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Composites with Thermoplastio Epoxy Polymaerie Phase, Articles Such as Carrders Made
Therewith and Sssociated Mathods

Technicsl Fiald

TOO01] The prasent invention relales generally fo composite materials, particudarly to
composiies having a thermoplastic spoxy polymer phass, which can be emploved In & number
of applications, such as in structural reinforcements andfor baffles for use In transportation
vehioles.

Background
{0002} There is an ongoing effort in many Industies to lghlen the weight of ardicles. In many
instances, this is achioved by the selsction of materals that have a lower densily, thinner
saction thicknesses or both, as compared with prior matenials or structures. As a resull, there is
a potential for the weakening of structures, and the conssquent need for stiffening or other
structural reinforcemeant,
10003 In the fisld of automotive vehicle manufacturing it is conwnon o employ shructural
reinforcements within cavities of the vehicle body strupturs. For instance, § has bsoome
common o smploy within & cavily of the vehicle body stucture a relatively rigid maolded
polymario carrer that carres an aclivatable material on one or mors of s outer surfaces, For
certain activatable matenals, upon being activated (8.9, by the heat from a coating bake oven),
the activatable material can expand and bond io a surface defining the cavity,
{00847 In order 1o selectively control the properties of the arlicle reinforcement structure, it has
been taught o use hybrid reinforcement siructures that include a combination of mullipls
mataniaig for the carler, Seg, a.g., United States (LLE.) Patent No. 8,430,448, hereby sopressly
ncorporated by reference for &l purposes. Sses alse, Palent Cooperation Trealy (PFCTY
Applcation No, WO 2010/054194, hereby axpressly incorporaied by reference for all purposes,
{G005] In the automolive vehicle industry, the uss of compuler modeling {e.g., finite slement
analysis} has been employed for simulating & vehicle grash, and for modeling how a partioular
section of & vehicle will respond 1o the orash. Buch modeling can be utiized o delermine
appropriate oeations for tha placement of reinforeing struciures,
O008] Notwithstanding the above effors thers remaing 8 need for alternative carrler shuciures.
For gxampig, therg ramains a nead for allernative carder structires that employ a combination
of different matarials thal, sven though they are dissimilar, are still generally compatible {8.q.,
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chemically and/or physically compatible) with sach other so that they can be joined together
without the nesd for an adhesive, a mechanica! fastener, or other means for physioally jolning
two of more diferent matedals, There also remains an ongoing need for allernative oarrber
structures that employ & combination of different materals that sach containg a subsiantiad
polymearic porion {8.4., & non-mataliic porfion) so that weight savings can be altained, There i
also a nead {or polymarke materials that can be combingd o increase the ovarall modulus and
flexural slrength of 8 reinforcemeant, such that §t excesds that of any of the malerials on their
own., Therg alse remaing an ongoing nesd for allernative carer structures that employ &
combination of diferant materials that join logsther &t an interface region that is generally
cantinuous with the portions of the carder dedined by the differant respective materials. Thare
alsn ramaing an ongoing nead for an allernative carrer that can employ one or more localized
reinforcement regions by use of a particular material within the camisr, and which may be
achigvad in the absence of a need for a structural featire {8.q., a rib} for imparting addilional
sirengih o the localized reinforcemeant.

{00071 Examples  of composile  structures are lustrated  In BFOT Publication N,
WORGOTAOREEE, United States Published Patent Application Nos, 20110038470 and
SMA0E5T86T, and United States Palent No. 7,581,832 all incorporated by reference for all
purposes. See also, LS Patent Nos. 6.B55,852, 7,125,481 and 7,318,873, and United Siales
Published Palent Applications Nos. 2003/0038782, 2010/0288242, 201 1/027R808, and
20080202284, Incorporated by reference for all purposes.

{0008} The present application also v reiated to and incorporates by referencs for all purposes
Greal Britain Patant Application No. 13185854, fled Cotober 21, 2015,

f0008] Further o the above, thermoplastic polymers having al least ong epoxide group have
basn desoribed in ULE, Patent Nos, 5 115,078; 4,438,254, 8,011,111 and PCT Publication No,
WOUE1 4498 {see a.g., pages 3-8) along with dlustralive synthesis conditions, all incomaorated
by referance herain (see also WS, Patent No.o 3,317,471 and 4,847 848, also incorporated by
reference herein), Examples of such materials alse can be found, without Hmilation at
paragraphs 1523 of Published U8, Paten! Application No. 200702708158 {Chmislowski et al),
incorporated by referancs for all purposes.

R S The use of such thermoplastio polymears I a composite material hag been
disclosed in FOT Publication No, WO/Z00B/TTOR2Y (addressing in sliu reaction of an spoxy and
an aming after impregnation), incorporated by reference herein,  Nolwithstanding the above,
there ramaing a nesd for siternative composite materials, For example, thers remaing a need for
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compasita matedals that are sullable for use Iy & camier for a ballles andfor structural
reinforcement for & ransponiation vehicke of a type exemplified in the above discussad patent
publications. For example, in instances where | may be desirable fo locally alter or improve a
groperty of & cawler material there remaing a nesd for allemative materials suilable for such
purpose, Therg also remaing a need for materials that allow for recyaling, reclamation andfor re-
use beyond the usefid iife of the material in its infended application. See also, Uniled Biates
Fatent Application No. 2000/0288874 {incorporated by referancel.

Summary of the vention

[RECG R Cng or more of the above nesds are met by the pressent teachings which
contemplale Improved struotures and methods thal can be emploved advantageously for
sealing, baffling andvor structurally reinforcing various articles, and particularly for structurally
reinforcing transportation vehicles, such as avlomotive vehicles. The materials of the pressent
teachings alse find application In a number of other applications as will be gleaned from the
foliowing discussion. That i, the present teachings relals ganerally to composite materiale. As
ong example, the present leachings relate to fibrous composite matardals that employ &
distributed phase {(&.g., a fibrous phase) and a thermoplastic polymeric material having at lsast
ong epeids group. The maledal offers the benefit of mechanical properties tyvpically achiavad
through the yse of thermeoesst polymeric materals {e.g., a thermose! apoxy maderial) as some or
all of & matrix phase of @ composite. However, the material has & number of physical attributes
that make il suilable for handling, processing andfor post-useful #fe reclamation, reovaling,
andfor re-uss,

[O0MM2] Ths leachings herein relate 10 8 composite article. The composiie article may be
in & forn aullable for use a8 part of a baffle andlor structural reinforcement for a ransportation
vehicle. The composite article may include al least two phases. For example, #f may include a
distributed phase and & mabix phass within which the distributed phase is disiributed. The
distributed phase in the composite article may include a plurality of segmented forms selected
froen fibars, platelels, Hakes, whiskers, or any combination thereol, The polymeric matix In the
pomposite article iy which the distributed phase is distributed may holude at least about 25% by
weight of the polymerde matrix of a substantially thermoplastio polymer having &t least one
apoxide functional group. The composite article may e subsiantially free of a distibuled phase.
{00013} The {eachings hersin also relate 1o a8 mathod for making & composite anlicle, In
genaral, & method in accordance with the present leachings may employ a step of contacting &
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plurality of segmentad forms provided for defining a distributed phase with a thermoplastie
Spoxy resin, such as an hydroxy-phenoxyether polymaer {8.9., &8 generally thermoplastio raaction
product of an epoxy and an aming) that is In & softensd state {8.g., in a liqualied mollen state).
For nstancs, a8 method in accordance with the present leachings may smiploy forming a
composife matedal by extrusion, injection molding, pulrugion, or 8 combination o such
processes. Thug, /s anvisionad for the isachings herein that there is method of making the
composite article that includes contacling an epoxyfamine reaction product material dwing &
step of extrusion, injection moiding, pulirusion or any combination thereof, The comacting may
he only after the reaction hag completed between the spoxy and the amine {8.q., only after the
reaction of apoxy and aming), Thus it is possible that the method herain will involve no chemical
reaction Detwean any epoxy and aming reactants that ocours within an injection muolding
maching andfor an extruder. That iz, the method may nclude advancing a thermoplastic
polymar having at least one spoxide functional group reaction product along & rotating feed
seraw within a barrel of a polymaerie material shaping apparatus,

HEGHERY Composites that are made In accordance with the present teachings can be
emploved ag soms or all of 3 consolidated fibrous composiie material insert andfor overlay, The
fibrous material composiies hereln may Includs a distributed phase and a matrix phass, whersin
the distribuied phase includes al least one slongated fiber arvangement in order 1o define a
sonsolidated fibrous insert for a camigr. The carrer, the consolidated fibrous insen andfor
gverlay, or gach may have an ouder surfacs. The composite, the insert andfor overlay, or sach
may inchide at least one elongated fiber amangement having a plurality of orderad tibers {8.9.,
grganie and/or inorganic fibers) that may be distibuled o a predefermined manner in a
polvmanc materlal matri, The polymerle material matrix may ncluds 8 thermoplastic epoxy
rasin malerial as desoribed generally, or as described In any of the particular Hustrative
maigrials harein The compasites of the present leachings may be smploved alone for defining
a camier for the balfles andfor structural reinforcements of the present leachings. The
composites of the present teachings may be emploved as a fibrous insert adinining {s.q., in &
manney o achisve as a continuous outer suface) a mass of the polymene material {e.g., ong
that includes a polvamide such ag Nylon, Nylon 8, Nylon 88, poly-butylene terephthalate, or any
combination theres!, oplionally being glass filled) for defining such a camier. The location, size,
shape or any combination thereo!, of the fitrous inser! may be selected o help Improve one or
mors properties of he camier in the region where the insert s looated. The carrier may carry an
activalable materal over at least a portion of the outer surfacs of the carrler, For sxample, the



WO 2016/145158 PCT/US2016/021721

activalable materal may be activated by heat {a.g., heat from a paint bake oven, sueh as an
automotive paint bake oven, or by induction healing) to foam, sxpand, adhere andfor curs.
FOOG1S] The teachings hereln further wrovide for composites comprising a mass of
polymerie mataral having an outer surface and including a first polymaric materdal, at least one
fibrous material overlay having an outer surface and including &t least one slongated fiber
arrangement having & plurality of ordered fibers, the at leas! one fibvous insert and a second
polymeric material laver looated in between and in direct planar contact with sach of the mass of
polymarnic material  and at least one fibrous malerdal overlay, whersln the second polymaris
matarial s a hydrogy-phenoxyether polymer, such a8 a polyetheramineg thermopiastic matedial,
which is a product {8.g., a thermoplastic condenzation reaction product) of & reaction of 8 mono-
functional or di-funclional species {e.g., monoethanclaming} with an spoxide-containing molety,
stich as a dispoxide {e.g., diglicidy! sther bisphenol &) reacted under conditions for causing the
hydroxyl molelies to react with the gpogy moleties o form a generally linear backbone polymer
chain with sthey inkages.

oo} The composite may ihclude a single mass of polymerts materdal, which mav be a
polvethylene matedal. The composite may include exactly two fibrous maderial overlays, The
compoesite may include at least two second polymeric layers. The composite may include at
feast fowr second polymerle layers. The composite may include exactly four second polymeric
layars. The second polymeric layer may be a film. The mass of poelymernic material may include
& polyethlens material. The al lsast one fibrous materal overlay may include glass fibers,
GO0t The leachings herein also provide for a method comprising forming the
sompesites desoribed hersin in a haated press.

fOOOS) The tsachings herein further provide for & device comprising an elongated
pultruded reformable hermoplastic epoxy carrier, a sealant materdal located into direet planar
comtact with a portion of the carder, and one or morg reformable thermoplastio epoxry Sim layer
portions locatad in dirsct planar contact with the carvier.

Brief Description of the Drawings
ol Fig. 1 is a side sectional view of & pordion of ong lustrative part in accordancs
with the present teachings.
000N g, 2 I8 a side sectional view of a portion of ancther Hustrative part in

accordancs with the present teachings.
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000213 Fig. 3 iz & side sectional view of a portion of yet ancther Hlustrative pant in
anpordancs with the pross teachings.
G Fig. 428 is a lop perspactive view of one flusirative carrier in accordance with the

present teachings,

UL Fig. 4b is a bottom parspactive visw of the carrer of Fig. 4a.

1R0034Y Fig. § is an axploded parspective view of ong flustrative law-up of g filvous inser
of tha prasent teachings.

HEEERGY Fig. 8a i3 & porspective view of an Hlustrative fibrous insent iy accordance with
the present teachings.

{00038] Fig. 8b is & perspactive view of an Hustrative part incorporating the filrous insent
of Fig. 8a.

{DOGAT] Fig. 78 is a perspective view of another lustrative fibrous insent in accordance

with the present leachings.

e Fig. 7b is & perspective view of an Blustrative part incorporating the fibrous insert
of Fig. 8a.

foo0est Fig. 8 is & schermnatic Hustraling the formation of an Hustrative part in accordance
with the present teachings.

fo003G) Fig. 8 fs an Hlustrative example of a profile of an slongated article {8.g., 8 carvern
having an ustrative overlay In accordance with the prosend teachings,

E T ECH Fig. 10 i a schematic of 2 system for making an article in aceordance with the
prasent teachings.

R HER I g 1A s s parspective view of an Hustrative asticle in accordance with the
prasant isachings.

{00033} Fig. 118 is a rear perspective view of the article of Fig. 11A,

{00034} Fig. 110 i3 a side profile view of the article of Fig, 11A

Datalied Dascriplion
REEECRY The present teachings mest ong or more of the above neads by the improved
devices and methods described herein, The explanations and flustrations presented herain arg
intended to acquaint others skifled in the art with the teachings, #s principles, and its practiosl
apphivation. Those skilled In the arl may adapt and apply the leachings in s numerous forms,
as may be best sulted fo the requiremenis of & partioulsr usse. Accordingly, the specific
smbodimants of the present leachings as sof forth are not intended as belng exhaustive or
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fruting of the leachings. The scope of the teachings should, therefore, be delermined not with
refarence to the above description, but should inslead be determined with reference o the
appended olaims, along with the full scope of squivalents {0 which such claims are entitled. The
cisclosurss of all arficles and referances, including patent applications and publicalions, are
incorporated by reference for aff purposes, Other combinations arg also possible as will be
glganad from the following olaims, which are also hereby Incorporaisd by reference into this
witten deseription.

