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INSERTS FOR EXTRUDED MEMBERS

FIELD OF THE INVENTION

[001] The present teachings relale generally {o inserts for extruded members, and
more particularly, aclivatable inserts for reinforcing exirusion members such as those
made of aluminum.

BACKGROUND OF THE INVENTION

[002] Aluminum i3 a versatile material, as it can be exiruded into custom
shapes. This is particularly useful for automobiles and other fransporiation vehicles, as
well as applications such as building and construction, because of its light weight and
structural strength.  Current technology uses structural reinforcements such as
aluminum extrusions for maintaining or improving vehicle durability, stffness, and
crashworthiness. However, there is a continuing need for increased performance with
reduced weight and costs, especially in the automotive industry.

{003} Activatable materials such as heat-expandable foams and adhesives are
often applied to the oufer walls of or integrated into structural reinforcements. Such
foams and adhesives expand to fill the gaps between the structural reinforcements
and/or within cavities of a vehicle. However, with exiruded members, there may be
hollow areas or voids where the adhesive or foam, even upon expansion, cannot reach,
Activation and curing of the adhesive or foam generally takes place during heating in a
bake oven associated with a step of coaling & vehicle, such as upon painting. The
installation of these structural reinforcements is thus limited o original equipment
manufacturers {OEM) or other large scale manufacturers that have the paint ovens
activate the expandable adhesive, which can be inconvenient when parts must later he
replaced, such as those damaged from a collision, to restore the structural integrity and
safety of the vehicles.

[004] There is thus a need in the industry to provide additional reinforcement of
extrusion members that increases load carrying capability and improves noiss, vibration,
and harshness (NVH) characteristics while decreasing or maintaining & light weight. itis
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also desirable that these structural reinforcements be capable of installation in vehicles

outside of an OEM or other large scale manufacturer, such as in a trim or body shop.

SUMMARY OF THE INVENTION

jo05] The present teachings meet one of more of the above needs by aliowing
for increased performance of a struciural reinforcement while also expanding capability
{0 allow installation to occur in a #rim or body shop, for example, without requiring
installation at an OEM or other large scale manufacturing facility {e.g., a facilily having a
paint bake oven).

[006] The present {eachings may include any one, all or combination of the
following features. The teachings may include a structural reinforcement member
comprising an extrusion member having one or more walls, with the one or more walls at
least partially surrounding one of more voids. The extrusion member may comprise
aluminum or another metal or metal alloy. An expandable activatable material may be
focated within the one or more voids (prior to any expansion), and the expandable
activaiable material may be activated to fill the one or more voids (and possibly areas
adjgcent the one or more voids) and cure during an aging process of the extrusion
member, such as by hesat aging. The expandable activaiable material may be heat
activated, and/or the expandable activatable material may have adhesive properties to
adhere o the one or more walls surrounding the one of more voids of the extrusion
member upon expansion. The expandable aclivatable material may be dry and not tacky
o the touch at room temperature. The expandable activatable material may comprise an
gpoxy-based resin having foamable characteristics. The structural reinforcement
member may undergo one or more secondary shaping operations, which may occwr
prioy to the activation of the expandable activatable material, so that the structural
reinforcement member may be shaped {o be located within a desired ares, such as a
cavity. For example, the structural reinforcement member may be for use in a vehicle,
such as in a vehicle cavity.

[007] The present teachings also may involve a pracess for providing structural
reinforcement. The process may include any, all, or a combination of any of the following
steps and features, and any order of the following steps are within the scope of this
disclosure. The process may include extruding a metal member having one or maore
walls with one or more voids at least partiaily surrounded by the one of more walls of the
metal member. The metal member may comprise aluminum. An expandable activatable
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material may be inserted into the one or more voids. The expandable activatable
material may be inserted into the one or more voids in solid form or in liguid form. The
expandable activatable material may be heat activated and/or may adhere to the one or
more walls of the metal member surrounding the one or more voids upon expansion
{e.q., curing). The expandable activatable malarial may comprise an epoxy-based resin
having foamable characteristics. The expandable aclivatable material may be dry, not
tacky fo the fouch, at room {emperature. One or more secondary shaping operations
may be performed to shape the metal member 10 a desired shape. These secondary
shaping operations may include streiching, crimping, bending, forming, culting, the ke,
or any combination thereof. The metal member may be aged o provide additional
strength. The aging step may activate the expandable activatable material o fill the one
or more voids and cure. The aging step may include applying heat to the metal member
at a temperature sufficient to activate the expandable activatable material. For example,
the heat may be applied at a8 temperature of about 400°F or less. The process may
further include a step of installing the structural reinforcement within a cavity of a vehicle.
This installing step may be performed by an OEM or other large scale manufacturer, or,
alternately, it may be performed by a frim or body shop ar any lpcation remote from the
OEM or other large scale manufacturer. Such instaliation may occur prior to any
activation of the expandable activatable material.

