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(57) Abstract: A multilayer composite film that includes an outer ETFE layer adhered to a polyethylene terephthalate (PET) layer.
These layers are adhered together by a fluoropolymer adhesive. The multilayer composite film also include an infra-red (IR) radi-
ation rejection layer that reflects or absorbs more than 50% of incident IR radiation. A second ETFE layer can be adhered to an inner
surface of the structural polymer layer. The composite films are usetul in structural applications and can withstand environmental ex -
posure.
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MULTILAYER COMPOSITE FILMS FOR ARCHITECTURAL APPLICATIONS

TECHNICAL FIELD
[0001] The present disclosure relates generally to multilayer polymer films. Specifically, the

present disclosure relates to multilayer composite films for architectural applications.

BACKGROUND
[0002] Ethylene tetrafluoroethylene (ETFE) can be used in some architectural applications in
place of conventional architectural glasses or plastics (e.g., tempered silicate glass, glass
ceramics, polycarbonate). This is due, in part, to the light weight, visible light transparency and
translucency, thermal stability, and flexibility exhibited by ETFE sheets. When used as a roofing
material in architectural applications, ETFE is often either configured in a single layer that is
supported by a network of cables or as a series of pneumatic cushions formed by joining of
between two and five layers of ETFE together and inflating a space defined by the joined ETFE
layers (and also sometimes supported by a network of cables).
[0003] Fabricating and maintaining a pneumatic cushion is currently an industry standard
method of using ETFE for architectural elements. ETFE is extruded as a single sheet or a multi-
layer sheet. ETFE sheets are joined together to form an envelope, which is then assembled into
an architectural panel by attaching the envelope to a frame made from a structural material (e.g.,
aluminum, steel). The frame and the attached envelopes are in turn joined to supports of an
architectural structure. The ETFE envelopes are inflated to form the pneumatic cushion.
Pressure is maintained within the ETFE pneumatic cushions using a pressurization unit (such as
a compressor) that maintains an internal pressure of the ETFE pneumatic cushions at

approximately 220 Pa, thus providing structural stability to the pneumatic pillow.

SUMMARY
[0004] An example of the present disclosure includes a multilayer composite film including:
an outer ethylene tetrafluoroethylene (ETFE) layer having a first major surface and a second

major surface, the first major surface configured as an exterior surface of the multilayer
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composite film and the second major surface opposite the first major surface; a structural
polymer layer proximate to the second major surface of the outer ETFE layer; a first
fluoropolymer adhesive layer disposed between the second major surface of the outer ETFE
layer and the structural polymer layer, the first fluoropolymer adhesive layer adhering the outer
ETFE layer and the structural polymer layer together; a second ETFE layer having a first major
surface and a second major surface, the first major surface of the second ETFE layer proximate
to the structural polymer layer and the second major surface of the second ETFE layer
configured as an interior surface opposite the first major surface of the outer ETFE layer; and a
second fluoropolymer adhesive disposed between the first major surface of the second ETFE
layer and the structural polymer layer, the second fluoropolymer adhesive layer adhering the
second ETFE layer and the structural polymer layer together.

[0005] In an embodiment, the multilayer composite film further includes a fire retardant
rating of VO when tested according to a UL94 standard. In an embodiment, the multilayer
composite film further includes an infra-red (IR) radiation rejection layer disposed in or on at
least one of the structural polymer layer, the first fluoropolymer adhesive layer, the second
fluoropolymer adhesive layer, and the outer ETFE layer, the IR radiation rejection layer
configured to reflect at least 40% of incident IR radiation. In an embodiment of the multilayer
composite film, wherein the IR radiation rejection layer includes a metal layer disposed on one
of the structural polymer layer and the ETFE layer, the metal layer having a reflectance of greater
than 40% for wavelengths of radiation between 700 nm and 1000 nm and having a transmittance
of visible light having wavelengths between 400 nm and 700 nm greater than 50%. In an
embodiment of the multilayer composite film, wherein the metal layer is one of a copper film, a
silver film, a gold film, a nickel film, a metal oxide film, an aluminum film, and combinations
thereof. In an embodiment of the multilayer composite film, wherein the metal layer has a
thickness between 1 nm and 500 nm. In an embodiment of the multilayer composite film,
wherein the IR radiation rejection layer includes at least one of titanium dioxide nanoparticles,
silver particles, gold particles, and aluminum nanoparticles disposed in at least one of the first
fluoropolymer adhesive layer and the second fluoropolymer adhesive layer. In an embodiment
of the multilayer composite film, wherein the multilayer composite film has a young’s modulus
of at least 1000 MPa and an ultimate tensile strength of at least 146 MPa. In an embodiment of
the multilayer composite film, wherein the multilayer composite film exhibits a yield point under

tensile strain of at least 40 MPa. In an embodiment of the multilayer composite film, wherein
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the outer ETFE layer has a thickness of between 25 microns and 125 microns. In an
embodiment of the multilayer composite film, wherein the second ETFE layer has a thickness
from 25 microns to 125 microns. In an embodiment of the multilayer composite film, wherein
the multilayer composite film where structural polymer layer is a polyethylene terephthalate
(PET) layer. In an embodiment of the multilayer composite film, wherein multilayer composite
film where the structural polymer layer has a thickness from 50 microns to 250 microns. In an
embodiment of the multilayer composite film, wherein the multilayer composite film where at
least one of the first fluoropolymer adhesive layer and the second fluoropolymer adhesive layer
includes a fluoropolymer resin, an ultra-violet light absorbent component, and a crosslinking
component. In an embodiment of the multilayer composite film, wherein the multilayer
composite film where the fluoropolymer resin is at least 40 weight % of at least one of the first
fluoropolymer layer and the second fluoropolymer layer. In an embodiment of the multilayer
composite film, wherein the multilayer composite film where the fluoropolymer resin consists
essentially of fluoropolymer-based polymers. In an embodiment of the multilayer composite
film, wherein the multilayer composite film where at least one of the first fluoropolymer
adhesive layer and the second fluoropolymer adhesive layer has a thickness from 5 microns to 30
microns. In an embodiment of the multilayer composite film, wherein the multilayer composite
film further includes a perimeter edge configured to form a cord edge, where the second major
surface of the second ETFE layer is adhered to itself using at least one of an adhesive and an
adhesive tape. In an embodiment of the multilayer composite film, the multilayer composite
film further including a rigid structure disposed within a volume defined by the cord edge. In an
embodiment of the multilayer composite film, wherein the multilayer composite film has a haze
value of less than 16%. In an embodiment of the multilayer composite film, wherein the
multilayer composite film has a haze value of from 2% to 14%.

