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(57) Abréegée/Abstract:

Fiber reinforced resin matrix composite laminates are provided comprising: at least one layer of fiber reinforced resin matrix
comprising a cured resin matrix, and a surfacing construction bound to the cured resin matrix and forming a surface of the
laminate, comprising: at least one barrier layer; and at least one cured adhesive layer derived from high temperature cure adhesive.
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matrix comprising a cured resin matrix; and b) a surfacing construction bound to the cured resin matrix and forming a surface of the
laminate, comprising: at least one barrier layer; and at least one electrically conductive layer. In another aspect, a surfacing
construction Is provided comprising a barrier layer and a curable adhesive layer.
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(57) Abstract: Fiber reinforced resin matrix composite laminates are provided comprising: at least one layer of fiber remforced
resin matrix comprising a cured resin matrix; and a surfacing construction bound to the cured resin matrix and forming a surface
of the laminate, comprising: at least one barrier layer; and at least one cured adhesive layer derived from high temperature cure ad-
hesive. In some embodiments, barrier layer(s) may be substantially impermeable to organic solvents, water, and/or gasses. In an-
other aspect, fiber remforced resin matrix composite laminates are provided comprising: a) at least one layer of fiber remtorced
resin matrix comprising a cured resin matrix; and b) a surfacing construction bound to the cured resin matrix and forming a sur-
face of the laminate, comprising: at least one barrier layer; and at least one electrically conductive layer. In another aspect, a sur-
facing construction is provided comprising a barrier layer and a curable adhesive layer.
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SURFACING FILM FOR COMPOSITES WITH BARRIER LAYER

~ Cross Reference to Related Application
This application claims the benefit of U.S. Provisional Patent Application No.
61/122633, filed December 15, 2008.

Field of the Disclosure
This disclosure relates to fiber reinforced resin matrix composite laminates,

which include a surfacing construction (surfacing film) which comprises at least one

barrier layer.

_ Background of the Disclosure
The use of fiber reinforced resin matrx or fiber reinforced plastic (FRP) matrix

compoSite laminates (“composites”) has become widely accepted for the variety of
applications in aerospace, automotive and other transportation industries because their
light weight,. high strength and stiffness. Weight reduction benefits and performance
enhancements are the biggest drivers behind implementation of fiber reinforced resin
matrix composite laminates into industral applications. Various ‘ alrspace components
being manufactured from fiberglass and carbon fibers reinforced composites including
airplane fuselage sections and wing structures. Composites are used to fabricate many
parts for airplanes, wind generators, automobiles, sporting goods, furniture, busés,
trucks, boats, train cars and other applications where stiff, light-weight materials, or
consdlidation of parts are beneficial. Most often the fibers are made of carbon, glass,
ceramic or aramid, and the resin matrix 1s an organic thermosetting or thermoplastic
material. These parts are typically manufactured under vacuum and/or pressure at

temperatures from 20°C to 180°C, occasionally up to 230°C, and occasionally up to
360°C.
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Summary of the Disclosure

Briefly, the present disclosure provides a fiber reinforced resin matrix
composite laminate comprising: a) at least one layer of fiber reinforced resin matrix
comprising a cured resin matrix; and b) a surfacing construction bound to the cured
resin matrix and forming a surface of the laminate, comprising: 1) at least one barrier
layer; and 11) at least one cured adhesive layer derived from high temperature cure
adhesive. Typically the cured adhesive layer 1s bound to the cured resin matrix.
Typically the barrier layer(s) have a composition different from that of the cured
adhesive layer(s), the barrier layer(s) have a composition different from that of the
cured resin matrix, and the cured adhesive layer(s) have a composition different from
that of the resin matrix. In some embodiments, the one or more barrier layer(s) may be
substantially impermeable to organic solvents, and/or substantially impermeable to
water, and/or substantially impermeable to gasses. In some embodiments, the surfacing
construction additionally comprises one or more of an electrically conductive layer, an
EMI shield layer, a UV protection layer, or a viscoelastic layer. In some embodiments,
the barrier layer may comprise a fluoropolymer, which may be per-fluorinated and may
be non-perfluorinated. In some embodiments, the cured adhesive layer comprises a
dicyandiamide-cured epoxy adhesive. In some embodiments, the cured adhesive layer
comprises no cured epoxy adhesive which 1s amine-cured epoxy adhesive.