[008] These improvements provide reinforcement to extrusion members, such
as those comprising aluminum, which increases the load carrying capability of the
exirusion members while stifl maintaining light weight. The expandable material may act
as a bonding agent that holds together and stiffens load-bearing parls and provides a
damping effect, which reduces the transmission of vibration to the body structure of the
vehicle into which it is installed.

DESCRIPTION OF THE DRAWINGS

{009} Figure 1 illustrates an exemplary extrusion member with adhesive in a
pre-activated state located within a void of the exemplary extrusion member.

{0010] Figure 2 illustrates the exemplary extrusion member of Figure 1 with the
adhesive in 3 post-activaled state.

[0011] Figure 3 is a flow diagram of an exsmplary process for forming a
reinforced extrusion member in accordance with the teachings herein.
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DETAILED DESCRIPTION

[0012) This application claims the benefit of the filing date of WS, Provisional
Application Serial No, §1/983,7 14, filed May 15, 2014. The enlirety of the contents of
that application is hereby incorporated by reference hevein for all purposes.

[6013] The explanations and illustrations presented herein are intended to
acquaint others skilled in the art with the invention, its principles, and its practical
application. Those skilled in the art may adapt and apply the invention in ifs numerous
forms, as may be best suited {o the requirements of a particular use. Accordingly, the
specific embodiments of the present invention as set forth are not intended as being
exhaustive or limiting of the invention. The scope of the invention should, therefore, be
determined not with reference o the above description, bul should instead be
determined with reference to the appended claims, along with the full scope of
eguivalenis to which such claims are entiled. The disclosures of all articles and
references, including patent applications and publications, are incorporated by refarence
for ali purposes. Other combinations are also possible as will he gleaned from the
foliowing claims, which are also hereby incorporated by reference into this written
description.

[0g14) The present teachings contemplate using an insert comprising activatable
material inside voids in esttrusion members to provide additional support; reinforcement;
load carrying capability; stiffness; improved noise, vibration, and harshness (NVH)
characteristics; combinations thereof and the like. Exirusion members are versatile and
can be ussd in applications such as automotive, marine, aerospace, military, building
and construction, lighting, electronics, consumer durables, and many other engineeared
products. The exbrusion members are preferably made of metal and/or metal alloys,
though other materials, such as plastics, are also possible. Preferably, the extrusions are
lightweight, non-magnetic, corrosion resistant, tough, easily machined or bent, readily
recycled, non-toxic, and the like, or any combination thereof. in one embodiment, the
extrusion members may comprise aluminum, as aluminum is capable of being extruded
into precise  shapes. Aluminum may be used in its pure form, or i may be blended with
magnesium, copper, manganese, silicon, zinc, or other materials, or combinations
thereof to create alloys with desired properties. For example, the blend may offer
increased strength, conductivily, corrosion resistance, and/or other desired properties.
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[0015] Extrusion members are shaped pieces of metal, such as aluminum or
aluminuim alfoy, produced by heating metal blocks and pushing them through a die to
create a particular shape or cross-section. From extrusion or other secondary shaping
processes, the extrusion members may be formed into any desired shape and may
include, for example, angles, channels, flat bars, T-bars and Z-bars, I-beams, square or
rectangular tubes, the like, or any combination thereof.

{0016] Extrusion of members, such as those comprising aluminum or aluminum
alloy, allows a manufacturer to create a desired shape for a particular application {e.q.,
based on desired tolerances, structural requirements, aesthetic requirements, and the
like). Exiruded members may igke a variely of shapes, preferably having a holiow or
semi-hollow cross-section. The hollow or semi-hollow cross-section may entirely or
partially enclose a void, and the void itself may have any desired shape. An extruded
member may also have two or more voids, such as a muiti-celled extrusion {e.g., having
inner reinforcements designed info the parl to increase strength and rigidity and provide
resistance o twisting). Each void or some voids may have a different shape or each void
or some yoids may have the same shape.

