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STRUCTURAL COMPOSITE LAMINATE

CLAIM OF PRIORITY

[0001] The present application claims the benefit of the filing date of U.S. Provisional
Application No. 61/310,580 (filed March 4, 2010), the entirety of the contents of that
application being hereby expressly incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to laminate structures for sealing,
baffling and structural reinforcement. More specifically, the present invention relates
to laminate structures including structural foam and cartier materials.

BACKGROUND OF THE INVENTION

[0003] Structural reinforcement of vehicle cavities is commonly achieved by molding
polymeric carriers into specific shapes that reflect the contours of the cavity requiring
reinforcement, and locating expandable foam materials onto certain surfaces of the
carriers. Thus, each carrier must be customized to a particular shape which requires
the formation and use of muitiple molds and further requires injection molding
processes that are both time-consuming and costly. Many carriers require
overmolding or multi-shot injection molding in order be formed in the correct shape
and with sufficient density for reinforcing purposes. In attempts to reduce the cost
and effort associated with manufacture of the carriers, attempts have been made to
provide expandable foam materials without the inclusion of a carrier, as structural
foams. The benefit is that that the size and shape of the structural foam can be
quickly modified and customized to any necessary shape. Unfortunately, without a
carrier, the strength of the reinforcement member that includes only the structural
foam is reduced. Further, without a carrier it is difficuit to control the expansion of the
structural foam. It is thus desirable to provide a reinforcing structure that has the
customization benefits of a structural foam alone, but still provides the requisite
strength for cavity reinforcement. It is further desirable that the carrier add minimal

"~ weight and cost to the resulting structure, but still provide improved strength and
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reinforcement ability than would be realized from either the structural foam or the
carrier alone.

SUMMARY OF THE INVENTION

[0004] The pfesent invention meets some or all of the above needs by providing a
composite laminate structure having a reinforcement layer and structural foam so
that the bond formed between the reinforcement layer and structural foam provides
strength that exceeds that of the either the structural foam or reinforcement layer
alone. The present invention is directed toward a method of forming a composite
laminate for providing sealing, baffling or reinforcemenf to a structure by providing a
reinforcement layer and locating an epoxy-based expandable structural foam
thereon. The reinforcement layer may have a surface tension of at least about 35
dynes/cm. The surface tensions of the structural foam and reinforcement layer are
within about 15 dynes/cm of one another. The surface tensions of the reinforcement
layer and structural foam provide sufficient wetting for load transfer from the
structural foam to the reinforcement layer to increase the tensile strength of the
composite laminate and to increase the lap shear strength of the composite
laminate.

[0005] The present invention is further directed toward a composite laminate for
providing sealing, baffling or reinforcement to a structure that includes a
reinforcement layer and an epoxy-based expandable structural foam. The
reinforcement layer may have a surface tension of at least about 35 dynes/cm. The
epoxy-based expandable structural foam material is located onto thé reinforcement
layer to form the composite laminate. The surface tensions of the structural foam and
reinforcement layer are within about 15 dynes/cm of one another so that adhesion
between the structural foam and reinforcement layer is improved.

[0006] The present invention is also directed toward a method of forming a
composite laminate by providing a polymeric reinforcement layer and locating an
epoxy-based expandable structural foam material onto the reinforcement layer by a
co-extrusion process to form the composite laminate. The composite laminate is then
exposed to a temperature greater than 150°C. The reinforcement layer has a surface
tension of at least about 35 dynes/cm and may include at least one chemical
functional group free to react, such as a carboxylic acid or a primary or secondary
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amine. The structural foam may include an epoxy resin, an epoxy/elastomer adduct
including about 1:3 to 3:1 parts of epoxy to elastomer, and a core/shell polymer
impact modifier. The epoxy resin may form a covalent bond with the reinforcement,
such as with the carboxylic acid or amine of the reinforcement layer, upon exposure
to temperatures greater than 150°C. The covalent bond allows for load transfer from
the structural foam to the reinforcement layer to increase the tensile strength of the
composite laminate.

(0007] The composite laminate includes improved physical properties over-existing
structures and materials for use in the sealing, baffling and reinforcement of cavities.
These improved physical properties may include but are not limited to increased
vertical rise, improved lap shear strength, increased tensile and flexural properties
and increased T-Peel strength as compared to the use of structural foams alone.
The structures of the present invention may also have improved storage and
transport stability and improved shelf-life. The structures disclosed herein may also
allow for customization of the size, shape and foam expansion direction of the
structures in that the carrier is easily manipulated. In addition, the presence of the
carrier allows for improved control over the expansion of the structural foam as
compared to uses of structural foam alone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a cross-sectional view of an illustrative laminate structure in
accordance with the present teachings.

[0009] Fig. 2 shows a graphic representation of the vertical rise of structural foams A,
B, C, and D shown with and without a reinforcement layer.

[0010] Fig. 3 shows a graphic representation of the lap shear strength of structural
foams A, B, C, and D shown with and without a reinforcement layer.

[0011] Fig. 4 shows a graphic representation of the flexural strength of structural
foams A, B, C, and D shown with and without a reinforcement layer.

[0012] Fig. 5 shows a graphic representation of the flexural modulus of structural
foams A, B, C, and D shown with and without a reinforcement layer,

[0013] Fig. 6 shows a graphic representation of the flexural testing load displacement
curves for structural foam A, shown with and without a reinforcement layer.
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[0014] Fig. 7 shows a graphic representation of the flexural testing load displacement
curves for structural foam B, shown with and without a reinforcement layer.
fo015] Fig. 8 shows a graphic representation of the flexural testing load displacement
curves for structural foam C, shown with and without a reinforcement layer.
[0016] Fig. 9 shows a graphic representation of the flexural testing load displacement
curves for structural foam D, shown with and without a reinforcement layer.

