comprising one of PC, a PC-siloxane
copolymer and a blend of PC with PC-siloxane copolymer. The laminate 1 has a high
light transmissivity, stability to ultraviolet (UV) light, and glass-like high scratch and mar
resistance. These properties render the laminate 1 suitable for use in glazing
applications. The optically transparent polymeric substrate is transparent to at least
light visible to the human eye, wherein the transmittance of visible light is above 30%.
The transparent polymeric substrate may be combined with an opague polymeric
substrate, wherein opaque is defined as having a visible light transmittance of up to
30%. Both the transparent and the opaque polymeric substrates can be provided with a
coating arrangement as described herein. The transparent and opague polymeric

substrates may comprise similar materials, or dissimilar materials.
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The polymeric substrate 2 has a first surface 3 that is selectively enriched with
siloxane segments, either partially or entirely. The siloxane segments may be uniformly
distributed. The first surface 3 of the polymeric substrate is provided with a coating
system that comprises an optically transparent silicon-based inorganic layer 4 as a top
or capping layer. The silicon-based inorganic layer 4 can comprise plasma-enhanced
chemical-vapor deposited (PECVD) silica, e.g. silicon oxide (SiOx). The silicon-based
inorganic layer 4 provides the laminate 1 with glass-like abrasion resistance and barrier
properties. The silicon-based inorganic layer 4 has a second surface 5 that faces
towards the first surface 3 of the polymeric substrate 2. According to the first
embodiment of the laminate 1 shown in figure 1, the second surface 5 of the silicon-
based inorganic layer 4 is associated with the first surface 3 of the polymeric substrate
2 via an adhesion-enhancing layer 6 of the coating system that is provided on the first
surface 3. The adhesion-enhancing layer 6 forms an interface with both the first surface
3 of the polymeric substrate 2 and the second surface 5 of the silicon-based inorganic
layer 4. In the embodiment of the laminate 1 shown in figure 1, the adhesion-enhancing
layer 6 is a silicone hardcoat layer that enables optimal adhesion between the
polymeric polymeric substrate 2 and the silicon-based inorganic capping layer 4. The
silicone hardcoat layer can be prepared and applied as described in detail in US
8,940,397 B2, column 186, lines 1-43.

The adhesion-enhancing layer 6 can comprise a silicone coating composition
comprising at least one of silicone resin, curing catalyst and solvent. Furthermore, the
adhesion-enhancing layer 6 can comprise UV reflecting and/or absorbing additives. In
this way, optimal weatherability of the substrate 2 can be ensured rendering the
laminate 1 suitable for out-door applications.

The chemistry and functionalization of the polymeric substrate 2 are suitably tailored
to enable direct application of the silicone hardcoat layer to the first surface 3 of the
polymeric substrate 2 without the use of an acrylic-based primer known in the state of
the art. By avoiding the use of a known acrylic-based primer, it is possible to reduce the
number of intermediate tie layers as compared to the state of the art without
compromising on the desired functionality. The skilled person will appreciate that by
reducing the number of tie layers used, productivity and part quality can be improved.
Furthermore, it is expected that in this way material and infrastructure costs associated
with the application of the known acrylic-based primer layer can be reduced. Moreover,
it is expected that the probability of defects and interfacial failures associated with the
known acrylic-based primer layer, and the associated process challenges can be

discarded.
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The amount and iength of the siloxane polymer segments incorporated within the
PC-siloxane copolymer substrate 2 are optimized so as to minimally impact the optical
transmissivity of the substrate 2 compared to pure PC. The presence of the siloxane
polymer segments incorporated within the PC-siloxane copolymer substrate 2 in turn
improves the chemical compatibility of the substrate 2 to the intermediate or silicone
hardcoat layer to the extent that the use of any intermediate acrylic-based tie (primer)
layer as known in the art is eliminated.

The PC-based polymeric substrate 2 shown in figure 1 may be fabricated using a
two-step injection-compression molding process (2ZK-ICM). In a first injection-molding
step, a PC or PC-siloxane copolymer is molded. In this way, the bulk of the optically
transparent polymeric substrate 2 of the laminate 1 can be achieved. In a second
injection-compression molding step, a masterbatch of a PC-siloxane copolymer is
molded. By carrying out the second injection-compression, molding step the first
surface 3 of the optically transparent polymeric substrate 2 can be selectively enriched
with siloxane segments. In this way, the compatibility of the first surface 3 of the
polymeric substrate 2 with the silicone hardcoat layer can be improved.