[0017] The Insert of the present teachings preferably Is inserted info the one or
more voids of the extrusion members and also preferably comprises an aclivatable
material. The mnsert may also include a camier upon which the activatable material is
located. Altematively the insert may be substantially free of any cartier. The activatable
material (e.g., after activalion) may assist in providing various properties including
structural reinforcement, sealing, acoustical damping properties, combinations thereof
and the like. For example, the activatable material may act as an adhesive which is a
bonding agent that holds together and siiffens load-bearing parts and provides a
damping effect, which reduces the transmission of vibration through the body structure
of a vehicle. As used herein, the phrase activatable material includes any material that
may be activated to cure (e.g., thermoset), and optionally melt, flow, expand, foam, or a
combination thereof by an ambient condition or upon exposure {o a particular stimulus.
The material may cure and may, in addition, expand, foam, flow, mell, a combination
thereof, or the like, upon exposure o a condition such as heat, pressure, chemical
exposure, combinations thereof, or the like.

{0018] The activalable material may be aclivated in any suilable manner. In a
preferred embodiment, the activatable material is preferably a heat activated adhesive.
In this embodiment, the adhesive is preferably foamed by the application of heat and
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movre preferably, the adhesive foams and develops adhesive properties during the same
heating cycle. In this way, the extruded member with the insert in place may be heated
within the extruded member in which it is located. Alternatively, the adhesive may be
activated at ambient temperature. In this embodiment, it is preferred that the insent be
stored al a temperature below that alt which the adhesive s aclivaled. In this way,
during storage, the adhesive will preferably be inactive andior dry to the fouch. Typically,
storage temperatures from -18°C to 10°C may be used.

[0019] Where the material is expandable, the teachings herein include inserting
the activatable material into the aluminum extrusion in an unexpanded or partially
expanded state and activating the material for expanding {e.g.. foaming) to a volume
greater than its volume in the unexpanded or partially expanded siate {e.g., at least 5%
greater, at least 50% greater, at least 200% greater or even at least 1000% or at least
2000%;). It s also typically preferred, at least for reinforcement applications, that the
volumetric expansion is such that the expanded volume is less than 400%, more
fypically less than 300%, possibly less than about 200% or even less than about 100%
relative to the original unexpanded volume. Preferably, the material expands to contact
and/or adhers to the surrounding walls of the extruded member.

[0020] Although not essential, the adhesive may be dry to the touch and/or non-
tacky at room temperature. Preferably, it is a matenal that can be heat aclivated to both
expand and develop adhesive properties 1o adhere {0 the inner walls of the extrusion
member surrounding the void. Typically, the activatable material, upon activation, will
wet and bond to the inner swface of the exirusion member and # may be a
thermopiastic, a thermoset or a blend theredf. The material may be a structural foam that
cures o a rigid structure, such as an epoxy-containing matenal, an ethylene-containing
polymer, an acetate or acrylate confaining polymer, or a mixture thereof, which when
compounded with appropriate ingredienis {e.g., a blowing agem, curing agent, fifler, or
combination thereof), typically expands, cures or both in a reliable and prediciable
manner upon the application of heat or another activation stimuius. Therefore, an
exemplary material may be a heat-activated and/or epoxy-based resin having foamable
characteristics. After curing, the material may become a thermoset material that is fixed
and incapable of any substantial flow.

[0021] The activatable or expandable matenal typically includes one or more
polymeric materials, which may include a variety of different polymers, such as
thermoplastics, slastomers, plastomers, and combinations thereof, or the ke, For
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example, and without fimitation, polymers that might be appropriately incomporated into
the polymeric admixiure include halogenated polymers, polycarbonates, polykeiones,
urethanes, polyesters, silanes, sulfones, allyls, olefins, styrenes, acrylates,
methacrylates {e.g., ethylene methyl acrylate polymer}, epoxies, silicones, phenolics,
rubbers, polyphenviene oxides, terephthalates, acelates (8.g., EVA), or miiures thereof.
Other potential polymeric materials may be or may include, without limitation, polyolefin
{e.g., polyethylene, polypropylene} polysiyrene, polyacrylate, poly{ethylene oxide),
poly({ethyleneimine), polyester, polyurethane, polysiloxane, polyether, polyphosphazine,
polyamide, polyimide, polyisobutylene, polyacrylonitrile, polyvinyl chioride, poly{methyl
methacrylate), polyvinyl acetate, poly{vinylidene chioride), polytetrafiucrosthylene,
polyisoprene, polyacrylamide, polyacrylic acid, polymethacrylate.