In another aspect, the present disclosure provides a method of making a fiber
reinforced resin matrix composite laminate comprising the steps of: a) providing a
curable fiber reinforced resin matrix comprising a curable resin matrix; b) providing a
surfacing construction comprising: 1) at least one barrier layer; and 11) at least one
curable adhesive layer; ¢) providing a tool having a shape which 1s the inverse of the
desired shape of the laminate; ¢) laying up the surfacing construction and the curable
fiber reinforced resin matrix in the tool, 1n no particular chronological order, but with
the surfacing construction 1n contact with the tool and with at least one curable
adhesive layer 1in contact with the curable fiber reinforced resin matrix; and f) curing
the curable resin matrix and curable adhesive layer to make a fiber reinforced resin

matrix composite laminate. Typically, the barrier layer(s) have a composition different
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from that of the curable adhesive layer(s) and the barrier layer(s) have a composition
different from that of the cured resin matrix. In some embodiments, at least one
curable adhesive layer has a composition different from that of the curable resin matrix.
In some embodiments, the one or more barrier layer(s) may be substantially
impermeable to organic solvents, and/or substantially impermeable to water, and/or
substantially impermeable to gasses. In some embodiments, the surfacing construction
additionally comprises one or more of an electrically conductive layer, an EMI shield
layer, a UV protection layer, or a viscoelastic layer. In some embodiments, the barrier
layer may comprise a fluoropolymer, which may be per-fluorinated and may be non-
perfluorinated. In some embodiments, the curable adhesive layer comprises an epoxy
adhesive and a dicyandiamide curative. In some embodiments, the curable adhesive
layer comprises no amine-containing curative. In some embodiments, at least one, and
in some cases all, curable adhesive layer(s) have a composition different from that of
the curable resin matrix. In some embodiments, at least one, and in some cases all,
curable adhesive layer(s) have a composition which 1s the same as that of the curable
resin matrix. In some embodiments, at least one, and 1n some cases all, curable
adhesive layer(s) are the curable resin matrix. In some embodiments, at least one, and
in some cases all, curable adhesive layer(s) are not the curable resin matrix.

In another aspect, the present disclosure provides a fiber reinforced resin matrix
composite laminate comprising: a) at least one layer of fiber reinforced resin matrix
comprising a cured resin matrix; and b) a surfacing construction bound to the cured
resin matrix and forming a surface of the laminate, comprising: 1) at least one barrier
layer; and 111) at least one electrically conductive layer. Typically, the barrier layer(s)
have a composition different from that of the cured resin matrix. In some
embodiments, the one or more barrier layer(s) may be substantially impermeable to
organic solvents, and/or substantially impermeable to water, and/or substantially
impermeable to gasses. In some embodiments, the surfacing construction additionally
comprises one or more of a cured adhesive layer, a UV protection layer, or a
viscoelastic layer. In some embodiments, the barrier layer may comprise a

fluoropolymer, which may be per-fluorinated and may be non-perfluorinated.
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In another aspect, the present disclosure provides a surfacing construction
comprising at least one barrier layer and at least one curable adhesive layer. In some

embodiments, the one or more barrier layer(s) may be substantially impermeable to organic
solvents, and/or substantially impermeable to water, and/or substantially impermeable to
gasses. In some embodiments, the surfacing construction additionally comprises one or more
of an electrically conductive layer, an EMI shield layer, a UV protection layer, or a
viscoelastic layer. In some embodiments, the barrier layer may comprise a fluoropolymer,
which may be per-fluorinated and may be non-perfluorinated. In some embodiments, the
curable adhesive layer comprises an epoxy adhesive and a dicyandiamide curative. In some

embodiments; the curable adhesive layer comprises no amine-containing curative.