The selective enrichment of the first surface 3 of the polymeric substrate 2 with
siloxane segments through ICM-based over-molding is also expected to result in an
polymeric substrate 2 with low birefringence and residual stresses, improved
compatibility of the PC-based bulk layer (first shot) with the PC-siloxane copolymer
masterbatch (second shot), and overall better performance in terms of establishment of
the silicone hardcoat layer on the polymeric substrate 2.

In the second injection-compression, molding step the masterbatch of the PC-
siloxane copolymer can be enriched with UV-stabilizing and/or UV-resistant additives.
In this way, a laminate 1 can be fabricated that comprises a polymeric substrate 2
having optimal weatherability.

Accordingly, the present invention provides a way of fabricating a laminate 1 that
comprises a siloxane-rich and hardcoat-compatible PC-based substrate 2 that does not
need to be treated with any acrylic-based tie (primer) layer as known in the art to
improve the adhesion of an optically transparent silicon-based inorganic protection
layer 4.

Alternatively, the polymeric substrate 2 of the laminate 1 can be fabricated by
blending one of PC and PMMA with a masterbatch of an acrylate-siloxane copolymer
having high concentrations of siloxane segments with the siloxane content in the
copolymer. The siloxane concentration in the masterbatch is diluted to the desired final
concentration through blending with either pure PC or pure PMMA while ensuring that

both its optical transmissivity is minimally reduced and the compatibility of the
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polymeric substrate 2 with the silicone hardcoat layer is improved to the extent that the
need for any intermediate acrylic-based tie layer as known in the art is eliminated.

Furthermore, the polymeric substrate 2 of laminate 1 may be manufactured using a
2K-ICM molding a first injection-molding step either pure PC or pure PMMA or a PC-
siloxane copolymer. In this way, the bulk of the optically transparent polymeric
substrate 2 of the laminate 1 can be achieved. In a second injection-compression,
molding step a masterbatch of an acrylate-siloxane copolymer is molded. The second
injection-compression molding step is carried out to selectively enrich the first surface 3
of the optically transparent polymeric substrate 2 with siloxane segments. In this way,
the compatibility of the first surface 3 of the polymeric substrate 2 with the silicone
hardcoat layer can be improved.

The selective surface enrichment of the polymeric substrate 2 with siloxane
segments through ICM-based over-molding is also expected to result in an polymeric
substrate 2 with low birefringence and residual stresses, improved compatibility of the
PC or PMMA or PC-siloxane copolymer bulk layer (first shot) with the acrylate-siloxane
masterbatch (second shot), and overall better performance in terms of establishment of
the silicone hardcoat layer on the polymeric substrate 2.

In the second injection-compression, molding step the masterbatch of the acrylate-
siloxane copolymer can be enriched with UV-stabilizing and/or UV-resistant additives.
In this way, a laminate 1 can be fabricated that comprises an polymeric substrate 2
having optimal weatherability.

Accordingly, the present invention provides a way of fabricating a laminate 1 that
comprises a siloxane-rich and hardcoat-compatible PC-based or PMMA-based
polymeric substrate 2 that does not need to be treated with any acrylic-based tie
(primer) layer as known in the art to improve the adhesion of an optically transparent

silicon-based inorganic protection layer 4.

Embodiment 2: Laminate free of silicone hardcoat layer

Figure 2a schematically shows a cross-sectional view of a second exemplary, non-
limiting embodiment of a laminate 1 having a high light transmissivity, stability to
ultraviolet (UV) light, and glass-like high scratch and mar resistance. These properties
render the laminate 1 suitable for use in glazing applications. The laminate 1 shown in
figure 2a comprises a PC-based substrate 2 that comprises one of PC, a PC-siloxane
copolymer and a blend of PC with PC-siloxane copolymer. The polymeric substrate 2
has a first surface 3 that is selectively enriched with siloxane segments. Preferably, the
entire first surface 3 is enriched with siloxane segments. The siloxane segments can be

uniformly distributed. The first surface 3 is provided with an adhesion-enhancing layer
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that in the embodiment of the laminate shown in figure 2a is a primer layer comprising
a first composition 7.