[0006] An example of the present disclosure includes a multilayer composite film including:
an outer fluorinated polymer layer having a first major surface and a second major surface, the
first major surface configured as an exterior surface of the multilayer composite film and the
second major surface opposite the first major surface; a non-fluorinated polymer layer proximate
to the second major surface of the outer fluorinated polymer layer; a first fluoropolymer adhesive
layer disposed between the second major surface of the outer fluorinated polymer layer and the
non-fluorinated polymer layer, the first fluoropolymer adhesive layer adhering the outer

fluorinated polymer layer and the non-fluorinated polymer layer together; and a portion of the
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multilayer composite film defining an integral tube, the integral tube including a perimeter edge
of the multilayer composite film curled back onto the multilayer composite film and permanently
adhered to the multilayer composite film.

[0007] In an embodiment of the multilayer composite film, wherein the integral tube forms a
cord edge. In an embodiment of the multilayer composite film, wherein the multilayer
composite film further includes a first sheet of the multilayer composite film joined to a second
sheet of the multilayer composite film. In an embodiment of the multilayer composite film,
wherein the first sheet is joined to the second sheet using at least one of a lapp joint, a lapp joint
and a strip, and a butt joint. In an embodiment of the multilayer composite film, wherein the
first sheet is joined to the second sheet by at least one of an adhesive tape, an adhesive, and a
heat seal. In an embodiment of the multilayer composite film, wherein the non-fluorinated
polymer layer comprises PET. In an embodiment of the multilayer composite film, further
including an IR reflecting layer or IR absorbing agent. In an embodiment of the multilayer
composite film, wherein the outer fluorinated polymer layer is an ETFE layer. In an embodiment
of the multilayer composite film, wherein the outer fluorinated polymer layer is a polyvinyl
fluoride layer. In an embodiment of the multilayer composite film, wherein the outer fluorinated
polymer layer is an ethylene chlorotrifluoroethylene layer. In an embodiment of the multilayer
composite film, wherein the outer fluorinated polymer layer is a polyvinylidene fluoride layer.

In an embodiment of the multilayer composite film, wherein the outer fluorinated polymer layer
is a polychlorotrifluoroethylene layer. In an embodiment of the multilayer composite film,

wherein the outer fluorinated polymer layer is a polyfluoroethylenepropropylene layer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1A is a cross-sectional view of an ETFE-containing multilayer composite film
comprising a single ETFE layer, in an embodiment.
[0009] FIG. 1A’ is a cross-sectional view of an ETFE-containing multilayer composite film
comprising a single ETFE layer, in an embodiment.
[0010] FIG. 1B is a cross-sectional view of an ETFE-containing multilayer composite film
that includes particles that can reflect and/or absorb IR radiation, in an embodiment.
[0011] FIG. 2. is a cross-sectional view of an ETFE-containing multilayer composite film
comprising two layers of ETFE, in an embodiment.
[0012] FIG. 3 is a graph of stress-strain data for both of an ETFE-containing multilayer
composite film and a film comprising an ETFE bilayer.

4
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[0013] FIG. 4 is a graph of reflectance data for an ETFE-containing multilayer composite
film, in an embodiment.

[0014] FIGS. 5A-5C illustrate various joint configurations for joining multilayer composite
films together, in embodiments.

[0015] FIG. 6 is a cross-sectional view of an ETFE-containing multilayer composite film
configured for use as a structural panel, in another embodiment.

[0016] FIG. 7A is a cross-sectional view of an ETFE-containing multilayer composite film
configured for use as a structural panel, in an embodiment.

[0017] FIG. 7B is a cross-sectional view of an ETFE-containing multilayer composite film
configured for attachment to a support cable, in an embodiment.

[0018] The figures depict various embodiments of the present disclosure for purposes of
illustration only. Numerous variations, configurations, and other embodiments will be apparent

from the following detailed discussion.

DETAILED DESCRIPTION
OVERVIEW
[0019] ETFE films have drawbacks that limit their applicability to architectural applications.
For example, ETFE films have mechanical properties that do not generally lend themselves to
use for structural elements of architectural applications. For example ETFE films generally have
a low Young’s modulus (about 800 MPa to about 1500 MPa) and have a relatively low yield
point, after which the ETFE films deform elastically.
[0020] To overcome these properties, ETFE films are usually applied to architectural
applications by configuring the ETFE film as a pneumatic cushion, as described above. An
alternative embodiment uses single-ply ETFE panels that are supported by a network or grid of
support cables that are separated by about one meter (m). Fabricating pneumatic cushions and
maintaining pressure within the pneumatic cushions adds expense to the maintenance of the
individual structural elements and the architectural application as a whole. Similarly, fabricating
and maintaining a network of support cables adds expense to the use of ETFE as an architectural
element and also detracts from the aesthetic appeal of the otherwise transparent ETFE
architectural elements.
[0021] To improve the convenience with which ETFE films can be applied to architectural
elements (e.g., roofs and walls), embodiments of the present disclosure include a multilayer

composite film that includes an outer ETFE layer adhered to a structural polymer film, such as
5
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polyethylene terephthalate (PET), among others, by an adhesive. In some embodiments, the
multilayer composite film may also include an infra-red (IR) radiation rejection layer that reflects
at least 40% of incident IR radiation (light having a wavelength from 700 nm to 1000 nm), thus
reducing the amount of IR radiation transmitted into an area defined, at least in part, by the
optically transparent multilayer composite film. Variations and additional embodiments will be
apparent upon reading the present disclosure.

[0022] Another advantage of using embodiments described herein as an architectural
element is that the improved rigidity (from the flexural modulus of the structural polymer being
higher than that of ETFE) and strength can increase the spacing (e.g., from the current 1 m
spacing to at least 15 m) between support cables of a corresponding network, thus improving the
visual appeal of ETFE architectural elements.

