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FORMABLE LIGHT WEIGHT COMPOSITE MATERIAL SYSTEMS AND METHODS

CLAIM OF BENEFIT OF FILING DATE

{1] The present invention claims the benefit of the filing date of U.S. Provisional Patent
Application Nos. §1/304,640 (Med by Mizrahi et al. on February 15, 2010). §1/371,380
(filed by Mizrahi et al. on August 6, 2010), 81/377.588 (filed by Mizrahi on August 27,
2010}, and 61/387,1684 {filed by Mizrahi on Seplember 28, 2010), the contents of which
are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION
[2] The present invention relates generally to fiberfilled polymeric materials, and to

compuosite materials that include a layer of the fiberfilled polymeric matarial, and more
particularly to sandwich composites that include a layer of the fiber-filled polymaeric

material and a mstallic layer.

BACKGROUND
[3] In International Patent Application Publication WO 2010/021888 {published on
February 25, 2010 by Mizrahi, and incorporated herein by reference in its entirety), there

are described unique and new light weight composite materials and associated methods
and systems. Such composites have widespread application across & range of
technologies. For example, # is described as having particular application as a
fransportation technology {e.g., an automotive technology). § may alse have other
applications, such as a coustrugtion technology or as an appliange technology.
Unfortunately cost and performance requitements vary from technological Seld to
technolegical Sedd, of even between different applications within a technological fisld, so
the abilty to have a “one size fits all' matenal system js g difficult proposition,
Accordingly, notwithstanding the various teachings of International Patent Application
Publication WO 201/021889, & is stil altractive to explore varations in material
systems, for enhancing the commerdal attractiveness of composite materials, such as
sandwich type composite laminates. Moreover, for some applivations it may be atiractive
o tune the performance of various composite materials, such as the matedals of WO
201021898, so that they have relatively broad processing windows, so that they axhibit
waldability, so that they exhibit drawability, so that they can be coated, andfor so that
they otherwise can fake the place of conventional matenals {e.g., stesl) for various
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applications, and at the same tims provide appreciable weight savings relative o the
conventional material. By way of example, in the transportation industry there remaing 3
need for relatively lightweight materials alternative to siesl, aluminum or both for vehicle
componanis {such as pansls, support members or the like).

SUMMARY OF THE INVENTION

[4] The present teachings are directed fo sandwich laminate material systems. Iy one

particular aspect, the teachings find particular application as an improved automotive
technology system that can be used in combination with, or even as a substiule $or
many of the tradiional metal applications, while affording potentially substantial weight
savings (e.g., at least sbout 10%, 20%, 30% or more as compared with the same
application in which a conventional material {e.g.. steel) is ordinarily used. As will be
appraciated, whils the teachings emphasize use in automotive technologies, they find
use in athers,

[5] In general, the teachings herein pertain to a fillad polymeric material {and composites
such as sandwich composites that incorporate the filled palymeric material), comprising:
a thermoplastic palymer, the thermoplastic polymer selected from the group consisting of
a polyolefin, an acelal copolymer, a polyamide, a polyamide copolymer {such as a
polyamide copolymer including at least two amide monomers andior a polyamids
copalymer induding &t least one monomer that is not an amide), an lonomsr, a
polyimide, a polyester, a polycarbonate, & thermoplastic polyurethane, a thermoplastic
polyathet-aster copalymer, an acrylontirie butadiens styrene copolymer, a polysiyrene,
a copolymer including at Jeast 60 wi% of an g-olefin and at least one additional
monamaer, other copolymers including any of these polymers, lonomers including any of
these polymers, and any combination thereof: and a plurality of metallic fibers distributad
within the polymer, wherein the metallic fibers are present at a concentration greater
than about 3% by volume, based on the total volumes of the filled polyimeric material,

{8] This aspect of the teachings may be further characterized by one of any combination
of the follewing: the thermoplastic material includes a polyolefin {g.q., polypropylene,
polysthylene or & combination thersof), an acetal copolymer, a polyamide, a polyamide
copolymer, a palyinide, & polyester, a polycarbonate, an acrylontitile butadiens styrene
copolymer, & palystyrane, a copelymer ncluding at least 80 wi% of an d-olefin and at
least one additional monomer, copolymers including any of these polymers, or any
combination thereof, the thermplastic material includes a polyamide copolymer, a
thermoplastic polyurethane, a thermaplastic polyether-ester copolymer, an lonomer, o

3
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any combination thersof; the filled polymeric matedal has a thickness, the fibers are
present as a mass of fibers, and the mass of fibers spans the thickness of #ifled
polymenic materal; or the thermoplastic material has an slongation at failure of ot least
about 20% at a tensile strain rate of about 0.1 ¢ as measured according to ASTM
DE38-08.

{7} In one particular aspect of this teaching the polymer may be a polymer selected from
a polyolefin, a polyamide. or 2 combination thereof; the fibers may be in the form of 3
mass (e.g.. an entangled mass) that includes ribbons, such as stes! ribbons.

[8] Anviher aspect of the teachings is directed at a light weight composite comprising: a
first metallic layer {e.g.. sheet steel) & second metallic layer {e.g,, shest steal) a
polymeric layer {e.g., a polymer as desoribed in the above aspects of the teachings)
disposed between the first metallic layer and the second metallic layer; and a plurality of
metallic fibers distributed within the polymeric layer; whersin the fraction of the matallic
fibers that contact a metallic layer along at least half of the tength of the fiver is about 0.3
or less; and the polymeric layer includes a filled polymeric material containing a polymer,
the palymer having an elongation at failure of at least ahout 20% at 2 tensile strain rate
of shout 0.1 57 as measured according o ASTM DB38-08; so that the resutting
camposite malerial may be welded, and so that the resuiting composite may be
plastically deformed st strain rates greater than about 0.1 87 As o this aspect of the
teachings, the first metallic layer, the second metallic layer, o both may be free of any
surface treatment, coating or other layer disposed between it and the polymeric layer (it
being appreciated that optionally one or more suitable layers may nonetheless be
employed and still be within the genseral teachings herein).

f8] A method refated aspect of the invention is directed at a process of forming a sheet
oomprising: forming & sheet of 3 filled thermaplastic polymer as described herein, and
ronitoring the quality of the sheet. For example, the polymeric layer may be preformed
{e.g.. as a sheel) and laminated 1o at least one metallic layer or between opposing
raetallic layers, such-as in a continuous process, a batch process or otherwise.

[10]  Still another aspect of the teachings is directed at a process of forming a
composite part comprising a step of stamping s composite material, such as described
herain.

[11] A further aspect of the teachings is directed at a welded structure including a
composite material, such as a composite material described herein, welded to steel
{e.g. resistance welded), o a metal other than sieel fo & substantially entical

3
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composite material, to a different compesite material, or any combination thereof,
Surprisingly, the light weight composite material may have a polymeric tayer including a
guantity and an arrangement of metaliic fibers sufficient to allow slectrical conductivity so
that the composite material is capable of being welded (e.g. using conventional
squipment and processes of a type used for resistance welding steel in sxisting vehicle
production lines), and yet sufficiently low so that the composite matenal affords atiractive
performance characteristios such as a relatively high strength (o weight ratio, coatability,
redusing the ransmission of sound through the material or any combination thereof,

BRIEF RDESCRIPTION OF THE DRAWINGS

[12]  FIG. 1A illustrates o composite material having a polymaeric layer and a metallic

laysr.

(131 FIG. 1B Hlustrates a composite material having a polymeric core fayer interposed
batween two metallic layers.

{14]  FIG, 2 is a diagram of an lustrative process for monitoring a polymeric material
or a composits material.

DETAILED DESCRIPTION
{181  In general. the materials hersin employ 3 filled polymeric material, as will be

desaribed, and paricularly one that includes a metal fiber phase distributed in a
polymeric matrix. In genersl, the composite materials herein employ at least two layers,
one of which is the above filted {8.q.. fiberfilled) polymeric material (e.g., in a fiberdilled
polymeric fayer). More particularly, the materials herein are composites that include &
sandwich structure, pursuant to which a fiberfifled polymeric layer is sandwiched
between fwo or more other layers, The materials herain also contemplate sandwich
structure pre-cursors, e.g.. a first layer upon which a filled polymeric layer is aftached so
that the filled polymeric layer has an exposed outer surface. A second layer may
subsequently be attached to the filled polymeric layer. The invention alse contemplates
feedstock compaositions {e.g., in the form of a pellet, a shest, or olherwise) that include &
fiber-tillad polymeric material in accordance with the present feachings. As will be
Hustrated, the materials herein exhibit a unique, surprising, and attractive combination of
properties, which render the matedals suitable for deforming operations {e.g., relatively
high strain rate forming operations, such as stamping), welding opsrations, or both, For
instance, as wilt be seen from the teachings, the filled polymeric layer is designed in &

4
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manner such that is mulliphasic. At least one phase (e.g. the fillar) provides &
conductive flow path, and is such that it is plastically deformable, and may even strain
harden when subjected lo a stress that induces plastic deformation. n addition, the
polymeric phase s such that it bonds sufficiently to another matenal {8.q., & metal layer
such as a steel sheet) that processing of the composite materlals for welding andior
deforming (e.g., forming, such as by stamping), will be free of delamination of the
composite. The polymeric phase may aiso be such that it withstands degradation when
subjected to coating operations {e.g., when subjected 1o chemical baths such as
slectrostatic coating baths, or other baths for imparting corosion resistance, common in
sheel matal coating operations).

[16]  The present teachings in thelr various aspects make use of unique combinations
of materials to derive an attractive composite, and particularly a laminate composite. By
way of example, without limtistion, the laminate may be drawn {e.g., deep drawn),
welded, or both, in 8 manher similar (o conventional art-disclosed sheet materials, such
as shest mistal {e.9.. stainless andfor low carbon steel). In general, the invention makes
use of a multi-phase composite material in which the materials are selecled and
employed so that, as a whole, they impart drawability, weldability, or both. Additionatly,
the materials are such that the resulting laminates can be processed in g manner similar
o conventional art-disclosed thin walled structures particularly as it relates to processes
for imparling a decorative or functional surfacs reatment (e.g., a coating, a plating, or
otharnvisal,

{171 For example, a particular preferred combination of materials herein may include
two layers that flank & core materal, the latter of which is preferably a filled polymeric
material, The filled polymeric material preferably includes at least one polymer, which
polymer may include, consist essentially of, or consist entirely of a thermoplastic
polymer, or othevwise has characleristics that render it generally processable as a
thermoplastic polymer. The filled polymeric material preferably also includes a filfer
phase, and preferably a phase having a filler that includes, consists essentially of, or
consists entirely of a fiber phase, and particularly an slongated fiber phase, such as an
slongated metal fiber phase. Such phase may be suffidently positioned andfor
distributed {e.g., wrappead, braided, alignad, entangled, or any combination thereof), and
used in sulficlent volume that an electrically condugctive network across at least portions
of the filled polymeric material is realized sven ¥ the polymer itself generally is not
conductive. A particularly preferred slongated fibrous phase may also ifself exhibit

3
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elongation (sither or both individual fibers or the mass as a whole) and possibly strain
hardening, '

[18] 1t should be appreciated that references {0 “layers” herein do not necessarily
requite discrete and separate pieces of matedal. For sxample, 3 layered composiie may
stili be within the teachings hersin if It includes a single sheet of 3 material that has bean
folded over upon itself to define two layers of the material, albelt sharing & common
edge, between which is located the filled polymeric material,

{19]  Tuming now with more particuanity to the teachings herein, it iz seen that in a
first aspect there is contemplated a composite material that is made from lavers of
adjoining dissimilar materfals, which includes at lsast one layer {8.g., 3 melal layer such
a5 a metal face layer) and at Jeast one polyreric layer, the composite being formable
{e.g.. stampabie by application of a siress to cause plastic sirain {e.g., at a relatively
rapid rate} of the material or otherwise capable of being cold-formed on a press
machine) inte a formed panel. The composite material may be a composite laminate
confaining one metallic laver and one polymeric layer, or § may include one or mors
other layers. For example, if may be a laminate including one metallic layer interposed
~ between two polymeric layers, or & laminate including a polymenic layer sandwiched
between at least two opposing metallic layers. As indicated, 3 particularly preferred
approach envisions this lalter stucture, the former structures possibly serving as
precursors for the later siructurs. In such instance the method of forming a sandwich
structure may include o step of applying a layer {0 @ precursor to form a sandwich
structure, @ step of applying a first precursor o a second precursor o form a sandwich
siruciures, or bath,

[20]  An example of a composile laminate 10 having one metallic layer 14 and one
polymeric layer 16 is Wustrated in FIG, 1AL A sandwich 12 may conlain a first metallic
tayer 14, a second metallic layer 14" and a polymeric layer 16 {2.g.. 2 polymetic core
layer} inferposed betwesn the first and second metallic layers, as llustrated in FIG. 1R
Referring to FiGs 1A and 1B, the polymeric layer 16 includes at least one polymer (e,
a thermoplastic polymer) 18 and a fiber 20. The polymeric layer 16 and the first metallic
tayer 14 may have a common surface 22, As illustrated in FIGs. 1A and 18 some or all
of the fibers may have a length and orientation such that they extend from one surfacs of
the polymeric layer to the opposing surface of the polymeric layer. However, it will be
appreciated that other fiber lengihs and orientations are within the scope of the
inventions, For example, the fraction of the fibers (2.g.. metallic fibers) that extend

6
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between the two opposing faces of the polymeric layer may be less than 20%, less than
10%; less than 5%, or less than 1%. The fibers illustrated iy FiSs. 1A and 18 are
gensrally straight fibers. It will be appreciated from the teachings herein that preferred
fibers are gensrally not steaight. Preferred fibers have ong or more bends along a length
of the fiber, have a generally curved profile, or buth,

{211  As mentioned, in addiion to the composits, multidayerad structures, another
aspect of the invention contemplates a precursor polymeric laver sheet malesial (Le., a
single layar of the polymeric fayer) including the thenmoplastic polymer and the fber
{e.g.. metallic fiber), that can be later sandwiched between two metaliic layers,

22} Yet ancther aspect of the invention contemplales a precursor polymeric
feedstock material containing the polymer and the fibers. Such a polymeric feadstiock
material may be formed {8.g.. molded or extruded) into the polymeric layer (g.g., into &
sheet) either as a single material or by diluting with one or more addifional materials
{e.g., one or more additional polymers). As such, the precursor polymeric feedstock
material may include some or all of the components in the polymeric layer of the
composite matedal. Preferably, the pracursor polymeric feedstock material includes
substantially all of the fiber for the polymeric layer.