DETAILED DESCRIPTION v

[0017] In general, the teachings herein provide for a laminate structure that includes
at least a reintorcement layer and a structural foam material located thereon. As an
example, Fig. 1 shows a composite laminate having a reinforcement layer 10 and a
structural foam layers 12 located on both surfaces of the reinforcement layer. The
reinforcement layer provides a support mechanism for the structural foam material
whereby a bond is formed between the reinforcement layer and the structural foam
so that load transfer occurs from the structural foam to the reinforcement layer. The
surface tensions of both the reinforcement layer and the structural foam may be
similar (e.g., matched) so that the bond between the reinforcement layer and
structural foam is strengthened. The strengthened bond between the reinforcement
layer and the structural foam results in the laminate having one or more of improved
peel strength, improved tensile properties, improved lap shear properties, improved
compression properties, increased vertical rise, and improved flexural properties.

[0018] The bond between the reinforcement layer and structural foam may be formed
by a variety of processes. As an example, the surface tension of the reinforcement
layer and the surface tension of the structural foam may be matched so that bonding
between the reinforcement layer and structural foam is improved. Improved bonding
is observed as ease of wetting increases. The exceptional mechanical and structural
properties exhibited by the present invention require increased adhesion of the
structural foam to the reinforcement layer so that load placed on the resultiﬁg
composite laminate can be transferred from the adhesive to the reinforcement layer
to support part of or substantially all of the load. Thus, one technique relied upon to
ensure improved adhesion is through matching the surface tensions of the adhesive

and the reinforcement layer so that wetting is improved.

v
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[0019] In order to achieve the improved bond strength between the structural foam
and reinforcement layer, the surface tension of both the reinforcement layer and the
structural foam may be at least about 35 dynes/cm. The surface tension of both the
reinforcement layer and structural foam may be less than about 80 dynes/cm. In the
event that the surface tension of the reinforcement layer falls below 35 dynes/cm, the
reinforcement layer may be treated to increase its surface tension. Even when the
surface tension of the reinforcement layer is at or above 35 dynes/cm, the
reinforcement layer may still be treated to modify its surface tension to match the
surface tension of the structural foam. Methods for treating the reinforcement layer to
modify its surface tension are described herein.{As an example, the structural foam
may include an epoxy resin that provides for a surface tension of about 47 dynes/cm.
Thus, for improved bond strength with the structural foam, the reinforcement layer
has a surface tension of at least about 38 dynes/cm, but preferably at least about 42
dynes/cm, or greater. |

[0020] The structural foam preferably includes an epoxy resin. Epoxy resin is used
herein to mean any of the conventional dimeric, oligomeric or polymeric epoxy
materials containing at least one epoxy functional group. The epoxy resin may be a
bisphenol-A epoxy resin. The epoxy resin may comprise from about 2% to about
80% by weight of the structural foam. The epoxy resin may comprise from about
10% to about 30% by weight of the structural foam. The epoxy resin may comprise
at least about 10% by weight of the structural foam. The epoxy resin may comprise
less than about 30% by weight of the structural foam. The epoxy resin may be a
liquid or a solid epoxy resin or may be a combination of liquid and solid epoxy resins.
[0021] The structural foam may also include an epoxy/elastomer adduct. More
specifically, the adduct is composed substantially entirely (i.e., at least 70%, 80%,
90% or more) of one or more adducts that are solid at a temperature of 23 °C. The
adduct may comprise from about 5% to about 80% by weight of the structural foam.
The adduct may comprise at least about 5% by weight of the structural foam. The
adduct may comprise at least about 10% by weight of the structural foam. The
adduct may comprise less than about 70% by weight of the structural foam. The
adduct may comprise less than about 30% by weight of the structural foam. The
adduct itself generally includes about 1:5 to 5:1 parts of epoxy to elastomer, and
more preferably about 1:3 to 3:1 parts or epoxy to elastomer. Exemplary elastomers
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include, without limitation, natural rubber, styrene-butadiene rubber, polyisoprene,
polyisobutylene, polybutadiene, isoprene-butadiene copolymer, neoprene, nitrile
rubber (e.g., a butyl nitrile, such as carboxy-terminated butyl nitrile (CTBN)), butyl
rubber, polysulfide elastomer, acrylic elastomer, acrylonitrile elastomers, silicone
rubber, polysiloxanes, polyester rubber, diisocyanate-linked condensation
elastomer, EPDM (ethylene-propylene diene rubbers), chlorosulphonated
polyethylene, fluorinated hydrocarbons and the like. Examples of additional or
alternative epoxy/elastomer or other adducts suitable for use in the present invention
are disclosed in U.S. Patent Publication 2004/0204551, which is incorporated herein
by reference for all purposes. As a specific example, the structural foam may include
from about 5% to about 20% by weight CTBN/epoxy adduct.

[0022] The structural foam may also include an impact modifier. The impact modifier
may comprise at least about 4% by weight of the structural foam. The impact
modifier may comprise at least about 10% by weight of the structural foam. The
impact madifier may comprise at least about 17% by weight of the structural foam.
The impact modifier may comprise less than about 40% by weight of the structural
foam. The impact modifier may comprise from about 2% to about 60% by weight of
the structural foam.

[0023] The impact modifier may include at least one core/shell polymer. As used
herein, the term core/shell polymer describes an impact modifier wherein a
substantial portion (e.g., greater than 30%, 50%, 70% or more by weight) thereof is
comprised of a first polymeric material (i.e., the first or core material) that is
substantially entirely encapsulated by a second polymeric material (i.e., the second

or shell material). The first and second polymeric materials, as used herein, can be
comprised of one, two, three or more polymers that are combined and/or reacted
together (e.g., sequentially polymerized) or r'nay be part of separate or same
core/shell systems. The first polymeric material, the second polymeric material or
both of the core/shell impact modifier include or are substantially entirely composed
of (e.g., at least 70%, 80%, 90% or more by weight) one or more thermoplastics.
Exemplary thermoplastics include, without limitation, styrenics, acrylonitriles,
acrylates, acetates, polyamides, polyethylenes or the like. It may be desirable for the
glass transition temperature of the first or core polymeric material to be below 23 °C
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while the glass temperature of the second or shell polymeric material to be above 23
°C, although not required. .