[0023] Yet another advantage of embodiments described herein is reduction in the haze in
architectural elements using a multilayer composite film of the present disclosure compared to
architectural components that currently use only ETFE. Current ETFE architectural components
are about 250 um thick. This thickness of ETFE has a visibly hazy appearance (measured
according to ASTM D1003-13). Embodiments disclosed herein have a haze value of less than
20%, less than 16%, less than 12%, less than 10%, less than 8% and in some cases between 2%
and 14% and in other cases about 6% (as measured according to ASTM D1003-13 using a BYK
Gardner Haze Guard Plus haze meter). Embodiments described herein can include one or more
layers of ETFE, each of which is as thin as 25 um. A structural polymer layer used as a
component of the multilayer composite film can be selected to have greater clarity (i.e., lower
haze) than ETFE, thus further improving the visual clarity and aesthetic appearance of the
architectural components using an embodiment of the multilayer composite film compared to

single ply ETFE architectural components currently used.

EXAMPLE MULTILAYER COMPOSITE FILM

[0024] FIG. 1A is a cross-sectional view of an example multilayer composite film 100, in an
embodiment. The multilayer composite film 100 includes an ETFE layer 104, a structural
polymer layer 108, an adhesive 112, and an optional IR radiation rejection layer 116. The
multilayer composite film 100 has a thickness, indicated by a in FIG. 1A, that can be within any
of the following ranges: 50 to 1000 um, 100 to 1000 pm, 200 to 1000 um, 200 to 800 um, 200 to

600 um, greater than 100 um, greater than 200 um, greater than 500 um, less than 3 mm, less
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than 2 mm, less than 1 mm, less than 800 um, less than 500 um, less than 400 um or less than

300 um.

[0025] The outer ETFE layer 104 of the multilayer composite film 100 is shown in this
example as including a single sheet of ETFE material. In other examples, not shown, the ETFE
layer 104 can include multiple ETFE sheets to form the outer ETFE layer 104. Other
embodiments can include one, two, three or more ETFE sheets that may be separated by other
layers of a composite film or may be adjacent each other (such as the example shown in FIG. 2
and described below). The outer ETFE layer 104 has a thickness, indicated by 3 in FIG. 1A, that
can be, for example, within any of the following ranges: 25 microns (um) to 250 um; 25 um to
100 pm; 25 pm to 75 um; 25 pum to 50 pum; 50 pum to 150 um; 50 um to 100 pm; 75 pm to 200
um; 75 pm to 100 um; 100 um to 200 um. The outer ETFE layer 104 is also shown as including
a first major surface and a second major surface. These will be used for convenience to describe
the structure and fabrication of the multilayer composite film 100 in more detail below.

[0026] The outer ETFE layer 104 is configured to be disposed as an exterior-facing surface
of the multilayer composite film 100. More specifically, for convenience of explanation, the first
major surface of the outer ETFE layer 104 can be used to form an exterior surface (i.e., exposed
to the earth’s atmosphere) of an architectural application. Placing the outer ETFE layer 104 at an
exterior surface employs many of the beneficial properties of ETFE material that may otherwise
be lacking in more conventional architectural materials. For example, the low surface energy of
ETFE helps shed water and resist accumulation of atmospherically born contaminants (e.g., soot,
dirt, dust, pollen). ETFE, and more generally fluorinated polymers, can also exhibit resistance to
solvation or other chemical degradation caused by atmospherically borne contaminants and
chemicals intentionally applied (e.g., cleaners, detergents) and unintentionally applied (e.g., a
spill) to an exterior surface of an architectural application. This low surface energy improves the
longevity of the multilayer composite film 100 because the film can resist chemically induced
degradation. Furthermore, ETFE transmits as much as 90% or 95% of the intensity of incident
visible light (e.g., radiation between wavelengths of 400 nanometers (nm) and 700 nm). This
high transmissivity of ETFE is appealing in many architectural applications in which natural
light is desired.

[0027] It will be appreciated that other fluorinated polymers may be substituted for the outer
ETFE layer 104, as well as other ETFE layers identified in other embodiments described below.

Alternative fluorinated polymers include, but are not limited to, ethylene chlorotrifluoroethylene

7
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(ECTFE), polyvinyl fluoride (PVF), polyvinylidene fluoride (PVDF),
polychlorotrifluoroethylene (PCTFE), and polyfluoroethylenepropropylene (FEP),
perfluoroalkyl-tetrafluoroethylene (PFA), Lumiflon® (a copolymer of chlorotrifluoroethylene
and modified hydroxyl-functionalized vinyl ethers and available from Asahi Glass Company,
Ltd. of Tokyo, Japan), Zeffle ® (a copolymer of tetrafluoroethylene and modified hydroxyl-
functionalized vinyl esters and available from ® (available from Daikin Industries, Ltd. of
Osaka, Japan), fluorinated polymethacrylates, fluorinated epoxy films, CTFE/VDF
(chlorotrifluoroethylene-vinylidene fluoride copolymer), TFE/HFP (tetrafluoroethylene-
hexafluoropropylene copolymer), HFP/VDF (hexafluoropropylene-vinylidene fluoride), TFE-
PFMe (tetrafluoroethylene-perfluoromethylether copolymer), among others.

[0028] While the outer ETFE layer 104 has many features advantageous for an exterior-
facing surface of an architectural element, the mechanical properties (e.g., Young’s modulus) of
ETFE complicate the use of ETFE films alone in architectural applications. For at least this
reason, the multilayer composite film 100 includes at least one structural polymer layer 108, as
shown in FIG. 1A.

[0029] The structural polymer layer 108 of the multilayer composite film 100 adds structural
integrity (e.g., higher Young’s modulus, flexural modulus, ultimate tensile strength) to the
multilayer composite film 100 without compromising the benefits of the outer ETFE layer 104
described above. One example of a polymer used for the structural polymer layer 108 is
polyethylene terephthalate (PET).