(23]  In use, the composites may be deformed (e.g., formed, such as by stamping),
attached 10 another struclure {e.g., to stesl or to another composite material), or both, A
preferred approach is to smploy a step of welding the composite of the invention to the
other structurs. The formed panel may be joined to ofber parts, when necessary, by
techniques ather than welding, such as by using adhesives, a brazing process, or the
fike. in both cases, the composite material {e.g., the laminate or sandwich sheet) is
formable by low-cost stamping methods and yet is surprisingly frae of the limitations that
have heen faced previpusly v the art. The unique features of the composite material
rendst it an extremsly attraclive candidate for applications which tradiionally ulilize a
regular monolithic metal sheet, such as in the body panels currently enployed in the
transporiation {e.g., sutomotive} industry.

{24]  One unique feature of the invention is that it includes spedific selection of the
polymer (e.4., thermoplastic polymer) and the metal fibars, and incorporation of matal
fibers and optional particles, as well as other optional fillers, info the polymeric matrix to
produce a novel formable composite material {e.g. sandwich or laminate siructurs) for
low-cost stamiping operation, Anather novelly is that the stampable sandwiches can be
joined by conventional welding techniques such as resistance welding (s.q., spot

s
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walding, seam welding, flash welding, projection welding, or upset welding)., energy
heam welding {e.g.. laser beam, elsctron beam, or laser hybrid welding), gas welding
{e.q., oxyfuel welding, using a gas such as oxyacetylene}, arc welding {&.q., gas metal
are welding, metal inert gas welding, or shielded metal arc welding). Preferred joining
techniques include high speed welding techniques such as resistance spot welding and
laser welding.

{28] Various Teatures of formable/stampable materials, test methods, test oriteria,
descriptions of defects, welding processes and characteristics, and descriptions of
forming processes are described in the following publications, all expressly incorporated
hersin by reference:

M. Weiss, M. E. Dingle, 8, F. Rolfe, and P. 0. Hodgson, “The Influsnce of Temperature
an the Forming Behavior of Metal/Polymer Laminates in Sheet Metal Forming”, Journal
of Engineering Materials and Techhology, October 2007, Volume 129, issue 4, pp. 530-
537.

D Mohr and G. Straza, “Development of Formable AB-Metal Sandwich Sheets for
Autarmotive Applications”, Advanced Enginesring Materlals, Volume 7 No. 4, 2008, pp.
243-246.

Ko Rim oand T, X Yu, "Farming And Fallure Behaviour OF Coated, Laminated And
Sandwiched Sheet Melals: A Review", Journal of Materials Processing Technology,
Volume 83, No1-3, 1997, pp. 3342,

R.d. Kim, D. Kim, 8H. Choi, K. Chung, K.8. Shin, F. Barlat, KM Oh, JR, Youn,
“Formability of AABTBRpolvpropyviens/ARSTE2 Saindwich Shesl, Jowrnal of Matedsls
Processing Technalogy, Volume 139, Number 1, 20 August 2003, pp. 1-7.

Trevor William Clyne and Athina Markaki U8, Pateni Number 8,784,772 (fled Oct 31,
2001, issued Jul 20, 2004}

Frank Gissinger and Thiery Gheysens, U.3. Patent Number 8,347,089, Filed Mar 4,
1093, Issued Sep 13, 1994, “Method And Device For The Electric Welding OFf Shests Of
Muttitayer Structire”,

Straza George C P, International Patent Application Publication (PCT): WO2007082061,
“Farmed Metal Core Sandwich Structure And Method And System For Making Sama®,
Fublication date: May 31, 2007.

Haward R. N., Strain Hardening of Thermoplastics, Macromolecules 1983, 26, 5850-
5868,

International Patent Application Publication WO 2010/021868 {(published on February

,S.
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28, 2010 by Mizrahil

WU.E. Patent Application Nos. 81/200,384 (filed on December 28, 2008 by Mizrahi),
§1/088,704 (filed on August 18, 2008 by Mizrahl), 81/181,511 (Bled on May 27, 2000 by
Mizrahi), 12/540,771 {filed on August 13, 2009 by Mizeahi), 61/280,384 (fled on
December 28, 2009 by Mizrahi), and 12/978.974 {fled on December 27, 2010 by
Mizrahi).

MATERIALS

[28] By way of example; the use of a fibrous filter {and in one pariculsr aspect, a
ribbon fiber filler) in the polymeric layer is believed to faciitate composite manufacturing
and surprisingly fow fevels may be employed to achisve the beneficial results herein.
Surprisingly, the selsction and combination of materials taught herein affards the ability
to employ less metal per unit volume than conventional metal strustures of like form
{(&.9., sheet metal) while sl exhibiting comparable properties and characteristios. The
problem that the skilled artisan might envision in such @ combination of materals
unexpectedly are svoided. In this regard, some of the behavioral characieristics of the
materials that might be predicted are surprisingly avoided, are employed advantagsously
in the resudting composite, or both. The resulling laminates thus render themselves as
altractive candidates to be a drop-in substitute for existing materials, for example, they
can be employed instead of sheet steel, at substantial weight savings as compared with
steed, without the need for significant investment in rasources o re-tool ar significantly
alter processing conditfons.

POLYMERIC LAYER

[27]  The polymeric layer generally may include or sven consist essentially of a filled
polymer, {&.9., a thermoplastic polymer filled with a mass of reinforcing fibers, such as a
mass of metallic fibers, and more particuarly a mass including stes! ubbon fiber
componenis).

28]  The filled polymeric material for use in the polymeric layer preferably is one that
gensrally would be characterized as being relatively rigid, relatively strong, have a
relatively high elongation at break, have high strain hardening properties, is light weight,
or any combination thereof, such as described in International Patent Application
Fublication WQ 2010/021899 (published on February 25, 2010 by Mizrahi), incorporated
herein by reference in its entively (see for example paragraphs 015-028, 028-051, and

9
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085-081 ),

{481 Preferably, at least some of the polymer in the filled polymaric material s a
thermoplastic, b it may be or include a thermoset polymer, particdarly a thermoset
polymear that i processable as a thermosplastic, but cured. Preferably, at least 50%
{mare preferably at least 80%, 70%. 80%, 90% or even 98%, if not 100%} by weight of
the polymer used in the filled polymesc material is a thermoplastic polymer.

{30]  The flled polymeric material may have electrical condustivity properties {e.q., the
filed polymearic materal may be an slectrival conductar) such that a conductive path is
provided through the filled polymer and the composite material may be welded o
another struclure such as a shest melal. The slectrical condudiivity properties of the
polymeric core material may be achieved by employing melallic fbers and optionally
metallic or carbon black particles that are dispersed in the polymer in a gquantity {o have
at lsast a percolation conceniration, such as described in international Patent
Application Publication WO 2010/02188% {published on February 28, 2010 by Mizrahi},
see for example paragraphs 064-081 incorporated herein by reference. The filled
polymeric material and the composite materials of the present teachings may be
weldable using art-disclosed welding processex {e.g., weld schedules) or with other
walding processes {g.g. weld schedules) as described in Intemational Patent
Application Publication WO 2010/021899 {published on February 25, 2010 by Mizrahi)
{see for example paragraphs 18, 20-22, 28-30, 3738, 47. 109, and 112117
ihcorporated herein by reference) and U.S. Patent Application No. 12/878,874 {filed on
December 27, 2010 by Mizrahi){see for example paragraphs 018-31. and 034 « 042, and
086-137. incorporated herein by reference). For gxample, the matetsls may allow for
more econcmical weld schedudes that are faster, require less energy, or both,

[31]  The filled polymeric material (e.g., the polymer of the filled polymeric material)
may additionally include one or more additives known to the polymer compounding ar,
such as described in Intermational Patent Application Publication WO 2010/0218099
{(published on February 25, 2010 by Mizrahi). For example, the filled polymeric material
may include halogenated Hame retardant compounds disclosed in U8, Pat. Nos.
3,784,508 (Dolson et. al., January 8, 1874, see for example the subsiituted imides
described in column 1, lihe 88 through column 4, line 64), 3,868,388 (Dotson et al.
February 35, 1978, see for example the halogenated bisimides described in column 1,
tine 23 through column 3, fine 38); 3,903,108 (Dotson of al. September 2, 1978, ses for
example the substituted imides described in column 1, line 48 through oolumn 4, fine

i
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50); 3,815,820 (Dotson st al. Oclober 38, 1875, see for example halogenated bisimides
described in coluran 1, line 27 through solumn 3, ine 40} and 3,883,397 (Daotson et al,
Aprit. 27, 1976, see for sxample the reaction products of a brominated imide and a
benzoyl chioride described in column 1, line 4 through column 2, ine 28}, sach of which
is incorporated by reference in its entirety. The polymer, the filled polymerie material or
bath may include one or more additives for improving the adhesion between the pelymer
and a surface of the melallic layer. The polymer, the filled polymeric material or both,
may inclyde one or more additives to improve the drawing {2.g.. stamping) of the
composite material. The polymer, the filled polymeric material or bothy may include one
ar more additives for controlling {8.g.. increasing or decreasing) the shrinkage of the
filled polymeric material when the filled polymesric material is cooled from a melt stale o
& solid state. The polymer may be substantially free of, or entirely free of additives that
reduce the adhesion between the polymer and @ metallic layer {e.9., a stesl layer),

{32] The filled polymeric material may be free of a plasticizer or other relatively low
molecular weight matedals which may become volalilized (e.g.. dwing a resistance
welding process). If employed, the concentration of plasticizer or other relatively low
molecular weight materials preferably is less than about 3 wi %, more preferably less
than about 0.8 wi.%, and most preferably less than about 0.1 wi % based on the total
weight of the filled polymeric material {(e.g., such that the filled polymaric materiat doss
not delaminate from g metallic layer),

{331 1tis also possible the teachings herain contemplate a step of sadenting materials,
processing conditions, or both, so that during processing, delamination of the filled
polymenic material from the melallic layer is substantially, or entirely avoided {e.g,,
defamination caused by vapor pressure buildup at an interface between the filled

polymeric material and the metallic layer sufficient for causing delamination).

POLYMERS

{34]  With more atlention now to particular examples of polymers for use herein, the
polymers used for the filled polymernic material preferably include thermeoplastic polymers
that either have a peak melting termperature {as measured acoording to ASTM D3418-
08) or a glass Wansition temperature {as measured according to ASTM D3418-08)
greater than about 50° C (preferably greater than atiout 80°C, even more preferably
greater than aboat 100 °C, even more preferably greater than about 120°C, more
preferably greater than about 180°C, even move preferably greater than 180°C, and
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maost preferably greater than about 208°C). The thermoplastic polymer may have @ peak
melling temperaturs, a glass transition temperatre, or both that s Jess than about
300°C, leas than about 250°C, less than about 180°C, or even less than about 100°C.
They may be at least partially crystalline at room femperature or substantially entirely
glassy at room lfemperature. Suitable polymers (e.g., sultable thermoplastic palymers)
may be characterized by one or any combination of the following tensile properties
{(measured according to ASTM DE38-08 at a nominal strain rate of 0.1 57') a tensile
moedutus {8.9., Young's Modulus) greater than about 30 MPa, {e.g., greater than abowt
750 MPa, or greater than about 850 MPa); an enginesring tensile strength e, o), a
true tensile strength (i.e., o, where g, = (1+§&}u§, where £, is the enginsering strain), or
bath, greater than about 8 MPa {o.g., greater than about 25 MPa, grester than about 80
MPa, or even greater than about 80 MPaY or a plastic extension at break of stongation
at faiture of at least about 20% {e.q.. at least about 50%, a3t least about 80%, or even at
teast abowd 300%). Unless otherwise specified, the term tensile strength refers to
engineering tensile strangth.

[35]  The polymer may preferably have strain hardening properties {e.q., a relatively
high strain hardening modulus, 3 relatively low extrapolated vield stress, or both), such
as described in International Patent Application Publication WG 2010/021899 {(published
on February 25, 2010 by Mizrahi). see for example paragraphs 052-083, incorporated
herein by reference. As such, the strain hardening properties may be measured using
the method of Haward R N., Strain Hardening of Thermoplastics, Macromolectdes 1893,
28, 5880-5869, incorporated herein by reference in its entirety.

[38] Examples of themnoplastic polymers which miay be used for the polymeric taysr
include polyolefins {e.g. polysthylene, polypropylene or both), acetal copolymers,
polyamides, polyamide copolymers, polyimides, polvesters {e.g., putysthylene
terephthalates  and  polybutylene  terephthalate), polycarbonates,  thermoplastic
polyurethanes, thermoplastic polyether-ester copolymers (such as a thermaplastic
elastomer ether-ester material described in ASTM D 8835-08, incorporated hersin by
reference), acrylonitrile buladiens styreng copolymers, polysivrenes, copolymers
including at least 80 wi.% of an a-olefin and at least one additional monomer (such as an
sthylene copolymers including at legst 30 wi % ethylens), copolymers including any of
these polymers, jonomers including any of these polymers, blends of any of these
polymaers, of any combination thereof.

[377  The thermoplastic polymer may include a polyolefin, such as a polyolefin
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described in paragraph 085 of U.S. Provisional Patent Application 81/371,360 filed on
August §, 2010, incorparated herein by reference. The polyalefin may be a homopalymer
or & copulymer. The polyolefin may include, consisting sssentially of, or sonsisting
entirely of one or more o-olefing, such as one or more a-alefing having from abouwt 2 to
about 10 carbon atams.