Another aspect relates to a fiber reinforced resin matrix composite laminate
comprising: a) at least one layer of fiber reinforced resin matrix comprising a cured resin
matrix; and b) a surfacing construction bound to the cured resin matrix and forming a surface
of the laminate, comprising: 1) at least one barrier layer, wherein the barrier layer has a
thickness of less than 10 mil and wherein the barrier layer is substantially impermeable to
organic solvents and wherein the barrier layer is of a material selected from the group
consisting of polyesters, polyimides, polybutadienes, elastomers, epoxies, fluoropolymers,
polycarbonates, and mixtures thereof; and ii) at least one cured adhesive layer derived from
high temperature cure adhesive selected from the group consisting of epoxy resins, acrylates,
cyano-acrylates, and urethanes, wherein the high temperature cure adhesive is defined as one
which cures in less than 6 hours at a temperature of greater than 180 °C and fails to cure in 48
hours at a temperature of less than 25 °C; wherein the cured adhesive layer 1s directly bound
to the cured resin matrix; wherein at least one cured adhesive layer is directly bound to at least
one barrier layer; and wherein the barrier layer(s) have a composition different from that of
the cured adhesive layer(s), the barrier layer(s) have a composition different from that of the
cured resin matrix, and the cured adhesive layer(s) have a composition different from that of

the resin matrix.

Another aspect relates to a method of making a fiber reinforced resin matrix
composite laminate comprising the steps of: a) providing a curable fiber reinforced resin
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matrix comprising a curable resin matrix; b) providing a surfacing construction comprising: 1)
at least one barrier layer, wherein the barrier layer has a thickness of less than 10 mil and
wherein the barrier layer is substantially impermeable to organic solvents and wherein the
barrier layer is of a material selected from the group consisting of polyesters, polyimides,
polybutadienes, elastomers, epoxies, fluoropolymers, polycarbonates, and mixtures thereof;
and; 11) at least one curable adhesive layer selected from the group consisting of epoxy resins,
acrylates, cyano-acrylates, and urethanes; ¢) providing a tool having a shape which is the
inverse of the desired shape of the laminate; e) laying up the surfacing construction and the
curable fiber reinforced resin matrix in the tool, with the surfacing construction in contact
with the tool and with at least one curable adhesive layer in contact with the curable fiber
reinforced resin matrix; and f) curing the curable resin matrix and curable adhesive layer to
make a fiber reinforced resin matrix composite laminate; wherein the barrier layer(s) have a
composition different from that of the curable adhesive layer(s) and the barrier layer(s) have a

composition different from that of the cured resin matrix.

Brief Description of the Drawing

FIG. 1 1s schematic depiction of a comparative composite laminate as

described in the Examples below.

FIG. 2 is schematic depiction of a comparative composite laminate as

described in the Examples below.

FIG. 3 is schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as described

in the Examples below.

FIG. 4 is schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as described

in the Examples below.

- 44 -
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FIG. 5 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as described

in the Examples below.

FIG. 6 is schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as described

in the Examples below.
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FIG. 7 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described in the Examples below.

FIG. 8 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described in the Examples below.

FIG. 9 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described 1in the Examples below.

FIG. 10 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described 1n the Examples below.

FIG. 11 1s schematic depiction of a comparative composite laminate as
described 1in the Examples below.

FIG. 12 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described 1n the Examples below.

FIG. 13 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described in the Examples below.

FIG. 14 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described in the Examples below.

FIG. 15 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as
described 1in the Examples below.

FIG. 16 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as

described 1n the Examples below.
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FIG. 17 1s schematic depiction of a fiber reinforced resin matrix composite
laminate including a surfacing construction according to the present disclosure, as

described in the Examples below.

Detailed Description

Fiber reinforced resin matrix or fiber reinforced plastic (FRP) matrix composite
laminates (“‘composites’) has become widely accepted for the variety of applications in
acrospace, automotive and other transportation industries because their light weight,
high strength and stiffness. However, during cure, pin-holes may form 1n the surface
layers of such parts. Such detfects adversely attect the appearance of the surface and
function as a path for unwanted fluids to penetrate and degrade the performance of the
part. These pin-holes must be eliminated 1in a separate operation to fill and/or abrade
the surface smooth.