[0030] For example, ETFE can have a Young’s modulus of approximately 800 MPa (mega
pascals) to 1500 MPa, a flexural modulus of approximately 1.2 GPa (giga pascals), and an
ultimate tensile strength of approximately 46 MPa (within normal measurement variation and
natural variation between samples). In contrast, PET can exhibit a Young’s modulus of
approximately 2000 MPa to approximately 4000 MPa, a flexural modulus of approximately 8.3
GPa to approximately 14 GPa, and an ultimate tensile strength of approximately 60 MPa to
approximately 140 MPa (within normal measurement variation and natural variation between
samples).

[0031] Furthermore, in many embodiments the polymer selected for use as the structural
polymer layer 108 does not substantially decrease the transparency, translucence or clarity of the
outer ETFE layer 104 while at the same time improving the structural properties of the

multilayer composite film, as explained above. The structural polymer layer 108 can exhibit
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visible light transmission of greater than 40%, greater than 75%, greater than 85%, greater than
90% or greater than 95% at thicknesses of 25um, 50 um, 100 um, 150 um, 200 um, 300 um, and
400 um. When used in conjunction with the ETFE layer 104 (or with a second ETFE layer 204
described below in the context of a multilayer composite film 200), the haze of the multilayer
composite films of the present disclosure can be as low as from 2% to 16% (in some cases about
6%) and have visible light transmittances of as high (or higher) as 40%, 75%, 85%, 90%, or
95%. These improvements are present even for multilayer composite films having a comparable
thickness to ETFE architectural films currently used (often as thick as 250 mm) because the
structural polymer layer 108 can be selected to have an equivalent or higher visible light
transmittance than ETFE (or other fluoropolymers used in place of ETFE). Furthermore,
because the structural polymer layer 108 has improved mechanical properties over ETFE (and
other fluoropolymers), the overall thickness of some embodiments of multilayer composite films
can be reduced compared to ETFE architectural films currently used, thus further increasing the
relative clarity and light transmittance of multilayer composite films described herein.

[0032] The structural polymer layer 108 can have a thickness, indicated by y in FIG. 1A, that
can be, for example, within any of the following ranges: 25 microns (um) to 250 um; 25 um to
100 pm; 25 pm to 75 um; 25 pum to 50 pum; 50 pum to 150 um; 50 um to 100 pm; 75 pm to 200
um; 75 pm to 100 um; 100 um to 200 um; greater than 50 um, greater than 100 um, greater than
150 um, less than 2 mm, less than 1 mm, less than 800 um, less than 500 um, less than 300 um

or less than 200 um. In part, the thickness of the structural polymer layer 108 is selected based
on the various material properties (e.g., Young’s modulus, flexural modulus, ultimate tensile
strength, among others).
[0033] Polymers other than PET can be used for the structural polymer 108. Alternatives to
PET include polymer films that have beneficial mechanical properties and high transmissivities
to visible light. For example, the structural polymer layer 108 can exhibit a Young’s modulus of
greater than 500 MPa, greater than 1000 MPa or greater than 4000 MPa and visible light
transmission of greater than 40%, greater than 90%, greater than 95% or greater than 99% for a
film having a thickness of 100 um. The polymers can be extruded films or free-standing films
that may include, but are not limited to: polypropylene, polyethylene, polyethylene vinyl acetate,
polycarbonates, cellulose and cellulose derivatives, polyamide-imide, polyurethanes,
polyacrylates, polymethacrylates, polythiophenes, poly(3,4-ethylenedioxythio-phene)/polystyrene
sulfonate, polystyrene, biopolymers, fluoropolymers, chlorofluoropolymers,

9
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vinylfluoropolymers, poly (vinyl chloride), polyethers, polyimides, polyetherimides,
polyphenylsulfone, and combinations thereof.

[0034] The adhesive 112 of the multilayer composite film 100 is used to join the structural
polymer layer 108 to the second major surface of the outer ETFE layer 104, as shown in FIG.
1A. The adhesive can be a fluoropolymer adhesive 112 that has high thermal stability,
hydrolysis resistance, and UV stability. These properties facilitate long term adhesion between
the structural polymer layer 108 and the outer ETFE layer 104 even when subjected to months
and years of solar-induced heating and solar irradiation, respectively. Furthermore, the strength
of adhesion between the structural polymer layer 108 and the outer ETFE layer 104 provided by
the fluoropolymer adhesive 112 can, in some embodiments, be within any of the following
ranges: from 1 Newton(N)/centimeter (cm) to 10 N/cm; from 1 N/cm to 5 N/em; from 1 N/em
to 3 N/cm; from 2 N/cm to 10 N/cm; from 2 N/cm to 7 N/cm; from 3 N/cm to 7 N/cm; from 5
N/em to 10 N/em; from 5 N/em to 10 N/cm; greater than 3 N/cm, greater than 5 N/cm or greater
than 7 N/cm. The fluoropolymer adhesive 112 has a thickness, indicated by 6 in FIG. 1A, that
can be within any of the following ranges: 2 um to 50 um; 2 um to 30 um; 5 um to 30 um; 10
um to 30 um; 15 pm to 30 um. Examples of fluoropolymer resins used as a component of the
fluoropolymer adhesive 112 include fluoro-copolymer resins and fluoropolymer resins that are
terpolymers. Other example fluoropolymer resins used as a component of the fluoropolymer
adhesive 112 include, but are not limited to, perfluoroalkyl vinyl ethers such as Lumiflon®
(available from Asahi Glass Company, Ltd. of Tokyo, Japan) and tetrafluoroethylene based
copolymers, such as Zeffle® (available from Daikin Industries, Ltd. of Osaka, Japan). In some
embodiments, the fluoropolymer adhesive 112 may be free of adhesives other than
fluoropolymers (e.g., free of acrylic, polyol and other adhesives).

[0035] In other embodiments, the fluoropolymer adhesive 112 includes one or more non-
fluorinated components in addition to the fluorinated resin component. In one example, the
fluoropolymer adhesive 112 includes an amine or hydroxyl polyol fluorinated resin. In another
example, the fluoropolymer adhesive 112 may include a polyester polyol adhesive component,
such as Adcote 76R40 (available from Rohm and Haas of Philadelphia, Pennsylvania, United
States).