[38] Preferable polyolefine include polypropylene homopolymers (e, isotactic
polypropylene homopolymer), polypropylens copelymers (e.g., random polypropylens
copolymers, impact polypropylens copolymer, or other polypropylens  copolymer
containing lsotactic polyprapylene), polyethylene homopolymer (e.g., high density
polyethylens, or other polyethylene having a density greater than about 0.94 gic™),
polyathylane copolymers (e.g.. preferably including at least abiout §0% athylena, mors
preferably at least 80 wi.% ethylens), low density polysthyviene, a blend of any of these
polymers, or any combination thersof. Polypropylens homopolymers and polypropylene
copolymers may be substantially free of alactic polypropylens. i present. the
concentration of atactic polypropylene in the polypropylene praferably is less than about
1 wi.%. Without imitation, copolymers that may be employed include copolymers {a.g.,
polypropytene copolymers or polyethylene copolymers) that that consist essentially of
{e.g., at least 98% by weight), or consist entirely of ang or more a-olefins. More preferred
palyolefing include high density polyethylene {&.q., having a density greater than about
0.845 glem®, such as from about 0.948 to about 0.980 gleny or from about 0.945 fo
about 0.960 glom®), low density polysthylene (e.g., a polyathylene having a sufficient
coneeritration of long chain branches, typically greater than about 15 carbon atoms jong,
so that its density s about 0.945 g/om® or less), linsar low density polysthyiens {89, 3
copolymer having a density of about 0.815 to sbout 0.330 g/om®), medium density
polyethylene {a.g.. a copolymer having a density of about 0.930 to about 0.845 glom®),
vary fow density polyethylane {e.g., having & density of about 0.800 to about 0.815
glom®), polyethylene plastomers {(2.g., a copalymer having & density of about 0.860 to
about 0.900 glem®), isotactic polypropylens homopolymer, isclactic polypropyiene
copalymers (2.9, having a crystallinity of about § wi. % or maore), impact polypropylens,
polypropylene block sopelymers including one of more blocks of isolactic polypropylene,
mixtures thereof, or any vombination thereof. Bven more preferred polyolefing include
tow density polvethylene, linear low density polyethylene, very low density polysthylens,
or-any combination thereof. Other palyolefins that may be used include copolyners of at
least one olafin and one or more monomers that is not an olsfin, For example, other
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polyolafing that may be employed include copolymers that include, consist sssentially of,
or consist entirely of 1} one or more a-olefins (e.g.. at least 60 wt.% of an a-olefin) and ii)
one or mare polar comonomars, such as a polar comonomer selected from the group
consisting acrylates, (2.9, methyl acrylate, butyl acrylate, or both), vinyl acetate, acrylic
avids {e.g.. acrylic acid, methacrylic acid, or both), methyl methacrvlate, or any
combination thereof. The concentration of the comonamer may be lass than about 40
wl %, preferably lass than about 25 wi%, more preferably less than sbout 20 wi.%. and
most preferably less than abowt 15 wt.% based on the total weight of the copolymer,
Exemplary polvethylene copolymers that may be used include ethylena-co-vinyl acetate
{l.e., "EVA for example containing less than about 20 wi.% vinyl acetate), sthylene-co-
methyl acrylate {ie., EMA), ethylens co-methacrylic anid, or any combination thereof,
Exemplary o-olefins that may be used in the copolymer include ethylene, propylens,
butene, hexene, oclene, or any combmnation thersof.

[368] Polyamides useful in the present feachings may inclide polymers having one or
more repeating units that includes an amide groups along the backbone of the polymer
chain. For example, polyamides may be a reaction protucts of a diamine and a diacid.
Other examples of polyamides include monadic polramides. Generally, monadic
polyamides are formed by a ring opening reaction. Exemplary polyamides which are
formed from a diamineg and a disaid may include polyamides (e.g., hylons) containing
reaction products of sither adipic acid or terephthalic acid with a diamine. Exemplary
maonadic polyamides include nylon 8, and poly(p-benzamide). The nylon may be a
homopolymer, a copolymer, or a mixture thereof. Preferred polyamide homopolymers
which may be used iy the present invention include nylon 3, nylon 4, nylon 5, nylon 8,
nylon &7, nylon 88, nylon 610, nyton 612, nylon 83, nylan 7, nylon 77, nylon 8, nylon §,
nylon 10, nylon 11, nylon 12, and nylen 91, Copalymers containing any of the above
mentioned polyamides may also be used. Polyamide copolymers may be random
copolymers, block copolymers, a combination thereof. Examples of polyamide
copolymers include polymers having a plurality of different amides {l.e., a polyamids-
pulyamide copalymers), polyesteramide copolymers, polystheresteramide copolymers,
potysarbonate-ester amides, or any combination thereof.

[401 A polyamide-polyamide copolymer may include fwo or more of the polyamides
desoribed  herein for & polyamide homopolymer. Preferred polyamide-polyamide
copolymers include, polyamide 6 and polyamide 88, polyamide 810, or any combination
thereof. For example, a polyamide-polyamide copalymer may consist sssentially of twa
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of more polyamides selected from the group consisting of polvamids 8, polyamide 88,
polyamide 60, polyamide 810, polyamide 812, and polyamide 12. More preferably the
polyamide-polyamide copolymer consists essentially of two ar more polvamides selected
from the group consisting of polyamide &, polyamide 66, polyamide 89, and polyamide
610, Examples of such copolymers include polyamide 8/68, polyamide €/69, and
polyamide 666/610. A particularly preferred polyamide-polyamide copolymer is a
polyamide 5/86 copolymer. The concentration of polyamide 85 in the polvamide /68
copolymer may be about 80 weight percent or less, preferably about 70 weight percent
or less, more preferably about 60 weight percent or less, and most preferably about 50
weight percant or less, based on the total weight of the capalymer. The concentration of
polyamide § in the polyamide 8/68 copolymsr may be about 10 weight percent or more,
preferably about 30 weight percent or more, mare preferably sbout 40 weight percent or
more, and most preferably about 50 welght percent or more, based on the total weight of
the copolymer. Another particulardy preferred polyamide-polyamide copolymer is a
random or block copalymer of & polyamide 8 and polyamide 89 Polyamide copolymers
{ie. a copolymer including one or more amide monomers) may include @ polysther,
such as an aliphatic stheror an aromatic ether.

(41} Polyethers which may be used in a polyamide copolymer may be formed by the
polymerization of a diol, such as a glycol {8.g., with one or more additional manomers).
Exemplary glycols which 'may be used include propylene glyeol, ethylene glyenl,
tetramethylens glycol, hutylene glycol, or any combination thereof. Any of the above
copolymers may be a block copolymer including a relatively soft block and & relatively
hard black. The ratio of the elastic modulus of the relatively hard block to the relatively
hard block may be greater than about 1.1, prefersbly greater than abowt 2, ahd more
preferably greater than about 10, The relatively hard hlock may include or consist
essentially of ong or more aromatic amides, one of more semi-aromatic amides, or one
or more aliphatic amides. The relatively soft block may include a polyester, such as a
potysster described above (e.g. an aliphatic polyester), a polycarbonate {e.g., an
aliphatic polycarbonate), a polyether (s.g., an aliphatic polyether), or any combination
thereof. Amide copolymers may include a first monomer (8.¢., a tirst amide manomer)
and a second monomet, each both indspendently having a concentration greater than
about § wt.%, preferably greater than about 20 wt.%, more preferably greater than abowt
30 wt.% and most preferably greater than sbout 40 wt %, based on the tolal weight of
the copolymer. The concentration of the first monomaer, the second monomer, o both
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independently may be less than about 88 wi%, preferably less than ghaut 80 wi.%,
more preferably less than about 70 wi %, and most preferably fess than about 80 wi.%
based on the total weight of the copolymer. The combined conoeniration of the first
monomer and the sscond monomer may be greater than about 80 wi.%, preferably
greater than about 78 wi.%, more preferably greater than 80 wt.%, and most preferably
greater than about 85 wi.% based on the folal weight of the copolymer.

{42] The polyamide copolymer may be characterized as 3 thermoplastic elastomer,
having a relatively low melting temperature, a relatively fow slastic modulus, or both. For
example, the copalymer may have g relatively low melting femperature compared o the
highest melling temperature of any of the homopolymier consisting essentially of one of
tha monomers of the copolymer. For example, the copolymer may have a relatively ow
glastic modulus compared fo the highest slastic modulus of any of homopolymer
consisting essentially of one of the monomers of the copolymer. Preferred polyamide
copolymers may b characterized by & melting point less than about 220°C {preferably
tess than about 180°C, more preferably less than about 170°C, and most preferably less
than about 180°C) as measured according to ASTM D3418-08; a melting point greater
than about 60°C (preferably greater than about 80°C, more preferably greater than abowt
100°C, and miost preferably less than about 110°C) as measured according to ASTM
D3418-08; an elastic modulus less thap about 2.5 GPa {preferably less than about 1.2
GPa, more preferably less than about BOO MPa, and most preferably less than abowt
500 MPa), as measured according to ASTM DE38-08; an elastic modulus greater than
about 50 MPa (preferably greater than gbowt 100 MPa, and more preferably greater than
about 200 MPa), as measured according to ASTM D638-08; a strain at break greatey
than about 50% {preferably greater than about 80%, more preferably greater than about
300%:;), as measured according to ASTM D838-08; ar any combination thereof,

{43]  Preferred ionomers mixtures of an fonic compound and a copolymer including a
polar monomer and a nonpolar monomer. Non-polar monomers that may be used in the
copolymer of an ionomer include c-olefins, such as g-olefins having front 2 to about 20
carbon atoms {e.g.. from about 2 fo about & carbon atoms). Exemplary nonpolar
monomars that may be employed inclide ethylene, propylens, 1-butene, 1-hexens, and
t-octene, or any combination thereof. Suitable polar monomers include monomers which
upen polymerization have an ionic group. Without limilation, examples of polar
monamers that may be employed in the copolymier of the ionomer include acids, such as
acids having from about 2 to about 20 carbon atoms {(e.g., methacwylio asid, ethacrylic
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acid. The concentration of the polar monomer in the copolymer of the jonamer may be
tess than abowd 40 wi %, preferably less than aboul 28 wi%, and more preferably less
than about 20 wit %, based on the total weight of the jonemer. The concentration of the
polar monomer in the Sullable lonic compounds for the ionomer include compounds
containing one or more alkall sarth metals, one or more alkaline earth metals, or both.
Without limitation, the jonic compound may include sodium, potassium, lithium, calcium,
magnesium, or any combination thereof, Particularly preferred lonic compounds inciude
sodium hydroxide, potassium hydroxids, caloium hydroxide and magnesium hydroxide.
By way of example, commerdially available ionomers include SURLYN® poly(ethylene-
co-methacrylic add) lonomer and NAFION® perflunrosulfonats lonomers.

(44]  Prefarred polyurethanes include thermoplastics formed from polymerizing one or
more dilsocyanates and ane or more diols. More preferred polyurethanes include
thermoplastic formed from polymerizing one or more diisocyanates and fwo of more
diots. The polyurethane may be a thermoplastic polyurethane slastomer, such as one
including a first polymer block containing a first dicl and @ second polymer block than
includes a second diol, where the first block is @ relatively hard block {e.g., having a
refativaly high modulus) and the second block is a relatively soft block (.., having a
modulus jower than the refatively hard block). The concentrations of the relatively hard
block and the relatively soft block may each independantly be greater than about 5 wi.%,
preferably greater than about 10 wi.%, and more preferably greater than about 20 wi %
based on the tolal weight of the copolymer. The concentrations of the relatively hard
block and the relatively soft block may each independently be less than about 98 wt %,
preferably iess than about 80 wt.%, and more preferably less than about 20 wi.% based
on the total weight of the copolymer. The total concentration of the relatively hard black
and the relatively soft block may be greater than about 80 wi %, preferably greater than
about 80 wt.%, more preferably greater than about 95 wt.%, and most preferably greater
than about 98 wi.% based on the tatal weight of the polymer. Commercially available
thermoplastic polyurethanes (TPU) that may be emploved include ESTANE® brand TRPU
avaitable from Lubrizof Corporation, ELASTOLAN® brand TPU available form RASF and
DESMOPAN® brand TRU ayailable from Bayer.

{45}  The thermoplastic polymer may be selected so that # includes relatively long
chains, such that they may have a number average molecular weight greater than about
20,000, preferably greater than about 60,000, and most preferably greater than about
140,000, They may be unplasticized, plasticized, olastomer modified, or free of
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stastomer. Semi-erystalline polymers may have a degree of orystaliinity greater than
about 10 wi%, more preferably greater than about 20 wi%, more preferably greater than
about 35 wi%, more preferably greater than about 48 wi%, and most preferably greater
than about 88 wi%. Semi-orystalline polymers may have a degree of orystallinity less
than about 80 wi%, preferably less than abowt 85 wi%, more preferably less than about
80 wite, and most preferably less than about 68 wi%. Crystallinity of the theymoplastic
polymer may be measured using differential scarning calorimetry by measuring the heat
of fusion and comparing it to art known heat of fusion for the specific polymer,

[48]  The polymer preferably may be selected so that it has a mslt index sufficiently
high so that the polymer can be processed using extrusion squipment. Preferred
polymers have a melt flow rate of about 0.05 g/10 min or more, about 81 ¢/10 min or
more, or about 0.3 g/10 min or more as measured according o ASTM D238 at
100°G/218kg. The polymer preferably has & melt index sufficlently low so that the
polymer has good machanical properties. Preferred polymers have a melt Sow rate of
about 150 ¢/10 min or less, about 80 g/10 min or less, about 50 g0 min or fess, about
20 /10 min or less, or zbout 4 ¢/10 min or less as measured ancording to ASTM 1238
at 180 “Cf2.18kg.

[47] The polymer preferably may be sslecled so that it has a sufficiently high dart
drop impact (in units of g, measured according o ASTM 1700A on g 2 il thick film} so
that the polymer resists cracking during a high speed stamping operation. Preferred
polymers have a dart drop impact of about 10 g or more, about 40 g or more, about 100
g.or more, about 180 g or move, abowt 200 g or more, or about 250 g or more, as
measured agcording to ASTM DI790A (2 mil}.

{48]  The polymer of the filled palymeric material may alse contain up to about 10 wi%
of & grafted polymer (s.g. a grafted polyolefin such as isotactic pelypropylene
homopolymer or copolymer) which s grafted with a polar molecule, such as malsic
anhydiide.

(48] The thermoplastic polymer may include a substantially amorphous polymer {e.g.,
a poltymer having & crystallinity less than about 10 wh%, preferably less than about §
wi %, and most preferably less than about 1 wh%, as measured by differential scanning
calorimetry at a rate of about 10°Cimin). For example, the thermoplastic polymer may
include & substantially amorphous polymer having a glass transition temperature greater
than 50°C, preferably greater than 120°C, more preferably greater than about 160°C,
evers more preferably greater than about 180°C, and most preferably greater than about
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208°C, as measursd by dynamic mechanical analysis at a rate of about 1 Hz, Exemplary
amorphous polymers include polystyrene containing polymers, polycarbonate corttaining
polymers, aorylonitrile containing polymers, and combinations thereof,

{80]  Withowt limitation, examples of styrene containing copolymers that may be
emplaved o the filled polymeric material are described in inlemational Patent
Application Publication WQ 2010/02180¢ (published on February 25, 2010 by Mizrahi).
{51} in feu of or in addition to any thermoplastic polymer, the polymeric layer may
emplay an elastomer having one or both of the following properties: a relatively low
tensile modulus at 100% elongation {e.g., less than abowt 3 MPa, preferably less than
aboul & MPa), a relatively high tensile elongation at break {g.4., greater than abowt
110%, preferably greater than about 180%) both measured according to ASTM DE38-08
at & nomingl strain rate of about 0.1 87, Examples of elastomers that may be employed,
are described I International Patent Application  Publication WO  2010/0215898
{published on February 25, 2010 by Mizrahi).