EEIR The present application is related o the leachings of PCT Application No.
POTAISTAO70853, filed December 17, 2044 US. Provisional Application Sedal No.
B1/918,884, fed on December 17, 2013 and FCT Application No. POTAIS 41831, fied
Cretober 21, 2014, the contants of these applications being hereby incorporated by reference for
all purposses.

LIRS Thizs application claims the benelit of the fililng dales of LS. Provisional
Application Serial No, §2/130,832, filed March 10, 2015, U8, Provisional Application Serial No.
62/183,380, Hed Jdune 23, 015, U8, Provisional Application Serdal No. 82/284,180, Sied
Fabruary 11, 2018, and LS, Provisional Application Senal No. 82/288,374, filed Febwuary 17,
2018, all of which are incorporated by reference for all purposes,

[O0038] Az notad, the prasant tsschings refale generally o composite materials. In this
regard, there are various composites 1o which the teachings pertain, The composiles share the
common characterislio that they sach smploy & fibrous composiie materal.  The fibrous
composite material may have a distributad phase {8.9., & fibrous phase) and a thermoplastio
polyme o material {8.g., & reformable resin material o thermoplastic resction product) having at
lmast one apoxide group. The thermoplastic polymaric matedal having at least ong spoxide
group may define a matrix material iy which the distributed phase resides, The thermoplastic
polymeric matenial having at ioast one spoxdde group may be hydroxy-phenoeysther polvmer,
such as a polyatheraming thermopiastio malerial as described hergin, For axample, such
thermopiastic polymaric malerdal having &l isast one spoxide group may be & produst (e, a
thermoplastio condensation reaction product) of a reaction of & mone-functional or di-flunctional
species {Le., regpectively, a species having one or wo reactive groups, such 83 an amids
containing specias), with an spoxide-containing molety, such as a diepoxids {le., a compound
having wo epodids functionalities), reaciad under condiions for causing the hydroxyd moisties
1o react with the epoxy moleties to form & gensrally inear backbone polymer ohain with sther
nkages. The reformabls thermoplastic polymeric material may be formed as 2 sheet or film and
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gy be substantially free of any distributed {a.g., brous) phass. in ong non-imiting exampls,
the thermoplastic polymeric material may be formed as a film which may be in contact with a
fibrous fayer. The reformable thermoplastio polymesric material may be formed &8s a yam.
Go038 The tsachings condemplats the possibility that a struclure may be fabricated
using a reformable thermoplastic material in accordance with the teachings gensrally herein, In
particular, the shuclure may be made from a thermoplastico material in accordance with the
present teachings that is reinforced with 8 reinforcement phase. The reinforcement phase may
be distributad I 8 mabix of the thermoplastic materdal (8.9, & polvamide as desoribed andfor a
reformable resin materal as described). For example, the reinforcement phase may be at least
a majority {(by volume) of the total material. | may be greater than abowd 80% by volume or
greater than about 70% by volume, | may be balow abowt 80% by volume, below about 80% by
volume, or below about 70% by voluma. &ny reinforcement phase may be distiibuted randomiy,
generally unfformly, andfor in ong or more predetermined focations of an article. The
reinforcement phase may comprise tha reformable thermoplastic material,
300403 The fibrous composite malerials may be emploved as & porion of ancthar
composite matenal, For example # may be emploved as an insen {e.g., a fibrous insent) andfor
an overlay (s, sheat) of a composite that includes one or more sther matarials,
{00041] The teachings herein relate o a composits arlicle, The composite arficle may be
iy a form suitable for use as part of a baffle andior structural reinforcemeant for & ransportation
vehicle., The composite article may be in & form suitable for use a8 a panel struclurs, The
composite articls may e In 8 form sullable for use as a bullding construction malerial, as a
furmniture maderial, as a sporling good material {8.9., for skis, snowboards, bicyolss, bats, lennis
rackats or the like} or as profective gear material {e.g., for police shislds, armored vehicle
paneds, or the kel The fibrous composite materials of any composile article herein may inglude
a single phase or may nolude at lsast two phases. For sxample, § may nclude a distributed
phase and a malix phass within which the distributed phase is distributed, The distribuied
phase in the composiie article may include a plurality of slongated {e.g., i a ratio of at least 211
as between a major and minor dimension of the form} segmented forms selected from fibars,
platelets, Hakes, whishers, or any combination thersol, For fibers emploved herein, the fibars
may be amploved in the distribuled phase is i the form of & random distribution, & weave, &
nor-woven mat, a plurality of generally axially aligned fibers {8.g., 8 fow), a pluralily of axially
imertwined fibars {e.g. & yamy) or any combination thereol, A plurality of individual fibers may

W
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thus be in a generally ordered relationship {e.g., scoording fo a predetermined patem) relative
o gach other.

G004} The composition of material of the distributed phase may be the same as or
diferent from the composition of the polymerio matrix. For examplg, # s possible that material of
the distributed phase may be a thermoplastio polymer baving al least ong spoxide functional
group as desoribed genaerally or speciiically within the leachings herain. The polymeric matix
miatarial may also be or include a thermoplastic polymer having at lsast one epoxide funotionad
group as desorbad generally or specifically within the {eachings hereln,

{00043} The ratio by weight of polymerio matrix o the distributed phase may be rangs
froemy about 110 o about 10301 {8.g., | may range from about 1:8 to abowt 1011, about 1:3 io
about 511, about 12 {0 ghout 214

{00441 The polymeric malrix in the fibvous composite material in which the distributed
phase s distributed may nclude ot loast about 28%, 33%, 50%, 87%, 85% by waight of the
polymeric matrix of a substantially thermoplastic polymer having at least one apoxids functional
group. The polymeric matrix of the substantially thermoplastic polymer having at lsast ons
epoxide functional group may have less than aboul 5%, 3%, or oven 1% by weighl of a
palymeris ingradient other than the thermoplastio polymer having at lsast one epexide functionsd
group {8.4g., the polymeric matri consists essentially of the thheymoplastic polymer having at
least one apoxide functional group).

[OO045] The balance of the maleral of the fibrous composite materal may be the
distributed phase. The balance of the malerial of the composite materal may include the
chistributed phase in addition o another phase andfor material,

(G004} The disributed phase may nclude ong, bwo or more differant mataedals, For
instance { may includs a single form {8.g., 8 single slongated segment form}, or & plurality of
difterant forms {8.g. 8 plurality of slongaled segment forms). AL least about 35%, 33%, 50%,
§7%, 85% by weight of the distribuled phase may be fibers. The distributed phase may have
teas than about 5%, 3%, or aven 19% by weight of a form other than a fiber,

100047 The fibrous material, which may be formed as a distributed phase, may includs
an organic matedal, an norganie materdal or & combination of sach. The material may be &
naturally oocurring materdal {8.g., @ rubber, a cellulose, sisal, juls, hamp, or some other naturally
ocouiring materiall, ’ may be & synthelic malerial {e.g., & polymer {which may be a
homopolymer, & copolymer, 8 lerpolymer, & blend, or any comblaation thereol)), it may be a
carbon derved material {8.g., carbon fiber, graphite, grapheneg, or otherwise), The distributed
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phage may thus nclude fibers selected from {organic or inorganis} mineral Hibars {e.g.,. glass
fibers, such as B-glass fibers, S-glass, B-glass or otherwise), polymaeric fibers {a.g., an aramid
fiber, & cofiioss fiber, or othenwise), carbon fbers, metal Sibers, natural fibers {e.q., derived
from an agricultural sowee), or any combination thereol, The plurality of slongated fibers may
ba orlented generally parallel to sach other, They may be braided. They may be bhwisted.
Collections of fibers may be woven andfor nonwoven,

fnGas] The fibvous material may include a plurality of fibers having a length of at least
about 1 om, 3 om or sven 5 om or longer. Fibers way have an averags diameter of about 1 o
about 5T microns {s.g., aboul § 1o about 28 microns). The fibers may have & suitable sizing
cuating thereon. The fibers may be prasent in each fayar, or In the fibrous insert generally, in an
amount of at least about 20%, 30%, 40% or gven S0% by waight. The fibers may be pregent in
gach layer, or in the fibrous insert genarally, In an amount below about 90%, 80%, or aven
about 70%, by waight. By way of sxample, the fibars may be present in sach kver, or in the
fibrous insert, in an amount of about 50% o aboul 70% by weighl Fiber contants by weight may
ba determined in accordance with ASTM DR5B4-11. The fibers may comprise the reformable
tharmoplastic polymario maleral as desoribed herain,

[O00dae] Tapes andfor sheets {s.g., fiims) for use In one or more of the portions of a
fibrous composite material herein may be made by extrusion, pultrusion or otherwise. Examples
of such processes can be found in LS. Provisional Applicalion Nos. 82/130,908, filed March 19,
2018, ULE, Provisiona! Application No. 82/200,3808, Sled August 3, 2015 and U.8. Provisionat
Application No. 82/288,3978, Filed February 17, 2018, all incorporated by referance hersin for all
purposes. in this manner, § may be possilie o achisve ordering of the fibers in the tapes andior
sheats, The tape andior sheel may be formed from the thermoplastic pobymer material, The
fape andfor sheet may include a fibrous phass or may allematively be substantially free of any
filrous phase. The hermoplastic polymerio malerial may be formed into fibars which may then
form the taps andior shesl. A method herein may include a step of impregnating a Srous mass
with the material of the polymeric matrix and passing the resulting impregnated material through
a die {&.4., a healed dig} or othar structure having an opening 5o that the Sbrous mass is coatad
with a gensrally continucus mass of the matenal of the polymaerie matrix, In this manner, g
also possible o achisve desired ordering of fibers relalive o sach other. The composite
materiale may be formed by keyved extrusion, whereby a heat staking process is used o altach
a machanical faslener, which may located inte a channe! formed during the sxtrusion process,
Altarnalively, the fastener may be altached at & location with no channe! formation,
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{H0080T The fibrous composite malerials of the present leachings may includs ong or
mors layers {8.g., they may have 2, 3, 4 8 or 18 or more layers). The lavers may be
consolidated in the sense that they nclude & plurality of individua! fibers or other segmented
formns of a distribuled phass, which may be distributed in 8 cohesive mass of the polymerio
matrix material {8.g., 8 matix thal ncludes a hydroxy-phenoxysther polymer, such as a
polyatheramine hermoplastio matenal as desoribed hereinl, For example, the polymarmay be g
product {8.g., 8 hermoplastic condensation reaction product) of a reaction of & mone-funclional
or di-functional species (Le., respactively, & species having one or two reactive groups, such as
an amide confaining species), with an spoxide-containing molety, such as a dispoxide e, a
compound having two epoxide funclionalities), reacted undsr conditions for causing the hydroxy
oletias 10 react with the apoxy moleties to form 2 gengrally inear backbone polymer chain
with sther linkages.  Mulliple layers may be consolidaled together so that & cohesihve mass,
noluding the multiple layers, s formad. The mulliple layers may be consolidated so as o form a
predefermined shape i the form of & thres-dimensional shaped insert, For instance, the fibrous
insert may employ & plurality of layers that include a plurality of slongaled fibers {8.9.. having &
longth of st least T om, 3 om or even 5 om or longer} thal are orented generally paralisl or
generally unidirectionally (o each other and are distributed in a generally continuous polymeric
matrix {8.g., it & continuous malix of the second pohwneric materiall, A shaping operation {e.q.,
thermolorming, molding, passing through a dis, rolfing, or otherwise) may be performead,
TO00S1} The fibers may be presend i an amount, 3 distribution, or both for reinfording the
composite article by the realization of an orsass of ong or more mechanical properties
selecied from ultimale tensite strength, slongation, flexural modulus, comprassion modulus, or
otharwise, as compared with the corresponding property of the polymer matrix material alona,
RO The fibrous composite materisls of the pregent teachings may be such so that
the distributed phase s distibuled In the polymaric mabix material in an ordered arrangemant,
in a substantially homogenous arangement or both, s possible that the distribuled phase is
distributad in the polymens malix material In a random arrangemant. The individual fibers may
e distribuled in a predetermined orderad amangemant within the matrix of polymernio material
s¢ that at lzast a portion of the fibers are ordered in thelr arrangemant {8.g., In a ganerally
ardered relationship relative o each other, such as generally parallel or unidivectional or
othanwise generally axially aligned), and thus sre not randomly distributed it the polymerie
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REE XY Turring in further defall fo the materials that may be smploved i the prasent
leachings, & varisly of matadals having thermoplastic thermat characteristios may be sultable. in
genaral, the leachings herein exiend alzo o corlain theymoplastic polymers {8.g., polyamites,
such as Nylon §, or Ullrataps from BASFL The matarials may be employed alone, as a malrik
material of 3 muitbphasio materdal {e.g., along with a reinforcement phase, such as carbon
fibars, glass fibars, polymarie fibers, natural fibers, or sume othey segmeantad form, as described
slsewhers herein,  may be emploved as a laver of 8 lamdnate, as core or & sheath of a
corefsheath slongated materdal, a3 8 core or a shell of a corefshell material, or otharwise.
TOO054] The materials may be thermoplastic n naturs so that B s capable of flowing
when subjecled to 2 lemperature above s glass transition temperature (T}, andior a
femperature al which # melis, One particular preferred material {or use herein s 8 reformable
ragin materdal, and partiovlarly 8 malerdal that broadly contemnplates particular ingrediants,
reactions and reaction products associated with polymars having an spoxide functionality for
nparting at least ong mechanioal characteristio consistent with spoxy thermoset materialy, and
al ieast ong processing {e.gQ.. elevaled lemperature processing) charactedstic typlcally
agsociated with thermoplastic malerials (8.0, 8 glass bansition lamperalurel; and still mors
particularly, the present teachings relate o additive manufactuing with a thermoplastio
polvether material, such as a thermoplastic spoxy polymer malenial,

[O00s5E] The malerials uselid in the present ieachings {s.g. as a reformable resin
material} may have a relatively low glass ransition temperaturs {T,). | may be possitde to have
8 Ty below about 100°0, balow about 80°C, below about 80°C, below about 70°0, below about
85°C, as measured by differential scanning calonimelry scceording to ASTM BE13588 - QBEM4).
The material of the present feachings may have a glass transiiion {emparature as measured by
differential scanning calordmetry according fo ASTM E1358 - DB{2014) of at least about 45°C, at
isast abowt §5°C, or at least about 80°C. The use of such malsrals has the ability to enhance
productivity substantially, Energy consumption can be reduced. Bulld tmes can be shorlenad,
Sl the resulting materials could resull in maledals having very attractive mechanioal andior
seif-adhering characteristios that make It attractive for additive manufacturing bulids.