[0024] Examples of useful core-shell graft copolymers are those where hard
containing compounds, such as styrene, acrylonitrile or methyl methacrylate, are
grafted onto cores made from polymers of soft or elastomeric containing comipounds
such as butadiene or butyl acrylate. U.S. Pat. No. 3,985,703, which is herein
incorporated by reference, describes useful core-shell polymers, the cores of which
are made from butyl acrylate but can be based on ethyl isobutyl, 2-ethylhexel or
other alkyl acrylates or mixtures thereof. The core polymer, may also include other
copolymerizable containing compounds, such as styrene, vinyl acetate, methyl
methacrylate, butadiene, isoprene, or the like. The shell portion may be polymerized
from methyl methacrylate and optionally other alkyl methacrylates, such as ethyl,
butyl, or mixtures thereof methacrylates. Examples of core-shell graft copolymers
include, but are not limited to, "MBS" (methacrylate-butadiene-styrene) polymers,
which are made by polymerizing methyl methacrylate in the presence of
’polybutadiene or a polybutadiene copolymer rubber. The MBS graft copolymer resin
generally has a styrene butadiene rubber core and a shell of acrylic polymer or
copolymer. Examples of other useful core-shell graft copolymer resins include, ABS
(acrylonitrile-butadiene-styrene), MABS (methacrylate-acrylonitrile-butadiene-
styrene), ASA (acrylate-styrene-acrylonitrile), all acrylics, SA EPDM (styrene-
acrylonitrile grafted onto elastomeric backbones of ethylene-propylene diene
monomer), MAS (methacrylic-acrylic rubber styrene), and the like and mixtures
thereof.

[0025] The structural foam may also include one or more additional polymer and/or
copolymer materials, such as thermoplastics, elastomers, plastomers, combinations
thereof or the like. Polymers that might be appropriately incorporated into the
structural foam include halogenated polymers, polycarbonates, polyketones,
urethanes, polyesters, silanes, sulfones, allyls, olefins, styrenes, acrylates,
methacrylates, epoxies, silicones, phenolics, rubbers, polyphenylene oxides,
terphthalates, acetates (e.g., EVA), acrylates, methacrylates (e.g., ethylene methyl
acrylate polymer) or mixtures thereof. Other potential polymeric materials may be or
may include, without limitation, polyolefin (e.g., polyethylene, polypropylene)
polystyrene, polyacrylate, poly(ethylene oxide), poly(ethyleneimine), polyester,



WO 2011/109699 PCT/US2011/027166

polyurethane, polysiloxane, polyether, polyphosphazine, polyamide, polyimide,
polyisobutylene, polyacrylonitrile, poly(vinyl chloride), poly(methyl methacrylate),
poly(vinyl acetate), poly(vinylidene chloride), polytetrafluoroethylene, polyisoprene,
polyacrylamide, polyacrylic acid, polymethacrylate.

[0026] As a specific example, the structural foam may include at least about 2% but
less than about 15% of a thermoplastic polyether. The structural foam may include at
least about 10% by weight polyvinyl chloride. The structural foam may include less
than about 30% by weight polyvinyl chloride. The structural foam may include at
least about 0.1% by weight and less than about 5% by weight polyethylene oxide.
The structural foam may include at least about 1% by weight of an ethylene
copolymer (which may be and EVA or EMA copolymer). The structural foam may
include at least about 15% by weight of an ethylene copolymer. The structural foam
may include less than about 40% by weight of an ethylene copolymer. The structural
foam may include at least about 5% by weight acrylonitrile. The structural foam may
include at least about 20% by weight acrylonitrile. The structural foam may include
less than about 50% by weight acrylonitrile.

[0027] The structural foam may also include a variety of blowing agents, curing
agents and fillers. Examples of suitable blowing agents include azodicarbonamide,
dinitrosopentamethylenetetramine, 4,4;-oxy-bis-{benzenesulphonylhydrazide),
trinydrazinotriazine and N, Ni-dimethyl-N,N-dinitrosoterephthalamide. An accelerator
for the blowing agents may also be provided in the activatable material. Various
accelerators may be used to increase the rate at which the blowing agents form inert
gasses. One preferred blowing agent accelerator is a metal salt, or is an oxide, e.g. a
metal oxide, such as zinc oxide. Other preferred accelerators include modified and
unmodified thiazoles or imidazoles. .
{0028] Examples of suitable curing agents include materials selected from aliphatic
or aromatic amines or their respective adducts, amidoamines, polyamides,
cycloaliphatic amines, anhydrides, polycarboxylic polyesters, isocyanates, phenol-
based resins (e.g., phenol or cresol novolak resins, copolymers such as those of
phenol terpene, polyvinyl phenol, or bisphenol-A formaldehyde copolymers,
bishydroxyphenyl alkanes or the like), or mixtures thereof, Particular preferred curing
agents include modified and unmodified polyamines or polyamides such as
triethylenetetramine, diethylenetriamine tetraethylenepentamine, cyanoguanidine,
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dicyandiamides and the like. An accelerator for the curing agents (e.g., a modified or
unmodified urea such as methylene diphenyl bis urea, an imidazole or a combination
thereof) may also be provided for preparing the structural foam.