{0022] The activatable material may include an epoxy resin, which includes any
of the conventional dimeric, oligomeric or polymeric epoxy materials containing at least
one epoxy functional group. The polymer-based materiais may be epoxy containing
materials having one or more oxirane rings polymerizable by a ring opening reaction.
The epoxy may be aliphatic, cycloaliphatic, aromatic, or the like. The epoxy may be
supplied as a solid {e.g., a pellets, chunks, pleces or the ike) or a fiquid (e.g., an epoxy
resin. The epoxy may include an ethylene copolymer or terpolymer that may possess
an alpha-clefin. As a copolymer or terpolymer, the polymer comprises two or three
different monomers, i.e., smaill molecules with high chemical reactivily that are capable
of linking up with similar molecules. Preferably, an epoxy resin is added to the
activatable material to increase adhbesion properties of the material. One exemplary
epoxy resin may be a phenolic resin, which may be a novalac type or other type of resin,
Other preferred epoxy containing materials may include a bisphenol-A epichiorohydrin
ether polymer, or a bisphenol-A epoxy resin which may be modified with butadiene or
another polymeric additive.

[0023] Activatable materials of the present teachings can include g substantial
amount of elastomeric or rubber material, which can be one elastomer or a mixture of
several different elastomers. Rubbers and elastomers suitable for the elastomeric
material include, without limitation, natural rubber, styrene-butadiene rubber,
polyisaprene, polyisobutyiene, polybutadiene, isoprene-butadiene copolymer, neoprene,
nitrile rubber {8.g., a bulyl nitrile, such as carboxy-terminated butyl nilrile), butyl rubber,
polysulfide elastomer, acrylic elastomer, acrylonitrile elastomers, silicone rubber,
polysifoxanes, polyester rubbey, diisocyanate-linked condensation elastomer, EPDM
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{ethylene-propylene diefetale monomer rubbers) chiorosuiphonated polyethylene,
fluorinated hydrocarbons, and the like.

[0024] An elastomer-containing adduct ¢an also be employed in the activatable
material of the present teachings such as an epoxy/elastomer adduct. The elastomer-
containing adduct, when added to the activatable malerial, preferably is added to modify
structural properties of the matenal such as strength, tougihmess, stifiness, flexural
modulus, or the like. The elastomer compound may be a thermosetting or other
elastomer. Exemplary elastomers include, without limitation, natural rubber, styrene~
butadiene rubber, polyisoprene, polyiscbutylene, polybutadiene, isoprene-butadiene
copolymer, neoprene, nitrile rubber {(8.g.. a butyl nitrite, such as carboxy-terminated butyl
nitrile}, butyl rubber, polysulfide elastomer, acrylic elastomer, acrylonitrile elastomers,
siticone rubber, polysiloxanes, polyester rubber, diisocyanate-linked condensation
elastomer, EPDM (ethylene-propyiene diene rubbers), chiorosulphonated polysthylens,
fluorinated hydrocarbons and the like. in one embodiment, recycled tire rubber can be
employed.

{0025] One or more blowing agents may be added 1o the activatable material.
Such blowing agents assist in forming cellular or foamed activated materials, which
typically have a lower density andfor weight. The blowing agent may be g physical
blowing agent or a chemical blowing agent. For example, the blowing agent may be s
thermoplastic encapsulated solvent that expands upon exposure 1o a condition such as
heat. Alternatively, the blowing agent may chemically react to liberate gas upon
exposure o a condition such as heat or humidity or upon exposure o another chemical
reactant. The blowing agent may include one or more nitrogen conlaining groups such
as amides, amines, and the like. Examples of suitable blowing agents include
azodicarbonamide, dinitrosopentamethylenstetramine, 4 4j-oxy-bis-
{benzenesulphonylhydrazide), trihydrazinotrigzine and N, Ni-dimethnd-N,Nj-
dinitrosoterephthalamide,

[00286] An accelerator for the blowing agents may also be provided in the
activatable material. Various accelerators may be used o increase the rale af which the
blowing agents form inert gases. One preferred blowing agent accelerator is g metal
salt, or is an oxide {eg.. a melal oxide, such as zinc oxide). (Other preferred
accelerators include modified and unmodified thiazoles or imidazoles, ureas or the like.
Amounts of blowing agents and blowing agent accelerators can vary widely within the
activatable material depending upon the cellular structure desired, the desired amount of
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aexpansion of the expandable material, the desired rale of expansion and the like.

jo027] One or more curing agents and/or cunng agent accelerators may be
added to the activatable material. Amounts of curing agents and curing agent
accelerators can also vary widely within the activatable material depending upon the
ype of cellular structure desired, the desired amount of expansion of the activatable
material, the desired rate of expansion, the desired structural properfies, of the
activatable malerial and the like.