LRI, As the following also #usirates, the reformable resin material may have &
refatively high Ty it may be possitle 1o have a T, In excess of about 1158°C, or In sacess of
about 1E5°C, or iy excess of abowt 135°C as measursd by differential scanning calorimetry
aocording 1o ARTM E1358 - OB{2014). The polymear andfor reaction product of the present
leachings may have a glass hansition temperalure as measwed by differential scanning
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calorimely according to ASTM E1358 - 08{2014) of below abowt 200°C, below about 185%C, or
below abowt 170°C, By way of Hlustration, the polymer andéor reaction product of the present
teachings may have & glass Wransilion lemperalure as measursd by differantial scanning
calorimelry according to ABTM E1358 - Q8(2014) of atl lsast about 120°C, and below abot
170

{ooasT The polymaric matedal may sihibit one or any combination of the following
characieristios: a lensile strength at yield {(according o ASTM DE38 - 14) of at lsast about 18
MPa {a.g., al least about 30 MPa or sven at lsast about 45 MPa), a tensils slongation strength
at break {according {o ASTM DE38 - 14} of at lsast about 40 MPa {o.g., ol loast about 45MPa or
gvan al loast about 55 MPa); an slongation at braak {according o ASTM DS3R ~ 14) of at least
about 15% {p.g., at least about 20%, 5% or 30%); andir a lensile modulus of clastiolly
{according o ASTM DE3B - 14} of at least about 0.5 GPa, {a.g., &t least about 1 GPa, at lsast
about 1.8 GPa, or svan al least abowt 2.7 GRal

RE By way of Hlustration of varous Husirative materials, the following ideniifies
various possible reactions that may be emploved for making a reformabde resin material.
{OO058} in general, al present, any reaction suilable for achleving the desired resulting
characleristios In a reformable resin material may be employed. Al lsast two reaction
approachas are contemplated as within the scope of the present teachings, Either or both in
combination may be emploved. In a Yirst approsch, a reaction i employed o result In &
poiy{hydroxyvaminogther), (PHAE) In a8 second approach, a reaction is emploved 1o result in a
tharmoplastic epoxy polymer that is sssentially devold of nitrogen andfor an aming moiety along
its backbone.

UG Exemplary malerials may be made with a difunclional epoxy resin and a primary
aming or a sacondary diamine, €.g.. & reaction between dighoidyl sther of bisphano! A and
monssthanolamine., For some applications  that may require & higher glass  transition
temperature {Tg) i is contermplatad that some or all of the dighaidy sthey of bisphenal & may
be replaced by an epoxy monomer with less mobilily. Such sposy monamers may noluds
diglyoidyisther of Huorene diphenal or 1.8 napthalene dispoxy. Also, i is contemplated that
wherg fire resisiance ls desired, some or all of the dighoidyl ether of bisphenol & may be
reptaced by & brominated bisphenol & spoxy resing In sccordance with this approach malsrials
be prapared by reacting a dighoidy! ether of dilwdre aromatic compounds such as the dighvoid
athar of bisphenol A, or g diepoxy-funclionalized olvialkviene oxide) or mixture thereo! with a
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primary aming or & secondary diamine o & monoaming funcionalized poly(alivlens oxide) or
mixiure thereol,

fanost] Such materials generally have a relatively high fexural strength and modulus,
oftery much higher than typles! polvolefing (Le., poivethylene and polypropviene). Such malerisls
may be mall processable al temperatures such a5 8 lemperature above about 7000 about 88°0
or about 80PC, andior below about 30HPC, about 2505, about 330°C, or about 310°C. In
addition, use of the reformable resin materials described herein for carier structures provide for
improved rgidity and/or improved adhesion when bonded adhesively to another articls, e.g., as
pomparsd with another fraditional polymeric material such as a polyolelin, & polvamide, a
polyester, a polyursthans, a polysulione, or the like.

{ho0s3] &g the tsachings herein illusitrale, other epoxide-containing moleties may be
employed. Epoxide-containing moistiss may include at lsast one mono-funclional epoddes
andfor a di-funcional spoxide {(“dispoxide”). Among the various dispoxides that can be
amployad in the leachings, there may be a dighroidyd ether of a dihydrie phenol {8.g., resoring,
biphenol or bisphencl A}, Any epoxide-containing moiety hargin may be an aliphatic andfor an
aramatic epoxids.

R HE S An Hiustration of one possible sxampls of such a malerial may be a reaction
product of a giglyeidyl ether of a dihydroxy erganic compound and an amine, namely ong having
two aming hydrogans per molecule {8.g., @ reaction product of a dighyoidy! sther of bisphenal A
and & moneethanolamine), as described for example at col 1, ine 4 through ool 2, ine 82 in
LB, Patent No. 3,317,471 {incorporated by reference).

HRELE LY Additiona! delalis of sultable reactants and conditions for this first approach can
be found i Publiished United Stales Application No. 20070870518 (ses, 8.9, paragraphs
[OOTAMO0EED, U8, Palent No. 5,184,472 {sos, .., cols. 2-4); and U8, Patent No. 3,317,471
{seg, 2.g., col. 1, line 4 thraugh ool 2, fine B2}, all incomporated by reference.

RERERY Refarring in more detall to the second approach, without Bmitation, this approach
may be employed in inslances when & s desired to amploy & material having a relatively high
glass transition temperature. One approach envisions a reaction that may include & siep of
reacting & dihydric phenol or combination of diferent dihydric phenols with a dispoxide or
sombination of diferent dispoxides. The reaction may ocow in the presence of & catalyst, (8.0,
a catalyst zelecled from the group consisting of bis{rihvdrocarbyiphosphoramylidena lammonium
salt, bis{tris{dihydrocarbylaminoiphosphoranylidensiammonium salt, and
tetrakisfiris{dihydrocarbylaminoiphesphoranylidensaminoiphosphoniun . saltl, The  reaction
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between the dibydrie phenol and the dispodids may be conducted in an ether or hydroxy sther
solvent al a lemperature sulliclently high to produce a polyfhydroxy ather). & particular
Hustration of such possible spproach o forming a reformable resin malsrial having a relatively
high glass transition temperalure may be gleaned from US, Patent No, 5,401,814 incorporated
by reference. One approach envislons a reaction that may include a step of reacting a dibyaric
phenol or combinalion of different dihydrie phenols with & dispedds or combination of different
digpoxides. The reaction may ocowr in the presence of a catalyst, {8.0., a calalvst ssiected from
the group congisting of bis{trihvdrocarbviphosphoranylidensiammonium sall
bis{tris{dihydrocarbviaminelphosphoranviidenslammonium sall, and
tetrakds{iris{dihydrocarbylaminoiphosphoranylidensaminaiphesphonium  salt),  The  reaction
between the dilydrie pheanol and the diepoxide may be conducted in an ether or hydroxy ether
solvent al a lemperaturs sufficiently high to produce a polydhydroxy aether). A parlicular
Hlustration of such pogsible approach to forming a reformabls resin materisl having a relatively
high glass transition lemperature may be gleaned from U.S. Patent Mo, 5,401 814; incorporated
by relgrencs.

{DO08E] Approgohes other than the above fo reactions for making materials usefid for the
present teachings {8.4., a thermoplastio polvether) may includse one or more reactiong saelectad
from the above first and sscond approaches, or {a) a reaction product of dighveidyt sthar of a
bipheno! with a dihwdroxybiphanyd, in which the repeating unit of the polvhvdroxyether contains
a hydrocarbon connecting groug and & hydrocarbon or halogen substituted phenviens radioad,
as desoribad in UG Patent No. 4,847 848 {incorporated by reference); {b) a reaction product of a
diglydicy! ether of cerlain amido-dihydric phengls and Nesubstituted dibydiio phenols, as
desoribed in U8, Patent No. 8,115,075 {incorporated by reforence); {0} & reaction product of &
dihydric phanal {8.q., 8 dighyoldyl sther of one or more of bisphenol ketone, bisphena! sulfone,
resoroinol, or hydroguinong) and at least one other ditwdiic phenat such as 4,4 -ispropylidens
Gisphan {bisphanot Ay, 4 4-dihydroxydiphemnvisthvimethane, 3,3.
diydroxydiphenyidiethyimethane, 3,4-dihvdroxydiphenvimethyipropvimethane, bisphanol, 4.4%
dihwdroxydiphenyioxide, 4 4dhydroxydiphenvioyanomsthang,  4.4%dihydroxybiphamd, 4,4~
dihydroxybenzophenone, 44-cihydrooedipheny! sulfide, 4,4-dihydroxydipheny! suffone, 2.6
dibwdroxynaphithalens, 14-dhvdroxynaphthalens, catechol, or the like, as desoribed in US,
FPatant No. 5184472 {noorporated by refersnce) {d) a reaction product {8.g., a reactive
sxtrusion produch) of a dighecidyt ether of a dilwdiie phenol with an aming having only two
hydrogens under conditions sulficlant to form the polystheraming, as described i U8, Patant
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No, 5,275,853 {incorporated by reference); {8) a reaction product of dibydrie phenol and a

giepoxide i the DrEsSancs of & catatvst selected from
bis{irhydrosarbyiphosphoranyvlidensiammaonium sall,
bis{tris{dihydrocarbyiaminoiphesphoranviidenslammaonium sall, ar

{atrakis{tds{dibydrocarbylaminoiphosphoranylidensamineliphosphonium sall, as desoribed In US
FPatent No. 5401,814 {incorporated by reference); {f} a reaction product prepared by reacting (1)
a primary aming or bis{secondary} diaming with {2) a dighyoidyl sther and {3} an amine- or
gpowy-funcionalized poly{aibyvisne oxide), as desoribed in WS, Palent No. 5,484,894
{incomorated by reference) (g} & reaction product of & compound having an average of more
than one vicingd spoxide group per molecule and a polvhydric phenol or thiophenal, in the
prasence of & calalvlic amount of 3 tetrahydrocarbyl phosphonium salt In an ossentially
anhydrous medium, as desoribed in ULS. Patent No, 4,438,254 {Incorporated by reference); ()
g reaction product of a dispoxide {e.g., diglyoid sthers of dihydrio phanols) and a difunctional
species selented from dihyvdric phenols, dicarboxylic acids, bis-secondary amines, primary
amings, dithiols, disulfonamides, and compounds that contain two different funclionalities
capable of reacting with epoxide groups, as desoribad in US Patent No, 8,011,111 Sncormarated
by referencel; or (i} & hydroxy-phenoryether reaction produst polymer prepared by reacting a
difunctional species {that is, 8 species having twe reactive groups), such as a dilivdrio phenal,
with a diepoxide {thal is, 2 compound having two spoxids functionaliies) under conditions
sufficient to cause the hydroxy! molsties lo react with the spoxy molstiss to form ether linkages,
as descdbed in WOBB/ 14488 {incorporated by referancel.

{00087} s possible that two or more of the reformable resin compositions desoribad
above may be uliilzed logsther, For sxample, two or mors reformable resing, each with different
glass transition tfemperaturss may be used together for selectively varving properties. This can
be achisved by bending the twa, or by intermingling preforms of each {8.0., 8 vam or weave
that has fibers of both higher and lowar glass transifion).

[O0068] Helonmable resin matedals according o the present ieachings may have a
generally iinear backbone and may alse have &t lsast one ether linkags in repeating units of the
genarally linear backbone, Materials according fo the present teachings may be freg of
grosslinking, or of any thermose! porlion chemically bonded to & generally linear backbone.
RS I general, it may alzo be possibie (o employ one or mors reaclants that permit
an oplional delayed crogs-linking reaction 1o ocour. For example, ong or more of the reactanis
may nchude ons or more moleties that are capable of reacting {e.4., in the presence of a cerlain
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stimutus, such as further heating andfor some other form of & predetermined electromagnetic
radiation {8.q., nfrared, ultraviclel, microwave or otherwise} for achisving oross<inking of &
mictacule with in Reell andfor with an adjoining molecule. Desirably such radiation affords cross-
Hnking while maintaining a resulling article made by additive manufacturing 1o remain below iis
Te Thusg, & may be possible that crossiinking may be realized within andfor belween adioining
layars, Thus, the teachings contemplate an optional step of causing at least a portion of an
arficle made with the teachings to nclude oross-linking, such as by causing a oross-inking
reaction (o ooour (8.g., by subjecting feed material andfor the resulling aricle to elsctiromagnetio
radiation as describead).