[0036] Other elements that can be included in the fluoropolymer adhesive 112 composition
include a UV absorber that improves the stability of the fluoropolymer adhesive 112 and

underlying layers upon exposure to light include nitroxy radical based compounds, among

10



WO 2017/075499 PCT/US2016/059533

others. UV absorbers that can be added to the fluoropolymer adhesive 112 include Uvinul 3050,
Tinuvin® 400, Tinuvin® 477, Tinuvin® 479, Tinuvin® 384-2, Tinuvin® 1600 , Tinuvin® P,
Tinuvin® CarboProtect, Tinuvin® 5000 series (all of which are available from BASF of
Ludwigshafen, Germany), Evesorb 74 (from Everlight Chemical of Taipei, Taiwan), and
inorganic UV absorbers such as zinc oxide, cerium oxide, titanium dioxide, and transparent iron
oxides. The fluoropolymer adhesive 112 composition may also include a hindered amine light
stabilizer (HALS) to further improve resistance to UV light degradation and improve the
performance of an included UV light absorber. Examples of HALS include but are not limited
to Tinuvin® 123, Tinuvin® 171 (which are available from BASF), and combinations thereof.
Flame retardants, which may also be included as a component in the fluoropolymer adhesive 112
composition include non-halogenated flame retardants such as Exolit® OP550, Exolit® OP560
(both of which are available from Clariant Manufacturing Company of Muttenz, Switzerland),
Levagard®4090N (available from Rhein Chemie of Mannheim, Germany), or mixtures thereof.
[0037] Organic solvents that may be used for the synthesis of the fluoropolymer adhesive
112 include but are not limited to organic solvents such as methyl ethyl ketone (MEK), acetone,
methyl isobutyl ketone (MIBK), toluene, xylene, methanol, heptane, ethyl acetate, isopropyl
acetate, n-butyl acetate, or mixtures thereof. The adhesive compositions of various embodiments
can be applied to polymeric film by any of a variety of methods known to those skilled in the art
of film coating manufacture. Suitable application methods include application by Meyer rod
coating, comma coating, spraying, slot die coating, curtain coating, dipping and/or brushing.
[0038] In some examples, the fluoropolymer adhesive 112 can be prepared by mixing a
fluoropolymer resin and a crosslinking agent in an organic solvent. Other components, such as
ultra-violet (UV) radiation absorbing compounds, IR reflective and/or absorbing compounds,
among others, can also be added to the organic solvent. In one example, the following mixture
can be assembled: 50 parts to 200 parts by weight of fluoropolymer resin; 2 parts to 20 parts by
weight of UV absorber; 5 parts to 40 parts by weight of organic solvent; 5 parts to 40 parts by
weight of crosslinking agent. These are then thoroughly mixed. After removal of the solvent
(e.g., by evaporation, vacuum assisted evaporation, heating assisted evaporation), the now
crosslinked adhesive composition may comprise at least 20%, at least 30% at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, or at least 90% fluoropolymer by weight. An

example formulation of fluoropolymer adhesive 112 follows in Table 1.

Component Name (Supplier) Function Weight (grams (g))
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Zeftle® GK 570 (Daikin) Fluoropolymer component 100

Tinuvin® 384-2 (BASF) UV absorber 4.4

Desmodur® N 3800 (Bayer) Crosslinking agent 20

Methyl ethyl ketone (N/A) Organic solvent 80
Table 1

[0039] Optional IR radiation rejection layer 116 of the multilayer composite film 100 may
actually include one or both of IR reflecting materials and IR absorbing materials. The IR
radiation rejection layer 116 reduces the amount of IR radiation passing through the multilayer
composite film 100, thus reducing the IR-induced heating of the interior spaces within an
architectural structure. Similarly, IR absorbing materials absorb infrared radiation in the film
composite and prevent much of the incident IR radiation from reaching the interior of the
structure. This in turn reduces the cooling needed for these interior spaces, improving the
economic and ecological performance of the architectural structure using the multilayer
composite film 100. The IR radiation rejection layer 116 has a thickness, indicated by € in FIG.
1A that can be within any of the following ranges: from 1 nm to 100 nm; from 10 nm to 50 nm;
from 50 nm to 100 nm; from 25 nm to 75 nm; from 25 nm to 50 nm; and from 50 nm to 75 nm.
[0040] The example of the IR radiation rejection layer 116 shown in FIG. 1A is that of a
metal film (alternatively referred to as a metal layer) deposited onto a surface of the structural
polymer layer 108. The metal layer of the IR radiation rejection layer 116 may also include
multiple layers of metal. The IR radiation rejection layer 116 on the structural polymer layer 108
can be adhered to the second major surface of the outer ETFE layer 104 via the fluoropolymer
adhesive 112. Metal films can be continuous or be fabricated to include a pattern of metal
portions and non-metal portions (often referred to as a “frit pattern”). Examples of metals used
to form a metal film for the IR radiation rejection layer 116 (deposited via, e.g., sputtering,
physical vapor deposition, evaporation, among others) include, but are not limited to, aluminum,
silver, copper, gold, metal oxides, combinations thereof, or other suitable metals or intermetallic
compounds having an electronic structure that reflects at least 40% of incident IR radiation
present in solar radiation. Sputtered metallic films can exhibit surface energies that facilitate
adhesion to an opposed layer.

[0041] In other embodiments, such as the one shown in FIG. 1A’, the IR radiation rejection
layer 116 can be adhered to the outer ETFE layer 104 directly. In some embodiments,

fluoropolymer adhesive layer 112 and IR radiation rejection layer 116 may be transposed from
12




WO 2017/075499 PCT/US2016/059533

the figure so that the IR rejection layer is adjacent layer 104 and the adhesive layer is adjacent
layer 108. In another alternative embodiment multilayer composite film 120 shown in FIG. 1B,
the separate fluoropolymer adhesive layer 112 and IR radiation rejection layer 116 are
substituted for a single fluoropolymer adhesive layer 124 that also includes particles 128 that

absorb and/or block IR radiation. This layer has a thickness €’ that can be in any of the ranges

already introduced above as thickness 0, thickness €, or combinations thereof. Examples of IR
blocking materials (or “IR opaque pigments”) include Sicopal® Black K 0095 from BASF and
nanoparticles (e.g., titanium dioxide nanoparticles, silver nanoparticles, aluminum nanoparticles,
and mixtures thereof).