During flight aircraft surfaces can build up large amounts of static charge. On
metal structures this 1s conducted away by the metal. On composite structures a
conductive layer of paint may be applied to the surface to address this 1ssue. In some
embodiments, the composite according to the present disclosure includes a surfacing
film which includes one or more ¢lectrically conductive layers. Typically, such a
composite does not comprise an electrically conductive or static dissipating coating
such as a paint.

Unprotected composite parts can be damaged by UV radiation, ¢.g. sunlight.
To overcome this problem the parts may be protected with a UV protective coating,
paint or covering. In some embodiments, the composite according to the present
disclosure includes a surfacing film which includes one or more UV absorbing or
reflecting layers. Typically, such a composite does not comprise a UV protective
coating, paint or covering and may require no additional protection from exposure to
UV or sunlight.

Aluminum or metallic exterior vehicle structures shield interior systems and
payloads from EMI as well as containing internally generated field from radiating
beyond the vehicle. Many composite parts do not provide this same level of shielding

as metallic structure. This shielding 1s often developed by including a woven metallic

_6 -



CA 02746455 2011-06-09
WO 2010/075059 PCT/US2009/067995

fabric of expand metallic foil 1n the structure. A conductive barrier layer may eliminate

10

15

20

25

30

the requirements for such added elements. In some embodiments, the composite
according to the present disclosure includes a surfacing film or barrier layer which
includes one or more conductive or EMI blocking layers. Typically, such a composite
does not comprise a conductive or EMI blocking layers elsewhere 1n the composite
structure.

The present disclosure provides a surfacing construction which comprises at
Ieast one polymeric barrier layer and at least one curable layer for use 1n the
manufacture of composite parts, methods of using the surfacing construction 1n the
manufacture of composite parts, and composite parts made with or bearing such
surfacing constructions before or after cure. The surfacing construction has a thickness
of less than 10 mil, more typically less than 6 mil, more typically less than 4 mil, more
typically less than 3 mil, more typically less 2 mil, more typically less than 1 mil, 1n
some embodiments less than 0.75 mil, in some embodiments less than 0.60 mil, in
some embodiments less than 0.50 mil, 1n some embodiments less than 0.25 mil, 1n
some embodiments less than 0.10 mil, in some embodiments less than 0.05 mil, and 1n
some¢ embodiments less than 0.01 mil. The surfacing construction typically has a

thickness of at least 0.001 mul.

Curable Layer

The curable layer of the present disclosure comprises a thermally or moisture
curable adhesive on at least one surface of the barrier layer. Examples of such curable
adhesives include epoxy resins (a mixture of epoxide resin and curing agent), acrylates,
cyano-acrylates, and urethanes. The curable adhesives used 1n the process of the
present disclosure are non-tacky to the touch after curing and are thermosetting, that 1s
cure through the action of heat, catalysts, UV light, and the like. Epoxide resins useful
in the protective articles of this disclosure are any organic compounds having at least
on¢ oxirane ring, that 1s, polymerizable by a ring opening reaction. Such materials,
broadly called epoxides, include both monomeric and polymeric epoxides and can be
aliphatic, heterocyclic, cycloaliphatic, or aromatic and can be combinations thercof.

They can be liquid or solid or blends thercof, blends being useful in providing tacky
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adhesive films prior to cure. These materials generally have, on the average, at least
two epoxy groups per molecule and are also called "polyepoxides." The polymeric
epoxides include linear polymers having terminal epoxy groups (for example, a
diglyciclyl ether of a polyoxyalkylene glycol), polymers having skeletal oxirane units
(for example, polybutadiene polyepoxide), and polymers having pendent epoxy groups
(for example, a glycidyl methacrylate polymer or copolymer). The molecular weight of
the epoxy resin may vary from about 74 to about 100,000 or more. Useful epoxide
resins include those which contain cyclohexene oxide groups such as the
epoxycyclohexane carboxylates, typified by 3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexane carboxylate, 3,4-epoxy-2-n~cthylcyclohexylmethyl-3,4-epoxy-2-
methycyclohexane carboxylate, and bis(3,4-cpoxy-6-methylcyclohexylmethyl) adipate.
For a more detailed list of useful epoxides of this nature, reference may be made to
U.S. Patent No. 3,117,099. Further epoxide resins which are particularly useful in the

practice of this disclosure include glycidyl ether monomers of the formula:

0
/ \
R’(OCH5-CH-CH»),,

where R'1s aliphatic, for example, alkyl; aromatic, for example, uyl; or combinations
thercof, and n 1s an integer of 1 to 6. Examples are the glycidyl ethers of polyhydric
phenols such as the diglycidyl ether of 2,2-bis-(4-hydroxyphenol)propane (Bisphenol
A) and copolymers of (chloromethyl)oxirane and 4,4'-(1-
nletl~ylethylidene)bisphenol. Further examples of epoxides of this type which can be
used 1n the practice of this disclosure are described 1n U.S. Patent No. 3,018,262.
There are a host of commercially available epoxide resins that can be used in
this disclosure. In particular, epoxides which are readily available include styrene
oxide, vinylcyclohexene oxide, glycidol, glycidyl methacrylate, diglycidyl ether of
Bisphenol A (for example, those available under the trade designations "EPON S28",
"EPON 1004", 5 and "EPON 1001F from Shell Chemical Company, and "DER-332"
and "DER-334", from Dow Chemical Company), diglycidyl ether of Bisphenol F (for
example, those under the trade designations "ARALDITE GY28 1" from Ciba-Geigy
Corporation, and "EPON 862" from Shell Chemical Company), vinylcyclohexane

dioxide (for example, having the trade designation "ERL-4206" from Union Carbide
-8 -
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Corporation), 3,4-ecpoxycyclohexyl-methyl-3,4-epoxycyclohexene carboxylate (for
cxample, having the trade designation "ERL-4221" from Union Carbide Corporation),
2-(3,4-cpoxycyclohexyl-5,5-spiro-3,4-cpoxy) cyclohexane-metadioxane (for example,
having the trade designation "ERL-4234" from Union Carbide Corporation), bis(3,4-
epoxycyclohexyl) adipate (for example, having the trade designation "ERL-4299" from
Union Carbide Corporation), dipentene dioxide (for example, having the trade
designation "ERL-4269" from Union Carbide Corporation), epoxidized polybutadiene
(for example, having the trade designation "OXIRON 2001" from FMC Corporation),
flame retardant epoxide resins (for example,, having the trade designation "DER-542",
a brominated bisphenol type epoxy resin available from Dow Chemical Company), 1,4-
butanediol diglycidyl ether (for example, having the trade designation "ARALDITE
RD-2" from Ciba-Geigy Corporation), diglycidyl ether of hydrogenated Bisphenol A
based epoxide resins (for example, having the trade designation "EPONEX 1510 from
Shell Chemical Company), and polyglycidyl ether of phenol-formaldehyde novolak
(for example, having the trade designations "DEN-43 1" and "DEN-438" from Dow
Chemical Company)

The term “Curing agent" is used broadly to include not only those materials that
arc conventionally regarded as curing agents but also those materials that catalyze
epoxy polymerization as well as those materials that may act as both curing agent and
catalyst. Preferred curing agents for the epoxide resin include, for example, room
temperature curing agents, heat-activated curing agents, and combinations thereof, and
photolytically activated curing agents. Room temperature curing agents and heat-
activated curing agents can include, for example, blends of epoxy homopolymerization
type curing agents and addition type curing agents. The curing agents preferably react
at temperatures of between about room temperature and about 200°C, more preferably
about room temperature and 150 °C, even more preferably between about room
temperature and about 115°C. If the curing agents arc used 1n epoxy resins that are used
to make prepregs to make composite articles, then the curing agents preferably react at
temperatures 1n the range of about 200°F (93°C) to about 450°F (230°C).

The surfacing construction may comprise any suitable curable layer, including

in some embodiments those disclosed in U.S. Pat. App. No. 11/059834, filed February

_0



CA 02746455 2016-03-11

60557-8268

5

10

15

20

25

30

17,2005, or U.S. Provisional Pat. App. No. 61/118242, filed November 26, 2008.