[0028] Typically, the curing agents assist the activatable material in curing by
crosslinking of the polymers, epoxy resins, or both. It can also be desirabie for the curing
agents {o assist in thermosetting the activatable material. Useful classes of curing
agents are materials selecled from aliphatic or aromatic amines or their respective
adducts, amidoamines, polyamides, cycloaliphatic amines (e.g.. anhydrides,
polycarboxylic polyesiers, isocyanates, phenol-based resins {such as phenol or cresol
novolak resing), copolymers such as those of phenol terpene, polyvinyl phenal, or
bisphenol-A formaldehyde copolymers, bishydroxyphenyl alkanes or the like}, sulfur or
mixtures thereof. Particular preferred curing agents include modified and unmaodified
polyamines  or  polyamides such  as triethylenetetramine, diethylenetriamine,
tefracthvlenepentamine, cyanoguaniding, dicyandiamides, and the like. An accelerator
for the curing agents {e.g., 8 modified or unmaodified urea such as methylene dipheny
bis urea, an imidazole or a combination thereof} may also be provided for preparing the
activatable material. Other examples of curing asgent accelerators include, without
fimitation, metal carbamates {e.g., copper dimethy! dithio carbamate, zinc dibuby dithio
carbamate, combinations thereof, or the like), disulfides {e.g., dibenzothiazole disulfide),
or the like.

[0029] In one embodiment, the activatable material may include a first curing
agent and, optionally, a first curing agent accelerator and a second curing agent and,
optionally, a second curing agent accelerator, any or all of which may be latent. The first
curing agent andfor acceleraior are typically designed to partially cure the activatable
matenial during processing {e.g., processing, mixing, shaping or combination thereof) of
the activatable material with the desired self-supporting properties. The second curing
agert and/or accelerator will then typically be latent such that they cure the activatable
material upon exposure 1o a condition such as heal, moisiure or the like,

[0030] As one preferred example of this embodiment, the second curing agent
and/or accelerator are latent such that one or both of them cure the polymeric materials
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of the expandable material at 2 second temperature or activation temperature or
temperature range. However, the first cwring agent andfor accelerator may be also
latent, but either or both of tham partially cure the expandable material upon exposure to
a first elevated temperature that is below the second temperature or activation
femperature. The first temperature and partial cure will fypically be experienced during
material mixing, shaping, or both. For example, the first temperature and partial cure
can be expetienced in an exfruder that i muxing the ingredients of the activatable
material and exiruding the activatable material through a die info a particular shape. As
another example, the first temperature and partial cure can be experienced in a molding
machine (e.g., injection molding, blow melding, compression moiding) that is shaping
and, optionally, mixing the ingredients of the expandable matenal.

{0031] The second temperature or activation temperature and substantially full
cure can then occur at a temperature experienced during processing of the extrusion
member inte which the activatable material has been inseried. For example, when the
aluminum extrusion member goes through the aging process, the aclivatable material
can additionally expand {e.q., foam) as well as cure.

{0032 The activatable material may also include one or more fillers, including
but not imited to particulated materials (2.9., powder), beads, microspheres, or the like.
Preferably, the filler includes a relalively low-density material that is generally non-
reactive with the other components present in the activatable material.

{0033] Examples of filler include silice, dialomacecus sarth, giass, clay, talg
pigments, colorants, glass beads or bubbles, glass, carbon ceramic fibers, 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 Hmitation, talc, vermiculite, pyrophyllite,
sguconiie, saponite, nontronite, montmorilionite or mixtures thereof. The clays may also
include minor amounts of other ingredients such as carbonates, feldspars, micas, and
guariz. The fillers may also include ammonium chiorides such as dimethyl ammonium
chivride and dimethyl benzyl ammonium chioride. Tilanium dioxide might also be
employed. In one preferred embodiment, one or mare minersl or stone type fillers such
as calcium carbonale, sodium carbonate or the like may be used as fillers. In ancther
preferred embodiment, silicate minerals such as mica may be used as fillers. it has been
found that, in addition to performing the normal functions of a filler, silicate minerals and
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mica in particular improved the impact resistance of the cured activatable material,
[0034] One of the fillers or other components of the material may be thixotropic
for assisting in controlling flow of the material as well as properties such as tensile,
compressive or shear strength. Such thixotropic fillers can additionally provide self-
supporting characteristics to the activatable material. Examples of thixotropic fillers
include, without imitation, sifica, calcium carbonate, clays, aramid fiber or pulp or others.
One preferred thixotropic filler is synthetic amorphous precipdated silicon dioxide.