[82]  Though it is possible that some amounts of epoxy may be used, the polymer of
the filled polymeric material preferably is substantially free or entirsly free of epoxy. or
other britle polymers {e.¢., polymers having an elongation at fallure of less than about
20% as measured according to ASTM DE38-08 at & nominal strain rate of about 0.1 &),
or both, i present, the concentration of epoxy, other britlle polymers, or both is
preferably lass than about 20%, more preferably less than about 10%, more preferably
tess than about 5%, and most preferably less than about 2% by volume, based on the
total volume of the filled polymeric material.

(531 In one particularly preferred aspect of the teachings, the flled polymeric maternal
may include one ar more polyamide copolymers, one or more  thermoplastio
polyurethanes, one or more thermoplastic polyether-ester copolymers, one or more
polyclefins, one or more fonomers, or any combination thereofl The polyamide
copolymer may be any of the polyamide copolymers described abiove hersin, Preferred
polyamide copolymers include polyamide-polyamide copolymers, polyesteramide
copolymers, polyetheresteramides,  polycarbonate-esteramide  copolymers, or any
combination thereof, Any of the thermoplastios may be g random copolymer or a block
copelymer. Any of the thermoplastics may be a thermoplastic elastomer. By way of
example, the filed polymeric materdal may include a polysster amide thermoplastic
elastomer, a polyetheresteramide thermoplastic elastomer, a polycarbonate-esteramide

thermoplastic elastomer. @ polyetheraster thermoplastic elastomer, a amids blnck

19



WO 2011/100734 PCT/US2011/024829

copalymer thermoplastic elastomer, or any combination thereaf, The filed polymeric
material may optionally include one or more polymers that is not a copolymer. Far
example filled polymeric material may include one or more polyamide homaopalymer.
Particularly preferred polyaride homopolymers include polyaride 8 and polyamide 6.6
it employed the concentration of the one or more polvamide homopolymers preferably is
relatively low {e.g., compared with the concentration of the one or more copolymers, §
present, the concentration of the ohe or more polyamide hamopolymers preferably is
about 20 weight percent or lass, more preferably about 40 weight percant or less, even
more preferably about 30 weight percent or less, and most preferably about 25 weight
parcent of less, based on the total weight of the polymer in the filled polymerdic material.

{54 Without limitation, examples of thermoplastic polymers that may be employed in
the filled polymeric material include thermo polyamide copolymers that may be
employsd indude polyamide copolymers (such s LUMIDE available from LG Chemical
Ld, GRIVORY®, GRILAMID®, and GRILON® available from EMS-Grivery (e.q.,
GRILON® CA 8 E, GRILON® CF8 8, GRILON® CR 8, GRILON® CR ¢, GRILLON® BM
13 BBG, or GRILLON BM 20 SBG), AMILANG available from Taray Resin Company,
DURETHAN® availlable from Larxess Corporation, NYLENE® available from Custom
Resins Group, ULTRAMID® available from BASF Corporstion, and WELLAMID®
available from Wellman Engineering Resins), polysther-amide copolymers {such as
PEBAX® avaitable fronmy Arkema), nylon homopolymers {such as AEGIS® available from
Honeywell, CHEMLONS available from Teknor Apex Company, NYMAX™ gavailable
from PolyOne Corporation, and NYPEL® avallable from BASF  Corporation),
tharmoplastic polyurethanes (such as APILON® available from AP SpA, DESMOPANG
available from Bayer Material Science AG, and ELASTOLLANG avallable from BASFE
Polyurethanes GmbH). Without limitation, examples of polyolsding that may be employved
in the filled polymeric material include ethylens copolymers (such as EXACT™ available
from ExxonMobil Chemical, DOWLEXS® available from Dow Chemical Company, and
ENGAGE™ gyallable from Dow Chemical Company), polypropydens and polypropylens
copolymers {such as BORMED™ available from Borealis AG, FORMOLENE® avallable
frorg Formiosa Plastics Corporation, USA, VERSIFY™ available from Dow Chemical
Company, and VISTAMAXX™ available from ExxonMobil Chemical). The thermoplastic
polymer may include a molding grade, an sxirusion grade, a film grade, a blow molding
grade, a rotation molding grade, or any combination thereof In one aspect of the
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invertion, a film grade may provide surprisingly good adhesion with an adjpining shest
material,

{651  In one aspect of the teachings herain, the polymer selected for the core matarial
may be generally non-polar white still providing surprisingly good adhesion with an
adjoining sheat materdal for forming the composite,

{86] Nevertheless, the polymers selected for employment herein may be genarally
polar. Filled polymedc materials that include a generally polar polymer may have
sufficient atfraction betwesn the polar polymer and the medaliic fibers so that there is no
need for a functicnalized polymer to improve the adhesion between the thermoplastic
and the metallic fibers. As such, the filled polymeds material may be substantialy free of,
or gven entirely free of polymers having malsic anhydride, acrylic acd, an acrviate, an
acelate, or any combination thereof. For sxample, the filled polymeric may include or
may be substantially free. or entively free of maleic grafied polymers. If employed, the
concentration of polymers having maleic anhydride, acnlic acid, an acrviate, an acetats,
or any combination in the flled polymeric material preferably about 20 weight percent or
less, more preferably about 10 weight percent or less, even more preferably about 5
weight parcent or less, even more preferably about 1 weight peroent or less, and maost
proferably about 0.1 weight percent or less, based on the total weight of the polymer in
the filled polymetic material. By way of example, generally polar polymers include acetal
homopolymers or copolymers, polyamide homopolymers or copolymers, polyimide
homopolymers or copolymers, polyester homopolymers or copolymers, polycarbonate
homopolymers or copolymers, or any combination thereof. Filled polymeric materials
that include & generally polar polymer may be substantially free of, or entirely free of
potyslefin horoopolymers and copolymers including about 50 weight percent of one or
more olefins, If employed, the tofal concentration of any polyolein homopolymers and
any copolymers including about 50 weight percent of one or more olefins may be about
30 weight percent or less, preferably about 20 weight percent or less, more preferably
about 10 weigh percent or less, even more preferably abowt 5 weight percent or less,
and most preferably about 1 weight percent or less, based on the total weight of the
polyrners in the filled polymeric material,

[§7] The fillad polymeric material may include a single polymer or a mibtture of two or
more polymers as daescribed in paragraph 0056 of U.S. Provisional Patent Application
B1/371,360 flled on August 8, 2010, incorporated. harain by reference. For example, the
filled polymeric material may include & mdure of a polyolefin and one or more second
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polymers, such a5 mixture of a polyolefin and a polar polymer, such as an jonomer. The
material may include a sufficlent amount of second polymer (8.¢., the jonomer) 5o that
the polymer adheres to the metal layers, to the metallic fiber, or bath. The weight ratio of
the second polymer o the polyolefin may be abowt 1:99 or mave, about 3:97 or mors,
about 5:85 or more, about 1000 or more, or ahowt 20080 or more. The weight ratic of the
second poiymer to the polyolefin may be about 9901 of Jess, about 80:10 or less, about
70:30 or less, about 50:50 or less, or about 40:80 or lass.

FILLERS

{58] The filled polymeric materal (e.g., the filled thermoplastic polymeric fayser)
containg ong or more fillers, The fillers may be a reinforcing filler, such as fibers, and
more particulardy metallic fibers. Metallic filers (e.q., metallic fibers) that may be
smployed are described in International Patent Application Publication W 201 0/021899
{published on February 25, 2010 by Mizrahi), ses for sxamiple paragraphs 0684 — 081,
incorporated herein by reference and paragraphs 53.70, FiGs. 24, 28, 2C, 2D, 3B, 2F,
2G, 24, 21, 24, 3, and 4 of U5, Patent Application No. 12/978,874 (filed on December
27, 2010 by Mizrahi}, bath incorporated herein by reference. For sxample, metallic fibers
which may be used in the invention include fibers formed from metals such as stesl
{e.g., low carbon steel, stainfess steel, and the fike), aluminum, magnesium, fitanium,
copper, alloys containing at least 40 wi% copper, other alloys conlaining at least 40 wi%
iron, other alloys confaining at least 40 wi% aluminum, other alloys containing at least 40
with titanium, or any combination thereof. Preferred Sbers include, consist essentially of,
ar consist entiredy of steel If employed, the steel of the fibers may be plain carbon stes!
(e.g.. having a carbon congentration below about 0.2, 015 or even 0.08 weight%),
though it may include one or more alloying slements {e.g., M, Cr, or ather elements for
defining a staintess steel). The fibers may cany a sacrificial anode material or slement,
such as described hereinafter. The fibers may combing a mixture of fwo or more types of
fibers, such as 3 mixture of fibers of two or more different compasitions {a.g., one of the
fibers may be selected for a sacrificial anode), @ mixturs of two or more fibers of different
cross-section profilas, of different sizes, or othenwise.

{98] The filled polymeric material may contain other non-metallic conductive fibers,
such as those described in International Patent Application Publication WO 2010/021889
{published on February 25, 2010 by Mizrahi).

[80]  The filled polymeric material may include a metallic fher or other fller that is
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capable of reducing or eliminating the corrosion of the metallic layers. In one approach,
one or more of the metallic fibers or other fillers in the filled polymeric material may have
a refatively high galvanic adivity, For sxample, the metallic fibers or other fillars in the
filled polymeric material may have a higher galvanic activity than the metal employed for
the surface of one or preferably both of the metallic lavers (of the composite material) in
contact with or facihg the filled polymeric material, As such, i may be desirable for the
filled polymeric material to be substantially, or even entirely free of fillers having a low
galvanic getivity. By way of example, this approach to reducing the corrosion of a
composits material may use a filled polymeric material that is substantially or entirely
free of carbon black. The one or more fillers having a relatively high galvanic activity
preferably have an anodic index that is greater than the metallic layer by about 0.05 V or
more, more preferably by about 0.1 Vo or more, even more preferably by about Q.20 V or
more, and most preferably by about 0.25 V or more. The one or more fillers having
relatively high galvanic activity may be any art known matenal having a higher galvanic
activity than the metallic layer. By way of example, such fillers may includes one or more
zine containing materials, one or more magnesium containing materials, one or more
aluminum containing matertals, or any combination thereof. The one or more fillers may
include a first filler and o second filler having a higher galvanic activity than the first filler,
where the second filler s a sacrificial filler, if the filled polymeric materals includes a first
filler and & sacrificial filler, the first filler praferably is 3 metallic fiber. The saorificial filler
may have 3 relatively high total surface area (Lo, of all of the saarificial filler particles)
sompared to the surface are of the metallic layer, the total surface area of the first fitter,
or prefarably both. For example, the ratio of the total surface are of the sacrificial filler to
the surface area of the metaliic layer may be about 1.5 or mare, preferably about 3 or
more, more preferably about 10 or more, and most preferably about 50 or more. if the
filled polymeric matertals includes a first filler and & sacrificial filler, the first Siler may
have a surface having a galvanic aclivity that is less than, equal to, or greater than the
galvanic activity of the surface of the metallic layer. If the first filler has a surface having
a galvanic activity greater than the galvanic activity of the surface of the metallic layer,
the first filler may function as a sacrificial filler. As such, a second sacrificial filler may not
be needed and the filled polymeric may be substantially or entirely free of a sscond
sactificial filter,

{61}  The metallic fibers preferably are selected so that the composite material has
generally good weld characteristivs. For example, the concentration of the metallic
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fibers, the size of the metallic fibers, the amount of contact between the metalfic fibers,
the shape of the melallic fibers, the amount of contact between @ metallic fiber and the
metal fayers, or any combination thersof of may be selected so that the composie
materfal has a generally good weld provessing window, a generally high electrical
conductivity, a generally high static contact resistance, of any combination thereof. A
generally good weld processing window may be characterized for example by a high
weld current range, a high weld time range, or both. The weld currert range and the
static contact resistance of the composite material may have features and ray be
measured according to the method described in paragraphs 119117 of U.S. Provisional
Fatent Application No. 81/377,509 filed on August 27, 2010 and paragraphs 013, 016,
023, 034038, 076-08C and 1214128 and FiGs 5-8 of US. Patent Application No.
12/978,974, tited on December 27, 2010, both incorporated herein by reference.

[82]  The fibers or any cther filler selected for use with the present teachings is such
that, when used in combination with the polymeric component herein, and any
associated material for defining the composits, will provide a weld current range for the
composite roaterial, le, when welded fo a shest of monolithic steel baving the sams
thickness as the composite material that is preferably greater than the current range for
two monolithic sheets of steel, Im, baving the same thickness as the composite material.
For example, the materials may be selected and employed such that the ratio of loto I
is preferably about 1.1 or more, more preferably about 1.2 or more, even more
preferably about 1.3 or more, even more preferably about 1.4 or mora, and mast
preferably about 1.8 or move. The current range of the composite matenal, o, may be
about 1.5 kA or mors, about 1.7 kA or more, about 1.8 kA or more, about 2.9 kA, abouwt
2.3 kA or more, or about 2.6 KA or more. The static contact resistance of the composite
miaterial may be about (.0020 D or less, about 0.0017 0 or less, about 0.0018 Q, about
0.0012 @ or Jess, or about Q.0008 Q or less. The materials may be selscled and
employed such the ratio of the static contact resistance of the composite material to the
static contact resistance of stesl (2.g., cold rolfled steel, galvanized steel, galvannealed
steel, or any combination thereof) may be about 1 or more, about 1.2 or more, abowt 1.8
or more, about 2 or more, abouwt 3 or more, about 4 or more, abhout 5 or more or about 10
or more. U will be appreciated that # the static contact resistance is foo high, the
composite may have difficully in passing a current and thus oot be easily weldsd. As
such, the materals may be sslected and emploved such that the ratio of the static
cortact resistance of the composite matertal 1o the static contact resistance of stesl
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{£.9.. cold rolled steed, galvenized stes!, galvannsaled steel, or any combination thersof)
praferably is about 1000 or less, more preferably about 300 or less, even more
prefarably about 100 or less, even maore preferably about 78 or less, and most preferably
abiout 40 or less.