Such layers may include:

3IM™ Scotch-Weld™ Structural Adhesive Film AF163;2, 3M™ Scotch-Weld™
Structural Adhesive Film AF 163-2LS, 3M™ Scotch-Weld™ Structural Adhesive Film

AF163-2XS, 3M™ Scotch-Weld™ Structural Adhesive_ Film AF191, 3M™ Scotch-

Weld™ Structural Adhesive Film AF191X5, 3M™ Scotch-Weld™ Low Density
Composite Surfacing Film AF 325LS, 3M™ Scotch-Weld™ Low Density Composite
Surfacing Film AF 325, Cytec FM 300LS, Cytec 1515-3LS, Henkel PL 793LS, Henkel
Synskin™, Cytec Surface Master™ 9035, Cytec Surface Master™ 905LS, and layers
having 'similar composition. |

In some embodiments, the curable adhesive is not a pressure sensitive adhesive.

In some embodiments, the curable adhesive 1s a high temperature cure adhesive.
In some embodiments, a high temperature cure adhesive is one which cures in less than
6 hours at a temperature of greater than T and fails to cure in 48 hours at a temperature
of less than 't,.where T 1s 1n some eml;bdiments 80 °C, in some embodiments 100 °C, in
some embodiments 120 °C, and in some embodiments 180 °C, and where t is in some
embo@iments 25 °C, in some embodiments 35 °C, and in some embodiments 50 °C. In
some embodiments, a high temp@erahlre cure adhesive 1s one having temperatureé
dependent cure characteristics similar to those of composite matrix resins typically
cured at >80 °C, in some embodiments similar to within 10% change in temperature, in
some embodiments simular to within 20% change in temperature, and in some
embodiments similar to within 30% change in temperature. ‘

In some embodiments, the curable layer includes a curative or curing agent.
Any suitable curative agent may be used. In some embodiments, the curative agent

may include dicyandiamide. In some embodiments, the curative agent is

dicyandiamidé. In some embodiments, the curative agent may exclude amine

curatives. Commercially available examples of curable adhesives which includes

dicyandiamide curative include 3M™ Scotch-Weld™ Structural Adhesive Film AF
555 and 3M™ Scotch-Weld™ Structural Adhesive Film AF 191.
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Barrier Layer

The surfacing construction may comprise any suitable polymeric barrier layer,
including 1n some embodiments partially or fully cured layers of the curable layers
described above. In some embodiments, the polymeric barrier layer may be selected
from polyurethanes, polyureas, polyesters, polyimides, polybutadienes, elastomers,
epoxies, fluoropolymers, polycarbonates, mixtures of the above. In some embodiments
the polymeric barrier layer 1s the same polymer as the curable layer. In some
embodiments the polymeric barrier layer 1s a different polymer from the curable layer.
In some embodiments the polymeric barrier layer includes a crosslinked polymer.

Any suitable barrier layer may be used. In some embodiments, the polymeric
barrier layer may be selected from polyurethanes, polyureas, polyesters, polyimides,
polybutadienes, elastomers, epoxies, fluoropolymers, polycarbonates, mixtures of the
above. Typically the polymeric barrier layer 1s of a material that can be used to
manufacture parts that are cured or formed under vacuum and/or pressure at
temperatures from 20°C to 180°C without excessive flow or loss of integrity. In some
embodiments the polymeric barrier layer is fully cured. In some embodiments the
polymeric barrier layer 1s partially cured, typically at least 50% cured, more typically at
least 60% cured, more typically at least 70% cured, more typically at least 80% cured,
and more typically at least 90% cured. In some embodiments the polymeric barrier
layer 1s thermoplastic. Each barrier layer typically has a thickness of less than 10 mul,
more typically less than 6 mil, more typically less than 4 mil, more typically less than 3
mil, more typically less 2 mil, more typically less than 1 mil, in some embodiments less
than 0.75 mil, in some embodiments less than 0.60 mil, in some embodiments less than
0.50 mil, 1n some embodiments less than 0.25 mil, in some embodiments less than 0.10
mil, 1n some embodiments less than 0.05 mil, and 1n some embodiments less than 0.01
mil. Each barrier layer typically has a thickness of at least 0.001 mil. Typically the
barrier layer 1s substantially impermeable to gasses. More typically the barrier layer
remains substantially impermeable to gasses throughout the process of manufacturing a

composite of which it 1s a part. In some embodiments, substantially impermeable to

gasses means having an oxygen permeability of less than 35 cm3-mm/m2/day/atm.