The first surface 3 of the PC-based polymeric substrate 2 shown in figure 2a is
provided with a coating system that comprises an optically transparent silicon-based
inorganic layer 4 as a top or capping layer. The silicon-based inorganic layer 4 can
comprise plasma-enhanced chemical-vapor deposited (PECVD) silica, e.g. silicon
oxide (SiOx). The silicon-based inorganic layer 4 provides the laminate 1 with glass-like
abrasion resistance and barrier properties. The silicon-based inorganic layer 4 has a
second surface 5 that faces towards the first surface 3 of the polymeric substrate 2.
According to the second embodiment of the laminate 1 shown in figure 2a, the second
surface 5 of the silicon-based inorganic layer 4 is connected with the first surface 3 of
the polymeric substrate 2 via a primer layer having a first composition 7 that is provided
on the first surface 3. The primer layer forms interfaces with the first surface 3 of the
polymeric substrate 2 and the second surface 5 of the silicon-based inorganic layer 4.

The first composition 7 of the primer layer can comprise an oligomeric PC-siloxane
copolymer comprising high siloxane concentrations in order to enable an improved
adhesion of the second surface 5 of the silicon-based inorganic layer 4 and the
siloxane segments through Van der Waals bonds. Furthermore, the first composition 7
can comprise UV reflecting and/or absorbing additives. In this way, optimal
weatherability of the substrate 2 can be ensured rendering the laminate 1 suitable for
out-door applications.

By using an oligomeric PC-siloxane copolymer primer instead of aqueous acrylate-
based primers conventionally employed in laminates known in the art, the first surface
3 of the substrate 2 can be selectively enriched with siloxane segments. This results in
an adequate compatibility between the polymeric substrate 2 and the inorganic silicon-
based layer 4 so as to eliminate the need for the silicone polymer composition based
hardcoat layer that is routinely employed in laminate structures known in the art.

The PC segments of the oligomeric copolymer tether to the PC based substrate
while the siloxane segments of the oligomeric copolymer provide tethers for the silicon-
based inorganic layer 4. In this manner, a single oligomeric copolymer primer layer
serves the functionality of the acrylic-based primer and the silicone hardcoat
formulations known in the art. By avoiding the use of a known silicone hardcoat layer,
the second embodiment of the laminate 1 makes it possible to reduce the number of
intermediate tie layers as compared to the state of the art without compromising on the
desired functionality. The skilled person will appreciate that by reducing the number of
tie layers used, productivity and part quality can be improved. Furthermore, it is

expected that in this way material and infrastructure costs associated with the
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application of the known silicone hardcoat layer can be reduced. Moreover, it is
expected that the probability of defects and interfacial failures associated with the
known silicone hardcoat layer, and the associated process challenges can be
discarded.

The first composition 7 can be applied to the first surface 3 of the PC-based
polymeric substrate 2 by using flow-coating. The first composition 7 has a low intrinsic
viscosity ranging from 0.5 mPa-s to 25 mPa-s which allows easy spreading and
interdiffusion of the first composition into the PC-based polymeric substrate 2, leading
to an effective surface treatment.

The PC-based polymeric substrate 2 of the laminate 1 having a first surface 3 that is
provided with the first composition 7 may be fabricated using a two-step injection-
compression molding process (2K-ICM). In a first injection molding step a PC-siloxane
copolymer is molded. In a second injection-compression molding step a first
composition comprising an oligomeric PC-siloxane copolymer is used.

Based on the above, the present invention provides ways to achieve a PC-based
polymeric substrate 2 that has a first surface 3 that is selectively enriched with siloxane
segments to improve the compatibility with the silicon-based inorganic layer 4, which
for example is PECVD SiOx. The second compression step associated with the first
composition comprising oligomeric PC-siloxane copolymer allows an intimate surface
contact of the primer layer with the bulk substrate and also allows the formation of an
optically thin layer of the primer layer to ensure minimal reduction of the optical
transmissivity of the bulk substrate.