{83] The melallic fibers preferably may have dimensions and distribution of
dimensions as deswuibed in  international  Fatent Application  Publication WO
20107021888 {published on February 25, 2010 by Misrahi). Withowt hmitation, the
melallic fibers may have a wsight average length, L, greater than about 1 mm, more
preferably greater than abouwl 2 mm, and most preferably greater than ghout 4 mm.
Suitable fibers may have an L, of less than about 200 mm, preferably less than about
55 mm, more preferably less than about 30 mum, and most preferably less than about 25
rin. The weight average diameter of the Sbers may be greater than about 0.1 {im, more
preferably greater than abott 1.0 pm, and most preferably greater than about 4 um. The
weight average diameter of the fiber may be less than about 300 um, preferably less
than about 50 pm, gven more. preferably less than abowt 40 pm, and most preferably
less than about 30wm.

{64} The metallic fibers may have any shape. The mefaliic fibers may include a
curvilinear portion. Generally lingar metallic fibers may be used. More preferably the
metallic fibers are not straight fibers, By way of example, metallic fibers that are not
straight, may have one or more bends, may have o gensrally arcuate profile, may have a
generally helical shape, or any combination thereof, Metallic fibers that are initially
straight, preferably become fibers that are not straight {such as described above) when
combined with the polymer,

{65] The metallic fibers may have ong or more features described in paragraphs 099-
102, 187, and FIG. 5 of WS, Provisional Patent Application §1/371,360 filed on August
8. 2010, incorporated herein by reference. For example, the cross-section of the metallic
fiber {i.e, in the direction transverse to the length of the fiber) may have one or more fiat
sides. As such, @ portion of a metallic fiber in the composite may have a planar contact
with a metallic layer, with another fiber, or both. The metaliic fber may have a oross-
section that is generally a polygonal having four or more sides, such 8s a cross-seotion
that is generally rectangular, generally a paralislogram, or generally a square. Such
fibars thus may be configured generally as elongated fiat ribbon strips. The ratio of the
fength {e.g., the average length} to the width {e.g. the weighted average width) of the
ribbon skips may be sbout 2 or more, abowd 4 or more, about 8 or more, or about 15 or
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more, The ratic of the length (e.g., the average length} to the width {e.g. the weighted
average width) of the ribbon strips may be about 5000 or less, about 1000 or less, abowt
400 or less, about 100 of tess, or a&bout 30 or less, The ratio of the width {s.g., the
weighted averags width} to the thickness {e.g., the weighted average thickness) of the
fibers may he 1 or more, about 1.4 or more, about 2 or mare, about 3 or more, about 5
or mare, or about 7 or more. The ratio of the width to the thickness of the fibers may be
about 300 or less, about 100 or less, about 50 or less, or about 15 or less. Buch fhers
may be prepared by one or more fiber forming steps, such as a step of culting a metaliic
foll {e.g., having a thickness that (s about the thickness of the fibers) into narrow ribbon
strips {&.g., the spacing between cuts may define the width of the fibers).

{68]  The cross-section of the metallic fibers, perpendicular to the length of the fiber,
may have any geametry. For example, the cross-section may be a palygon {such as a
rectangle or square} o other shape having generally straight sides, or the cross-seciion
may include at feast one side that is generally arcuate (for example, the metallic fibers
may bave a cross-seclion that is entively arcuate, such as a substantially circular, or
substantially oval shaped cross-section). The cross-sectional area of the matallic fibers
in the plane transverse to the longituding axis preferably is about 1 x 1% mm? or more,
more preferably about 1 x 10% mm? or more, even mors preferably about & x 10% mm? or
more, even more preferably about 1 x 10 mm® or mors, and most prefarably about 4 x
107" mm? or more. The cross-sectional area of the metallic fhers in the plang transverss
to the Jongitudingl axis preferably is about 2.5 x 10 mm® or less, more preferally about
1% 107 mm® or less, even more preferably about 25 x 10° mm? or less, and most
preforably about 1 = 10 mm® or ess. For axample, # is surprising that composite
materials employing stesl fibers having a cross-ssctional area in the plane transverse to
the longitudinal axis that are greater than about & x 10° mm® have improved weld
procass window relative to materials having fibers with lower cross-sectional area. Such
somposite matedals including the fibers having a cross-sectional area greater than about
8 x 10° me?® maintain the high drawability and formability observed found for the
composite materals with thinnher fibers,

{877 The metallic fibers may have a substantially constant thickness scross the length
of the fiber, across the width of the fiber, or both. A fiat sutface of the fiker may be
smoath {i.e., generally free of texture), or may have a texture. For example a ribboiike
fiber may have both major sufaces that are smooth, both major surfaces that are

textured, or one major surface that Is textured and ane major surface that is smooth.
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[68] A particulatly preferred metallic fiber that may be used, pptionally with one or
more other fibers, is a stes! fiber (8.4, a carbon steel fiber) having a gensrally
rectangular cross-section {&.q., for defining a profile for the generally flat ribbon strips).in
the diraction tranaverse {0 the length. The metallic fiber may have a walghted averags
thickness of about 10 to about 70 pm, a weighted average width of about 40 to atiout
200 pm, a weighted average length of about 0.8 to about 5 mm, or any combination
theract,

53]  When used in the polymeric layer between two metaliic layers, the metallic fibars
preferably are present as a mass of fibers, The mass of metallic fibers preferably
includes a large number of fibers {8.g., 20 or more, 100 or mora, 1000 or more, or 10000
or more}, The mass of metatlic fibers may be inferconnscted. The mass of metallic fibers
may be emangled. The mass of fibers may form mechanical Interfocks (ie., two or mare
fibars may be mechanically interlocked). The mass of metalfic fibers preferably spans
with thickness of polymeric layer so that the mass of fibers {e.9., the network of metallic
fibers} elecirically ponnects the two metallic layers. Although a single metallic fiber may
span the thickness of the polymeric layer, preferably none of the metallic fibers span the
thickness of the polymeric layer. If metallic fibers span the thickness of the polymeric
layer, the fraction of the fibers that span the thickness preferably is about 0.4 or less,
mare preferably about 0.20 or lass, even mare preferably about 0.10 or less, even more
preferably about 0.04 or less, and most preferably about 0.01 or fess. The fibers in the
mass of fibars preferably are armanged in a non-ordered arrangement. For example, the
maximum mamber of neighboring metallic fibers that are arranged in a generally alignad
arrangement may be less than about 100, preferably less than about 5¢, more preferably
less than about 20, even more preferably less than about 10, and most prefarably less
than about & More preferably the mass of fibers are aranged in a generally random
arrangement. individual metalfic fibers that contact a surface of ane of the mestallic layers
preferably are free of a planar contact (8.9., over the langth of the fiber). As such, the
composite material may be characterized as being essentially free, or even entirely fres
of planar contacts between a metallic fiber and & metallic layer. Fibers that contact a
metaliic surface, preferably have a line contact, a point contact, or a combination,
thereof. Some of the metallic fhers may contast one of the metallic layvers, howsver few,
if any of the metallic fiber will contact a metallic layer over a large portion of the length of
the metallic fiber. As such, alarge fraction of the metallic fibers do not contact a metallic
fayer or at least have a significant portion that is not in contact with the metallic layer,

ol



WO 2011/100734 PCT/US2011/024829

The fraction of the metallic fibers that contact @ metallic layer slong at least half of the
tength of the fiber is preferably about 0.3 or less, more preferably about 0.2 or less, even
more preferably aboul 0.1 or less, even more praferably about 0.04 or less, and most
preferably about .01 or less.

{701 The melallic fibers are preferably sufficiently thin and present in a sufficlent
concendration so that many fibers ave arr‘angeﬁ betwaen the surfaces of the layver. For
axample, the average number of fibers that intersect a line parallel to the thickness
direction of the polymeric layer and going through the polymeric layer preferabily is about
3 or more, more preferably abouwt 5 or more, more preferably abowt 10 or more, and
most preferably about 20 or more. Without being bound by theary, it is believed that 3
targe numnber of metallic fibers advantagsously allows for more homogensous
deformation of the material, such as during a stamping process.

{71  The concentration of the metallic fibers is preferably greater than about 1
volume%, more preferably greater than about 3 volume%%, even more proferably greater
tharny about § valume®%, sven more preferably greater than about 7 volume%, aven more
preferably greater than about 10 volumet, and most preferably greater than about 12
volume% based on the total volume of the filled polymeric matenial. The metallic fibers
may be present in the filled polymeric material at a concentration less than about 80
voluma%, preferably less than about 50 volume®%, more preferably less than about 35
volume %, still more preferably less than about 33 volume%, and most preferably less
than about 30 volume®% {8.g., less than about 25 volume¥%, or even less than about 20,
18, or & volumeh). For example the amount of fiber may be about 1%, 2%, 3%, 4%, §%,
&%, 7%, 8%, 9%, or 10%. by volume based on the total volume of the Slled polymeric
material, or within a range bounded by those values {such as from about 1% to about
8%). It ls possible that composites herein may employ a concentration of metallic fibers
that swprisingly is substantially lower than the amount of a particle fillsr necessary to
achieve similar welding characteristics. Moreover, it is also possible that the fibers and
materials are selected so that better welding performance surprisingly may be realized at
a relatively low concentration of metallic fibers as compared with an identical composite
material having a higher concentration of metallic fibers. For example, it is surprisingly
seen that wsing a filled polymeric material having abolt 10 volume % metalic fiber
results in composife materials having superior welding charactenstics compared with
those made with filled polymenic materials having Mgher concentrations of metallic fiber.

{72] The thermoplastic polymer materal may be present in the filled polymenic
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material at & concentration greater than about 40 valumeS, preferably greater than
about 65 wolume %, more preferably greater than about 87 volume, still mors
preferably greater than about 70 volume%, and most praferably greater than about 75
volume® (8.9, at least about 80 volume®t, at lzast about 80 volume Y%, or even at least
about 85 volume®%).

731  The volume ratio of the polymer {e.g., the thermoplastic polymer) to the fibers
fe.g., the metallic Bbers) is preferably greater than about 2.2:1, more preferably greater
than about 2.5:1, and most preferably greater than about 311, The volume ratio of the
polymer {e.g., the thermoplastic polymer) to the fibers (s.g. the metaliic fibers) is
praferably less than abowt 291, more preferably less than about 33:1, even more
praterably less than about 19:1, and most praferably less than about 1, (8.9.. less than
about 7.1},

{74]  The malerial of any core in the sandwich composites herein may contain pores of
voids, or may be substantially free of pores and voids. Preferably, the concentration of
pores and voids in the filled polymenic materal is less than about 25 volume®, mare
preferably less than about 10 volume%, still mare preferably less than about 8 volumeSs,
and most preferably less than about 2 volume% {e.g., less than about 1% by voluma),
based on the tolal volume of the filled polymeric material.

(78]  The fiber {2.g.. the conductive fiber, such as the metallic fiber) preferably is
present al & soncentration greater than about 40 volume %, more preferably greater
than about 70 volume %, and most preferably greater than about 80% {e.g., greater than
about 90 volumea Y%, or even greatsr than about 85 volume %) based on the {otal volums
of the filler in the filled polymeric matarial,

{78] The combined volume of the polymer {e.g., thermoplastic polymer) and the
metaliic fibers is preferably st least about 80% by volume, more preferably at feast about
85% by volume and most preferably at least about 98% by volume based on the tolal
volume of the filled polymeric material.

[f7}] The metallic fibers provide ong or any combination of eleciic conductivity for
welding, & reinforcement for strengthening, or strain hardening the polymeric structure
by ulilizing tibers that as metals are capable of extending and imparting better strain
hardening properties to the polymaeric core. As such, the tensile slongation (at fallure) of
the metal fibers is preferably greater than about 5%, more preferably greater than about
30%, and most preferably greater than about 80% as measured according to ASTM
AJT0-03s.
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(78]  1tis possible that the materials herein may employ in combination with fibers, a
metaliic particle. Metallic particles may be spherical, elongated, or of any shape other
than a fiber shape. Metallic particles which may be employed include those deswibed in
international Patent Application Publication WO 2010/021889 {published on February
28, 2010 by Mizrahi).

{791  The fibers {e.g.. the melallic fibers} or the combination of the fibers and the
metallic particles preferably are dispersed (e.g., randomly dispersed)} in the polymeric
rivatrix at a volumelric concentration of fess thar about 30% {(more preferably less than
about 25 %, and most preferably less than about 20%) by volume of the total polymeric
layer). f melaliic particles are amployed, the ratio of the volume of the fibers {e.g., the
retallic fibers) to the volume of the metallic particies in the filled polymeric material layer
may be greater than abowt 1:30, preferably greater than sbout 111, and most preferably
greater than about 21,

{801 In one aspect of the invention, metallic particles, metallic fibers, or both may be
obtained by a step of grinding offal andfor scrap such as described in International
Patent Application Publication WO 2010/021899 (published on February 25, 2010 by
Mizrahi), see for example paragraph 124, incorporated hersin by reference.

METAL LAYERS

[81]  As discussed, it is envisioned that composites herein may employ a sandwich
structure by which & mass of a polymaric core is flanked on opposing sides by spaced
apart layers. For example, a structure herein may include two sheets {8.q., metal shests)
that have g metal fiber reinforced polymernic core material disposed between the sheats
and preferably in contact with the sheets. The metal layers (2.g., the first metaliic layer
and the second metal layer} of the sandwich construction may be made of a suitable
material {eyg., metal) in the form of foils or sheets or other layers having squal or
unequal thickness (e.g.. average thickness} across the laver. Each metallic fayer may
have a generally constant thickness or may have a thickness that varies. The face metal
on each side may be made of materials having the same or different propertiss and be
made of the same or different metals. If the metal faces are made of metal sheets of
unequal thickness, materials having different properties, or muaterials having different
metal. The composite material may have a marking or other means of identifving and
distinguishing the different maetal faces. The layers may be the same or different in
compasition, size (8.g.. thickness, width, volume, or otherwise), shape, or other features,
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relative to sach other layer.

[82] Examples of metal layers that may be employed are described i described in
international Patent Application Fuldication WO 2010/021808 {published on February
25, 2010 by Mizrahi), see for example paragraphs 082-081, incorporated hersin by
reference. Preferred metal layers include, or consist sssentially of, or consist entirely of
one or more sieels.