Typically the barrier layer 1s substantially impermeable to moisture. More typically the
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barrier layer remains substantially impermeable to moisture throughout the process of
manufacturing a composite of which it 1s a part. In some embodiments, substantially

impermeable to moisture means having a moisture vapor transmission rate of less than

30 gm/m2/day. Typically the barrier layer is substantially impermeable to organic
solvents. More typically the barrier layer remains substantially impermeable to organic
solvents throughout the process of manufacturing a composite of which 1t 1s a part. In
some embodiments, such organic solvents may include fuels, aircraft fuels, lubricants,
hydraulic fluids, and the like. In some embodiments, substantially impermeable to an
organic solvent means exhibiting less than 10% weight gain or loss after 7 days
exposure to the solvent at 21°C and 1 atmosphere. In some embodiments, substantially
impermeable to organic solvents means exhibiting less than 10% weight gain or loss
after 7 days exposure to methylene chloride at 21°C and 1 atmosphere. In some
embodiments, substantially impermeable to organic solvents means exhibiting less than
10% weight gain or loss after 7 days exposure to benzyl alcohol at 21°C and 1
atmosphere. In some embodiments, substantially impermeable to organic solvents
means exhibiting less than 10% weight gain or loss after 7 days exposure to gasoline at
21°C and 1 atmosphere. In some embodiments, the barrier layer 1s electrically non-
conductive. More typically the barrier layer remains electrically non-conductive
throughout the process of manufacturing a composite of which 1t 1s a part. The barrier
layer optionally includes flame retardant ingredients or additives.

In some embodiments, barrier layers may comprise materials such as
polyethylene, polyurethane, polycarbonate and polyimide films including Kapton™
available from DuPont Films, Buffalo, NY. The barrier layers may be clear and
colorless, or include a colorant, such as a pigment or dye as the application requires.
The barrier layer may be alloys of these materials and optionally include flame
retardant ingredients or other additives, such as a polyurethane/polycarbonate blend
resin with UV absorbers available as U933 from Alberdingk Boley GmbH., Krefeld,
Germany.

In some embodiments, barrier layers may comprise materials such as
fluorinated polymers. In some embodiments, barrier layers may comprise

perfluorinated fluoropolymers, which may include FEP, PFA or PTFE polymers,
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including those available from Dyneon. In some embodiments, barrier layers may
comprise non-perfluorinated fluoropolymers, such as polymer which may include
interpolymerized units derived from vinylidene fluoride (VDF). Such materials
typically include at least about 3 weight percent of interpolymerized units derived from
VDF, which may be homopolymers or copolymers with other ethylenically unsaturated
monomers, such as hexafluoropropylene (HFP), tetrafluorocthylene (TFE),
chlorotrifluorocthylene (CTFE), 2-chloropentatluoropropene, perfluoroalkyl
vinylethers, pertfluorodiallylether, perfluoro-1,3-butadiene, and/or other perhalogenated
monomers and further derived from one or more hydrogen-containing and/or non-
fluorinated olefinically unsaturated monomers. Such fluorine-containing monomers
may also be copolymerized with fluorine-free terminally unsaturated olefinic
comonomers, such as cthylene or propylene. Useful olefinically unsaturated monomers
may 1nclude alkylene monomers such as 1-hydropentatluoropropene, 2-
hydropentafluoropropene, etc. Such fluoropolymers may include tetratfluorocthylene-
hexafluoropropylene-vinylidene fluoride terpolymers and hexafluoropropylene-
vinylidene fluoride copolymers. Commercially available fluoropolymer materials
which may be useful may include, for example, THV 200, THV 400, and THV 500
fluoropolymers, which are available from Dyneon LLC of Oakdale, MN, and SOLEF
11010 and SOLEF 11008, which are available from Solvay Polymers Inc., Houston,
TX., KYNAR® and KYNAR FLEX® PVDF which are available from Arkema Inc.,
Philadelphia, PA, and TEFZEL LZ300 fluoropolymers, which are available from
DuPont Films, Buffalo, NY. Additional commercially available fluoroclastomer
materials of this type include, for example, FC-2145, FC-2178, FC-2210X, FC-2211,
FC-2230 which are available from Dyneon LLC of Oakdale, MN, and Technoflon®
fluoroclastomers which are available from Solvay Polymers Inc., Houston, TX. Other
uscful fluorinated polymers, may include non-perfluorinated polymers, which may
include poly(vinylfluoride), such as TEDLAR TAWI5SAHS, which 1s available from
DuPont Films of Buffalo, NY. Blends of fluoropolymers can also be used to make the
barrier layers of the present disclosure. Commercially available fluoropolymer