[0042] In other examples, the particles 128 include those that alternate between reflecting IR
radiation at high atmospheric temperatures (e.g., above 60°F) and transmitting IR radiation at
low atmospheric temperatures (e.g., below 50°F).

[0043] Other embodiments of the IR radiation rejection layer 116 and the fluoropolymer
adhesive/IR layer 124 may include IR reflective dyes, IR absorbent dyes, UV absorbent dyes,
light stabilizers, antioxidants, flame retardants, and mixtures thereof, in examples. Flame
retardants may be added to any of the embodiments described herein to provide a flame
resistance rating of VO as measured according to the Underwriters Laboratories (UL) standard
UL94, edition number 6, dated March 28, 2013. Embodiments described herein may also meet
other fire related standards such as National Fire Protection Association (NFPA) standard 701,
2015 edition, and ASTM standard E84-16 for “Surface Burning Characteristics of Building
Materials.” Furthermore, absent additional flame retardants, embodiments such as the multilayer
composite film 100 (described above), multilayer composite film (200), as well as various
combinations that include multiple layers of any one or more of the individual layers 104, 108,
112, 116, 124, and 204 may be configured to comply with one or more of UL standard UL94,
edition number 6, dated March 28, 2013, National Fire Protection Association (NFPA) standard
701, 2015 edition, and ASTM standard E84-16 for “Surface Burning Characteristics of Building
Materials.”

[0044] Regardless of the selection or composition of the IR radiation rejection layer 116 and
the fluoropolymer adhesive/IR layer 124, the multilayer composite film 100 can still retain most
of or all of the optical light transmissivity described above and is not only translucent but also

transparent.
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ALTERNATIVE EMBODIMENTS

[0045] FIG. 2 illustrates an ETFE multilayer composite film 200 that includes the multilayer
composite film 100 and a second ETFE layer 204 attached to a surface of the structural polymer
layer 108 opposite that of the outer ETFE layer 104. The second ETFE layer 204, configured to
be disposed on as a surface on an interior of an architectural structure opposite the exterior
surface, has a thickness, indicated in FIG. 2 by vy, within any of the following ranges: 25 microns
(um) to 250 um; 25 um to 100 um; 25 um to 75 um; 25 um to 50 pum; 50 um to 150 um; 50 pum
to 100 um; 75 um to 200 um; 75 um to 100 um; 100 um to 200 um. A second fluoropolymer
adhesive layer 114 that can have the same dimensions and composition as the fluoropolymer
adhesive layer 112 and/or a fluoropolymer adhesive/IR layer 124 (shown only in FIG. 1B) may
be disposed between the second ETFE layer 204 and the structural polymer layer 108. IR
reflectors or absorbents and other particles or dyes can be disposed in or adjacent to any of the
adhesive layers 112, 114 that are used to join opposed polymer films. These layers have been

described above and need no further description.

EXPERIMENTAL EXAMPLE

[0046] Example composite films were prepared according to the following procedure. A
solution of fluoropolymer-based adhesive was prepared according to the formulation described
above in Table 1. The prepared fluoropolymer-based adhesive solution was applied to a 125 [m
thick PET (VO fire rating per UL94) film, which functioned as the structural polymer layer
described above, at a coating weight of 15 g/m”. A first 25 um thick ETFE film was laminated
onto the fluoropolymer-based adhesive bearing PET film. The fluoropolymer-based adhesive
was then applied on the opposite side of the PET film at a coating weight of 15 g/m” and then
laminated with a second 25 um thick ETFE film.

[0047] The prepared experimental examples were subjected to uniaxial testing using an
INSTRON 3360 dual column testing system. The experimental examples were strained at a
uniform strain rate of 50 millimeters/minute. The stress-strain curve of the experimental
example appears in FIG. 3 along with a comparison to a 250 um thick sheet of ETFE control
sample that was strained separately but used the same uniaxial testing machine and strain rate
identified above.

[0048] As apparent upon inspection of the data presented in the graph of FIG. 3, the

experimental example exhibits significantly higher Young’s modulus than the ETFE alone. The
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experimental example also exhibits a single yield point at about 5% strain (at a stress of about 70
MPa) and had an ultimate yield stress of approximately 146 MPa (within normal measurement
tolerances and natural variation within a population of samples).

[0049] The experimental example was also subjected to 96 hours of highly accelerated stress
testing (HAST) to test the adhesion between the layers. The HAST testing was performed at
121°C, 100% Relative Humidity (RH) and 1 atm. The experimental example was also tested
using the Damp Heat Test (International Electrochemical Commission standard number
IEC60721) at 85C, 85% (RH), for 1000 hours. Despite the known difficulties of adhering ETFE
to dissimilar polymers, no delamination, blistering, or cracking was observed at the end of 96
hours of HAST testing or at the end of 1000 hours for the Damp Heat Test. This confirms that
the fluoropolymer-based adhesive strongly adheres the PET film to the ETFE film. The
experimental example was also subjected to the Vertical Burning test and exhibited self-
extinguishing behavior.

[0050] FIG. 4 illustrates a graph of reflectance data exhibited by an experimental example of
a multilayer composite film of the present disclosure fabricated from two layers of ETFE film
between which was adhered a layer of Vikuiti"™ film. The experimental sample was exposed to
incident light having a plurality of wavelengths approximating a solar light wavelength
distribution. IR reflectance data was collected using a PERKIN ELMER 950 spectrophotomer.
These results are shown in FIG. 4. As is shown, IR reflectance is approximately 100% for IR
wavelengths from approximately 780 nm to approximately 1000 nm. At the same time,

reflectance in the visible range was less than 20%.