[REGERE The isachings herein make advaniageous use of reformable resin materals for
use in various applications, such as in the conshruction, appliance, defense, sporting goods,
andfor ransporiation industries. By way of example, reformable resin materials of the teachings
find application in ransportation vehicle components, such as structural reinforcements, batfle
davices, sealing devices, panels {e.q., wall pansls, sudomotive body panels, roof pansls, sto),
brackets, beams {8.g., cross-vehicle beams, such as beams usehd for supporting instruments of
an instrument panel), moduls frames {8.g., 8 rame upon which a plurality of components can be
mountad, sither belors, during andfor after assembly of the frame indo a vehicle strusiurel,
FOOOTY The resulting anticles not only can be made by taking advantage of the beneficial
processing characieristios conalatent with thermoplastios of the reformabie resin materials. But,
upon fabrication of the articles, the articles may be Jurther modifiable by Torming or otherwise
shaping, by heating the article 1o a temperature above which al lsast a portion of the reformable
resin malerial that is ncomporated infe the article v slevated above s Ty Thereafter, the article
can be cocled so the material is below the T, thereby causing the maledal to relain its desired

e

shape. Al one or morg times when the reformable resin material is above its T the reformable
resin materdal is such that # becomes tacky and can form an adhesive bond with an tem placed
on il Thus, teachings hereln contemplate heating an article having a wall to which a companent
is o be atiached 0 an clevated temperature above which al isast a portion {&.g., below abowt
80%, aboul B0%, aboul 40% asbout 30%, aboul 209% or about 10% of the sverage wall
thickness) of the reformable resin material that 8 hoorporated into the wall of the article is
glgvated above is Ty Al such time when the portion of the reformable resin material is above i
Te & componant is placed in contact with # {optionally in the presence of pressure). Thersafier,
the arlicle can be coolad 80 the malerial i3 below the Ty, thereby causing the matedal to retain
s desired shape and sscurs the component 1o it by adhasive bonding. i is possible to maks
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use of the T, and adhesive characteristios of the reformable resing in order o simplify assembly
structures by removing the need for certaln altachment hardware. This allows for atiaching &
component directly o the arlicle adbesively, without mechanical fastsner hardware or
avarmolding a struciure onto a pultruded beam {the beam may be partially or fully sncapsulated
by the molded matesiall,

{0007 With reference to the material of the polymeric matrl, it may includs &
thermoplastio polymer (8.9, a reformable resin). The polymer may be a hydroxy-phenoxyether
polymer, such as a polyvetheramine thermoplastic materal Though other funcional spenies may
be employed, as s laught in US, Palent No. 8,011,111 {incorpovated by reference; ses, ag.,
Cols, &8} and WO 88/14488 (incorporaled by refersncs; se8, e.g., pages 811 sxamples of
mono-unctional or di-unctional specles may include & dihpdric phenol, 8 secondary aming
{8.g., & bis-secondary amine}, & primary aming, or any combination theresl, Any amine of the
functional species can ba an aromatic amine, an aliphatic amine or a combination thereof, The
mono-funclional or di-funclional species may have one or two functionafities cagable of reacting
with epoxide groups o form a generally non-oross-linked polymer. Some particular axamgsiasg
without Bnitation, of functional species for reaction with an epoxy moisly in accordance with the
prasent teachings includes an ethanolamineg {s.g., monosthanciamine), piperseing or a
combination thergol, Any of the Hustrative functional species may be substituted or
unsubstituted,

o607} Other sxamples of flustrative materials, functional speciss and diepoxides are
deseribed in UGS, Patent Nog. § 118075 4,438,254, 8,011,111, and WO 9814408 {(see s.q.,
pages 3-8} along with Blustrative synthesis conditions, all incorporated by referencs herain {ses
atzn S, Patent No. 3317471 and 4,647 848, also incomorated by relerence  heraind,
Examples of such malerials also can be found, withowt limitation at paragraghs 1528 of
Fublished ULE. Paltent Apglication No. 20070270815 {Chmielewskd et all, ncorporated by
referencs for all purposes.

R The tegohings hereln also relate to g method for making a composite anticle. In
general, a mathod in aceordance with the present {zachings may smploy 8 step of contacting 8
plurality of segmented forms provided for defining a distribuled phase with a generally
thermoplastic spoxy reaction pradust of reactants {84, 8 mono-functional or di-functionsd
species (Le., respectively, & species having one or wo reactive groups, such as an amide
containing species], with an spoxide-cordalning molety, such as a depoxide {Le., a compound
having twio spoxide funclionaliies)), that is in a softenad stade {8.q., in a liquetied molian siate).
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For instance, & method in accordance with the present teachings may employ forming &
compasite materdal by passing 3 mass of fibers and resin through a dis {a.g., by axirusion
andfor pultrusion), by melding {8.g., injection molding, compression molding, or atherwise), ora
cornbination of sach. Ons or more other methods may be emploved o make articles In
apcordancs with the present leachings, For example, i may be possibls (o make a produst by
thermoforming.

UGy Thus, # is envisioned for the teachings herain that there is method of malking the
fitrous composite articls that includes contacting at least a porlion of the intended distributed
phase matenal with a generally thermoplastic spoy reaction product of reactants {8.g., 8 mong-
functionad or di-functional species {Le., respectively, a species having one or two reactive
groups, such as an amide containing species), with an gpoxide-containing molsly, such as a
dhepoxide {Le., a compound having two epoxids funclionalities)). For exampls, consistent with
the teachings herein of the proposed polymeric malrix material, the polymeric matrix material
may include as a major componsnt an spoyaming reaction produgt material {e.g., 8 material
that 18 a reaction product of an spoxy resin {8.g., 8 liquid di-epoxida resing and an amine {8.9,, 8
moncsthanolaming), such as & resclion produc! wherein the reaclants as desaribed herein may
be reacted i a generally equal molar ralie) dwing 8 step of axtrusion, injection molding,
pultrusion or any combiination thereol. The conlacting may be only after the reaction has
compiated belween the spoxy and the aming {8.q., only afler the reaction of epoxy and amine
reactants). The fibvous material may be contacied by the thermoplastic polvmer material only at
g shaping o molding step. Thus # s possiile that the method harein will involve no chemical
reaction belween any reactants {sg., any spoxy and amine reactanis} thal ocours within a
mgiding or shaping maching in which the reaction produst and the intended distributed phase
materials are brought into confact, That is, the method may include advancing a thermoplastic
polymer having at lsast ong epoxide funclional group reaction product along a rolating fead
sorew within a barsl of a polymerie malerls!l shaping apparatus, and then contacting the
thermopiastio polymer with ths intended distributed phase material,

{R007Ts] i is also possible that a porlion of the intended distribuled phase material is
oontacted with reactants prior to any reaction o form the thermoplastic polymer reaction product
of the present eachings. For exampls, i may be possible that the intended distriibuted phase
materal s contactad with aither or both of an epoxy or amine reactant {o.g., In & lquid state)
prior {0 reaction o form the themmoplastic polymer reaction produst, For sxample, 8 mass of
fibers may be infillrated with a liquid spoxy reactant, a gud amine reactant or both. Thersafier,
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any remaining reactant may be introduced {along with exposure o any nacessary heal andfor
prassurey for beinging about & reaction {o form the thermoplastio polymer reaction product in situ
within the mass of fbers. Use of the reformabils resins desoribed hergin as pulirusion polymers,
whan i g Huldic state, are able to provide 8 surprisingly good infillration of & mass of fihers for
providing an oohesive maldz within which the fibers are distributed.

REE Ty A method for making an ardicle in accordance with the present teachings may be
perommed 0 & conlinuous manner. For example, fibrous materal from a continuous supply
{&.g., a raal of the desired fibrous material {e.q., In #s dosirad form, such as a stirand, & vam, &
waave, nonwoven mal, or otherwise as desoribed harain for use as the distributed phass) may
he fed continuously fo and through a dis, which may be an axdrusion or pulirusuon dis. The
fibrous material may be conlacted {&.q., by way of a2 sultabis coaling operation, such as rof
coating, of othanwise) with the thermoplastic polymer reaction product prior to or at the time
when the fibrous material s passed through the dis. The fibrous material may be contacted
{a.g., by way of a suilable coating operation, such as rofl coating, or otherwise) with the
reactants for the thermoplastic polymer reaction groduct grior 1o or at the time when the fitvous
matanal is passed through the die. Upon exiling the dis, a composile mass resulis. The fibrous
matarial may thus form a distibuled phase within the composite mass. The mass may be ou,
shaped or olherwise subjected to another {e.g., & secondary} operation o render a composiie
article suitable for use for an intended application.

00078} i may be possible also that a step of co-axirusion may be semployed. The step of
co-aptrusion may include a step of passing 2 composite mass, such as desoribed above,
through & die, while also feeding & supply of bass matarial through the dis. The base material
may be a polymeris material, 8 metal material or othenwdse. Conditions may be maintained while
ihe materials are passed through the dig so that the composite mass becomes bonded to {84,
macharically, adhesively, covalently, or any combination thereof}, fo the resuliing shaped bass
material, For example, # may D possible that the heat fom the base material while # i
processed Mrough the dig, or essentially immediately therealter, may be sufficiently hot o
cause the thermoplastic polymer reaction product to fuse with or otherwise bond o the base
material. A shaping slep may be included which may allow for a plurality of lavers o be
assembiad in a press which may or may not be a heated prass.

[o007a] Az can be sppreciated, a varisty of sultable composite profiles are possible as a
resull of the teachings. The profiles may includs a longiluding! axis, The composite profiles may
be symmeirio or asymmatric refative to the longitudinal auds. The composite profiles may includs
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ong of more longliudinally ordented ribs. The composite profiles may includs one or more
fransversely extending flanges. The composite profiies may include both fial portions and
curved porlions. The composite profiles may have ong or more outer surfaces. The composite
profile may have one or more inner surfaces. The composite profiles may include a composite
overiay that includes or consists of a composite mass of the present teachings. The somposiia
proffes of the teachings may include 8 composite overlay that includes or consists of 8
composite mass of the present teachings. The composite oveday may cover all or part of an
outer or inner surfacs, The composite overlay may include or consist of a composite mass of the
present teachings may defing alt or part of a rib, & Hange {8.9., & transversely orented Hange! or
both, The gomposite profifes may include a composite mass that is at lsast parfially or sven
complstely embedded within the base malerial over some or all of the length of the composiie
profife. The composite profile may include an extruded profile structure defining & mechanioal
attachmaent for securing the profile o another structurs {2.¢., such as is disclosed in U8, Fatent
No. 7,784,188 {ncorporated by reforence; see, e, Figs. 48 and associated written
dascription)}, The composite profile may also have one or more push gin type fasteners such as
disciosed In ULE, Patent No, 7,784,188 {ncorporatsd by reference; see, &.g., Figs. 1-3 and
associated wiitten desription). &ny of the above can be emploved for use as an sxiruded
carrer for a structural reinforcement andfor baffle fa.g., Tor a ransporiation vehicle).
[P For uge as an extruded carrder for a struciural reinforcament andfor baffle {s.g.,
for & rangporiation vehicle), thers may also be emploved an activalable material or at least a
portion of an outer surface of the carrer,

{80081} The teachings also envision a possible manufactring system that may be
empioyed far an extrusion operation in accordance with the present teachings. Raw material for
forming & base polymerio materdal body ars fed inlo 8 hopper associated with an extruder. The
extrudsr may have a dis through which the raw material is passed o form a shaped body profile
{&.8., an extruded profiie). The shaped body profile may be cooled {8.g., by & vacuum coolen) to
a desied temperature (8.9, below the soflening point of the materdsl, so that it retaine is
shaped stalel. A fesd system may feed a fibrous materdal {8.q., by way of rollers} o a suitable
device for applving 8 matrix matedal for defining 8 composile fibrous matedal &g, a ol
coater). Al such devios, the material for forming 8 polymeric matrix is contactad with the fibrous
material, & suilable device for defining a shape of the fibrous composite material may be
smployad, such as a forming roller, 8 healed prass, or another sultable sxtrusion andfor
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pultrusion type shaping device), The forming rofler or other sullable device may also senve to
help join the fibrous compaosite material with the shaped base body profile.

{O0083] Upon joinder the resulting overall composite may be cooled {8, by a cooling
fank). Optionally, # 1o be emploved for use as a camder for a balfing andfor structural
reinforcement application, the resulling overall composite may be advanced by 8 conveyor
davice {8.g.. & pulling or pushing device). An activatabls material {8.g., a polymeric heal
activatable sealant, acoustic foamable matedal, andfor structural reinforcament materal) may
be applied o the composite by an extruder (8.0, 8 oross head extruder). Thersalter, the
resulting composile {(with or without the activatable materdal on |} may be cut by a suitable
cutling device {8.9., 8 raveling cubolf saw). By way of tlustration, without limitation, the raw
matarial may be a glase llled Nylon® heated o sbout 280°C. Upon ssiling the codler, the
femperaturg may be about 180 o about 175°C. The fibers may be glass fibers that are roll
cogtad with a reaction product of 8 moncethanolamineg and digholdy! sther of bisphenot A, while
the reaction product in a softenad stade. Upon sxiting the cooling tank the composile may be at
a temperatwre of about 120°C, AL the tme of passing the exbruder, the lemperature may be
about B0-85°C, The cross-head axtruder may axtruds ong or mors masses of 8 heat activatable
spoxy-baged structural foam, such ag the L-58xy sores of materials, available from L&L
FProducts, Ing. See, a.g., US Palent No. 7,882 388, incorporatad by reference for all purposes
{an Husiralive composition is shown therein &t Table 1), The hea! aclivalable material may be
activatable to expand by foaming, and adhers o an adioining swiace {8.9., a wall defining a
part of a vehicle, such as a wall defining 8 vehicle cavity). The activalion may ooour upon
axposure o the heat of a paint bake oven or induction heating devics, following an
slectrocoating deposition step. The resulling activated materal may be expandad o at least
aboul 50%, 1009%, 200%, 400%, 800%, or even 1000% of s original volumea. The resuliing
activated materdal may be sxpanded from s odginal volume, But v an amount that & below
about 2500%, 2000% or sven below about 1500% of its onginal volume.

{0083 The composite material of the present teachings offers the benefit of mechanical
properties bypically achieved through the use of thermose! polymeric materdgls {8.g., &8
termoss!t apoxy matedall as soms or all of @ matrix phase of a composite. However, the
misteral has 8 number of physical atirbutes that make # sultable for handling and processing,
as can be sppreciated fonm the above discussion of processing. The malerial of the prasent
teachings can alse provide postusefud e reclamation, reoyoling, andfor re-use benefits. The
prasent teachings thus also contemplate methods that include one or more steps of postuselul
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e reclaiming, recycling, andfor re-using the materials of the present teachings. For exampls, a
step may he emploved of separating the polymaeric phase {8.g., the polymeric matrix phase)
from the distributed phage. A slep may be smployad of re-using one or more phases of the
composiie of the present teachings. A stsp may be emploved of rsoycling ong o mors phases
of the present leachings {8.0., processing at least ong of the phases (o a diferent form, size and
or shape, from #s originat form, size andfor shape in the composite malerdal of the prosent
machings. The material of the present eachings may exhibit a high elongation factor so that it
g not brithe vet slill very strong. The material may be able 1o bond 10 8 desired part, substrals,
o location. This provides a bensfll that assembly operations may be free of walding. The
assambly oparation may be res of an assembly tolerance stackup, As componenis may be
bonded fogether (e.g., without mechanical fasteners), the parts may be free of holes, thereby
improving precision and sliminaling inconsistent punching operations {e.g., with sheet metal).
The matarial may sase geomatric dimensioning and tolerances.