[0035] The activatable material may also include one or more fire retardants.
Useful flame retardants for the activatable material include halogenated polymers, other
halogenated materials, malerials (e.g., polymers} including phosphorous, bromine,
chiorine, bromine oxide, combinations thereof or the like. Exemplary flame retardants
include, without imitation, chioroatkyt phosphate, dimethyl methylphosphonate, bromine-
phosphorus  compounds, ammonium  polyphosphate, neopentylbromide polyether,
brominated polysther, antimony oxide, calcium melaborate, chiorinated parafiin,
brominated toluene, hexabromobenzene, anfimony {rioxide, graphite {e.g., expandable
graphite), combinations thereof or the like.

[0038] Other additives, agents or performance modifiers may also be included in
the expandable material as desired, including but not fimited to a UV resistant agent, a
flame retardant, an impact modifier, a heat stabilizer, a UV photoinitiator, a colorant, a
processing aid, a lubricant, a reinforcement {e.g., chopped or continuous glass, ceramic,
aramid, carbon fiber or the like).

{00371 The aclivatable material may also include an adhesion promoter,
including but not limited t0 epoxy materials, acrylates, hydrocarbon resing or the like,
Activatable materials may aiso include a processing oil or a mixture of multiple odls.
[0038] In a preferred embodiment, the activatable material is inserted as an
insert into the extrusion member during assembling and processing the structural
member. The process may include the following steps. Shaping the extrusion member
can use any process known in the art. For example, the extrusion member can be
shaped by first healing blocks, or billets, preferably of aluminum or aluminum alloy, to
soften the metal. The heated melal s generally coated with a release agent, film or
fubricant and sent through a hydraulic or mechanical press, which graduslly pushes the
heated materal through a die {o creale a straight extrusion with a desired cross-
sectional shape. The heat applied to the metal is dependent upon the metal and/or
alloys used, as these are processed at different temperatures. The extrusion may be
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cocled, such as with water or air, upon exiting the die.

[0039] The activatable material may be inseried into one of more voids or hollow
spaces within the straight extrusion. The activatable material may be solid, fiquid,
molded, dry, non-tacky to the touch, or combination thereof, and may fit within the void
or hollow space. Alternatively, the activatable material may be introtduced into the void or
hollow space by a mini-applicator or other applicator {e.q., for use with liquid activatable
material).

[0040] After extrusion, the exirusion membesr may undergo secondary shaping
processes, such as strefching, crimping, bending, forming, culling to a desired length,
agnd the like, to fit the area being reinforced. It is aiso possible that the aclivatable
material can be inseried into the extrusion after any or all of the secondary shaping
processes {e.g., the straight extrusion may be stretched or cut to a desired fength prior
o inserting the activatable material).

{0041] The extrusion members are then aged o increase hardness and temper
the matenal {e.g., {o take the aluminum material from a T4 temper designation to a 16
temper designation). The aging process may include treatment of a metal or metal alloy
at elevated temperatures so as {0 accelerate the changes in the properties of the metal
or metal alloy as a result of a casting and forging process. The aging process may take
place at room temperature, or more preferably, in an aging oven. Preferably, the aging
process is a heat aging process performed at a temperature about 400°F or less for a
periad of about 1 hour or more and about 12 hours or less. During the aging process, the
activatable materal is preferably achivated, theraby causing the activatable material 1o
expand to at least partially fill the void or hollow areas within the extrusion material, and
cured.

[0042] Turning now to the figures, Figure 1 shows an exemplary exirusion
member 10 having a hollow area or void 12. The activatable material 14 is located within
the void 12 prior @ expansion. Figure 2 shows the exemplary extrusion member 10 of
Figure 1 after the aclivatable malerial 14 has been activated {o expand and at least
partially fill the void {see Figure 1). This provides stiffness for load-bearing parts and a
damping effect to reduce the fransmission of vibrations through the body structure while
matitaining a light weight.

{0043} Figure 3 shows an exemplary process for creating the extruded members
with activatable material inserts. These steps are exemplary, and are not to serve as
fimiting in the order of performing these steps. The steps herein perdormed in any order
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or performed multiple times are within the scope of these teachings. In this exemplary
process, step 310 involves creating an aluminum extrusion having one or more voids.
Aluminum is preferred as it may be used {o extrude and bend into precision shapes,
though other metallic extrusions are possible. The exirusion may be crealed using any
metallic exdrusion method known in the art.