EXAMPLE CONFIGURATIONS FOR ARCHITECTURAL APPLICATION

[0051] FIGS. 5A-5C illustrate various joints that can be used for joining multilayer
composite films together, in embodiments. The joints enable individual sheets of multilayer
composite films of the present disclosure to be joined together into a larger architectural panel.
For example, individual sheets can be joined together to produce an architectural panel that is,
for example, anywhere from 1x1 m to 25x25 m square before requiring external support (such as
from a network of support cables). FIG. 5A illustrates a lap joint in which individual sheets of
the multilayer composite film 200 are overlapped by a distance designated in FIG. SA as a seal
width. The individual sheets can be joined using, for example, a heat seal that welds the sheets

together, or an adhesive tape (e.g., a polyester base or a polyamide base thermoplastic heat
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activated adhesive tape) or an adhesive (e.g., a heat activated adhesive) disposed between the
overlapping portions of the individual sheets of the multilayer composite film 200.

[0052] FIG. 5B illustrates a butt joint in which proximate perimeter edges of two sheets of
multilayer composite films 200 are butted together end-to-end and joined at the seal indicated
using, for example, any of the techniques described above in the context of FIG. SA. FIG. 5C
illustrates a variation of the butt joint shown in FIG. 5B. In FIG. 5C, a strip 504 of single layer
film or multilayer composite film 200 (or ETFE or other compatible polymer used as an outer
layer 104) is joined to one or optionally both of the major surfaces of the sheets of multilayer
composite films 200 joined via a butt joint so as to cover and extend beyond the butt joint. It
will be appreciated that the multilayer composite films 100, 118, and 120 may be substituted for
any of the films and/or strips shown in FIGS. 5SA, 5B, and 5C. An adhesive, for example a
fluoropolymer adhesive such as a perfluoroalkyl vinyl ether, may be used in one or more of the
seals between the polymer composite films or between the polymer composite film and one or
more of strip 504. The tensile strength of these joints may be equal to, or better than, the tensile
strength of the composite film itself.

[0053] In any of the above figures, a seal width can be in any of the following ranges: from
0.5 cm to 10 cm; from 0.5 cm to 5 cm; from 0.5 cm to 2.5 cm; from 1 cm to 10 cm; from 1 cm to
5 ¢cm; from 2 ¢cm to 7 ¢cm, greater than 1.0 cm, or less than 10 cm.

[0054] FIG. 6 illustrates another embodiment of a multilayer composite film 200 configured
to form a “cord edge” 500 that defines a volume and is formed by curling the multilayer
composite film 200 around a rigid cord (such as EPDM rubber) that is then slid into a channel of
a retaining structure. In various embodiments the structure may be erected before or after the
cord edge is inserted into the channel. The retaining structure can be attached or anchored
(directly or indirectly) to the structure of the building or architectural application in which the
multilayer composite film 200 is used as an element. In the embodiment illustrated, the second
major surface is adhered to itself to form the cord edge 500. The cord edge 500 may be inserted
into the structural channel prior to sealing the composite. For instance, the cord and cord edge
may be inserted into the channel and the seal region then clamped and sealed. In other cases, the
cord edge is sealed around the cord and is then slid into the channel to secure the composite film
to the structure. In one example, a first major surface may be fabricated from a different material
than the second major surface because the first and second major surfaces need not be adhered

together. For instance, the second major surface can be a fluoropolymer such as perfluoroalkyl
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vinyl ether and first major surface can be a non-fluorinated polymer including
polyethyleneterephthalate-based materials such as PET. In these embodiments, the second major
surface may be the side of the composite that is exposed to the environment. As in the example
of FIG. 6, the composite film can be adhered to itself using an adhesive, an adhesive tape or by
welding, such as polymer welding, heat welding or ultrasonic welding. Adhesives can include,
for example, fluorinated polymers such as perfluoroalkyl vinyl ether.

[0055] FIG. 7A illustrates an example of the multilayer composite film 200 configured for
use as an architectural element. In this example, one perimeter edge of the multilayer composite
film 200 has been curled so that the second major surface of the second ETFE layer 204 contacts
the first major surface of the outer ETFE layer 104. The two ETFE layers 204 may then be
joined (e.g., using an adhesive, adhesive tape, or by heat sealing) around a cord to form the cord
edge 500 as described above. In another embodiment, the composite film can be rolled onto
itself to form a cord edge in which the space typically occupied by a cord is filled by spiraled
composite film material.

[0056] FIG. 7B illustrates an alternative configuration for attaching a sheet or panel of the
multilayer composite film 200 to a support cable. In this example a strip 704 of either ETFE or
of the multilayer composite film 200 is sealed to the sheet and/or panel of multiple sheets of the
multilayer composite film 200 around a support cable 708. The seal widths indicated in FIG. 7B
can be on the order of those described above. The same or similar sealing and adhesion
techniques can be used.

[0057] It will be appreciated that the multilayer composite films 100, 118, and 120 may be
substituted for any of the films and/or strips shown in FIGS. 6, 7A, and 7B.

FURTHER CONSIDERATIONS

[0058] The foregoing description of the embodiments of the disclosure has been presented
for the purpose of illustration; it is not intended to be exhaustive or to limit the claims to the
precise forms disclosed. Persons skilled in the relevant art can appreciate that many
modifications and variations are possible in light of the above disclosure.

[0059] The language used in the specification has been principally selected for readability
and instructional purposes, and it may not have been selected to delineate or circumscribe the
inventive subject matter. It is therefore intended that the scope of the disclosure be limited not

by this detailed description, but rather by any claims that issue on an application based hereon.
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Accordingly, the disclosure of the embodiments is intended to be illustrative, but not limiting, of

the scope of the invention, which is set forth in the following claims.
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What is claimed is:

I. A multilayer composite film comprising:

an outer ethylene tetrafluoroethylene (ETFE) layer having a first major surface and a
second major surface, the first major surface configured as an exterior surface
of the multilayer composite film and the second major surface opposite the
first major surface;

a structural polymer layer proximate to the second major surface of the outer ETFE
layer;

a first fluoropolymer adhesive layer disposed between the second major surface of the
outer ETFE layer and the structural polymer layer, the first fluoropolymer
adhesive layer adhering the outer ETFE layer and the structural polymer layer
together;

a second ETFE layer having a first major surface and a second major surface, the first
major surface of the second ETFE layer proximate to the structural polymer
layer and the second major surface of the second ETFE layer configured as an
interior surface opposite the first major surface of the outer ETFE layer; and

a second fluoropolymer adhesive layer disposed between the first major surface of the
second ETFE layer and the structural polymer layer, the second fluoropolymer
adhesive layer adhering the second ETFE layer and the structural polymer
layer together.