1000R4] The fibrous composite material of the present teachings may be emploved i any
of a varisty of possible forms. It may be emploved as an overday on top of & body {s.g., &
shaped polymenc bodyl It may be employed as an insert {e.g., for forming 2 confinuous
adioining suface with @ shaped polymerie body), | may be an encapsulated insert within a
shaped polymeric body, It may be employved as a substitute for shest metal. It may be
smpioyed as a substitule for a tube or other generally cvlindrical element {eg., amiiube ara
hydroformed tubel, The fibrous composite materdal may be a patch, 2 stip, & wrap, or the liks
that may be used to provide lecalized reinforcement to another componeant of an assembly {e.q.,
a beam hat receives somes oad). The flbrous composiie material may be rolied inlo a ubular
shape {2.g., for use as or with oross-car beams, side intrusion or impast beams, or other
automotive parts). The fibrous composite malerial may be tharmoformed into a desired shape
{&.g., for & roof bow, bumper, or other alomotive part). The fibrous composite malerial may be
shapsad o provide a structure and support for subcomponents of an assembly.  For sxampia,
the fibrous composite material may be shaped to form a door inner module, which may provids
an infernal structure within a vehicle door, which may also provide an area for mounting andfor
supporting subcomponents within the door {e.g., a molor for actuating movement of the
windows, the locking mechanism, a wire hamess, speaker system, ventlation componernts,
mirer eontrels, denister, and the like),

HERERY in one aspect of the present {eachings there is contemplated a baffle andfor &
structural reinforcement for an article. The balfle andfor structural reinforcament inoludes a
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carvier that includes a mass of polymeric materdal having an outer surlace and including a Hrst
polymaric material (8.g., a first thermoplastic malerial). The carrisr may be made of a8 single
polymeric matedal, or a8 plurality of polymerie matedals. The carier may nclude a fibvous
composiie malerial of the present teachings. That i, the camier may include a distributed
segmantad form phase and a polymerio mabix phass,

fOGU8E] The polymerio materal {s.g., the thermoplastic polymer material) of the fibrous
composite material of the teachings may be the sams as or differsnt from a polymaerio body of
the carrder. The frous composite material of the teachings may be emploved on or within a
golymaerio body of the carler.

R By way of Husiration, the carrer may smploy &l least ons consolidated fibrous
ingert {which may have a predetermined ordering of fibers within the insert andfor may have a
twee dimensionsl shaped configuration) having an outey swface. The camier may be a
polymernic material fayer located adiacent one or more additional layers including & Horous layer
and a hermoplastic polymsr layer. The fibrous material may include at lsast one consolidatad
fibrous Inser including at least one slongated Bber arvangsment {24, having 8 mass of
continuous Hbars, which may be In an ordered arrangement, such as by being generally axdally
aligned ralative o gach othen) distributed in a cohesive mass of 8 second polymeric matarial
{2.g.. 8 second thevmoplastic materfal), The filvous ingert and associated second polymerte
material may adioin the mass of the Hrs! polymeris material in a predetermined location for
carying & predetermined load that is subjected upon the predetermined location. The fibrous
nsert, the second polymer e materdal and the mass of Hirst polyme©c matedal include compatible
materials, struclures or both, for allowing the firous insen (o be at least pariially joined o {8,
form & single phase with or be miscible In) the mass of the first polymeric matsdal, The
structural reinforcement may also Include 8 mass of activatable material selsctively applisd over
at least a portion of ong or both of the outer surface of the mass of the polymerdo material or the
fibrous insert {e.g., on sxderior peripharal surface of the carder, within a cavity of the carrer, or
bothy, The mass of activatable malerial is capable of activation for expansion by an sxternal
stimulus {89, heal, moisture, radiation or otherwise} and is capable of ouring to form an
adhesive bond o al least one swiface of the article, Desirably the outer surface of the Hrous
insert may be at sast pardially co-axtensive and continuous with the culer surface of the mass
of polymesic matadal, |

{00088} Materials for g camier body herein may be a polvamide, a poholelin {s.q.,
polvathyiens, polypropylene, or otherwise), a polvcarbonate, a polyester {e.g., polvsthviens
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lergphthatate), an epoxy bassed materdal, a thermopiastic polyurathang, or any combination
tharaol. It may be preferred o employ & polvamide {8.g., polvamide &, polvamide 8,8,
polyamide 8, polyamide 14, polvamide 12 or the Bke), The materials of a carrder body and any
ovaray andior insert may be generally compatible with sach other in thal they are capable of
torming a mechanical or other physical inferoonnection {e.g., a microscopic inlerconnection)
between them, ey are capable of forming a chemical bond betwsen them, or both., For
example, the first and second materdals may be such thal they fuse ogether {a.g., in the
absence of any adhesive) when healsd above thelr malting point andior thelr sollening point. .
Tha carders may also be overmolded with a secondary material, such sscondary material may
e a polymerde materdal such as & polyolelin, a polvamide, 8 polvesier, a polvwrsthans, a
polvsulfone, or the e, or an expandable polymer {e.g., & structural foam or an acoustio foam),
faohas) The polyrnerde body of any carler may include & polymeric material thal may be
filed with chopped fibers {8.q., chopped glass fibers), which may be present in amount of abowt
2% 1o about 40 {a.g., about 30 fo about 38} weight percant chopped fibers. The average lsngth
of such fibers may be below abouwt 20 mm, below about 10 mm or sven balow abowl 5 mm.
They may be randomily oriented. The first and second materials may be free of any matallic
malernials,

(000807 A fibrous insert andfor layer may include one or more lavers {8.9., they may have
2, &, 4, 8, or 15 or more layers) thatl are consolidated in the sense that they include a plurality of
individual fibers that are distributed in 8 cohesive mass of the sscond polymeric materdal. The
individual fibers may be distributed iIn & predetermined ordered arrangement within g matix of
the econd polymeric material. Preferably at least a portion of the fibers are ordered In their
arrangement {8.g. In a gensrally ordered relationship ralative 0 each other, such as generally
paraliel or unidirectional or otherwise generally axially aligned), and thus are not randomiy
distribuded in the second polymeric materdal. Multiple layers may be consolidated together so
that a cohwslve mass, including the mulliple layers, Is formed. The muliple layers may be
consolidated so as to form a predetermined shape In the form of a thres-dimensional shaped
nserl, It iz also possible that a fim or intermediate layer may be looated In helwean ong or
morg of the multiple layers. For instance, the fibrous insart may employ a plurality of lavers that
include a plurality of slongated fibars {g.g., having a length of at least 1 om, 3 om or even 5 om
or longer) that are orlented generally paralist or generally unidirectionally 1o sach other and ars
distrivuied in & generally continuous polymenic matrix {8.q., in 2 continuous maldx of the senond

polymenic material), The fibers may be mineral fbers {a.g., glass fibers, such as E-glass fhers,
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S-glass, B-glass or otherwise), polymeric flbers {eg., an aramid fiber, a celiulose fiber, or
otharwise), carbon fibers, metal fibers, natural fibers {e.g., derived from an agriculiural sourcs),
or otferwise. Desirably the fbers are glass fibers. The pluralily of slongated fibers may be
oriented generally paraliel lo each other, They may be braided, They may be fwisted
Collsctions of fibars may be woven andfor nonwoven, The fibers may have an average diameter
of about 1 fo abowt 80 microns {8.g., abouwl § to about 28 micronsl, The fibers may have a
suitable sizing coating thereon, The fibers may be present in sach laver, or in the fibrous insert
generally, i an amount of at least about 20%, 30%, 40% or avan 0% by weight. The fibers
may be pregsent in each layer, or in the fibrous insen! generally, in an amount below about 80%,
8%, or sven aboul 70%, by weighl, By way of exampis, the fibers may be present in sach
fayer, or in the Hibrous insert, in an amount of about 50% o about TO% by weight, Fiber contents
Dy weight may b delermined in accordance with ASTHM D2584-11. Tapes andfor sheats for the
wyers of the ibrous ingert may be made by sxtrusion, pultrusion or otherwise, in this manner, #
may be possibie (o gchisve ordering of the fibers in the tapes andfor sheets. The method herein
may nolude a step of impregnaling a fibrous mass with the matedal of the polymeris matrix and
passing the resulting impregnated material through a die {s.g., 8 heated die} 80 that the fibrous
mass iz coatad with 3 generally continuous mass of the material of the polymeric matrix. In this
mannar, 18 also possible 1o achieve desired ordering of ibars relative 1o each other.

{O0091] Each layer of the fibrous insert may be in the form of a sheset, a lape or
atharwise, Fibers in the shest andfor taps preferably may have an ordered relationship relative
o each other, For example, the fibers may be gensrally parallel with each other andfor oraniad
uridivechionally, When congolidating muitiple layers of shest, taps or other form of layer to form
a mult-ply fibrous nsert, it e prefered that at least one laver of the fibrous Inser sxhibils an
arderad relationship, as opposed to a random relationship, such as is found i fiber mats, which
typically employ chopped fibers thal are randomly laid across sach othar,

REE B it is possible that the fayers of the fibrous insert ars provided as being wound on
a resl. Each layver may have a thickness of af least abowt 0.1 mm or at least sbout 4.8 mm,
Each layer may have a thickness below about 0.5 mm or below abowt 0.4 mm. For nstancs,
aach layer may be about 0.2 0 about 0.3 mm in thickness, Some or all of the individual lavers
may be anisolropie in Hs mechanical properties. For sxample, § may exhibit a relatively high
flaxural modidus andfor strength in a longitudinal dirsction, but a lower Heaural modulus andfor

sirangth in & transverse dirgction, or vice versa.
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EEE R Ths fibrous material may nolude a plurality of woven strips. For example, & may
include & plurality of stips that are oross woven, sach strip having a width of at least about 1
mim, at least about 2 mm, or gven at isast abowt 3 mm. i may include a plurality of strips that
arg cross woven, sach having a width below about 10 mm, below abowt 8 mm, or sven below
about 8 mm. The woven ships may be held together by a polymeric matdx materdal, e.g., 8
continuous matrx of the polymeric material of the insest. Thus, the sirips ave fixed iIn a
predetermingd position relative o sach other by virlue of the polymario material. it s preferred
thal al least some of the strips may sach includs a plurality of elongated fibers arranged in an
ordered relationship relative to sach other, desirably within a coninuous malrix of polymerie
matedal, However, { is possible that one or more sirips may nclude fibers having & random
arisntation relationship relative 1o sach other, such as is derivad from typical fiber mats. Strips
for forming weaves may be made by slitting & taps, sheet or other form 1o an appropriate widih
o form sirips, Allernatively, # may be possible that the strips are pultruded, sxtruded or
otherwise formed (as deseribed herein} in the desired width,

1000847 The materal defining the fibrous Insert may exhiblt & Sexural strangth per ASTM
L5010 of &l least aboul 450 MPa {(e.g., it may rangs from about 500 to about 1100 MPa), The
raterial of the fibrous insert may exhibit a Sexural modulus per ASTM DVS0-1D of at Isast abowt
§ GPa, 10 GPa, 20 GPa, or sven al loast about 38 GPa {e.g., # may rangs from about 30 o
about 38 GPal.

10008SE] The fibrous nsar may employ a fully densified polymer for the polymerie matrix.
The fibrous insert may have a void content that is below about 10% by volirne of the insert, and
more preferably below about 5% or sven below about 2% or 1% as measured by ASTM D274
08, The fibrous insert may have a density that is below about 40% the density of stesl, below
about 33% the denaity of steel, or aven below about 25% the density of plain carbon steel,
F0008] The firous insert may be mads to Include a plurality of adioining lavers. The
adicining layers may have fibaer orientations that are the same or differsnd relative o sach other,
The fibrous insert may include & woven layer adjoining a non-woven laver, The fibrous nsert
may inchide a woven layer adioining another woven layer. The weave pattern of woven lavers
withinn the filrous Insert may be the same or may vary Datween such woven lavers. The width of
sirips may vary between adjoining layers. The thickness of adicining layers may be the same or
different.

FOR0ETY Examples of weave patlerns include plain weaves, twill weaves, or otherwise.
Overlapping strips may be woven generally orthogonal 1o one another or at some other angle.
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The waave may include g plurality of warp and welt strips. The ratio of warp to weill strips may
range from about 3070 o about TO:30. For example | may be about 50:50. 1t is possible that
strips of the warp and well members may have generally the same width, The warp sirip and
wel siip widths may vary refative o sach other by 10%, 20%, 30% or more. The warp sirip and
wall sirlp widihs may vary relative to each othser by less than about 70%, §0%, 50% or lsss.
LY Each adioining faver of {ape andfor shest in the fibvous Inserls herein may be
arientad so thal i has fibers {Le., the Bbers tha! are embedded in the polymaeric matrix of the
tape andfor sheet} aligned in & different predetermined direction relative fo fibers of an adioining
fayer, Fibers inone layer may be generally &t an angle relative o fbers iy an adjoining laver
{£.0., the axis of fiber orlentation as betweern layers may differ from about 10 to about 80°, such
as it the form of an X-ply). For exampls, one mulliple layer structure may include one layer that
may have fibers orlented In a first direction of a first plane, and an adicining laver oriontsd with
its fibers generally In & second plane paralist fo the fiest plane, but at an approximately 80
dagres angle.

{00098} Desirably sach of the adioining lavers ars jolned together as & cohesive mass.
For instance, sach of the layers may be bondsd together by the polymeric material of the
respactive layers to form a serles of continuous lavers. The layers may be bonded together in
the absancs of any adhesive.