[0029] Examples. of suitable fillers include silica, diatomaceous earth, glass, clay
(e.g.. including nanoclay), talc, pigments, colorants, glass beads or bubbles, glass,
carbon or ceramic fibers, nylon or polyamide fibers (e.g., Kevlar), antioxidants, and
the like. Such fillers, particularly clays, can assist the activatable material in leveling
itself during flow of the material. The clays that may be used as fillers may include
clays from the kaolinite, illite, chloritem, smecitite or sepiolite groups, which may be
calcined. Examples of suitable fillers include, without limitation, talc, vermiculite,
pyrophyliite, sauconite, saponite, nontronite, montmorillonite or mixtures thereof. The
clays may also include minor amounts of other ingredients such as carbonates,
feldspars, micas and quartz. The fillers may also include ammonium chlorides such
as dimethyl ammonium chloride and dimethyl benzyl ammonium chioride. Titanium
dioxide might also be employed. One or more mineral or stone type fillers such as
calcium carbonate, sodium carbonate or the like may be used as fillers. In another
preferred embodiment, silicate minerals such as mica may be used as fillers.
Preferably the filler includes a material that is generally non-reactive with the other
components prasent in the activatable material. While the fillers may generally be
present within the activatable material to take up space at a relatively low weight, it is
contemplated that the fillers may also impart properties such as strength and impact
resistance to the activatable material.

[0030] Examples of materials that may be included as the structural foam include
those disclosed in U.S. Patent Nos. 7,892,396 and 7,125,461; and U.S. Application
Nos. 2004/0204551; 2007/0090560; 2007/0101679; 2008/0060742; and
2009/0269547, which are incorporated by reference herein for all purposes.

{0031] The reinforcement layer includes any substantially solid material having the
requisite capability to bond to the structural foam. As previously mentioned, the
surface tension of the reinforcement layer is preferably at or above 35 dynes/cm and
is also matched (e.g., similar to) the surface tension of the structural foam. Materials
having surface tensions below this threshold (or considerably higher than that of the
structural foam) may also be utilized as the reinforcement layer, but must first be
treated to modify the surface tension of the material.
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[0032] Polymeric materials may be used as the reinforcement layer. Certain
polymeric materials have surface tension values that correspond with the surface
tension of the epoxy-based materials generally utilized for the structural foam.
Examples of polymeric materials that may be used as the reinforcement layer (with
no treatment steps to modify surface tension) may include, but are not limited to
acetals (about 47 dynes/cm), acrylics (about 41 dynes/cm), polyamides (about 41
dynes/cm), polycarbonates (about 46 dynes/cm), thermoplastic or cured thermoset
epoxies (about 46 dynes/cm), polyethylene terephthalate (about 43 dynes/cm),
polyimides (about 40 dynes/cm), polysulfones (about 41 dynes/cm), polyvinyl
chiorides (about 39 dynes/cm) and phenolics (about 52 dynes/cm). Polyamides and
polyethylene terephthalate (PET film) are two preferred materials for the
reinforcement layer.

[0033] The reinforcement tayer may include metal materials such as aluminum, steel,
magnesium, tin, iron, nickel, copper, titanium or the like. The reinforcement layer
may be a combination of different metal materials.

[0034] Those materials that have critical surface tensions which fall below 38
dynes/cm, may still be used as a reinforcement layer for this invention if they can be
modified to meet the surface tension requirement. Three common methods for
modifying the surface tension of a substrate are: (1) applying a liquid primer
(including the use of strong acids and/or bases); (2) corona discharge; and (3)
flaming with a petroleum based gas and air mixture. These methods typically
succeed by oxidizing the surface of the substrate, thus raising its surface tension.
[0035] Another mechanism that ensures improved adhesion between the structural
foam and the reinforcement layer is covalent bonding. Covalent bonding occurs via a
chemical reaction between the reinforcement layer and structural foam. The
composite laminate may require exposure to elevated temperatures (e.g.,
temperatures exceeding 150°C) in order for the covalent bonds to form. Thus, during
manufacture of the composite laminate (e.g., during a co-extrusion process),
temperatures are not typically elevated to levels required for covalent bonds to form.
However, the covalent bonds may form during a vehicle paint bake cycle when a
vehicle is exposed to such elevated temperatures.

[0036] In addition to appropriate time and temperature exposure, a chemical reaction
leading to covalent bonds requires appropriate chemical matches between the

10
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structural foam and reinforcement layer. The structural foam itself is a multi-
component compound whose active ingredients include epoxy resins of various
molecular weights. The epoxy resins may be based on diglycidyl ether of bisphenol
A (DGBA) and their general chemical structure can be represented by:

CHy
Qi, -CH- cnro-© F©—{O~CH, CH-CHO- @f @‘o -CH,- uu.n2

OH

[0037) The functional components of the epoxy resins are the epoxide group (e.g.,
an oxirane ring), which reside at the ends of the epoxy resin molecules. Epoxy resins
residing in the structural foam adhesive have epoxy equivalent weights in the range
of 170 to 6000 g/eq, but more likely in the range of 170 to 2000 g/eq and most
ideally in the range of 180 to 1000 g/eq. Therefore, in order to form a bond between
a structural foam and the reinforcement layer, the reinforcement layer must contain
chemical functional groups which will react with epoxy resins. Examples of chemical
functional groups which will react with epoxides include hydroxyl, carboxylic acid,
amine, isocyanate and anhydride groups. Many thermoplastics contain one or more
of these groups, especially if they have been constructed through condensation
polymerizations. Examples of condensation thermoplasticé are polyamides,
polyesters, poiycarbonates and polyurethanes.

[0038] The reinforcement layer may comprise a thermoplastic film that contains the
chemical functional group which may result in covalent chemical bonds following a
final bake cycle of the composite laminate. Films available commercially are
commonly made from condensation polymers, such as polyesters (e.g. Mylar),
polyamides (Nylons) and polycarbonates.

[0039] In the event that a polyester film is utilized as the reinforcement layer, a
polyester/epoxy bond may be formed. When the composite laminate’s reinforcing
layer is a polyester such as polyethylene terephthalate, chemical reactions
necessary to form the covalent bonds may take place upon exposure to elevated
temperatures. In general, polyester resins are high molecular weight condensation
polymers which are chain terminated with both carboxylic acid and alcohol chemical
functionality.