{0044] Following formation of the extrusion, step 320 involves inserting an
activatable material in the one or more voids of the aluminum exirusion. FPreferably the
activatable material is heat-activated, foamable, capable of expansion, adhesive, the
like, or any combination thereof. Preferably, the activatable material has not yet been
gctivated or not yet been fully activated upon insertion in the one or more woids. The
activatable material may be inserted in solid form, liquid form, or combination thereof.
{0045] Step 330 involves performing one or more secondary shaping operations
o shape the aluminum extrusion. Aluminum extrusions may require shaping to a desired
shape or fength, such as one that generally matches the shape of a cavity into which the
extrusion will be inserted. These shaping operations may include crimping, bending,
forming, stretching, cutting, the like, or a combination thereof. Some of these secondary
shaping operations may be performed prior to perfarming step 3200 For example, it may
be desirable o stretch and/or cut a straight extrusion to a desired length before inserting
activatable material in the one or more voids.

[0048] Step 340 involves aging the aluminum extrusion. This aging step may be
a heat aging step, where heat is applied {o the aluminum extrusion for a desired length
of time 1o thermally treat the extrusion and provide additional strength {e.g., to bring the
aluminum fram a T4 to a T6 temper designation). Preferably, the activatable material is
heat-activated and will expand {o at least partially fill the one or more voids, will adhere
o the walls surrounding the one or more voids, will cure, or combination thereof.

[0047] Step 350 involves installing the shaped aluminum extrusion into the cavity
of g vehicle. The activatable material within the shaped aluminum extrusion preferably
acts as a bonding agent that holds together and stiffens load-bearing parts and provides
a damping effect, which reduces the transmission of vibration through the body
structure, As the activatable matenial has preferably already been expanded and cured,
the extrusions can be instalied ouiside of an OEM or other large scale manufacturing
facility. For example, when parts are damaged in a vehicle from a collision, they are
often replaced to restore the structural integrity and safety of the vehicles, and these
extrusions ¢an be installed in a vehicle in a trim or body shop.
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[0048] As to all of the foregoing general teachings, as used herain, unless
cotherwise sfated, the {eachings envision that any member of a genus {list) may be
excluded from the genus; andfor any member of a Markush grouping may be excluded
from the grouping.

[0049] Unless otherwise siated, any numerical values recited herein include all
valyes from the lower value to the upper value in increments of one unit provided that
there is a separation of at least 2 uniis between any lower value and any higher value.
As an example, if it is stated that the amount of a component, a property, or a value of a
process variable such as, for example, temperature, pressure, time and the like is, for
example, from 1 to 80, preferably from 20 t© 80, more preferably from 30 t0 70, # is
intended that intermediate range values such as (for example, 15 to 85, 22 to 68, 43 to
51, 30 fo 32 efc.) are within the {eachings of this specification. Likewise, individual
intermediate values are also within the present teachings. For values which are fess than
one, ong unit is considered to be 0.0001, 0.001, 0.01 or 0.1 as appropriate. These are
only examples of what is specifically infended and all possible combinations of numerical
values between the lowest value and the highest value enumerated are 1o be considered
o be expressly stated in this application in a similar manner. As can be seen, the
teaching of amounts expressed as "parts by weight” herein also contemplates the same
ranges expressed in terms of parcent by weight. Thus, an expression in the Detailed
Description of the Invention of a range in terms of at ”'x’ paris by weight of the resulling
polymeric blend composition” also contemplates a teaching of ranges of same recited
amotnt of "7 in percent by weight of the resulting polymeric blend composition.®

{0050] Unless otherwise stated, al ranges include both endpoints and all
numbers between the endpoinis. The use of "about” or “approximately” in connection
with a range applies to both ends of the range. Thus, “about 20 to 307 is intended to
cover “abowd 20 to sbout 30, inclusive of at least the specified endpoints.
Concentrations of ingredients identified in Tables herein may vary £10%, or even 20% or
more and remain within the teachings.

{0051] 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 of
the combination. The use of the terms “comprising” or “including” to describe
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combinations of elements, ingredients, components or steps herein glso contemplales
embodiments that consist essentially of, or even congist of the elements, ingredients,
components or steps. Plural elements, ingredients, components or siteps can be
provided by a single integrated element, ingredient, component or step. Alternatively, a
single integrated element, ingredient, component or step might be divided into separate
plural elements, ingredients, components or steps. The discloswre of “g8" or "one” {o
describe an element, ingredient, component or step is not intended o foreclose
additional slements, ingredients, componenis 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., 1888. Any reference {o 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.