Alternatively, the laminate 1 according to the second embodiment of the present
invention can comprise an optically transparent polymeric substrate 2 that is one of a
PMMA-based substrate and a PC-based substrate comprising one of PC, a PC-
siloxane copolymer and a blend of PC with PC-siloxane copolymer. In such a case, the
first surface 3 of the substrate 2 can be provided with a primer layer comprising a
second composition 8 that can comprise an oligomeric acrylate-siloxane copolymer
comprising high siloxane concentrations in order to enable an improved adhesion of
the silicon-based inorganic layer 4 and the siloxane segments through Van der Waals
bonds. As shown in the schematic cross-sectional view of the laminate 1 of figure 2b,
the second composition 8 forms interfaces with the first surface 3 of the polymeric
substrate 2 and the second surface 5 of the silicon-based inorganic layer 4.
Furthermore, the second composition 8 can comprise UV reflecting and/or absorbing.
In this way, optimal weatherability of the substrate 2 can be ensured rendering the
laminate 1 suitable for out-door applications. By using an oligomeric acrylate-siloxane

copolymer primer instead of aqueous acrylic-based primers conventionally employed in
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laminates known in the art, the first surface 3 of the substrate 2 can be selectively
enriched with siloxane segments. This results in an adequate compatibility between the
polymeric substrate 2 and the inorganic silicon-based layer 4 so as to eliminate the
need for the silicone polymer composition based hardcoat layer that is routinely
employed in laminate structures known in the art. The acrylate segments of the
oligomeric copolymer tether to the PMMA-based or PC-based polymeric substrate
polymeric substrate 2 while the siloxane segments of the cligomeric copolymer provide
tethers for the silicon-based inorganic layer 4. In this manner, a single oligomeric
copolymer primer layer serves the functionality of the acrylic-based primer and the
silicone hardcoat formulations known in the art. By avoiding the use of a known silicone
hardcoat layer, the second embodiment of the laminate 1 makes it possible to reduce
the number of intermediate tie layers as compared to the state of the art without
compromising on the desired functionality. The skilled person will appreciate that by
reducing the number of tie layers used, productivity and part quality can be improved.
Furthermore, it is expected that in this way material and infrastructure costs associated
with the application of the known silicone hardcoat layer can be reduced. Moreover, it
is expected that the probability of defects and interfacial failures associated with the
known silicone hardcoat layer, and the associated process challenges can be
discarded.

According to an exemplary embodiment of the method according to the invention,
the second composition 8 comprising oligomeric acrylate-siloxane copolymer can be
applied to the first surface 3 of the PMMA-based or PC-based polymeric substrate 2 by
using flow-coating.

According to another exemplary embodiment of the method according to the
invention, the PMMA-based or PC-based polymeric substrate 2 of the laminate 1
having a first surface 3 that is provided with the second composition 8 can be
fabricated using a two-step injection-compression molding process (2K-ICM). In a first
injection-molding step, either pure PC or pure PMMA or a PC-siloxane copolymer is
molded. In a second injection-compression molding step a second composition
comprising an oligomeric acrylate-siloxane copolymer is used.

Additionally or alternatively, the second composition comprising oligomeric acrylate-
siloxane copolymer is used as an in-mold coating during injection molding of the bulk
substrate. Moreover, the second composition comprising oligomeric acrylate-siloxane
copolymer may be used as an in-mold decoration surface film during injection molding
of the bulk substrate.

Based on the above, the present invention provides ways to achieve a PC-based or

PMMA-based polymeric substrate 2 that has a first surface 3 that is selectively
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enriched with siloxane segments to improve the compatibility with the silicon-based
inorganic layer 4, which for example is PECVD SiOx. The second compression step
associated with the second composition 8 comprising oligomeric acrylate-siloxane
copolymer allows an intimate surface contact of the organic primer layer with the bulk
substrate and also allows the formation of an optically thin layer of the organic primer

layer to ensure minimal reduction of the optical transmissivity of the bulk substrate.

Embodiment 3: Laminate free of both acrylic-based tie layer and silicone hardcoat layer

Figure 3a schematically shows a cross-sectional view of a third exemplary, non-limiting
embodiment of a laminate 1. The laminate 1 comprises an optically transparent
polymeric substrate 2 that is one of a PMMA-based substrate and a PC-based
substrate comprising one of PC, a PC-siloxane copolymer and a blend of PC with PC-
siloxane copolymer. The laminate 1 has a high light transmissivity, stability to ultraviolet
(UV) light, and glass-like high scratch and mar resistance. These properties render the
laminate 1 suitable for use in glazing applications.