831  Parficularly preferrad steel metal layers may be prepared using a process
including one or more hot roling steps, one or more cold rolling steps, one or more
annealing steps, one or more cleaning steps, one or more tempering steps {e.g, a single
roll, a double roll, or otherwise} or any combination thereof, Particulanly preferred steel
metal layers may have one or both surfaces that is bright {e.g., having a smaooth finish or
& lustrous smooth finish), stone (2.g.. having a grindstone pattern), matte {e.g., having a
satin finish or a blasted finish}, or any combination thereof. The stes may be bare steal
or otherwise coated, plated or treated, such as known in the an or described herein,
Without limilation, a steel mefal layer may include or consist essentially of, or consist
entirely of tin milled black plate.

{84}  The metal layers may have one or more surfaces plated or coated {e.g., with 3
thin film}, or having one or more other surface treatment {&.g., & treatment that cleans,
etches, roughens, or chemically modifies a surface). A metal face may have one or mare
coatings, platings or surface treatments that improves the adhesion of a filled polymeric
material to the metal layer. The metal layers may have one or more surfaces plated,
coated or otherwise treated that provides corasion resistance, improves adhesion to a
paint-of primer, improves stiffness, or any combination theveot, Exemplary coatings and
platings may include one or any combination of galvanized, slectrogaivanized, chrome
plating, nickel plating, corrosion resistance treatment, s-ooal, zine coated, Granacoat,
Bonazine and the ke, It will be apprediated that one or more coatings, platings, or
surface treatments may be performed on the composite material, (e.g. afer the
composite material is prepared). As such, 2 surface of the metal layer facing the filled
polymeric layer may be free of g costing, plating or surface treatment and an exposad
strface of the metal layer may have a ooating, plating or surface treatment. One or both
metal faces may be free of a coating, plating or surface treatment (for example, the filled
polymerdc material may be treated or selected so that it provides good adhesion to the
metal layer without the need for  coating, plating, or surface treatmant),

[85]  One or both of the metal faces prefarably may be relatively thick, such that the
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metal face does not wrinkle, fear, or form other defects when preparing andior
procassing the composite malerial. Preferably, the thickness of one or both of the metal
faces is af least about 0.05 mm, more preferably at least about 0.10 mm, even mors
preferably at Jeast aboid 0.15 mm, and most preferably at least about 0,18 mm. The
sheets may have a thickness less than about 3 mm, preferably less than abowt 1.5 mm,
and more preferably less than about 1 mm, and most preferably less than about 0.5 mm.
For example, the composite material may be used in an automative panel requiring at
lsast one class A or class B surface, preferably at least one class A surface (e.g., after a
stamping step, a welding step, an electrocosting step, a painting step, or any
combination thereof). Such a composite material may have a first swurface which is a
class A surface and a second surface which is not a class A surface. The class A
surface may be the surface of a first metal face having a relatively high thickness and
the surface that optionally is not a class A surface may be the surface of a second metal
face having a relatively low thickness {e.g., at least about 20% or even at least about
40% less than the thickness of the first metal face). In general, the ratio of the thickness
{&.4.. average thickness) of the first metal laver to the thickness of the second metal
layer may be from about 0.2 1o abowt 5, preferably from about 0.5 to about 2.0, more
preferably from abowt (175 o about 1.33 and most preferably from about 0.91 to about
1.1

[86] Surprisingly, the filled polymeric layer may provides sufficient sliffness with
respect to the flexural modulus of the composite matedal so that down gauging is
possible, for sxample by employing a high strength stesl for ane or mors metallic layers
of the light weight composite malerial, such as described in paragraphs 120 and 121 of
U.S. Provisional Patent Application No. 81377580 fled on August 27, 2010,
incerporated herein by reference. The first metal fayer, the second metsl layer, or both
may include a sufficlent amount of high strength stesl so that the flexural modulus of the
composite material is at least abowt 200 GPa, as measured according 1o ASTM DYS0,
wherein the concentration of the filled polymeric layer is at sufficiently high so that the
density of the composite material is about 0.8 dw or loss, where dy is the weighted
average density of the first metal layer and the sscond metal fayer. Surprisingly such
composite materials may have one or both of the following characteristics a high yisld
strangth of about 100 MPa or more, about 120 MPa or more, about 140 MPa ar more,
about 170 MPa or more, about 200 MPa or more, or about 240 MPa or more); or a high
tensile strength of about 180 MPa or more, about 200 MPa or movs, abotd 220 MPa or

-
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more, about 250 MPa or more, about 270 8Pa or more, about 290 MPa or more, or
about 310 MPa or mors.

COMPOSITE MATERIAL

[87] Tha composite material may be in the form of & multidayered sheet, e.g., a
sandwich structure including sheets of a material such as a metal that sandwich a core
of the filled polymenic material. The sheets may have a total average thickness less than
about 30 num, preferably less than about 10 mm, more preferably less than about 4 mm
and mast praferably less than about 2 mm; and preferably greater than about 0.1 nwm,
mare preferably greater than about 0.3 mm, and most preferably greater than about 0.7
mm}. The composite material may have a gensrally uniform thickness or the composite
matarial may have a thickness that varies (8.g,, & random ar periadic variation in one or
more dirgctions). For example, the vardation in the thickness may be such that the
standard deviation of the thickness Is less than about 10% of the average thickness. The
standard deviation of the thickness is preferably Jess than about §% of the average
thickness, more proferably less than about 2% of the average thickness, and most
preferably less than about 1% of the average thickness,

{88] The thickness of the filled polymeric laver may be greater than about 10%, 20%
30%, 40%, or more of the total thickness of the composite material. The volume of the
filled polymeric layer may be greater than about 10%, 20%, 30%, 40%, or more of the
totat volume of the composite matedial, Preferably, greater than 50% of the volume of the
composite material will be the filled polymeric material. The concentration of the filled
polymeric material is more preferably greater than about 80 volums® and more
preferably greater than about 70 volume®% based on the total volume of the composite
material. The concentration of the filed polymeric matenal is ypically less than 92
valume® based on the total volume of the composite material, however, higher
concentrations may be used, particulary in refatively thick composites {e.g., having a
thickness greater than about 1.5 mm).

{88]  The total thickness of outer layers of a sandwich composite structure herein {e.q.,
metallic layers) may be less than about 70% of the total thickness of the composite
material. The tofal thickness of metallic layers preferably is less than about 50%, more
preferably less than about 40% and most preferably less than about 30% of the total
thickness of the composite material. The total thickness of the outer layers (e.9., the
metallic layers) may be greater than about 5%, preferably greater than about 10%., and
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mare preferably greater than abowt 20% of the total thickness of thickness of the
composite material.

190}  The polymeric core layer preferably is in direct contact or indirect contact {such
as via a primer andfor adhesive layer) with =t least a portion of the surface of the
adjoining layers (e.g.. one or more metallic layer) facing the core layer. Preferably, the
area of contact is al least aboul 30%, more preferably at least about 50%. most
preferably at least about 70% of the total area of the surface of the adjoining tayer facing
the polymeric core layer. If a primer or adhesive layer is emploved, the thickness
preferably is sufficiently low so that it does not affect the electrical characienistics of the
compaosite material, If emplayed, the ratio of the thickness of the primer andfor adhesive
layer to the thickness of the polymeric core layer preferably is about 0.30 or less, more
preferably about 0.20 or less, even more preferably about 010 or less, even maore
preferably about Q.05 or less, and most preferably about 0.02 or less. Two adiacent
metallic layers preferably are substantially not in confact with each other, if & surface of
a first metallic layer contacts a second metallic layer, the ralio of the area of contact to
the area of the surface of the first metallic laysr is preferably about 0.3 or less, mare
preferably about 0.1 or less, even more preferably abouwt 0.05 or less, even mare
preferably about 0.02 or less, and most preferably about 0.01 or less.

(91]  The composite malerial may include a plurality of polymeric core layers. For
sxample, the composite material may include pne or more core lavers which includes an
adhesive such that it adheres to a metallic layer, a different core layer, or both,

{921  The composite material may have a relatively high stifftess to density ratio, such
ge described in described i Intemational Patent Application Publication WO
2010/021899 (published on February 25, 2010 by Mizrahi), see for example paragraphs
Q42, 080, 118, and 143-143, incamorated herein by reference,

{23]  Swprisingly, the filled polymeric material, the core layer, or the composite
materials, according fo the teachings herein may have good sound insulation
characteristics, high sound dampening, low sound fransmission, reduce sound
generation, reduce vibrations, or any combination thereof. For example, despite, having
a sufficlent concentration of metallic fibers so that the composite material may be welded
using resistance walding, the composite material may provide low scoustical
fransmission characterstics. The composite material may have acoustical transmission
propesties such as described in Intemational Patent Application Publication WO
2010/021899 {published on Febiruary 25, 2010 by Mizrahi, paragraph 111, incorporated
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herein by reference. The composite matertal according to the teachings hereln, may
include & core layer that reduces acoustical transmission, reduces sound gensration,
reduces vibrations, or any combination thereof. The peak acoustical transmission (8.q.,
as measured according to SAE J1400}, the peak vibration transmission, ar bath, through
the composite material preferably may be less than the value for & mondlithic material
having the same dimensions, more preferably by at least 10%, even more preferably by
at least 50%, and most preferably by at least 80%

PROCESS FOR PREPARING THE FHLED POLYMERIC LAYER AND THE
COMPOSITE

[94] The process for preparing the filled polymeric material and the composite
material may employ & process described in Intemational Patent Application Publication
WO 2010/021808 {published on February 28, 2010 by Mizrahi}, see for example
paragraphs 082-107, incorporated herein by reference.

{85]  The composite materal may be prepared using a process that resuits in the filled
polymeric material {e.g., core layer) being bonded to at least bne adjoining layer (e.g., 5
metallic sheet) and preferably being interposed between two layers {s.g., two metaliic
layers) and bonded to one or both layers. The process may include one or any
combination of steps of heating, cooling, deforming (anw farming, such as by stamping),
or bonding, in order to ardve at g final desired article. It is envisioned that at lsast one, or
aven all of the adioining layers {e.g., metallic lavers) may be provided in the form of a
roffed sheet, a forging. a casting, a formed structure, an extruded layer, a sintered layer,
or any combination thereof.

[96] The sheels may be healed to a temperature greater than sbout B0°C {e.q.
greater than abouwt 130°C, or greater than about 180°C) Preferably, the sheets are
heated to a lemperature greater than aboud Ta,, where T is the highest glass
transition temperature (T,) and mslting temperature (T} of the thermoplastic of the filled
polymenc matedal. The metallic sheets, the filled polymeric material, or both may be
heated 10 a maximum lemperature above which the polymer (e.g., the thermoplastic
polymer) may undergo significant degradation. The thermoplastic polymer may be
heated 1o a temperature preferably less than about 350°C, mare preferably less than
about 300°C. The heated polymer may be mixed with the metallic fiber, and with any
additional fillers. The heated polymer {8.g., thermuplastic polymer) may be extruded as a
sheel layer. The sheet layer may be extruded directly between the metal faces, or
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placed betwesn the metal faces later in the process or in a separate step. The PIOCess
may include one or more steps of drying the polymer so that the concentration of water
in the polymer is below a predetenmined maximum moisture concantration. A step of
drying the polymer may ocour before, during, or after a step of heatling the polymer. The
process may include one or more steps of storing a polymer, a polymeric cors layer, ora
compaosite matertal in low humidity environment so that the concentration of water in the
polyrmer is maintained below a predetermined maximum maisture concentration.

{871 The polymeric core layer may be a homogenecus layer or may comprise s
plurality of sublavers. For example, the filled polymeric material may contain an adhesive
tayer such as described in International Patent Application Pullication WO 2010/021898
(published on February 25, 2010 by Mizrahi).

98] The process for fabricating the composite material may also include one or more
steps of heating one or more metal layers, applying pressure to the layers, catendaring a
polymer (2.g.. a thermoplastic polymer or the thermoplastic polvmer sompounded with
the metallic fiber and the optional fillers), and annealing the composite sheet {e.g., at a
temperature greater than the melling temperature of any thermoplastic polymer in the
material),

[99]  The process for preparing the fillsd polymeric matenal (e.9.. a core layer for the
sandwich composites herein) may include 3 step of contacting the fiber and af least a
portion of the polymer {e.g., thermoplastic polymer), blending the fiber and at least a
portion of the polymer, or both. The process of forming the polymeric layer may be a
continuous process or 8 bateh process. Preferably, the process is a continuous PrOCSss.
The blending or confacting step may include heating the polymer to @ maximum
temperature greater than about 80°C, grester than abowt 140°C, greater than zbout
170°C, or greater than about 190°C, The blending or contacting step may incude
heating the: polymer to a maximum temperature less than about 350°C, less than about
300°C, less than about 280°C, less than about 270°C, or less than about 350°C

[100] The process may employ one or more steps of applying pressure when at least
some of the polymer of the fifed polymeric matedal is at a temperature greater than
about 80°C, preferably greater than about 120°C, more preferably greater than about
180°C, even more preferably grester than about 210°C, and most preferably greater
than abowt 230°C. The step of applving pressure may employ a maximum pressurg
greater than about Q.01 MPa, preferably greater than about 0.1 MPa, more praferably
greater than about 0.5 MPa, sven more preferably greater than abowt 1 MPa, and most
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preferably greater than about 2 MPa. The maximum pressure during the step of applying
pressure may be less than about 200 MPa, preferably less than about 100 MPa, more
preferably less than about 40 MPa, and most preferably fess than about 25 MPa. The
process may also include a step of cooling the composite material (g.g. to a temperature
below Ten, preferably below the melting temperature of polymer of the Biled polymeris
material, and more preferably below about B0°C),

[101] The compostte material may be or include a laminate, such as described in
International Patent Application Publication WO 2010/021869 {published on February
25, 2010 by Mizrahi).