2. The multilayer composite film of claim 1, further comprising a fire retardant

rating of VO when tested according to a UL94 standard.

3. The multilayer composite film of claim 1, further comprising an infra-red (IR)
radiation rejection layer disposed in or on at least one of the structural polymer layer, the first
fluoropolymer adhesive layer, the second fluoropolymer adhesive layer, and the outer ETFE

layer, the IR radiation rejection layer configured to reflect at least 40% of incident IR radiation.

4. The multilayer composite film of claim 3 wherein the IR radiation rejection layer
comprises a metal layer disposed on one of the structural polymer layer and the outer ETFE

layer, the metal layer having a reflectance of greater than 40% for wavelengths of radiation
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between 700 nm and 1000 nm and having a transmittance of visible light having wavelengths

between 400 nm and 700 nm greater than 50%.

5. The multilayer composite film of claim 4, wherein the metal layer is one of a
copper film, a silver film, a gold film, a nickel film, a metal oxide film, an aluminum film, and

combinations thereof.

6. The multilayer composite film of claim 4, wherein the metal layer has a thickness

between 1 nm and 500 nm.

7. The multilayer composite film of claim 3, wherein the IR radiation rejection layer
comprises at least one of titanium dioxide nanoparticles, silver particles, gold particles, and
aluminum nanoparticles disposed in at least one of the first fluoropolymer adhesive layer and the

second fluoropolymer adhesive layer.

8. The multilayer composite film of any one of claims 1-3, wherein the multilayer
composite film has a Young’s modulus of at least 1000 MPa and an ultimate tensile strength of

at least 146 MPa.

0. The multilayer composite film of claim 8, wherein the multilayer composite film

exhibits a yield point under tensile strain of at least 40 MPa.

10. The multilayer composite film of any one of claims 1-3, wherein the outer ETFE

layer has a thickness of between 25 microns and 125 microns.

11.  The multilayer composite film of any one of claims 1-3, wherein the second

ETFE layer has a thickness from 25 microns to 125 microns.

12.  The multilayer composite film of any one of claims 1-3, wherein structural

polymer layer is a polyethylene terephthalate (PET) layer.

13.  The multilayer composite film of any one of claims 1-3, wherein the structural

polymer layer has a thickness from 50 microns to 250 microns.

14.  The multilayer composite film of any one of claims 1-3, wherein at least one of
the first fluoropolymer adhesive layer and the second fluoropolymer adhesive layer includes a

fluoropolymer resin, an ultra-violet light absorbent component, and a crosslinking component.
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15.  The multilayer composite film of claim 14, wherein the fluoropolymer resin is at
least 40 weight % of at least one of the first fluoropolymer adhesive layer and the second

fluoropolymer adhesive layer.

16. The multilayer composite film of claim 15, wherein the fluoropolymer resin

consists essentially of fluoropolymer-based polymers.

17.  The multilayer composite film of any one of claims 1-3, wherein at least one of
the first fluoropolymer adhesive layer and the second fluoropolymer adhesive layer has a

thickness from 5 microns to 30 microns.

18. The multilayer composite film of any one of claims 1-3, further comprising a
perimeter edge configured to form a cord edge, wherein the second major surface of the second

ETFE layer is adhered to itself using at least one of an adhesive and an adhesive tape.

19. The multilayer composite film of claim 18, further comprising a rigid structure

disposed within a volume defined by the cord edge.

20. The multilayer composite film of any one of claims 1-3, further comprising a haze

value of less than 16%.

21. The multilayer composite film of any one of claims 1-3, further exhibiting a haze

value of from 2% to 14%.

22. A multilayer composite film comprising:

an outer fluorinated polymer layer having a first major surface and a second major
surface, the first major surface configured as an exterior surface of the
multilayer composite film and the second major surface opposite the first
major surface;

a non-fluorinated polymer layer proximate to the second major surface of the outer
fluorinated polymer layer;

a first fluoropolymer adhesive layer disposed between the second major surface of the

outer fluorinated polymer layer and the non-fluorinated polymer layer, the
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first fluoropolymer adhesive layer adhering the outer fluorinated polymer
layer and the non-fluorinated polymer layer together; and

a portion of the multilayer composite film defining an integral tube, the integral tube
comprising a perimeter edge of the multilayer composite film curled back
onto the multilayer composite film and permanently adhered to the multilayer

composite film.

23.  The multilayer composite film of claim 22, wherein the integral tube forms a cord

edge.

24.  The multilayer composite film of claim 22, further comprising a first sheet of the

multilayer composite film joined to a second sheet of the multilayer composite film.

25.  The multilayer composite film of claim 24, wherein the first sheet is joined to the

second sheet using at least one of a lap joint, a lap joint and a strip, and a butt joint.

26.  The multilayer composite film of claim 24 or 25, wherein the first sheet is joined

to the second sheet by at least one of an adhesive tape, an adhesive, and a heat seal.

27. The multilayer composite film of any one of claims 22-24, wherein the non-

fluorinated polymer layer comprises PET.

28. The multilayer composite film of claim 27, further comprising an IR reflecting

layer or IR absorbing agent.

29.  The multilayer composite film of any one of claims 22-24, wherein the outer

fluorinated polymer layer is an ETFE layer.

30.  The multilayer composite film of any one of claims 22-24, wherein the outer

fluorinated polymer layer is a polyvinyl fluoride layer.

31.  The multilayer composite film of any one of claims 22-24, wherein the outer

fluorinated polymer layer is an ethylene chlorotrifluoroethylene layer.

32.  The multilayer composite film of any one of claims 22-24, wherein the outer

fluorinated polymer layer is a polyvinylidene fluoride layer.

33.  The multilayer composite film of any one of claims 22-24, wherein the outer

fluorinated polymer layer is a polychlorotrifluoroethylene layer.
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34.  The multilayer composite film of any one of claims 22-24, wherein the outer

fluorinated polymer layer is a polyfluoroethylenepropropylene layer.

35. An architectural structure comprising the composite film of any one of the

preceding claims.
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claims.
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