FOODTN The fibrous composite material, sueh as in the form of & sheetl or a fape {which
TRY serve as 8 paloh or & wiap), may be applied to control fallure modes of centain componenis
of an assambly which may be subject o 8 load, to provide localized reinforcement, or both. For
axare, @ holiow beam {8.g., having & rectangular cross section) recelving a load from the top
may have a lendenoy to shear, Strength may be improved andior the failure mode may be
alierad by adding a fibrous composile material as disclosed hereln.  The fibrous composite
material may be attached o the holiow beam 1o alter s deformation characteristios {a.g., with
the composite material being genserally planar {or in planar condact with a portion of the beamy),
acling as a shell arund the beam, surounding the beam as a wrap in a generally E‘é@i%@&i
direction, as & generally cylindrical or tubtdar structure outside or inside of the hollow beam, or
another configuration). For example, a woven iaps may be applisd along the side walls of the
bearn o help resist having a shear plane that arises substantislly along the longitudinal axis of
the beam {raveling through the middie of the partl. The taps {or other form fibrous composite
materiall may be single ply or mudi-ply, with 8 combination of fiber orfentations {8.9., one layer
having fiers generally orlented in the longituding! direction, another layver having fibers In an
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orientation that is al an angle relalive to the longitudinal direction {84, at 80 degrees, 48
degreas or otherwisell. The Bber direclions may assist in resisting shear or may provide control
andfor predictability in fallure of the component (8.0, 8 beam) upon being sublected to &
particular load, A secondary componant may be applied o further inorease strength or aller the
fallure mode, such ag another fibrous fayer having a different orentation, or may bs a metal, 8
foam component {inside or cutside of the hollow beam, for example), 8 fibrous mat, or a ductile
matenal {(8.9., a rubber-dike material).

[GO8101] The Horous insert may have one or more structral features incorporated therein
or attached thereto, For example, one or more fasteners may be smploved {8.g., one of more
threaded fasteners). One or more lugs may be formed or integrated into the fibrous insert {a.g.,
for providing & gap for the passags of a coating Huld), One or mors rvels (8., a seif-plercing
rivet, & blind rivel or both} may be integrated info the insert. One or more metal blanks may be
integrated info the inser, which may be adaptad to provide & location on & resulting part for spot
welding. One or mors studs may be infegrated info the insert (8.9, having & base that may have
aperiures delined tharaln, which s boaled within or on a surface of the fibrous insert and which
has a post {8.g., a threaded post) that sxiends outward from the basel. One or more metaliio
pansts, shesls, or pleces may be intagrated info the insert or securad therets, such as for
providing localized reinforcamant,

[GO0103) Cne or more structural fealurss may be incorporated info the insert {or other
compasite matenial} via selsctive healing, which may be conductive heating. In accordanscs with
the present leachings there i envisioned that one or more assemblies may be mads by
salectivaly healing a portion of a structure having & wall {8.0., an outer wall of the fibrous insert)
with a thicknass 1o elevale al least s portion of the thickness of the wall 1o a lemperature above
the glass transition temperature of a polymer {8.q., 8 polvamide andior a reformable resin
material as taught herein, which may be reinforced as desoribed herein, such as with a fiber or
other phase) that forms the wall. While the at loast a portion of the thickness of the wall is above
the glass ransition temperature of the polymer that forms the wall, an article is contacted with
tha structure al lsast partially within the heated region, optionally under pressure, Tharsafier,
tpor heat leaving the healed region, the polymer that forms the wall cools so that resuliing
polymer in contact with the article is cooled below the glass transition temperature, An adhesive
bond thereby results, with the article remaining atlached o the structure by way of the bond,
The above method may be emploved to form an adhesive bond sither with or without an
additionad applied adhesive. That fs, ® may be possible hat the material of the structure, when
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heated above s T, and then cooled helow B, will be capable of forming an adhesive bongd
diractly with the contacted articls, Morsover, the tenacity of the bond may be sufficient so as o
ctviale the need for any fastensy for ssowing the article to the struciure. One option for
achisving a bonded assembly in accordance with the above may be 1o employ an adhesive
lavar, wharain the adhasive layer {8.¢., having & thickness below about 5 mimy, 4 mm, or 3 mm,
and ghave about 0.08, .1 or about 0.5 mm} is mads of a reformable resin materal as descoribed
herain.

R R The structure may be any of a number of sultable forms. For example, it may be
an slongated beam. Hmay have a length and may be solid along alt or part of the tength. It may
have a langth and be holiow along all or part of the lenglh. The structurs may have 8 wall
hickness, measured from a first exposed surfacs o a generally opposing sxposed surface. The
wall thickness may be al least about 0.5 mm, about 1 mm, gbout £ mim, about 8 mm, about 18
T, oF about 20 mm. The wall thickness may be balow abowt 100 mim, below about 80 mmy,
below about 80 mmy, or below about 48 rom.

T0a4] The siructure may have a predetermined shaps. The shape may includs one or
more eiongated partions. The shape may include one or more hollow portions, The shape may
include one or more walle that define afl least one cavity. The structure may include & plurality of
porlions each having & diferent shaps. The stucture may be configured to define a fascls,
which optionally may be supported by an underlying structure, The structire may be configured
to dafine a support thal underlies a fascia. The structure may have a panel configuration, 8.g., &
configuration that resembles a ransportation vehicle {e.g., an automolive vehicle) sxterior body
or inderior trim pansi

UL Y The structure may be configured o receive and support ong or a plurality of
arficies {84, ransportation vehicle components), such as for forming & module. By way of
Hustration the ane or more arficles may bo selectad from & brackel, 2 Binge, a latch, a plats, a
hook, a fastener {8.g. & nul, a bolt or otherwiss), a mofor, & component housing, & wire
hamess, 8 drainags tube, 8 speaker, or otherwiss,

RELE EE Heal may be spplisd In any sultable way. One approach may be o employ
tooalized heating. For example, it is possible to smploy induction heating for selectively heating
al jeast a portion of the above-described struchwe. To Hlustrale, i s possible that the structurs
will be made with a polymer {8.g., a polyamide andfor 8 reformable resin materal ag taught
hersin, which may be relnforced as deseribed hersin, such as with a fiber or other phase), and
will have a wall thickness. A metaliic fem {which may be 8 component desirsd 1o be altached o
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the structure} may be brought info prexdmity {which may or may not be i contacting relation)
with the structure al the desired Iooation of attachment. An induction heating device may be
brought into proximity with the metallic tem {or heating the metaliic Bem, which i furn will heat
the structre in the alfected location when power Is supplied to the induction heating device.
Other heating devices may be employad as well for achisving localized haating.

[GoR1aT] it s possible that time that olapses from the time the struciure is inilially heated
untit when an article becomes attached fo it by the above steps may be relative short, For
axample, the aperation may (ake less than about 1 minute, less than about 30 seconds, or lass
than about 15 seconds. | may {ake as low a5 about 1 second, about 3 seconds, or abowt 8§
ssconds.

e by Another aporoach o forming an assembly in accordance with the present
sachings envisions forming a shapsd part by healing & of mass matedal in accordance with the
teachings (8.0, a polyamids andfor a reformable resin materal as taught herain, which may be
rainforcad as desoribed herein, such as with a fiber or other phase) 1o & temperature above the
T, of the malerial, When al least a portion of the material is above the T, pressure may be
applisd o the mass of maledal o define a configured part. For example, § may be
thermoformed, molded, or otherwise shapsd, The configured parnt may then be joined with
another part o form an assembly. The joinder of parts may be by an adhesive bond, by a
machanical connection {a.g., using & fastenar, using & fitted jolnt configuration, or both), or bath,
For axample, without limiiation, at least two generally complementary parts may be secured io
sach other, If one of the parls Is made with a reformable resin matedial as laught harain, they
may be joined together by attaching the parts white st loast a portion of that part is above the T,
of the reformable resin malertal, and then cooling o a temperature below the T, Cptionally, this
approach may be modified to nclude the amployment of & laver of adhesive batwean the pasts,
whargin the adhesive layer (8.4, having a thickness below about § sy, 4 mm, or 3 mm, and
above about 005, 0.1 or about &8 mm) s made of & reformable resin malerial as describsd
harain,

e The parls may nolude dissimilar matedals, For example, ong part may include a
reformable resin material of the present teachings. The other part may include a polyurethane, a
palvolsfin (e.g., 8 polypropylenel, a polyvamids, an aonviate, a methacryiate, & polyoarbonate, a
polyestsr, or any combination thereo!; the other pant may ncluds a thermoset material; the ofher
part may be mads form a sheet molding compound or by reaction injection molding.
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F000T 10 Ag indicated the Hibrous Inserls may have a pradetermined shape. The shape
may be the resull of ong or more caloulations pedormead dwring a step of computer simulation of
& crash, a cerlain stress state or otherwises, and may be selecled 50 as o provide additional
lonalized reinforcement it a predetermined region of the part that will be sublected to 8
pradicied stress condition that i defermined from such caloulations. The fibrous inserts herein
gy include one or any combingtion of a generally sinousoldal geometry ovar some or all of s
lenglh, & pair of spaced apart walls that are joined logether by a cross wall, ane or more ledpes
ancor sleps, & concave surface porlion, & convex surface region, o one or more apaeriures. As
indicated, tha fiwous ingerts harein may have a thres dimensional configuration, in contrast with
& generally planar configuration,

[EHE R The charactaristios of the inzsert can vary from application to application. One
bensfil of the present teachings is that the layers of the inssr can be selecled fo meet the
naads of a particular application {8.4., In responss o modsling by computer simulation {such as
pomputer orash or stress state simulation)). The inser can be individually bulit up to include a
plurality of layers based upon the performance demandsd by the application. Morsover, another
benefit of the teachings herein s that localized reinforcemant can be achisved by locating the
inserls in parlicular locations that are indicated as reguiing additional local reinforcement {e.q.,
i rasponse o modeling by computer simulation {such as computer orash or stress siale
simutation)}h. The leachings hereln thus afford the skilled person with a surprisingly expanded
abifity o seleclively lune performance of stuctural reinforcements. The teachings also
contemplate the uge of modeling by computer simulation (o determine the looation at which 8
carrier 5 axpecisd o cany & predetermined ivad It & orash or under a cerlain siress stale.
Based upon the results of such modseling, the location &t which & fibrous insert should be
located can be delermined. Also, based upon the resulls of such modeling, the orleniation of
fibers andfor the selsction of respective adjoining layvers of laps or sheet in g fibrous sert can
be ascartained. Parls can thersafter be made that are based upon the designs resulting from
such madsling. Methods emploving such steps arg thus within the present teachings as weall,
a00113] The caniers of the shuctural reinforcements may be such that the outer surfacs
of the Hibrous insen iz generally co-sxtensive with the ouwter surface of the mass of polymeric
material, This may be over some or all of the perdmeter of the fibrous Ingert, 1 s also envisioned
that the Hbrous ingert may have opposing suriaces that are sach exposed and thus visibla in the
resulting parl, For instance, the fibrous insernt may have an exposed owler surface and an
gxposed nner surface. Thug, the fbrous insert may adicin the mass of polymeric material only

33



WO 2016/145158 PCT/US2016/021721

along one or mors side sdges of the fibrous insert, The resulling visible swiaces of the carrier
may be substantially free of knil lines or other imperiections that could provide a soures of
localized waeakaning of the carrier.

[OO0113] The second polymeric may be applied dirsctly onto the fibrous insert. The sscond
polymaernic material may be & Squid poured onin the Bbrous insert untll the insert is saturated with
he sacond polymaric matenal, The lguid absorbed by the fibrous inserl may account for at least
about 30% and less than aboul 70% of the tolal weight of the inserd after saturation. The
saturated insert may polymerize &t room lemperatirs or with the addition of heat, such that &
igid solid composite i formed. The resulling composite may then recelve the Hirst polymeric
matenal by locating the composite into a tool and molding the first polymerdio materal {which
may ba a nvlon material) about the composite,

fO00114] As appreciated from the abovs, the camisr may have ) & polymerio portion
defined by the mass of first polymerie material, (1) 8 localized reinforcement portion defined by
the al least one fibrous insert, and {il) an interiace portion between the polymerde portion and
the localized reinforcament portion whereln the polymerde portion, the interface portion and the
focalized reinforcement portion are a generally continuous structure, The interface portion may
nclude () an interpenetrating network defined by the first and second polymeric malerials, {0
chermical bonds between the Hirst and second polymesr©ic materials, or both ) and &)

HRERR R R Qne or more sides of the activatable material may be tacky, Though i is also
possible that one or more sides will be generally tack free to the fouch al room lemperature.
One or morg mechanical fasiensrs may be emploved by altaching to or being formed integral
with the actvatable materigl, the carer, or both,

R LR Suitable materials that may be emploved for the activalable material include
gxpandable malerials and materials that do not expand. Mowsver, § is contemplated that the
activatalde malerial can be activated to form a foam. For instance, the material may be
activated 1o form & struclural foam {89, the malerdal may nclude an epowy ingredient). The
material may be activated to form an acoustic foam,  The material may be activated 1o fiow far
purposes of sealing & region within g cavily. The maleral may include & combination of a
material that is activatable to expand and a materdal that is not activatable o expand.