[102] it may desirable to prevent water {liquid, gas. or solid) from contacting the
polymeric material so that the moisture level in the polymeric material is low, so that the
filler in the polymeric material doss not corrode, or both, As such, the proscess for
preparing the cumposite matedal may include one or more steps of substantially
pratecting ‘an edge of the composite material from contact with a fiquid or gas, For
example, a coafing or protective layer may be placed over ons o more {or preferably alf)
of the edges of a polymeric layer (core layer), one or more (or preferably all) of the
edges of the composite material may be sealed, or any combination thersof ¥
employed, a coating or protective layer placed over an edge of a polymeric layer
preferably includes one or more materials that have a relatively low permeability o
muoisture compared to the polymer of the filed polymeric matenal. Any material having
ralatively low permisability o moisture may be used. Without lmitation, & low
permeabiiity material may include a layer of polysthylene vinyl alcohol or a copolymer
thereof, afayer of a polyolefin homopolymer, or a copolymer consisting substantially of
one or more clefing, or any combination thereof. A coating or protective fayer may be
permanently attached to the polymeric layer, to the metallic layer or both. Alternatively, a
coating or protective layer may be used temporarily. For example, a coating or profective
layer may be removed prior 1o one or more forming steps, prior to one or more welding
steps, prior o ang or more slectrocoaling steps, or prior {o one o more painting steps.
Any edges of the composite material may be sealed using any art known mean that
forms one or more sealed spacss between the metallic lavers. By way of example, the
metallic layers may be welded together near an edge. The metallic favers may he
welded together along the entire periphery of the composite matenial,

{103] One or mare steps of monitoring the quality of the pants may be employed duning
or after assembly of components of the polymeric layer or the composite material, The
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monftoring may be for the purpose of asswing bond integrity between two or more
layers, assuring proper dispersion of fibers, detecting surface abnarmalities {such as
cracks, blemishes, creases, roughness, and the like}, detecting voids, determining the
thickness distribution {e.g.. average thickness, mean thickness, thickness variation,
minimum thickness, maximum thickness, of any combination thereof} of one or any
sombination of layers of the composite. or any combination thersof.

{104] Qne approach may incude a step of monitoring the part (sg., the polymeric
material or the composite matevial) with one or more probes. The monitoring may be
done oplically (such as to detect surface defects, fo determine a thicknass or hickness
distribution, & temperature such as by infrared messutement, or any combination
thereof}. It may be done by measuring a response of the part to ohe or more extarnal
stimulus, For example, slectrical conductivity, slectrical resistivity, impedance, or some
other electrical characteristic may be measured in response to or more applied electrical
stimulus, For example a probe may be used to measurs the electrical characteristic at
ang or mare Jocation on the part (conseculively andfor essentially simultaneously in
response (o the electical stimulus. A magnetic characteristic may be monitored in
simifar manner. The stimulus may be a magnetic fisld and the response may be a
mechanical response, an slectrical response, a magnelic response, or any combination
thereal. The monitoring may be done acoustically {e.9., using a probe ar other source of
sound waves such as ultrasound waves). Acoustical measurements may be empioyed
for detecting voids, cracks, compositional distributions, and the fike.

(105} A preferred assembly for monitoring may include a sowce of slectricity one or
more probes (g.0. & plurality of probes on & common camier {possible even an array of
prabes) that essentially spans the part for assessing qualify or that is translated over the
part to oblain measuremenis), and at least one provessar for receiving signals from the
probes. The processor may perfonn an aperation such as comparing the signals with a
predicted valus range for the measured part, and signaling when the measured value is
outside of a predicted range, or otherwise falls within @ certain predetermined rangse.
FiG. 2 illustrates anexample of such a system.

[1068] A layered workpiece 12 of the present teachings (e.g. a laminate of metallic
fayers 14, 14 sandwiching a polymeric fayer 18 containing metallic fibers) is assembled.
After the layers are joined a stimulus is applisd {e.g., an slectrical stimulus applied by an
shectrical source 102} to ong or more of the metal layers 14, 14", the polymeric layer 18,
or any combination thereof. The slectrical stimutus may be transmitted to the one or
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more metal layers using one or more wires 110 or other means of electrical
cofnmInication. .

[107] One or more probes 104 may be carred by & camer 106, and will measure a
response of the workpiece to the stimulus. The probes may be an one or both sides of
the workpiece. The measwed response may be signally transmitied to a processor 108,
which may alse be in controlling or other signaling communication with the stimulation
source. {e.9. eleclrical source 102).

{108} it will be apprecisted that the monitoring process described herein may also be
used for monitoring a polymeric material {e.9., a pellet, a shest, or other sample of the
polymeric material).

FORMING PROCESS

{108] The composite material of the present invention may be subjected to a suilable
farming process, such as a process that plastically deforms a material and may include 2
step of stamping, roll forming, bending, forging, punching, stretching, coifing, some other
metalworking, or any combination thereof. A preferred forming process is a process that
includes a step of stamping the composite material. The stamping process may ooour at
or near ambient lemperatures, For example, the temperature of the composite material
during stamping may be less than about 85°C, preferably less than about 45°C, and
more preferably less than about 38°C. The forming process may involve drawing regions
of the composite material to various draw ratios. In one aspect of the invention, the
camposite material is subjected 1o a step of drawing to a relatively high draw ratio
without breaking, wrinkling, or buckling. For example, it is subjected to a step of drawing
so that at least a podion of the composite is drawn to a draw ratio greater than 1.2,
Desirably, the composite material may be capable of being drawn and is drawn fo a
maximum draw ratio greater than about 1.5, preferably greater than abost 1.7, more
preferably greater than gbout 2.1, and most preferably greater than about 2.5, The
cracking limit of the draw ratic may be determined using the circular sup drawing test as
described by Weiss et al. (M. Weiss, M. E. Dingle, B. F. Rolfe, and P. D. Hodgson, “The
Influence of Temperature on the Forming Behavior of Metal/Polymer Laminates in Sheet
Melal Forming”, Journal of Engineering Materialy and Technology, October 2007,
Volume 129, Issue 4, pp. 534-535), incorporated herein by reference. The forming
process may include 3 step applying a pressure to a die (eg., a die having a hardness,
as measured according to Mohrs hardness scale, greater than the hardness of the
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metaliic fibers) in contact with the composits material,

[110] Suitable forming processes that may be employed include those descaribed in
International Patent Application Publication WO 2010/021889 (published on February
25, 2010 by Mizrahi), see for example paragraphs 105-107, incomporated hersin by
reference.

{1111 Adter forming a composite material, the process may include one or more steps
of protecting an adge of the composile material 1o reduce the penetration of mpisiure
into the filled polymeric material, Any of the aforementioned steps for protecting an edge
of the composite material may be usad.

CHARACTERISTICS OF COMPQSITES
[112] The polymeric faysr, the composite material, or both, may have a low springback
angle, a relatively low eleclricel resislivity, good weldability {e.g., using resistance
welding), relatively low thermal conductivity, reiaiivéiy lew sound transmission, or any
combination thereof, such as described in International Patent Application Publication
W 2010/021809 {published on February 28, 2010 by Mizrahi).
[113] Preferably. the filed thermoplastic material, the composite material, or both is
weldable {e.g., weldable using a resistance welding technique such as spot welding,
seam welding, flash welding, projection welding, or upset welding} and has a relatively
fow elactrical resistance. The teachings herein thus also contemplate one or more steps
of welding the composiie materials taught herein. The electrical resistance of the
composite matenal in the through-direclion may be described by the sum of the slectrical
resistance of the metaliic layers and the core layer, Typically, the electrical resistance of
the metallic layers is much less than the electrical resistance of the core layer, such that
the slectrical resistance of the composite material may be estimated by the electrioal
resistance of the core layer. The resistivity {e.g., the resistivity measured in the through-
thickness direction, nomal to the plane of a sheel) may be measured using AC
modulation and determined from the vollage drop, V. and the current, |

Reasistivity = (W1} {AD)
where A is the area of the sheel, and tis the thickness of the sheel. The resistivity {in the
through-thickness direction) of the composite material, the core layer, or both, may be
refatively low {s.g., the composite material, the core layer {2.q., the filled thermuoplastic
rraterial), or both, may be characterized by a resistivity less than about 100,000 O-om,
preferably less than about 10000 Q-om, more preferably less than about 3,000 {rom,
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and maost preferably less than about 1,000 (om).

[114] The composite matarials may be welded using any welding process known to
ane of ordinary skillad in the art of welding metals. The welding process may include one
or more of the steps, devices, or pracesses descaribed in intermational Patent Application
Publication WO 2010/021868 ({published on February 25, 2070 by Mizrghi}, U5, Patent
Application 61/260,384 {filed on Decamber 28, 2009 by Mizrahi), and paragraphs 22-122
of 118, Patent Application 12/878,574 (fled on December 27, 2010 by Mizrahi), alt
incorporated herein by reference,

[118] Preferred composite materials have a relatively good corrosion resistance, The
composite material preferably is characterized by a rate of corrosion of 3 surface of 2
metallic layer facing a core Jaysr, the core layer including a polymer and o metallic filler,
that is lower than {more preferably al least 50% jower than) the rate of corrosion of a
surface of @ metallic layer facing a core layer of an identical composite material except
the metallic filler in the core layer is replaced with the polymer of the core layer. For
exarriple, the compaosite material may have a rate of corasion of a swface of a metallic
tayer fasing a vore layer, the core layer including a sacrificial filler, that is lower than the
rate of corrosion of a surface of a metallic layer facing s core laver of an identical
composite naterial except the sacrificial filler is replaced with the polymer of the core
layer. The rate of corrosion in waler may be determined by placing samples of a
composite material baving predetermiined dimensions, i 8 water bath at a
predetermined corrpsion test temperature for a predetermined corrosion fest time, and
measuring the amount of corrosion ona surface. The rate of corrosion in salt water may
be determined by placing samples of a composite materal having predeteamined
dimensions, in a sall water bath having a predeterimined salt concentration, & a
pradetermined corrosion test temperature for a predetermined corrosion test time, and
measuing the amount of corrosion on a surface, Without limitation the, corrosion fest
temperature may be about 40°C, and the corrosion test time may be about 168 hours,

Microstructure of Weld

[118] It is possible that weld joints made using various composites taught hereln may
exhibit a vardation of microstructures across the composite such as described in
international Patent Application Publication WO 2010/021855 {published on February
25, 2010 by Mizrahi}, ses for example paragraphs 112-117, incorporated hereiny by
referancs.
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[117] The composite materials of the prasant invention may be used in any number of
applications requiring one or any combination of the properties described hersin,
including but not imited to relatively low density, relatively low thermal conductivity,
relatively high' stiffness to density rafio, or relatively low acoustical transmission.
Exemplary applications which may employ the composite materials of the present
invention may include awtomotive and other transporiation related applications, building
construction refated applications, and appliance related applications. The composite
materials may be used in applications such as an awtomative panel, a truck panel, a bus
pansl, a container {8.g.. a container used for shipping), @ panel on a train car, a panel on
a jet, a twbe (g.g.. 8 bicycle tubs), a motoroycle pansl (8.q., a cowling or fairing), a trafler
panel, a door inner {g.g., a vehicle door inner), a roof pansl, a vebicle hood Inner, a3
vehicle floor pan, a vehicle rear shelf pansl, 3 vehicle rear compariment pansl, a vehicle
back seat pane, a vehide decklid inner, & panel on a recreational vehicle, a panel on a
snowmobile, an automaotive bumper fascia, a spoller, a wheel well liner, an asrodynaniic
ground effect, an air dam, a container, a bed liner, @ divider wall, an appliance housing,
a vehicle fusl filler dowr, a vehidle bumper, a decorative insert, a duct, a grab bar, &
storage compartment door, & housing for an electronic device {such as a cellular phone,
& compider, a camera, a tablet computer, a music or video storage device, ar a music or
video player), a console, an alr infet part, a battery housing, a grille. & wheel well, or a
seat pan. The composite matedals may be wsed as a building construction matenal,
such as an exterior trimy slement, flashing, gutlers, shingles, walls, flonring, countertaps,
cabinet facing, window frames, door frames, paneling, vents, ducts, planking, framing
studies, shelving, plumbing fixtures, sinks, shower pans, tubs, and enciosurss. An
sxemplary application is an vehicls body pans! {&.g., @ body outer skin of & vehicle such
as an automobile). Automobile paneds which may use the composite matesials desaribad
herein include front quarter panels, rear quartar panals, door panels, hood panals, roof
panels, or otherwise, The sutomotive panel may have a class A, class B, or class ©
surface, preferably a class A or class B swrface, and more preferably a class A surface.
The composite matarials herein may also Include one or more decorative cuter surfaces
or vensars, such as a metal venser, a wood veneer, & polymeric veneer, or otherwise.
The outer surface may have a different texturs, oolor or other appearance as an
opposing layer. For example, a ferrous outer layer may be colored so that # simulates o
copper ebior, a bronze color, a brags color, & gold color, or some othsr colar.
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{118] The composite materials of the present invention may be used in & process that
includes a step of coating the composite material, such as an electronating process, a
paint provess, a powder coal process, any combination thereof, or the like. if employed,
the coating process may include one or more steps of cleaning or otherwise preparing
the surface, one or more steps of heating or baking the coaling {e.q., al 3 femperature
greater than about 100°C, preferably greater than abowt 120°C), or any combination
thereof, The coating may be applied by any conventional means, such as by a dipping
procass, a spraying procass, of with a process emploving an applicator such as a rofler
or @ brush. As such, the composite material preferably is free of ingredients {e.q.. low
molecular weight ingredients) that leach ot and contaminate a bath of a coating
process, such as g bath of an electrocoat process. Likewise, mathods herein ihclude one
or more coating steps that are free of bath contamination due to an ingredient of the
compasite.

[119] The composite material {&.4., a stamped part formed of the composite material)
may be used in an assembly which requires joining the composite material {0 one or
more other materials or pants. For example the composite matertal may be mechanically
joined to another part using a fastener, or chemically joined to ancther part using an
adhesive, an adhesion promoter {e.g., a primer), or both, Other means of joining include
welding, brazing, and soldering. One or any combination of these joining methods may
be employed.

{120] Preferably, the compaesite material doss not delaminate {2.q., the metallic laver
does not delaminate from the core layer} during the processing of the composite matedal
to formy a part or an assembly, or during the use of the part. As such, the composite
material preferably does not delaminate during a stamping operation, during a joining
operation (&.q.. during a welding operation}, or both,

[121] Another aspect of the invention cortemplates 3 method for post-consumer
reclamation, recycling, or both of parts made using the present invention. One approsach
envisions providing a part having the composite structure taught herein, and subjecting it
o a step of separating hydrocarbon compounds {&.g., by an elevated temperaturs
heating step) from the metallic materials, Either or both of the hydrocarbon compounds
ar the metallic materials ‘can be recovered and re-used. Another spproach envisions
recycling by grinding the composite material or otherwise forming particles from the
composite materials, and optionally providing the particles as an ingredient for the core
material of & composite (such as 3 composite material desaribed herein).
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[183] & should be appreciated that the compositions of the following sxamples may be
varied by about £20% and give similar results {8.g., within about £20%). Further, other
materials taught hersin may be substiluled for those sisted and similar results are
sontemplated,

Examples
[123] Examplet.