The polymeric substrate 2 has a first surface 3 that is selectively enriched with
siloxane segments. Preferably, the entire first surface 3 is enriched with siloxane
segments. The siloxane segments can be uniformly distributed. As shown in figure 3a,
the first surface 3 is provided with an optically transparent silicon-based inorganic layer
4 as a top or capping layer, such as plasma-enhanced chemical-vapor deposited
(PECVD) silica, e.g. silicon oxide (SiOx). The silicon-based inorganic layer 4 provides
the laminate 1 with glass-like abrasion resistance and barrier properties. The silicon-
based inorganic layer 4 has a second surface 5 that faces towards the first surface 3 of
the polymeric substrate 2. According to the third embodiment of the laminate 1 shown
in figure 3a, the second surface 5 of the silicon-based inorganic layer 4 is connected
with the first surface 3 of the polymeric substrate 2 without using any adhesion
enhancing or intermediate layer that is provided on the first surface 3. The second
surface 5 of the silicon-based inorganic layer 4 forms an interface with low-surface-
energy and low molecular weight cligomeric PC-siloxane copolymer additives within
the polymeric substrate 2 that provide high siloxane concentrations at the first surface
3. In this way, an optimal adhesion can be achieved between the organic polymeric
substrate 2 and the silicon-based inorganic layer 4. The use of low-surface-energy and
low molecular weight PC-siloxane copolymer additives within the formulation of the
substrate 2 allows selective segregation of the siloxane rich moieties from the bulk of
the substrate 2 during injection molding to enrich the first surface 3 selectively with
siloxane segments. Such selective enrichment of the first surface 3 of the substrate 2

with siloxane segments results in adequate compatibility between the polymeric
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substrate 2 and the silicon-based inorganic layer 4. Consequently, the laminate 1
according to the third non-limiting embodiment as shown in figure 3a is free of both an
acrylic-based primer layer and a silicone hardcoat layer that are known from the art.
Accordingly, process challenges associated with the use of such acrylic-based primer
and silicone hardcoat layers can be avoided. Hence, it is expected that the laminate 1
according to the third embodiment can be cost effective and easily implementable.

Using oligomeric PC-siloxane copolymer additives / master-batches having an
optimal siloxane content and composition, and using optimized process conditions, it is
envisaged that these oligomers will preferentially migrate towards the first surface 3
(skin region) of the PC-based polymeric substrate 2 during an injection molding step in
which the polymeric substrate 2 is fabricated. This will enrich the siloxane content at
the first surface 3 of the PC-based substrate 2 and it is envisaged that this leads to an
improved adhesion of the second surface 5 of the silicon-based inorganic coating layer
4 to the first surface 3 of the PC-based substrate 2. High concentrations of siloxane at
the first surface 3 of the PC-based polymeric substrate 2 facilitate an improved
adhesion of the second surface 5 of the silicon-based inorganic layer 4 and the
siloxane segments through Van der Waals bonds. As a result of the above, the present
invention provides a laminate 1 that does not need to comprise both the acrylic-based
primer and the silicone hardcoat layer known in the art. During molding of the PC-
based polymeric substrate 2 using optimized process conditions, it is envisaged that
these oligomers will preferentially migrate towards the first surface 3 (skin region) of the
PC-based polymeric substrate 2. This will result in the abovementioned benefits of
selectively enriching the siloxane content at the first surface 3 of the PC-based
substrate 2 and the improved adhesion of the second surface 5 of the silicon-based
inorganic coating layer 4 to the first surface 3 of the PC-based substrate 2.

In the event that the laminate 1 as shown in figure 3a comprises a PMMA-based
polymeric substrate 2, this substrate can comprise a second organic additive
comprising oligomeric acrylate-siloxane copolymer.

Using oligomeric acrylate-siloxane copolymer additives / master-batches having an
optimal siloxane content and composition, and using optimized process conditions, it is
envisaged that these oligomers will preferentially migrate towards the first surface 3
(skin region) of the PMMA-based polymeric substrate 2 during an injection molding
step in which the polymeric substrate 2 is fabricated. This will enrich the siloxane
content at the first surface 3 of the PMMA-based substrate 2 and it is envisaged that
this leads to an improved adhesion of the second surface 5 of the silicon-based
inorganic coating layer 4 to the first surface 3 of the PMMA-based substrate 2. High

concentrations of siloxane at the first surface 3 of the PMMA-based polymeric
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substrate 2 facilitate an improved adhesion of the second surface 5 of the silicon-based
inorganic layer 4 and the siloxane segments through Van der Waals bonds. As a result
of the above, the present invention provides a laminate 1 that does not need to
comprise both the acrylic-based primer and the silicone hardcoat layer known in the
art.