HCER R The slructrsl reindorcement of the present teachings may be amploved for
structurally reinforcing an articls, such as by lecating the structural reinforcameant within a cavily
of the arlicls and activating the activatable material 3o that it expands and bonds 10 a surface of
the article. The structural refnforcement may also be emploved to seal andior batfle the cavity

@
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I a prefered application, the structural reinforcament s employed to reinforce a ranspostation
vahicle, such a8 an automotive vehicle.

oo} By way of sxample, the structural relnforcement may be positionsd within a
cavity of 8 transportation vehicle {8.g., an automnolive vehigle) prior 1o ooating the vehicle. The
activalable maleral may be activated when subjected to heal during paint shop baking
gparations.  In applications where the activalable materal s & heat acthvated, thermally
sxpanding matarial, an important consideration involved with the selection and formulation of
the malardal comprising the aolivalable malerial is the lemperalure at which & material reaction
or expansion, and possibly curing, will tske place,  Por instance, In most applications, it is
unciesirable for the material 1© be reactive st room lemperature or otherwise at the ambient
temperatire in a production fine environment,  Mors typlcally, the activatable matedal becomes
reactive al higher processing lemperalures, such as those snoountered in an awtomobile
assembly plant, when the materlal s processsd along with the automobile components at
slevaled temparstures or at higher applied snergy lovels, e.g., during paint or g-coal curing or
baking steps. While temperatures encounterad in an automobile assembly oparation may be in
the rangs of about 140°C 1o about 22000, {eg., about 148.88° €. lo about 204.44° €. {about
300° F. 0 400° F.), body and paint shop applications are cormmonly abowt 83.33° C. {abouwt
2007 F} or slightly higher, Following aclivation of the activatable material, the material will
typically cure. Thug, # may be possible that the activalable material may be heated, § may then
expand, and may thereafier cure 1o form a resulting foamed material,

f000118] Ag indicated, the teachings hersin also relale 1o a method for maldng a carrier for
an activalabls material {a.g., for sbuclural reinforcement for an article). The method may include
& step of inserting at least one fibrous Insert {which may be consolidaied at the time of the slep
of nseriing} having an outer surface and including at least one slongated fiber arangement into
A cavily of 8 tool. A mass of polymaerie material may be molded in contact with the fibrous insen
a0 that & resuiting molded mass of polymer ic materdal integratly adicing the fibrous insert {which
is consolicatad in s fina! slaie) and the outer surfacs of the fibrous Insert is &t least partialiy co-
axtensive and continuous with the outer swiiace of the resulting molded mass of polmaric
material. A mass of activatable materdal may be applied (e.g., overmolded, mechanically
attachad or otherwise} sslectively over al Isast a portion of one or both of the outer surface of
the rasulling mass of the polymesic maisrial or the fbrous insert. Consistent with the teachings
above, the mass of acthvatable material may be capable of activation for expansion by an
axternal stimulus (8.9, 0 al least partially, § nol complstely, 8 & gap or 2 cavily) and may be
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capable of curing o form an adhesive bond 1o at least one surface of the anticle o which it s
attached.

[OO0120} The method may includs a step of at least partially shaping the fibrous insert
after # is placed in the cavity of the tool For example, the ool may be preheated o a
ismperature above the soflening temperature andior the mslling temperature of a polymer of
the af isast one fbrous insert prior 1o placing the fibrous insert in the cavity of the tool, The
mathod may include a step of al least padially shaping the fibrous insert after it & placed in the
cavity of the tool and while molding the mass of polymeric material. For instanoa, heat andfor
gressure that resuils from infroducing the mass of polymeric matarial into the cavity {a.g., by
injection molding), may at least partially causs the fibrous insert to assume & shape diclated by
ong or more of the walls defining the cavily, Thus # iz possibie that the fibvous ingert is not
preformed prior 10 placement in the cavily, and § assumes Hs final shape only whils in the
cavity, OF courss, g also possible that the Hbvous insert is preformed prior 1o placement in the
avity.

fonieyy The fibrous insert, prior to the inserting slep, may be provided i the form of one
or more layers of a tape andfor sheet, in which the fibers may be fixed in position relative o
gach other {8.g., 83 8 resullt of consolidation, by which a gohesive mass of the fibers distribuied
i a continuous polymeric matix is formed). The method may thus include a step of fabricating
the fibrous ingert 1o Include g plurality of layers of lape andior sheel. For example, the method
includes a step of consolidating a plurality of lavers of tape andfor sheet while the plurality of
layers is subjectad o heal and optionally an slevated pressura. For nslance, a lemperatues
may bs amployed that iz above the meliing andfor softening point of the polymer of the laps
andfor shast 10 cause two or move adioining lavers to fuse and remain joined together upon
cooling. A pressure of about 8.1 1o about 1 MPa mav be applied {a.g., about 0.2 1o about 0.8
MFaj. The temperatire and pressure may be smploved for a desired amount of time 1o achisve
assenlially complete densification. # will be appreciaied tha! the isachings alford for the
formation of vanous consolidated insert structures.

{0eMI23) The fibrous Insert may be thermoformead o form a predetermined shape. The
Hbrous insert may be thermoformed during & step of consolidating, & resuiting thrermoformed
fibrous Insert may thereafler be placed in a ool cavity and mollen thermoplastic polymaeris
malenal may be Intraduced i contact with i,

{G061233] The step of molding may Include a step of introducing molten polymeric material
it the ool cavity by way of a gate that is positioned in generally opposing relationship with the
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at least one fibrous ingert. In this manner, upon introduction into the cavily, the moltsn polymer
contacts the Hrous insert before i contacts a wall defining the cavity,

{oogedy Carriers made In accordance with the present teachings may have a wall having
a first surface and a generally opposing second surface, The wall may have a thickness ranging
from about 0.2 1o about 8 mm {8.5., about 1.8 to about 4 mmy). Al select regions within a carriar
it s possible that at least about 20%, 40%, 80%, 80% or aven 100% of the wall thickness is
definad by the Hbrous insert or overlay. The fibrous insert or overlay may have a contounad
outer surface portion that s visibly exposed on the carrier. Tha fibrous inserl or overlay may
have a generally flal outer surface portion that is visibly exposed on the carrier. The first surface
and the second surfacs may be gansrally paralisl 1o sach other,

(OO0 35} The filwous insart or cverlay may ocoupy al least about 10%, 20%, 30% or even
40% by weight of the overall carrier. The fibrous insert or overlay may De less than about 80%,
8%, or aven 70% by weight of the overall carmier.

[on0i28] Thus it is possible that al lsast 8 pordion of the first surface and the sscond
surface are sach visibly exposed and will be compossd of the fibrous Insert or overlay, The
carriers may have one or more additional structural refrdorcements or ofher structural foatures,
such as ong or more rbs, bosses or otherwise. These features may be free of or they may
nclude & fbrous sert in sccordancs with the present teachings.

FO0METY s contemplaled thal the materials as disclosed hersin may be paintabls
Faintability may be desirable, for exampls, If any surface is visibly exposed. The material may
be Ink jel printed. The material may be painted with conventiona! e-coat systems. The material
may be painfable, a8 it may have an affinily for takdng paint, This may be dus, at least in patt, o
the polarity of the material andfor the hydroxy! funclionality of the backbone {8.q., generally
Hnear hackboneg polymer chain.

IEEERE G Parts herein may be employed for any of a number of purposses. For a}{amms
they may be emploved o struciurally reinforce a transporiation vehicle such ag an automotiv
vahicia. In this regard, 2 part may be placed in a cavity of a vehicle body structurs, such as 8
vehicle frame. After applying an s-coat layar to the vehicle body {8.g., within the cavily), the part
may be subjecied i heat from a baks oven, which causes the solivalable matarial 1o acthete
{e.4., expand and fill the cavity), and becomes bonded o the vehicls body,

LRI Fgs. 1-11 Hlustrale axamples i accordance with the present teachings. With
refarance o Fig, 1, there s seen & carer 10 that bas one or more masses 12 of a first
polymarie malerial, A fibrous insert 14 is shown joined to the ong or more masses along an
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gdge of the ingserl. An interface portion 18 s depicted {n exaggerated form for purposes of
Hustration; for simplicity such interfacs Is omitied from the remaining drawings, though i should
be appreciated that it may siill exdst in such smbodiments). The carrder has an upper surface 18
and a lower surface 20, The firous insseit 14 spans from the upper swiiace 1o the lower surfacs
g0 that the fibrous insert is exposed visibly top and bottarn, Fig, 1 omits any activatable matsrial,
Howaver, activatable material can be localed over aither or both of the mass 12 or the fibrous
insert 14,

FOO0T3G] Fig, 2 depicts a carrler 110 having & mass of polymeric materal 112 and a
fibrous insert 114, in which only the upper surface of the fibrous Insert i exposaed. A lower
surface and side adges adioin the mass of polymsric malerial, The interface region it omitted in
this depiclion, though & may be prasent. in this drawing, an expandable materal 128 iz located
over both the mass of the polymerie matenal and the filrous nsert. Howsver, i can be located
over ang or the other as well,

Haeiang Fig. 8 Hustrales an example of & carrer 210 having a fibrous reinforcement
portion 214 with an upper surface 218, from which a rib 222 projscts, which is made of a mass
of polymernic material {s.g., the same type of material as is otherwise present in the carrier o
which the insert adjoing). The rib includes an outwardly projecting portion having a width w,, and
an enfarged neck region that has a width {at s largest dimension} we that is larger than the
width wy, such as by an amount of &t fsast about 10%, 230% or 30%. The widih w, may be larger
than the width wy, such as by an amount of no greater than about 100%, BO% or 80%. A similar
ril struciure can be emploved in the embodiment of Fig. 2.

R R Figs, 4a and 4b Hustrale bwo views of an Hustrative carrier 310 that includes a
mass of polymenic matedal 312 and a palr of fibrous inserts 314, In this instance the fibrous
inserts have upper and lower swiaces thal are exposed. Though It i possible to emplov &
structure fike In Fig, 2, In which only an upper surface is exposed. & plurality of ribs 382 ars
gmployed {ribs are shown in ransvaerse disposition relative 1o & longiludinal axds thowever for all
of the ambodiments hereln, rbs may run longitudinally, transverse, diagonally, or any
combination thereof, fbs may also be arcuats)). An activatable material 328 i shown. Though
shown in & groove, i may rest on an outer surface o otherwise be carred on the carrar for al
of the embodimants harein,

HE G RRY Fig. & Hlustrates an example of how fibrous inserts 14, 114, 214 or 314 can have
multiple layers with two or more adioining layers having different fiber orlentations. Though
shiown as unidgirectionally oranted in this example, strips of impregnaled fibers may also be
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provided as a woven layer, Other orentations than those disclosad in Fig. § are possible. For
sxample thrae layers of uniadally oriented fibars may be orlented at YO0 degress refative o
aach othar, or five layers may be orented at MBS0 degress relative o each other. Other
grieniations are alse posaible.

OO0 34) Figs. Ba and 8b Hlustrate an exampls of one part In accordance with the present
teachings. The part includes a carder 810 that is shown as a molded parl. | includes a fibrous
maant 814, The carrer includes & plurality of ribs 832, Activatable material 828 is applied over a
portion of the carrler, and is shown as parlially covering the insent 8§14, The insert 814, which s
avaermaided for defining the carrier 810, includes an arcuate surface, and spacifically a concave
surface porlion B840, In the smbodimant shown, s located toward an end of the ineert 814, The
insert 814 also ncludes & through-hole aperture 842, The Insant includes a pair of opposing
walls 844 {which may be gensrally parallel or otherwiss orlented) and a cross wall 848, The
nserl spans a contral portion of the carrer,

{DOO138] HMgs. Ta and Th #lustrate an example of another part i accordance with the
present teachings. The part includes a carler 710 that is shown as a molded part § inoldes a
fibrous insert 714, The carmler includes a plurality of rbs 722, Activatable material 728 is appiied
over & portion of the camiern, and s shown as partially covering the insent 714, The insert 714,
which is overmolded for delining the carier 710, includes an arcuate surface portion 740, In the
smbodiment shown, s localed toward an end of the insert 714, The insert 714 also includes a
throughvhole aperiure 742, The inser! includes a palr of opposing walls 744 {which may be
generally paratiel or otherwise orlented) and a cross wall 748, Al least one step 748 s definad in
the inserl

GO 38] Fig. 8 Huslrates schamatically how a carder may be made in accordance with the
presant fachings. & res! of fibrous material 850 may supply the material 10 define an ingert 814,
shown ag being sinousoldal, The insert may be overmolded 1o define overmoided portions 882
(e, noluding a plurality of ribs) of a resulling camier 810, The resulling carrler, thus includes
the insert 814 and the overmolded portions 852,

eman Fig. @ Hlustrales an sxample of an extruded profile o accordance with the
isachings for use a8 a carier 310, The profile includes & shaped (8.4, by rolling or othenwise
baing exiruded) fibrous somposite material overlay 980 over an outer surface of carvier shaped
body 962 {8.g., an extruded polvamide or glass filled polyamide, such as Nylon®), The carmier
shaped body 882 has an inner sutacs 884 & b 888 sxtends away {8.g., generally
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arthogonally} from the inner surface 884, An activalable material & s shown, The activatable
material & may have been extruded onto the carier,

fB00138] Fg. 10 Husirates an example of & possible manufactring system 1070 that may
be emploved for an extrusion operation i accordancs with the present teachings. Raw material
for forming a base polymenic material body are fed Into & hopper 1072 sssociated with an
extruder 1074, The sxtruder 1074 has a dis 1076 through which the raw material is passed to
fonm & shaped body profile 1078 {e.g., an extruded profile). The shaped body profile may be
comted {a.4., by 8 vacuum cooler 1080} to a deshred temperaturs. A feed system 1082 may fesd
a Hbrous material 1084 {o.q., by way of rollers} to a roll coater 1088 at which the material for
forming & polymeric malry is contacted with the fibrous materdal, A forming roller 1088 {or
another sultable extrusion type shaping device} may then further define the desired shape of the
resulting Hbrous composite materiall The forming roller may also serve o halp juln the fibrous
composite material with the shaped base body profile. Upon joinder the resulting overal
composite 1080 may be cooled {84, by a cooling tank 1082}, Optionally, if o be emploved for
use as a camar for & haffing andior structural reinforcement application, the resulting overall
composite 1080 may be advanced by & conveyor device {e.g., a pulling or pushing dovice)
1084, An activatable material may be applisd to the composite 1080 by an extruder 1088 {a.g.,
a cross head extruden), Therealer, the resulting composiie {with or without the activatable
material on it} may be oul by 8 suilable culting device 1088 {a.g., 8 raveling cut-off saw). By
way of Hugtration, without imitation, the raw material may be a glass filied Nvlon® heated i
about 260°0, Upon exiling the oooler, the temperature may be about 1580 1o about 175°C. The
fibars may be glass fibers that are roll coated with & reaction product of a monosthanolamine
and dighyoidy! sther of bisphenal A, while the reaction product In a sollened state. Upon exiting
the cooling lank the composite may be al a lemperaturs of about 120°C. AL the time of passing
the extruder, the lemperalure may be about 80 98°C. The cross-head extruder may sxiruds
ong or more masses of a heat activatable epoxy-based struclural foam, such as a structural
reinforcement material in the L-88xx series, available from L&L Producls, Ine. The
manufacturing system may aiso includs one or more pulirusion steps.