[0040]) As an example, polyesters that are commonly converted in to film are
polyethylene terephthalate (PET) and polybutylene terephthalate (PBT). in both

11
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cases the polymers are end-capped with both an alcohol and carboxylic acid. The
reaction of the epoxide group with a carboxylic acid on the end of a polyester, such
as polyethylene terephthalate (shown below as “PET"), proceeds via:

O
1] ' ]
R=CHZCH; + “PETC-0OH —e= R~CH=CH;—O-C“PET~
(0] i
OH
The reaction of the epoxide group with an alcohol on the end of a polyester, such as

polyethylene terephthalate (shown below as “PET"), proceeds via:

R—CP;CO-,CHg + “PETvOH —n R"(.JH'CHZ°O~"PET-

OH
[0041] Similar to the epoxide/polyester reactions shown above, the composite
laminate's reinforcing layer may be a polyamide (PA), (e.g., Nylon (polyamide-6 (PA-
6)) and thus may result in an epoxide/polyamide reaction. Generally, polyamides are
high molecular weight condensation polymers which are chain terminated with both
carboxylic acid and primary amine chemical functionality. These polymers are often
end-capped with both a primary amine and carboxylic acid. The reaction of an
epoxide group with a carboxylic acid on the end of a polyamide such as PA-6,
proceeds in the same manner as shown above for the polyester. The reaction of an
epoxide group with a primary amine of a polyamide (shown below as “PA”) proceeds
according to:

R-CH-CH2 + ~PA-N-H — ~* R-CH-CH2-N-PA~

l‘ i ¥
v f i

0 H OH H

[0042] In both of the epoxide/polyester and epoxide/polyamide reactions shown
above, a covalent bond is formed between the epoxy of the structural foam and the
carboxylic acid, alcohol, or amine of the reinforcement layer. The resulting composite
laminate exhibits the improved physical characteristics identified herein based upon
the strength of the bond between the reinforcement layer and structural foam. The
increased bond strength between the reinforcement layer and structural foam results
in a number of improved physical characteristics of the composite laminate. Data
depicting those improvements is shown below. Various examples of structural foams
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have been utilized to obtain the data, those structural foams being identified as
having the compositions shown at Table 1.
[0043] Table 1

Wt. % )

| Ingredient A B C D
Epoxy/Elastomer Adduct 15.70 15.58 15.58 14.71
Epoxidized Ethylene Copolymer 1.95 1.93 1.93 1.74
Ethylene Methacrylate 1.95 1.93 1.93 8.03
Filler 43.1 46.50 43.09 50.93
Epoxy Resins (solid-liquid mixture) 17.05 14,21 16.71 9.00
Multifunctional Phenelic Novalac Epoxy 293 2.94 2.94 359
Resin
Curing Agent and/or Accelerator 2.20 2.06 2.27 3.23
Impact Modilier 14.1 13.98 13.98 7.36
Blowing Agent 0.88 0.65 1.53 1.21
Pigment 0.15 0.15 0.025 0.2

[0044] The improved bond between the reinforcement layer and structural foam
results in improved characteristics that include an increased vertical rise during
. expansion of the structural foam. Vertical rise is defined as the thickness of the
structural foam upon expansion as compared to the thickness of the structural foam
prior to expanéion. The reinforcement layer acts to restrict the lateral expansion of
the structural foam which results in more controlled expansion direction and
increased vertical rise. An increase in the vertical rise coupled with controlled
expansion improves the reinforcing capability of the composite laminate by providing
more precise contact of the structural foam with a cavity wall and increasing the
density of the structural foam wupon expansion. Fig. 2 includes a graphic
representation of the vertical rise of structural foams A, B, C, and D shown both with
and without a reinforcement layer.
[0045] The improved bond between the reinforcement layer and structural foam also
results in improved lap shear strength when comparing structural foams without a
reinforcement layer to those including a reinforcement layer. Increased lap shear
strength results in improved reinforcing capabilities by increasing the overall strength
of the composite laminate. Lap shear strength of structural foams is generally directly
related to volume expansion, such that lower foam density (higher expansion) results
in lower lap shear strength, and to bond-line, such ‘that smaller bond lines lead to
higher lap shear strengths. The bond-line can be defined as the bonding gap or the
distance between two surfaces that an adhesive is bonding together. The
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improvernent in lap shear strength gained from the present invention over structural
foams without a reinforcement layer can be attributed to an increase in foam density,
but more significantly from the reinforcing layer effectively reducing the bond-line by
half. Fig. 3 includes a graphic representation of the lap shear stress of structural
foams A, B, C, and D shown with and without a reinforcement layer. Table 2 below
includes numerical results for vertical rise and lap shear stress.

(0046] Table 2

Material Vertical Rise Lap Shear Stress
ctrl w/ reinf. ctrl w/ reinf.
mm/mm | mm/mm MPa psi MPa psi
A 2.42 2.34 4.32 627 5.33 773
B 2.16 2.34 3.68 534 5.03 730
C 2.77 3.10 297 431 4.21 611
D 2.66 3.02 2.99 434 3.67 532

The improved bond between the reinforcement layer and structural foam also
results in improved flexural strength and flexural modulus when comparing structural
foams without a reinforcement layer to those including é reinforcement layer.
Flexural strength and modulus was measured according to ASTM D790, using a 3-
point bend testing mode. Figures 4 and 5 include graphic representations of the
flexural strength and flexural modulus, respectively, of structural foams A, B, C, and
D shown with and without a reinforcement layer.
{6047] The improved bond between the reinforcement layer and structural foam also
results in improved energy absorption. Figures 6-9 inciude graphic representations of
the flexural testing load displacement curves for structural foams A {figure 6), B
(figure 7), C (figure 8) and D (figure 9), shdwn both with and without a reinforcement
layer.
(0048] in Examples |, Il and Il below, the composite laminates are fabricated by
locating a 0.18 mm thick polyethylene terephthalate film between two pieces of
epoxy-based expandable structural foam. One example of this epoxy-based
expandable structural foam is disclosed in.US Patent No. 7,892,396. The resulting
sandwich structure is compressed in a hot press at 180°F for 2 to 3 minutes such
that the film forms a middle layer of the composite laminate and the final thickness of
the total structure is about 3 mm.
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[0049] Example |

{0050] Table 3 provides a comparison of two epoxy-based expandable structural
foam properties in the neat state (e.g., with no reinforcement layer) and as a
composite laminate, using polyester terephthalate film. All properties listed are for
materials in the post-activation state.