materials of this type include, for example, polyvinylidene fluoride alloy films

available as DX Film from Denki Kagaku Kogyo Kabushiki Kaisha, Tokyo, JAPAN.
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Blends of two different types of non-perfluorinated fluoropolymers may be useful, as
well as blends of a non-perfluorinated fluoropolymer with a perfluorinated
fluoropolymer. Furthermore, blends of fluoropolymers with nonfluoropolymers, such
as polyurethane and polyethylene, for example, can also be used.

Barrier layers for use 1n the present disclosure can be made by any suitable
method, which may include cast and extrusion methods.

In some embodiments, barrier layers may be clear and colorless, or may include
a colorant, such as a pigment or dye as the application desires. Typically, the colorant 1s
an 1norganic pigment, such as those disclosed 1in U.S. Patent No. 5,132,164. In some
embodiments, the pigment may be incorporated into one or more nonfluorinated
polymers, which can be blended with one or more fluorinated polymers. In some
embodiments, the barrier layers may be finish and/or color-matched to existing
applique or paint color schemes.

Optionally, at Ieast one of the surfaces may be treated to allow for bonding of
adjacent layers. Such treatment methods include corona treatment, particularly corona
discharge in an atmosphere containing nitrogen, and about 0.1 to about 10 volume
percent of an additive gas selected from the group consisting of hydrogen, ammonia,
and mixtures thereof, as disclosed in U.S. Patent No. 5,972,176 (Kirk et al.). Another
uscful treatment method includes a chemical etch using sodium naphthalenide. Such
treatment methods are disclosed 1n Polymer Interface and Adhesion, Souheng Wu, Ed.,
Marcel Dekker, Inc., NY and Basel, pp. 279 - 336 (1982), and Encyclopedia of
Polymer Science and Engineering, Second Edition, Supplemental Volume, John Wiley
& Sons, pp. 674 - 689 (1989). Another useful treatment method 1s the FLUOROETCH
process, avallable from Acton Industries, Inc., Pittston, PA. Other useful treatments for
surface modification of fluoropolymers include methods that expose a light absorbing
clectron donor to actinic radiation in the presence of a fluoropolymer such as those
disclosed 1n U.S. Patent No. 6,630,047 (Jing ¢t al.) and U.S. Patent No. 6,685,793
(Jing). Other treatment methods include the use of such materials as primers. These
may be employed either 1n place of, or in addition to the surface treatments described

above. An example of a useful primer 1s ADHESION PROMOTER #86A (a liquid
primer, available from Minnesota Mining and Manufacturing Company, St. Paul, MN).
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Surfacing Construction

A surfacing construction according to the present disclosure may be made by
any suitable method. Typically, one or more curable layers and one or more barrier
layers are joined by any suitable method, including lamination, adhesive bonding by
addition of an adhesive layer, adhesive bonding by the adhesive properties of the
barrier or curable layer(s) themselves, or the like. Typically, the layers of the surfacing
construction are joined prior to use in manufacture of a composite article, however, 1n
some embodiments the layers become joined during manufacture of a composite article.
In some embodiments, a single material may perform as both barrier layer and curable
layer. Some such embodiments may comprise a single layer of material. In some
embodiments, barrier layer(s) and curable layer(s) are different materials.

In some embodiments, the surfacing construction (surfacing film) may comprise
a single polymeric barrier layer and a single curable layer. In some embodiments, the
surfacing construction may comprise multiple alternating barrier layers and curable
layers. In some embodiments, the surfacing construction may comprise more than<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>