HEGHRG Ag shown lor example al figures TTA-TIG, the profife 1110 may be formed as &
continucus fiber pultruded carder 1112 including a thermoplastic epoxy material, In fagt the
carrdgr 111 may cumprise solely the thermoplastic epoxy malerial and may be free of any
addiional polymarnio materials. Altlernatively, only a portion of the carrier 1112 may be formed of
the thermopiastic epoxy material. The carier may further include a sealant materdal 1114 which
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may be added 1 the candar, during or after the pultrusion procass. The carver may also include
the addition of one or more film portions 1118, The Him porlions 1118 may improve bonding
between dissimilar matedals andfor assist in corrosion prevention, such that they may be
located about andfor adjacent o one or mave apenings for receiving a fastengr. The carrer and
ang or morg of the altached materials referenced above may aiso be sxtruded,

00140 it will be appreciaied thal, aven though the embodiments of Figs. 1 through 11
are shown separalely, features of ong may be combined with features of another and remain
within the present teachings. The deplctions therein thus should be regarded as generalized
and applicable o the sachings as a whole herein.

U E ) The teachings hersin are Hustrated b connaction with a carder for a structural
reinforcemant, in which the carrier is generally elongated {2.g., § may be at least about 28 mm
fong, al lsast about B0 mm long or even at least about 100 mm long). Howsver, the teachings
are not infendsd 10 be 80 limiting. The leachings also contemplate thelr usage for forming
carrigrs for baffling andfor sealing. The carrers may thus have lengths that are shorter than
about 25 mm (8., about 15 mm or shorter). The carriers may be longer than they are wide. The
carriars may be wider than they are long.

foOM43] As van be appreciated from the isachings hersin, various bensiiis andior
advantages may be roalized. For example, parls may be prepared that have 8 carrer that is
made of & material free of 8 thermosetting plastic. Parls may be prepared that have st least @
portion of the activalable matertal located over and in contact with a fibrous insert of the present
trachings,

000143 As usad hersin, unless otherwise staled, the teachings envision that any member
of 8 genus (Hst may be excludad from the genus; andfor any member of a Markush grouging
may be excluded from the grouping.

{GO0144] Unleas otherwise staled, any numerica! values recited hereln includs all values
from the lower value fo the upper valug In norements of one unit provided that thers I8 a
separation of &t least 2 unils between any lower value and any higher valus, &s an sxample, i
it is stated that the amount of a compaonant, a properly, or 3 value of a process variable such 88,
for example, lemperatirg, pressurs, time and the ke i, for example, fram 1 10 80, preferably
from 20 o 80, more preferably from 30 to 70, it is intended that intermediate rangs values such
as {Jor example, 18 lo 85, 22 to 88, 43 v 51, 30 to 32 i} are within the tsachings of this
specification. Lkewise, Individual infermadiate valuss ars also within the prasent leachings. For

values which are less than ong, one unit is considerad 0 be QOO0 D001, 0.0 or 0.1 as
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appropriate. These are only examples of whal s specifically ntended and all possible
combinations of numerical values between the lowest valug and the highest value snumerated
are 1o be considerad 0 be axprassly stated in this application i & simllar mannee. As can be
sSe8n, the ieaching of amounts expressed as “parts by weight® hereln aizo contemplates the
same ranges sxpressed in lemmg of parcent by weight. Thus, an expression v the of a rangs In
tarms of "at least W parts by weight of the resulting composition” alse contermplates & teaching
of ranges of same recited amount of "2 in peroent by weight of the resulting composition.”

{01 45] Unlass otherwise stated, all ranges include both endpeints and all numbers
between the endpoints. The use of "about” or “approsimately’ In connection with & rangs
applies 1o bolh ends of the rangs. Thus, "about 20 to 30% i intended 1o cover “about 20 o
about 307, inclusive of gt lsast the specified endpoints.

HO0148] The disclosures of &l articles and references, including patent applications and
publications, are Incorporated by reference for all purposes. The term “consisting essentially of
o desoribe a combination shall include the slements, ingredients, components or sleps
identified, and such other slemenis Ingradients, componanis or sieps that do not materially
affect the basic and novel characteristics of the combination. The use of the terms "comprising”
or “including” o desaribe combinations of elements, ingredisnts, components or steps hergin
also ocondemplates embodiments that conslst of, or congist essentially of the clements,
ingradients, componsnts or sleps.

e By Plural elements, ingredients, components or sieps can be provided by & single
integrated slament, ingradient, component or siep,  Alternatively, a single integrated sloment,
mgredient, component of step might be divided info separate plural slements, ingredients,
components or sleps.  The disclosure of 8" or “ong” fo desoribe an slement, ingredient,
compangnt or step s not intendad o foreclose addifonal elomentds, ingrediants, components or
staps,

0001 48] it s undersicod that the above description s intendsd o be Hlusirative and not
restrictive, Many embodiments as well as many applications besides the sxamples provided wil
De apparent o those of skilt in the art upon reading the above desoription. The scope of the
iwantion should, thersfore, be delerminad not with reference to the above desoription, but
should instead be determined with reference to the appended claims, along with the il scops
of squivalents to which such claims are entitled. The disclosures of alf arficles and references,
including patent applications and publications, are incorporated by referance for all purposes.
The omission in the following claims of any aspect of sublect matter that s disclosed herain ig
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s giaimed is:

A somposite article, comprrising:

a distributed phase in the composile article thal includes a plurality of segmented forms
{&.g., fibarg, plalelels, iakes, whigkers, or any combination thersol); and

a polymerio matrix in the composite articls in which the distributed phase s distributed,
ihe polymeric matrix including at least about 28% by weight of the polymeric matrix of &
thermoplastio polymer having at least one epoxide funclional group; whersin the
composite arficle forms at least a portion of & carder adapted for use as a haftle, a
structural reinforcement of both,

The composits aricle of olaim 1, wherain the distributed phase includes al lsast abowt
3% by waight of fibers,

The composite aricle of claim 1 or 2, whersin the distributed phase ncludes fibers
sefected from {organic or inorganic) mineral fibers, polymeric fibers, carbon fibers, metal
fibers, natural Hbars, or any combination thereof,

The composite arlicle of any of the above claims, whersin the distributed phase ncludes
a plurality of fibers having a length of at least about 1 mm.

The composite arlicle of any of the above olaims wherein the fibers of the distributed
phase are prasant in an amount, a distribution, or both for reinforcing the composite
articla by the realization of an ncrease of one or mors mechanical properties sslsctad
from uitimate tensile strength, slongation, flexural modulug, or comprassion modulus,
compared with the corresponding properly of the polymer mabrix material glone,

The composite article of any of the above claims, wherein the distiribited phage is
distributed substantially homogenously in the pobameario matrix.

The composite article of any of the above claims wherein the distiibuted phase is in the
form of & random distribution, 8 weave, a non-woven mat, a plurality of generally axially
atignad fibers (8.4, & tow), 8 plurality of axially intertwined fibers {2.0., 8 vam) or sny
combination thersof,

The composite ardicie of any of the ahove claims wharain the material of af least a
porion of the distributed phases is substantially the same as the maleria! of the

polymerio mabix,



WO 2016/145158 PCT/US2016/021721

8 The composite article of any of the above claims, whersin the polymeric matrix includes
a reaction product of 8 dispoxide and & mono primary aming or a di-secondary amine.

10} The composite arficle of any of the above claims, wherein the polymerio matrix includes
a hydroxy-phenoxyether polymer reaction product {e.4., & polvatheraming thermoplastio
matarial} of a mono-dunstional or di-functional species with an epoxide-containing
moiely, such as a dispoxide, reacted under conditions for causing the hydroxyl moletiss
o react with the apoxy moletias to form a generally inear backbone polymer chain with
ather linkages.

111 The composite article of any of the above claims whereln the distributed phase and the
polymarnie malr are present in & relative weight ratio {distribuled phase: polvmerio
matrix} of about 118 {0 sbowt 31,

12} A method of making the composile article of any of the above claims wherein the
method includes at least one step selectad from mechanically mixing the distributes
phase with the reaction prodict matsrial for uss I the polymerte matiy, and injection
mokding, extruding, o pultruding the resulting midure,

13} A method of making the composite article of any of the above claims whereln the
method includes a step of advancing a thermoplastic polymer having at least one
apoxide funclional group reaction product along a rotating fesd sorew within a barrsl of a
polymeric material shaping apparatus.

14 Use of the composits article of any of olaims 1 through 10 a5 an inser of g cartler of a
balfle, & structural reinforcement, or both, for a ransporiation vehicle.

15} Use of the composite artiols of any of claims 1 through 10 as part of a carrier of & baflle,
a structural reinforcement, or both, for an automotive vehicle, wherein the carrier
suppons an aolivatable polymeric materdal adapied to foam uporn being sublected to &
pradetermined activation condition and to adhere fo a portion of & transportation vehicle.

161 & devios comprising:

& acarvisr that includes:

L& mass of polymer©ic matenal having an ouler swriace and including & first
polymeric matssial and

. af least one fibvous composite matenial insert or overlay having an outer surface
and incluging al isast one slongated fiber amangemeant having & plurality of
ordered fibers distribuled In & predetermined manner in 8 second polymaerio
matarial, the fibrous insed adivining the mass of the polymernic materialin g
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pradeterminad iocation for carying & pradetermined load that is subjectad upon
the predetermined location; wherain the fibvous Insert or overlay and the mass of
polymeric material inclide compatible materals, structures or both, for aliowing
the fibrous insert 10 be at least partially foined o the mass of polymeric material;
anyd
b, optionally a mass of activatable material selectively apnlied ovar al least a portion of one
or both of the outer surlace of the mass of the polymaeric material or the al lzast ong
Horous inserd, the mass of activatatle material being capable of activation for expansion
by an extemal stimulus and being capable of curing to form an adhesive bond o gt least
ena surface of the anicle; whersin the outer surface of the fibvous insert is at lsast
partially co-extensive and continuous with the outer surlace of the mass of polymeric
material
o wherein the second polymerie material is & hydroxy-phenoxyether polymer, such as &
polvetheraming thermoplastic material, which is a product {8.9., a thermoplastic
condensation resction product} of 8 reaction of a mono-functional or di-functiona
spacies (8.4, moncethanclaming) with an spoxide-containing molsly, such as &
diepoxide {a.q., dighcidy! sther bisphenot A} reacted under nonditions for causing the
hydroxyl meleties 1o react with the spoty molsliss 1o form a generally inear backbone
polymer chain with sther inkages.

171 The device of olaim 18, whersin the mass of polymeric matedal includes s thermoplastio
matarial,

18) The device of claim 16 or 17, wherein the al isast one consolidated Hibrous insart includes at
feast one laver in the form of 2 tlape malerial that s mads generally of the same oo of material
&% the mass of polymesic material,

18] The device of any of clalms 18 through 18, wherain the at least one slongated fiber
arrangement of the al leas! one consolidated fibrous insent includes a matadal that is made
ganerally of the same typs of matenal as the mass of polymerta material.

20} The device of any of claims 18 through 18, whersin the at least one slongaled fiber
arrangement of the at ieast one consolidated fibrous insert includes a malerial that ls made
genarally of the same type of material as the mass of polymeric material so that the material of
he fibrous inser! and the mass of polymeric material are chemically fused togathar,

21} The device of any of claims 18 through 20, wherein the &t lsast one slongaiad fiber
arrangement is 8 woven fiber arrangement.

45



WO 2016/145158 PCT/US2016/021721

22} The device of any of claims 18 through 21, whersin the at lsast one slongatsd fiber
arrangement is & woven fiber arrangement that is impregnated with a material thatis generally
tha sams type of material as the material of the mass of polvmeric material,

23} The device of any of claims 18 thwough 22, wherein the at lpast one siongated fiber
arrangement is 8 woven fiber arangement made of 8 malerial that is generally of the sams type
of maderial ag the mass of polyme—ic material and Is impregnated with a material that is
genevally the same type of material as the material of the mass of polymeric material,

24} The device of any of claims 18 through 23, wherein 8 polyamide material is used for one or
more of the mass of polymerio malerial or &l least & portion of the frous insert,

25} The device of any of claims 18 through 24, wharein the fibvous insert includaes a plurality of
favers each including an slongated fiber arrangement, and sach laver being anisotroplc in its
mechanical proparties.

28} The devios of any of claims 18 through 28, whersin the fibrous insen includes a plurality of
fibers including glass fibers, mineral fibers, carbon fibars, polvmeric fibers, or any combination
thereo!,

73 The device of any of claims 18 through 28, wherein the mass of activalable material includes an
gpoxy-hased material,

28} The devics of any of claims 18 through 27, wharein an orisniation of ones or more {ibers in the
glongated fber arangement is selectad for providing localized rigidity in response o g
pradelermingd load that is applied o the slongaled fiber arrangsment,

28} The devics of any of claims 18 through 28, wherein the ouler surface of the fibrous insen is
genesrally co-axtansive with the cuter sudace of the mass of polymeric material andfor is
positionad on top of the outer swface of the mass of polymeric material.

30} The device of any of clalms 18 through 28, wherein a resulting outer surface of the carrier is
substantially frae of knit ines or other imperfections thatl could provide a souree of localized
waaksning of the garier,

31} The device of any of olalms 18 through 30, wherain the atl least one consalidated fibrous insert
has an sxposad owder surface and an expossed inner surface,

32} The device of any of claims 18 through 31, wherein the carries has (I} & polymerio portion
delined by the mass of polymeric material, (i) a localized reinforcement portion defined by the &t
iaast ong consolidated fibrous insernt or overlay, and i} an interface portion belwesn the
pelymernio portion and the localized reinforcameant portion wherein the polymaric portion, the
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