[0051] Table 3 shows that the relative vertical rise of the composite laminate of this
invention is higher than that of the neat material. The reinforcing layer constrains the
lateral (horizontal or in-plane) movement of the activated material, resulting in the
expansion to be directed perpendicular to the plane or axis of the reinforcing layer.
[0052] Lap shear strength is measured according to ASTM D1002, using a 3 mm
bond line and an EG-60 metal substrate. Table 3 shows greater lap shear strength
for the composite structures than the neat epoxy-resin adhesive. The reinforcing
layer eftectively reduces the apparent bond line, resulting in higher lap shear
strengths.

[0053] Flexural testing is accomplished according to ASTM D790, using a 3-point
bend testing mode. The test specimens were constructed using a sandwich
configuration. The top and bottom substrates were 0.030” thick EG60 steel with
dimensions of 17 x 6”. Structural foam filled the middle, giving a total thickness (foam
and steel) of 6 mm. Table 3 shows greater flexural strength and modulus for the
composite laminate samples than the neat epoxy-resin adhesive.

[0054] Tensile testing was conducted in the spirit of ASTM D638, using a JISK 6301-
1-MET dog bone configuration at 10 mm wide, 3 mm thick and tested at a speed of
5mm/min. The test specimens were constructed by expanding the foam between two
release surfaces with 3 mm spacers and then die cutting the tensile bars while the
samples were still warm. Samples containing the PET film have the film orientated in
the plane of the sample so that under tension the film is being stretched along with
the rest of the sample. Table 3 shows greater tensile strength and modulus for the
composite laminate samples than the neat epoxy-fesin adhesive.
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[0055] TABLE 3

Material B Material C
no w/ no w/
reinforcement | reinforcement | reinforcement | reinforcement
Vertical Rise 2.16 2.34 2.77 3.10
Lap Shear (MPa) 3.68 5.03 2.97 4.21
Flex Strength 122.5 143.3 94.4 120.4
{(MPa)
Flex Modulus 28.1 - 34.2 19.4 25.1
(GPa)
Tensile Stress 55 16.2 4.8 10.3
(MPa)
Tensile Modulus 685 1318 655 10865
(MPa)

[0056] Example I

[0057] In this example, composite structural laminates are fabricated by pressing a
0.18 mm thick polyethylene terephthalate film between to pieces of epoxy-based
expandable structural foam. An example of this epoxy-based expandable structural
foam is similar to the activatable material disclosed in US Patent No. 7,892,396,
except for the absence of a core/shell polymer impact modifier. The sandwich
structure is compressed in a hot press at 180°F for 2 to 3 minutes such that the film
is essentially in the middle of the structure and the final thickness of the total
structure is about 3 mm. »

[0058] Table 4 provides a comparison of an epoxy-based expandable structural foam
property in the neat state (with no reinforcement) and as a composite laminate, using
polyester terephthalate film. All properties listed are for materials in the post-
activation state.

[0059] TABLE 4

Material D
no w/
reinforcement | reinforcement

Vertical Rise 2.66 3.02

Lap Shear (MPa) 2.99 3.67

Flex Strength 111.9 156.2
(MPa)

Flex Modulus 27.1 37.3
(GPa)

Tensile Stress 5.6 10.0
(MPa)

Tensile Modulus 998 1152
(MPa)
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[0060] Test details are the same as those given in Example |. Table 4 shows all
properties of the composite laminate are improved over those of the neat epoxy-
resin adhesive.
[0061]) Example I}
{0062) Structural foam materials formed in accordance to the present invention have
also exhibited desirable post activation compression properties. In particular,
structural foam materials of the present invention were foamed to form samples that
were then tested according to a method that is based upon ASTM C39. While the
method is described herein, it should be understood that any unspecified parameters
will be in accordance with ASTM C39.
[0063] Three distinct sample types were formed. The first sample was formed by
foaming the neat (non-reinforced) epoxy based foam material in cylinders or cylinder
cups followed by removing excess foam that extends out of the cylinders or cups
(e.g.. by cutting away foam that extends out of the cylinders or cups). The second
sample was constructed by cutting discs from a flat composite laminate sample and
stacking them in a cylinder or cylinder cup such that the plane of the PET reinforcing
layers are perpendicular to the axis of the cylinder. This sample was then finished
by foaming the layered composite laminate in the cylinders or cylinder cups followed
by removing excess foam that extends out of the cylinders or cups (e.g., by cutting
away foam that extends out of the cylinders or cups). The third sample was
constructed by rolling a flat composite laminate sample and sliding them in a cylinder
or cylinder cup such that the plane of the PET reinforcing layers are parallel to the
axis of the cylinder. This sample was then finished by foaming the layered composite
laminate in the cylinders or cylinder cups followed by removing excess foam that
extends out of the cylinders or cups (e.g., by cutting away foam that extends out of
the cylinders or cups).
[0064] The test samples are typically foamed to a volume that is less than 1000%,
more typically less than 750% and even more typically less than 500% relative to the
original volume of the structural foam material prior to foaming. This is done to form A'
- cylindrical samples that are 60 mm in height and 30 mm in diameter. The cylinder
samples are then tested according to ASTM C39.
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[6065] Table 5 provides a comparison of cylinder compression properties of an
epoxy-based expandable structural foam in the neat state and composite structural
laminates where the PET film resides in stacked layers perpendicular to the cylinder
axis and parallel to the cylinder axis. All properties listed are for materials in the
post-activation state.