{0052] It is understood that the above description is intended 0 be illustrative
and not restrictive. Many embodiments as well as many applications besides the
examples provided will be apparent {o those of skill in the ar upon reading the above
description. The scope of the invention should, therefore, be determined not with
reference {o the above description, but should instead be determined with reference o
the appended claims, along with the full scope of equivalents {o which such claims are
entitled. The disclosures of all articles and references, including patent applications and
publications, are incorporated by reference for all purposes. The omission in the
foliowing claims of any aspect of subject matter that is disclosed herein i not a
disclaimer of such subject matter, nor should i be regarded that the inventors did not
consider such subject matter to be part of the disclosed inventive subject matier.
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Crams
What is claimed is:
Claim 1. A structural reinforcement member comprising:
i} an extrusion member having one or maore walls and one or more

voids at least parfially surrounded by the one or more walls of the
extrusion member;

i) an expandable activatable material located within the one or more
voids,
wherein the expandable activatable material is activated to fill the

onea or more voids and cure during an aging process.

Claim 2. The structursl reinforcement member of claim 1, wherain the extrusion
member comprises aluminum,

Claim 3. The structural reinforcement member of claim 1 or 2, wherein the
expandable activatable material is heat activated.

Claim 4. The structural reinforcement member of any of the preceding claims,
wherein the expandable aclivatable material adheres o the one or more walls of the

exfrusion member upon expansion.

Claim 5. The structural reinforcement member of any of the preceding claims,
wherein the expandable activatable material is apn expandable adhesive that is dry to the
touch, at room temperature.

Claim 6. The structural reinforcement member of any of the preceding claims,
wherein the expandable aclivatable material comprises an epoiy-based resin having
foamable characteristics.

Claim 7. The siructural reinforcement member of any of the preceding claims,

wherein the structural reinforcement member undergoes one or mare secondary shaping
operations prior {6 the activation of the expandable activatable material.

18



WO 2015/175896 PCT/US2015/031004

Claim 8. The structural reinforcement member of any of the preceding claims,

wharein the structural reinforcement member is for use in & vehicle.

Claim 9. A process for providing structural reinforcement comprising:

i) extruding a metal member having ane or mare walls and one or
more voids at least partially surrounded by the one or more walls
of the metal member;

i) inserting an expandable activatable material into the one or more
voids;

fii} performing one Of more secondary shaping operations 1o shape
the metal member; and

iv) aging the metal member for additional strength properties;

wherein the aging step activates the expandable
activatable material to fill the one or more voids and cures
the expandable activatable material.

Claim 10. The process according to claim 9, wherein the metal member comprises
aluminum.
Claim 11. The process according fo claim 8 or 10, wherein the expandable

activatable material is heat activated.
Claim 12. The process according o any of claims 9 to 11, including adhering the
expandable activatable material to the one or more walls of the melal member

surrounding the one or more voids upon expansion.

Claim 13. The process according to any of claims 8 {0 12, wherein the expandable
activatable material comprises an epoxy-based resin having foamable characteristics.

Claim 14. The process according to any of claims 9 to 13, wherein the expandable

activatable malerial is inserted into the one or more voids in solid form,

Claim 15. The process according to any of claims 8 to 13, wherein the expandable
activatable material is inserted into the one or more voiis in liquid form.
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Claim 16. The process according to any of claims @ to 15, wherein the expandable
activatable material is dry to the touch, at room temperature.

Claim 17. The process according to any of claims 8 {0 16, wherein the one or more
secondary shaping procedures include strefching, crimping, bending, forming, cutling, or

combination thereof.

Claim 18. The process according to any of claims 8 to 17, wherein the aging step
includes applying heat {o the metal member at about 400°F or less.

Claim 19 The process according to any of claims 2 10 18, further comprising the
step of installing the structural reinforcement within a cavity of a vehicle.

Claim 20. The process according fo claim 19, wherein the installing siep s
performed in a irim or body shop.
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FIG. 3

Create an aluminum extrusion having one or
more voids

310

insert activatable material in the one or more
voids of the aluminum extrusion

320

Petrform one or more secondary shaping
opearations 1o shape the aluminum extrusion
{e.g., crimping, bending, forming, and the like}

330

Heat age the aluminum exirusion and activate

the activatable material {o expand and cure
within the one or more voids

340

instali the sluminum sxirusion in a cavity of a
vehicle
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