{124] A filled thermoplastic roaterial is preparved by miXing about 15 volumeY% low
carban stes! fibers having a diameter from about 4 to about 40 pm, and a length from
about 1 to gbout 10 mm and about 85 volume % of a copolyamide of about 50 wt.%
nylon & and abowt 50 wt % nylon 8.8 {the copolymer characterized by an alastic modudus
of about 300 MPa measured according to SO 527-2, a melling point of abowt 130°C as
measured gecording o SO 11357, and an elongation at break of about 000 %
measured according to 180 827-3) The fillsd thermoplastic material is mixed at a
temperature from about 180°C to about 250°C. The filled thermoplastic material is then
placed between two sheets of low carbor stesl, sach having a thickness of about 0.2
mm. The materials are then pressed at a temperaturs from about 200°C to ahout 230°C
with & pressure of about 1 fo aboul 22 MPa. The composite material has s cors
thickness of the filled thermoplastic material of about 0.4 mm. The composite matarial is
stampead in a high speed stamping operation with a draw ratio greater than about 3, and
no-cracks or other surface defects are observed. After stamping. the surface of the
composite matenial is relatively smooth compared to the surface of a monolithic low
carbon steel sample having the same tolal thickness and stamped under the same
conditions, The composite materdal is then submitted o 3 typical e-coat process and
painted with @ primer and black paint. The painted swiface hag a smooth finish with no
pitling, no orange pesling, and no other visible surface defects. The painted surface is
charanterized as a class A finish. The surface of the painted composite matenal is
smeather than the surface of a similarly processed monolithic sample of low carbon steel
having a thickness of about 0.8 mm.

Exarple &
{125] A composite material is prepared using the same materials, composition, ard
method as Example 1, except the fibers are replaced with low carbon fibers having a

generally rectangular cross-section in the direction transverse to the length of the fibers.
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The fibers have an average length of about 2.3 mm. The average cross-sectional area of
the fibers is aboul 0.0045 mm®. The ratic of the width to the thickness of the fibers is
about 2 o 8 The composite material has a thickness of about 0.8 mm. The composite
material s stacked with @ sample of cold rolled steel having a thickness of ahowt 0.8
min. The stack is placed in a spot welding machine betwesh a pair of weld tips having a
diameter of about 13 mm. A foroe of about 2.2 kNt is applied to the weald tips. The
resistivity of the composite material in the through-thickness direction is determined
while under foroe of 2.2 kNt Thus determined, the slectrical resistivity of Example 2
composite material is about 0.1 Q.em or less, Whan welded using weld schedudes typical
for two sheets of cold rolled stesl having a thickness of about 0.8 mim, the composite
material welds 1o the cold rolled stesl, producing a weld nugget having a diamster
greater than the diameter of the weld tips. No sxtra haating, no extra weld cycles, and no
extra current are required 1o produce a good weld with Example 2.

Example 3

{126} A composite matertal is prepared using the same materialy, composition, and
method as Example 1, except the metal sheots are replaced by 0.2 mm thick sheets of a
high strength steel having a vield strength of about 350 MPa, a tensiie strength of about
460 MPa, and an slongation of about 22%. The camposite material is expected to have
a yield strength of sbout 183 MPa, a iensile strength of about 253 MPa, and an
slongation of about 22%. The density of the composite material is calculated to be about
34 % less thann a mondlithic sheet of the low carbon steel having the same thicknass
{about (1.8 ram). The composite material is caloulated have a vield strength that is about
50 MPa or more higher than the vield strength of the monolithic shest of low carban stest
having the same thickness. The composite materdal is caloulated to have g tensile
strength that is at least about 80% of the fensile strength of the monolithic shest of low
carbon stesl having the same thickness. The composite material is caleulated to have 8
Hexural modulus that is at least about 85% of the flexural modulus of the monclithic
sheet of low carbon steal having the same thickness,

{127} Other examples within the scope of the teachings are illustrated in paragraphs
126-133 and 138-154 and Tables 1«4 {examples 14, 826, 2831, and 33-34) of
International Patent Application Publication No, WO 2010/021888, and paragraphs 114
117, and 118137 and 120 (examples 1-4, 810, and 11A) and FIGs2A, 2B, 20, 20, 2E,
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2F 3G, 2031 34,3, 4,5, 8, 7, 8, 04, and OB of U8, Patent Application No. 12/978,874
{iled on December 27, 2010), both incarporated herein by reference.

[138] As used herein, unless otherwise siated, the teachings envision that any member
of a genus {list) rmay be excluded fram the genus, and/or any member of a Markush
grouping may be excluded fram the grouping.

[128] Unless otherwise stated, any humerical values recited herein include all values
from the lower value to the upper value in increments of ang unit provided that there iz a
separation of af least 2 unils between any lower value and any higher value, As an
sxample, i i is staled that the amount of a component, a property, or a value of a
process variable such as, for example, lemperature, pressure, time and the Yike is, for
example, fram 1 t© 890, preferably from 20 to 80, mare preferably from 30 to 70, & is
infended that intermediate range values such as (for example, 15 to 85, 22 1o 68, 43 1o
51, 30 10 32 elc) are within the feachings of ihis specification. Likewise, individual
intermediate values are also within the present teachings. For values which are less than
one, ong unit is considered to be 8.0001, 0.001, 0.01 or 0.1 as appropriate, Thase are
only examples of what is specifically intended and all possible pontbinations of numerical
values between the lowest value and the highest value snumerated are to be considered
to he expressly stated in this application in a similar manner. As can be ssen, the
teaching of amounts exprassed as “pards by weight” herein also comtermplates the sams
ranges expressed in temms of percent by weight. Thus, an expression in the Detailed
Description of the Invention of a range in terms of &t "% parts by weight of the resulting
polymaric blend composition” alse contemplates a teaching of ranges of same recited
amount of “x” in percant by weight of the resulting polymeric blend camposition.”

[130] Unless otherwise staled, all ranges include both endpoints and all numbers
between the endpoints. The use of “about” or “approximately” in connection with a range
applies to both ends of the range. Thus, “abowt 20 fo 30" is intended to cover “about 20
to about 307, inclusive of at least the specified endpoints.

{131} The disclosures of all articles and references, including patent applications and
publications, are incorporated by reference for all purposes. The term “consisting
assentially of' to describe a combination shall include the slements, ingredisnts,
companents or steps identified, and such other elements ingredients, components or
steps that do not materially affect the basic and novel characteristios of the combination.
The use of the terms “comprising” or “including” to desciibe combinations of elemeits,
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ingredients, components or steps hersin also contemplates embodiments that consist
sssentially of, or even consist of the elements, ingradients, components or steps.

[1323] Plural elements, ingredients, components or steps can be provided by a single
integrated slement, ingredient, componeit or step. Altematively, a single integrated
element, ingredient, component or step might be divided into separate plural elements,
ingradients, components or steps. The disclosure of “a” or “one” to describe an element,
ingredient, component or step is not infendsed to foreclose additional slements,
ingredients, componants or steps. All references hereln o slements or metals belonging
to a certain Group refer 1o the Periodic Table of the Elements published and copyrighted
by CRC Press, Inc., 1988, Any reference to the Group or Groups shall be o the Group
or Groups as reflected in this Periodic Table of the Elements using the IUPAC system for
numberning groups.

[133] As used herein the terms "polymer” and "polymerization™ are genetic, and can
include either or both of the mere spedfic cases of "homo-" and copolymer” and “homp-
and copolymerization”, respectively.

[134] 1t is understood that the above description is intended to be llustrative and not
restrictive. Many embodiments as well as many applications besides the sxamples
provided will be apparent to those of skill in the art upon reading the above desoription.
The scope of the invention should, therefore, be determined not with reference fo the
above description, but should instead be determined with reference to the appended
clalms, along with the Rl scope of equivalents to which such claims are entitled, The
disclosures of all articles and references, including patent applications and publications,
are incorporated by reference for all purposes. The omission in the following claims of
any aspect of subject matler that is dimta&ad herain is not @ disclaimer of such subjsct
matter, nor should it be regarded that the inventors did not consider such subject matter

to be parl of the disclosed inventive subject matier.
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CLAIMS

What is olgimed is

1.

& fight weight compaosite comprising:
a Tirst metallic layer;
a second metallic layer;
& cove layer including a Slled polymeric material disposed between the first metallic
taver and the second metallic layer; and
a mass of metallic fibers distributed within the filled polymeric matenal;
wherein the polymeric layer includes a polymer; and
wherein
i} the fibers include ribbon fibers;
i} the polyimer includes @ polymer selected from a polyolefin, g polyamide, or a
coribination thaveo, or
ity the first metallic layer, the second metallic layer or both indlude a surface
facing the core layer that is untreated.

The light weight composite of claim 1, wherein the polymer includes o thermoplastic
polymer sslected from the group consisting of a polyolefin, an acetal copolymer, a
polyamide, a polyamide copolymer, a thermoplastic polyurethane; a thermoplastic
polyether-ester copolymer, an ionamer, a polyimide, a polyester, a polycarbonate,
an acrylpntirfle butadiene styrene copolymer, a polystyrene, a copolymer including
at least 60 wi% of an o-olefin and at least one additional monomer, copalymers
including any of these polymers, and any combination thereof.

The light weight composite of claim 1 or 2, wherein the metallic fibers are present at
a concentration greater than about 3% by volume, based on the total volume of the
filted polymeric imatarial,

The light weight composite of any of claims 1 through 3, whersin the light weight
composite includes @ planar contact between a metallic fiber and a metallic layer, 8
planar contact between two metallic fibers, o both,

The filled polymeric material of any of claims 1 through 4, wherein the thennoplastic
material includes a polyolefin, an acetal copolymer, a polyamide, a polyamide
copalymer, @ polyimide, 8 polyester, a polycarbonale, an acrviontivile butadiene



WO 2011/100734 PCT/US2011/024829

o

0.

11

O3

styrene copolymer, a polystyrene, a copolymer including at least 80 wi % of an a-
olgfin and at lsast one additional monomer, copolymers including any of thess
polymers, or any combination thereof,

The light weight composite of any of claims 1 through 8, wherein the polyolefin
includes » jow density polysthylens, a insar low density polyethylens, a very low
density polyethylene, a polyethylene plastoraer, or any combination thergof

The light weight composite of any of claims 1 through 8, wherein the fraction of the
metallic fibers that contset a metallic layer along at lzast half of the length of the
fiber is about 0.3,

The light weight composite of any of claims 1 through 7, wherein the polymer has
an slongation af fallure of at least about 20% at & tensile strain rate of about 0.1 87
as measured according to ASTM DE38-08;

so that the resulting composite may be plastically defermed at strain rates greater
than about 0.1 87,

The light weight composite of any of claims 1 through 8, wherein the mataliic fibers
are present as a mass of fibers, the filled polyineric matarial has g thickness, and
the mass of fibers spans the thickness of filled polymarie materal,

The light weight compaosite of any of claims 1 through 8, wherein the polymer is a
polyamide, a polyamide copolymer including at least two amide monomers, a
potyamide copelymer including at least pne monomer that is not an amide, a
thermoplastic polyurethane, a thermoplastic polyether-ester copolymer, an jonomer
of & copolymer including at least 80 wt.% of an ceolefin and at least one additional
monamer, of any combination thereof.

The light weight composite of any of claims 1 through 10, whersin the polymer
includes a thermoeplastic polymer baving a meliing point greater than ahout 80 °C
and less than about 200 °C, as measured according to ASTM D3418-08.

The light weight composite of any of claims 1 through 11, wherein the volume ratio
of the polymier to the metallic fiber s greater than about 2.2:1.

The light weight composite of any of daimis 1 through 12 whersin the metallic fhers
are characlerized by a weight average lsngth greater than about 1 mm and the
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meatallic fiber include steel fibers, titanium fbers, aluminum tbers, and aluminum
alloy fibers, orany combination thereof,

The light weight composite of any of claims 1 through 13, wherein the metallic fiber
concentration is less than about 25 volume % based on the total volume of the

polyineric layer.

The light weight composite of any of claims 1 through 13, whersin the metallic fiber
includes a sacrificial metal having a galvaric activity greater than low carbon steel,

greater thao stainless slesl, or both.

The light weight composite of any of daims 1 through 15, wherein the filled
polymeric material includes a second filler, whersin the second filler is a sacrificial

filler,

The Hght weight composite of any of claims 1 through 16, whersin the filled
polymaric material includes metallic fibars that are not straight.

The fight weight comiposite of any of dlaims | through 17, wherein the first metallic
laysr comprises a frst metallic material selected from the group consisting of steel,
fifanium, aluminum, and aluminum alloys.

The light weight composiie of any of daims 1 through 18, wherein the compaosite is
capable of a draw ratio of atleast 1.5 in a stanmping operation; and the volume of
the filled thermoplastic material is at least 90% of the volume of the space between
the first and second metallic layers.

The light weight composite of any of daims 1 through 19, wherein the filled
polymeric material includes a second Sller, wherein the second filler is a sacrificial
filer having & fotsl swrface area;, and the first melallic fayer has a surface area
facing the filled polymeric metal, whereiny the ratio of the total surface area of the
second filler to the surfave area of the first metallic layer is about 1.5 or more.

The light weight composite of any of olaims 1 through 20, wherain the light weight
composits has a corrosion rate thal is less than the corrosion rate of an identical
tight weight composite except the sacrificial filler is replaced by the polymer of the
filled polymenis malerial,

A process of forming a composite part comprising a step of stamping the light
welght composite of any of plaims 1 through 24,
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The process of claims 22, wharein the stamping step includes a step of drawing at
lzast one portion of the light weight composite by a draw ratie greater than about
1.5.

24. The process of claim 22 or 23, wherein the process includes a step of welding the
tight waight composits o at least ane additional metal containing material, whersin
the welding step is selscted from group consisting of resislance welding, laser
weltding, and electron beam wslding.

25, The procass of claim 24, wherein the welding step is a resistance walding step.
26, An automotive part manufactured using the process of any of claims 22 through 25,

27. A process of manufacturing a light weight composite according to any of claims
Tihrough 21 wherein the composite is in the form of a sheet, and the process
comprising the steps aft

i, forming @ sheet of a filled thermaplastic polymer including a polymer
and a plurslity of metallic fibars, wherein the ratio of the volumes
sonpentration of the polymer 1o the volume soncentration of the mstallic
fibers is greaterthan about 2.2:1; and

it. monitaring the guality of the sheet

whersin the metallic fibers are present as a mass and the mass of fibers,
the sheet has a thickness, and the mass of fibers spans the thickness of
the sheet.
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