[0066] TABLE 5

Material C
Peak Compression
Compression. | Modulus (MPa)
Stress (MPa)
Ncat epoxy based 4.7 _ 420
structural foam
Film perpendicular 7.0 433
to cylinder axis
Film parallel to 15.6 1035
cylinder axis

[0067] Table 5 shows that the orientation of the film has a large effect on the
compression properties of the sample, and in every instance compression of the
composite laminate sample is greater than the neat sample.

[0068] it is contemplated that an activatable composite laminate according to the
present invention may be employed as a structural adhesive material. In such an
embodiment, the composite material is typically activated and cured (e.g., at
temperatures common to e-coat or automotive painting operations) to adhere to a
first member and a second member. Contact with attachment surface of the first_
" member and the second member may occur prior to or during activation and curing
of the material. Examples of structural adhesive applications are disclosed in US.
Patent Nos. 6,887,914 and 6,846,559; and US Patent Publication No.
2004/0204551, all of which are incorporated herein by reference for all purposes.
[0069] During use .of the composite laminates, one or more fasteners or adhesives
may be attached to the composite laminate for attachment to a cavity wall or other
location within a cavity. The tasteners may be mechanical fasteners and may include
but are not limited to push-pins, tree fasteners, hinges, screws, a mechanical
interlock, integral locks, a male feature, a female feature or any combination thereof.
The composite laminate may include one push pin on each opposing end of the
composite laminate.
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[06070] In addition to the improved physical characteristics of the composite laminate
structures disclosed herein, the sase of manufacture associated with the composite
laminates make them easily customized to any shape or size required for a given
cavity. The composite laminates may be co-extruded and then easily modified (e.g.,
die-cut, sliced). They can be modified prior to distribution to a customer or on on-site
during assembly of the composite laminate within a cavity.

{0071} Any numerical values recited herein include all values from the lower value to
the upper value in increments of one unit provided that there is a separation of at
least 2 units between any lower value and any highér value. As an example, if it is
stated that the amount of a component or a value of a process variable such as, for
example, temperature, pressure, time and the like is, for example, from 1 to 90,
preferably from 20 to 80, more preferably from 30 to 70, it is intended that values
such as 15 to 85, 22 to 68, 43 to 51, 30 to 32 efc. are expressly enumerated in this
specification. For values which are less than one, one unit is considered to be
0.0001, 0.001, 0.01 or 0.1 as appropriate. These are only examples of what is
specifically intended and all possible combinations of numerical values between the
lowest value and the highest valué enumerated are to be considered to be expressly
stated in this application in a similar manner. As can be seen, the teaching of
amounts expressed as "parts by weight" hersin also contemplates the same ranges
expressed in terms of percent by weight. Thus, an expression in the Detailed
Description of the Invention of a range in terms of at “x* parts by weight of the
resulting polymeric blend composition" also contemplates a teaching of ranges of
same recited amount of "x" in percent by weight of the resulting polymeric blend
composition.”

[0072] Unless otherwise stated, all ranges include both endpoints and all numbers
between the endpoints. The use of "about" or "approximately” in connection with a
range applies to both ends of the range. Thus, "about 20 to 30" is intended to cover
"about 20 to about 30", inclusive of at least the specified endpoints,

[0073] The disclosures of all articles and references, including patent applications
and publications, are incorporated by reference for all purposes. The term
‘consisting essentially of* to describe a combination shall include the elements,
ingredients, components or steps identified, and such other elements ingredients,
components or steps that do not materially affect the basic and novel characteristics
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of the combination. The use of the terms “comprising” or “including” to describe
combinations of elements, ingredients, components or steps herein also
contemplates embodiments that consist essentially of the elements, ingredients,
components or steps. By use of the term “may” herein, it is intended that any
described attributes that “may” be included are optional.

[0074) Plural elements, ingredients, components or steps can be provided by a
single integrated element, ingredient, component or step. Alternatively, a single
integraied élement, ingredient, component or step might be divided into separate
plural elements, ingredients, components or steps. The disclosure of "a® or “one" to
describe an element, ingredient, component or step is not intended to foreclose
additional elements, ingredients, components or steps. All references herein to
elements or metals belonging to a certain Group refer to the Periodic Table of the
Elements published and copyrighted by CRC Press, Inc., 1989. Any reference to the
Group or Groups shall be to the Group or Groups as reflected in this Periodic Table
of the Elements using the IUPAC system for numbering groups. '

[0075] It will be appreciated that concentrates or dilutions of the amounts recited
hersin may be employed. In general, the relative proportions of the ingredients
recited will remain the same. Thus, by way of example, if the teachings call for 30
parts by weight of a Component A, and 10 parts by weight of a Component B, the
skilled artisan will recognize that such teachings also constitute a teaching of the use
of Component A and Component B in a relative ratio of 3:1. Teachings of
‘concentrations in the examples may be varied within about 25% (or higher) of the
stated values and similar results are expected. Moreover, such compositions of the
examples may be employed successfully in the present methods.

[0076] It will be appreciated that the above is by way of illustration only. Other
ingredients may be employed in any of the compositions disclosed herein, as
desired, to achieve the desired resulting characteristics. Examples of other
ingredients that may be employed include antibiotics, anesthetics, antihistamines,
preservatives, surfactants, antioxidants, unconjugated bile acids, mold inhibitors,
nucleic acids, pH adjusters, osmolarity adjusters, or any combination thereof.