During molding of the PMMA-based polymeric substrate 2 using optimized process
conditions, it is envisaged that these oligomers will preferentially migrate towards the
first surface 3 (skin region) of the PMMA-based polymeric substrate 2. This will result in
the abovementioned benefits of selectively enriching the siloxane content at the first
surface 3 of the PMMA-based substrate 2 and the improved adhesion of the second
surface 5 of the silicon-based inorganic coating layer 4 to the first surface 3 of the
PMMA-based substrate 2.

According to another embodiment of the method according to the invention, an
oxide-based inorganic coating layer 9 having UV reflecting and/or absorbing properties
is applied either between a first surface 3 of the polymeric substrate 2 of the laminate 1
and a second surface 5 of a silicon-based inorganic layer 4 of the laminate 1 orto a
third surface 10 of the silicon-based inorganic layer 4 that is arranged opposite to the
second surface 5 of the silicon-based inorganic layer 4 as is schematically shown in
figures 3b and 3c, respectively.

The oxide-based inorganic coating layer 9 enables application of the laminate 1 not
only in in-door applications but also in weatherable applications. Non-limiting examples
of the oxide-based inorganic coating layer are based on ZnO and CeO,. The skilled
person will appreciate that two processes of this invention are critical for determining
the overall glazing part quality and productivity. These include the preparation of the
formulation used for the injection molding and the process associated with inorganic
coating layer 9.

Figure 4 shows a perspective view of a first exemplary, non-limiting embodiment of a
glazing product 11 comprising a laminate 1 according to the invention. The glazing
product 11 shown in figure 4 is a front window of a car. The skilled person will
appreciate that other non-limiting examples of glazing products in which laminates can
be envisaged comprise aerospace glazing panels and eyewear.

Figure 5 shows a perspective view of a first exemplary, non-limiting embodiment of a
vehicle 12 comprising a glazing product 11 according to the invention. The vehicle 12
shown in figure 5 is car having at least one glazing panel, in this case the rear window
that comprises a laminate 1 according to the invention. When applying the laminate in
one of the vehicles mentioned above, the skilled person will appreciate that it is

advantageous to arrange the laminate in such a way that the optically transparent
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silicon-based inorganic layer, e.g. PECVD SiOx, is facing towards the environment
outside the vehicle because of the glass-like abrasion resistance and barrier properties,
weatherability and wear resistance this layer provides to the laminate. Consequently,
the optically transparent polymeric substrate of the laminate is facing towards the
environment inside the vehicle. Other applications of the glazing product in vehicles
may be in a head light, a tail light, a backlite, i.e. rear window, a panoramic roof
window, a front window, a quarter window and/or a side window of the vehicle,
specifically a passenger car.

The present invention can be summarized as relating to a laminate 1 for use in
glazing applications comprising an polymeric substrate 2 that is optically transparent
and has a first surface 3 that is selectively enriched with siloxane segments, the
polymeric substrate being one of a PMMA-based substrate and a PC-based substrate
comprising one of PC, a PC-siloxane copolymer and a blend of PC with PC-siloxane
copolymer. The laminate further comprises a silicon-based inorganic layer 4 that is
optically transparent and has a second surface 5 that is one of directly connected with
the first surface of the polymeric substrate and connected with the first surface of the
polymeric substrate via one adhesion enhancing layer 6 that is arranged between the
first surface of the polymeric substrate and the second surface of the silicon-based
inorganic layer. The invention also relates to a glazing product 11 comprising such a
laminate, a vehicle 12 comprising such a glazing product and a method of fabricating
such a laminate.

It will be clear to a person skilled in the art that the scope of the present invention is
not limited to the examples discussed in the foregoing but that several amendments
and modifications thereof are possible without deviating from the scope of the present
invention as defined by the attached claims. While the present invention has been
illustrated and described in detail in the figures and the description, such illustration
and description are to be considered illustrative or exemplary only, and not restrictive.

The present invention is not limited to the disclosed embodiments. Variations to the
disclosed embodiments can be understood and effected by a person skilled in the art in
practicing the claimed invention, from a study of the figures, the description and the
attached claims. In the claims, the word “comprising” does not exclude other steps or
elements, and the indefinite article “a” or “an” does not exclude a plurality. The mere
fact that certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used to advantage. Any
reference numerals in the claims should not be construed as limiting the scope of the

present invention.
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REFERENCE NUMERALS

laminate

optically transparent polymeric substrate

first surface of optically transparent polymeric substrate

optically transparent silicon-based inorganic layer

second surface of the optically transparent silicon-based inorganic layer
adhesion enhancing layer

first composition of the primer layer

QO ~N O W N -

second composition of the primer layer

9 oxide-based inorganic coating layer

10 third surface of the optically transparent silicon-based inorganic layer
11 glazing product