[0077] It is understood that the above description is intended to be illustrative and not
restrictive. Many embodiments as well as many applications besides the examples
provided will be apparent to those of skill in the art upon reading the above
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description. The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with reference
to the appended claims, along with the full scope of equivalents to which such claims
are entitted. The disclosures of all articles and references, including- patent
applications and publications, are incorporated by reference for all purposes. The
omission in the following claims of any aspect of subject matter that is disclosed
herein is not a disclaimer of such subject matter, nor should it be regarded that the
inventors did not consider such subject matter to be part of the disclosed inventive
subject matter.
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CLAIMS

1. A method of forming a composite laminate for providing sealing, baffling or
reinforcement to a structure, the method comprising:

providing a reinforcement layer having a high surface tension of at least about
35 dynes/cm;

locating an epoxy-based expandable structural foam material onto the
reinforcement layer to form the composite laminate wherein the surface tensions of
the structural foam and reinforcement layer are within about 15 dynes/cm of one
another,; -

wherein the high surface tensions of the reinforcement layer and structural
foam provide sufficient wetting for load transter from the structural foam. to the
reinforcement layer to: _
‘ i increase the tensile strength of the composite laminateﬁ and

ii. increase the lap shear strength of the composite laminate.

2. The method of claim 1, including a step of exposing the composite structure to
a temperature greater than 150°C so that a covalent bond is formed between the
reinforcement layer and structural foam.

3. The method of claim 1 or claim 2, wherein the reinforcement layer includes a
carboxylic acid chemical functional group and the structural foam material includes a
component that forms a covalent bond with the carboxylic acid of the reinforcement

layer upon exposure to temperatures greater than 150°C.

4, The method of claim 1 or claim 2, wherein the reinforcement layer includes an
amine chemical functional group and the structural foam material includes a
component that forms a covalent bond with the amine of the reinforcement layer

upon exposure to temperatures greater than 150°C.

5. The method of any of claims 1 through 4, wherein the reinforcement layer
comprises a metal foil.
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6. The method of any of claims 1 through 5, wherein the reinforcement layer
comprises a polymeric film selected from the group ,vconsisting of: acetals, acrylics,
polyamides, poycarbonates, polyetheramines, polyethylene terephthalate,
polyimides, polysulfones, polyvinyl chlorides, phenolics, or any combination thereof.

7. The method of any of claims 1 through 6, wherein the surface of the
reinforcement layer is treated to raise its surface tension to at least 35 dynes/cm.

8. The method of claim 7, wherein the reinforcement layer is treated by applying
a liquid primer, corona discharge or flaming with petroleum based gas and air
mixture so that its surface tension is raised to at least 35 dynes/cm.

9. The method of claim 3, wherein the structural foam comprises an epoxy resin
that forms the covalent bond with the carboxylic acid of the reinforcement layer.

10.  The method of claim 4, wherein the structural foam comprises an epoxy resin
that forms the covalent bond with the amine of the reinforcement layer.

11.  The method of any of claims 1 through 10, wherein the structural foam is
located onto the reinforcement layer by a co-extrusion process.

t2. The method of claim 11, wherein the covalent bond between the
reinforcement layer and the structural foam is not formed during the co-extrusion

process.

13. A composite laminate for providing sealing, baffling or reinforcement to a
structure comprising: ‘

a reinforcement layer having a surface tension of at least about 35 dynes/cm;
and

an epoxy-based expandable structural foam material located onto the
reinforcement layer to form the composite laminate wherein the surface tensions of
the structural foam and reinforcement layer are within about 15 dynes/cm of one
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another so that adhesion between the structural foam and reinforcement layer is
improved.

~ 14 The composite laminate of claim 13, wherein the reintorcement layer
comprises a metal foil.

15.  The composite laminate of claim 13 or claim 14, wherein the reinforcement
layer comprises a polymeric film selected from the group consisting of: acetals,
acrylics, polyamides, poycarbonates, polyetheramines, polyethylene terephthalate,
polyimides, polysulfones, polyvinyl chlorides, phenolics, or any combination thereof.

16. The composite laminate of claim 13, wherein the surface of the reinforcement

layer is treated to raise its surface tension to at least 35 dynes/cm.

17. The composite laminate of claim 16, wherein the reinforcement layer is
treated by applying a liquid primer, corona discharge or flaming with petroleum
based gas and air mixture so that its surface tension is raised to at least 35
dynes/cm.

18.  The composite taminate of any of claims 13 through 17, wherein the structural
foam comprises:

i. an epoxy resin;

il. an epoxy/elastomer adduct, the adduct including about 1:3 to 3:1 parts
of epoxy to elastomer; and

iii. a core/shell polymer impact modifier.

19. The composite laminate of any of claims 13 through 18, wherein the
reinforcement layer includes a carboxylic acid chemical functional group and the
epoxy resin of the structural foam forms a covalent bond with the carboxylic acid of

the reinforcement layer upon exposure to temperatures greater than 150°C.

20. The composite laminate of claims 13 though 18, wherein the reinforcement
layer includes an amine chemical functional group and the epoxy resin of the
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structural foam forms a covalent bond with the amine of the reinforcement layer upon
exposure to temperatures greater than 150°C.

21. A method of forming a composite laminate for providing sealing, baffling or
reinforcement to a structure, the method comprising:

providing a polymeric reinforcement layer having a surface tension of at least
about 35 dynes/cm wherein the reinforcement layer includes a carboxylic acid or an
amine chemical functional group;

locating an epoxy-based expandable structural foam material onto the
reinforcement layer by a co-extrusion process to form the composite laminate
wherein the structural foam material comprises:

i an epoxy resin;

ii. an epoxy/elastomer adduct, the adduct inciuding about 1:3 to 3:1 parts
of epoxy to elastomer; and

iil. a core/shell polymer impact modifier;

wherein the epoxy resin forms a covalent bond with the carboxylic acid

or amine of the reinforcement layer upon exposure to temperatures greater than
150°C;

exposing the composite structure to a temperature greater than 150°C so that
a covalent bond is formed between the reinforcement layer and structural foam;

wherein the covalent bond allows for load transfer from the structural foam to
the reinforcement layer to increase the tensile strength of the composite laminate.

22.  The method of claim 21, wherein upon exposure of the composite laminate to
temperatures greater than 150°C, the covalent bond between the reinforcement
layer and the structural foam substantially prevents lateral expansion of the foam so
that expansion of the foam is substantially vertical.
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