12 vehicle
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CLAIMS

1. Alaminate (1) for use in glazing applications comprising:

- a polymeric substrate (2) that is optically transparent and has a first surface (3) that is
selectively enriched with siloxane segments, the polymeric substrate being one of a
poly methyl methacrylate (PMMA) based substrate, and a polycarbonate (PC) based
substrate comprising one of PC, a PC-siloxane copolymer and a blend of PC with PC-
siloxane copolymer; and
- a silicon-based inorganic layer (4) that is optically transparent and has a second
surface (5) that is one of

- directly connected with the first surface (3) of the polymeric substrate (2); and

- connected with the first surface (3) of the polymeric substrate (2) via one adhesion
enhancing layer (6) that is arranged between the first surface (3) of the polymeric
substrate (2) and the second surface (5) of the silicon-based inorganic layer (4).

2. The laminate (1) according to claim 1, wherein the PC-siloxane copolymer
based substrate has a siloxane content ranging from 0.5 wt.% to 10 wt.% and siloxane
segment sizes varying from 3 to 20 d-units, wherein the d-unit has the formula -
[Si(CH3)20]-.

3. The laminate (1) according to claim 1, wherein the substrate based on the
blend of PC with PC-siloxane copolymer has a siloxane content in the copolymer
ranging from 10 wt.% to 80 wt.% and siloxane segment sizes varying from 3 to 20 d-
units, wherein the d-unit has the formula -[Si(CH3),0}-.

4. The laminate (1) according to any one of claims 1 to 3, wherein the
adhesion-enhancing layer (6) is one of a silicone hardcoat layer and a primer layer.

5. The laminate (1) according to claim 4, wherein the silicone hardcoat layer comprises
UV reflecting and/or absorbing additives.

6. The laminate (1) according to claim 4, wherein the polymeric substrate (2) is
a PC-based substrate and the primer layer is a first composition (7) comprising an
oligomeric PC-siloxane copolymer having an oligomeric chain length of at most 100
and a siloxane content ranging from 5 wt.% to 95 wt.%.

7. The laminate (1) according to claim 6, wherein the first composition (7)
comprises UV reflecting and/or absorbing additives.

8. The laminate (1) according to claim 4, wherein the primer layer is a second
composition (8) comprising an oligomeric acrylate-siloxane copolymer having an
oligomeric chain length of at most 100 and a siloxane content ranging from 5 wt.% to
90 wt.%.
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9. The laminate (1) according to claim 8, wherein the second composition (8)
comprises UV reflecting and/or absorbing additives.

10. The laminate (1) according to any one of claims 1 to 3, wherein the
polymeric substrate (2) is a PC-based substrate that comprises a first additive
comprising oligomeric PC-siloxane copolymer having an overall molecular weight
ranging from 1500 to 12000, a surface energy ranging from 1 mN/m to 30 mN/m, and a
siloxane content ranging from 5 wt.% to 90 wt.%.

11. The laminate (1) according to any one of claims 1 to 3, wherein the
polymeric substrate (2) is a PMMA-based substrate that comprises a second additive
comprising oligomeric acrylate-siloxane copolymer having an overall molecular weight
ranging from 800 to 9000, a surface energy ranging from 0.1 mN/m to 30 mN/m, and a
siloxane content ranging from 5 wt.% to 90 wt.%.

12. The laminate (1) according to any one of claims 1 to 11, wherein the
silicon-based inorganic layer (4) comprises PECVD silicon oxide, SiOx.

13. A glazing product (11) comprising a laminate (1) according to any one of
claims 1 to 12.

14. A vehicle (12) comprising a glazing product (11) according to claim 13.

15. A method of fabricating a laminate (1) for use in glazing applications
according to any one of claims 1 to 12, comprising at least one of blending, injection
molding, injection-compression molding, multi-component or multi-shot injection
compression molding, solvent based flow-coating, coextrusion, laminating, plasticizing,
calendaring, coating and plasma-enhanced chemical vapor deposition.

16. The method according to claim 15, wherein an polymeric substrate (2) of
the laminate (1) is fabricated by blending PC with a masterbatch of a PC-siloxane
copolymer having a siloxane content ranging from 10 wt.% to 80 wt. % and siloxane
segment sizes varying from 3 to 20 d-units, wherein the d-unit has the formula -
[Si(CH3)20]-.

17. The method according to claim 15, wherein an polymeric substrate (2) of
the laminate (1) is fabricated using a two-step injection-compression molding process,
wherein in a first injection molding step a PC-siloxane copolymer is molded, the PC-
siloxane copolymer having a siloxane content ranging from 1 wt.% to 7 wt.% and
siloxane segment sizes varying from 3 to 20 d-units, wherein the d-unit has the formula
-[Si(CHa).0]-, and wherein in a second injection-compression molding step a
masterbatch of a PC-siloxane copolymer is molded, the masterbatch having a siloxane
content ranging from 10 wt.% to 80 wt.% and siloxane segment sizes varying from 3 to
20 d-units.
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18. The method according to claim 17, wherein in the second injection-
compression molding step the masterbatch of the PC-siloxane copolymer is enriched
with UV-stabilizing additives.

19. The method according to claim 15, wherein an polymeric substrate (2) of
the laminate (1) is fabricated by biending one of polycarbonate {(PC) and poly methyl
methacrylate (PMMA) with a masterbatch of an acrylate-siloxane copolymer having a
siloxane content ranging from 10 wt.% to 80 wt.% and siloxane segment sizes varying
from 3 to 20 d-units, wherein the d-unit has the formula -[Si(CH3).0}-.

20. The method according to claim 15, wherein an polymeric substrate (2) of
the laminate (1) is fabricated using a two-step injection-compression molding process,
wherein in a first injection molding step either pure PC or pure PMMA or a PC-siloxane
copolymer is molded, the PC-siloxane copolymer having a siloxane content ranging
from 1 wt.% to 7 wt.% and siloxane segment sizes varying from 3 to 20 d-units,
wherein the d-unit has the formula -[Si(CH3),0]}-; and wherein in a second injection-
compression molding step a masterbatch of an acrylate-siloxane copolymer is molded,
the masterbatch having a siloxane content ranging from 10 wt.% to 80 wt.% and
siloxane segment sizes varying from 3 to 20 d-units.

21. The method according to claim 20, wherein in the second injection-
compression molding step the masterbatch of the acrylate-siloxane copolymer is
enriched with UV reflecting and/or absorbing additives.

22. The method according to any one of claims 16 to 18, wherein flow-coating
is used to provide a first surface (3) of the polymeric substrate (2) of the laminate (1)
with an primer layer that comprises a first composition (7) comprising an oligomeric
PC-siloxane copolymer having an oligomeric chain length of at most 100 and a
siloxane content ranging from 5 wt.% to 95 wt.%, and wherein the first composition (7)
employed for flow-coating has an intrinsic viscosity ranging from 0.5 mPa-s to
25mPa-s.

23. The method according to any one of claims 19 to 21, wherein flow-coating
is used to provide a first surface (3) of the polymeric substrate (2) of the laminate (1)
with an primer layer that comprises a second composition (8) comprising an oligomeric
acrylate-siloxane copolymer having an oligomeric chain length of at most 100 and a
siloxane content ranging from 5 wt.% to 90 wt.%, and wherein the second composition
employed for flow-coating has an intrinsic viscosity ranging from 0.5 mPa-s to 25 mPa-
S.

24. The method according to claim 15, wherein a PC-based polymeric
substrate (2) of the laminate (1) comprises a PC-siloxane copolymer having a siloxane

content ranging from 0.5 wt.% to 10 wt.% and siloxane segment sizes varying from 3 to
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20 d-units, wherein the d-unit has the formula -[Si(CH3).0]-, is plasticized with
oligomeric PC-siloxane copolymer having an overall molecular weight ranging from
1500 to 12000, a surface energy ranging from 1 mN/m to 30 mN/m, and a siloxane
content ranging from 5 wt.% to 90 wt.%.

25. The method according to claim 15, wherein a PMMA-based polymeric
substrate (2) of the laminate (1) is plasticized with oligomeric acrylate-siloxane
copolymer having an overall molecular weight ranging from 800 to 9000, a surface
energy ranging from 0.1 mN/m to 30 mN/m, and a siloxane content ranging from 5
wt.% to 90 wt.%.

26. The method according to any one of claims 15 to 25, further comprising the
step of covering the laminate (1) with a silicon-based inorganic layer (4) comprising
SiOx using PECVD.
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