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(54) Title: POLYMER FIBER COMPOSITE

(57) Abstract: One example provides a composite. The composites includes a core layer comprising a thermoplastic polymer and
having a first and a second sides opposite to each other; a first set of two layers disposed over at least a portion of the core layer re -
spectively on the first and the second sides, each layer of the first set including carbon fibers aligned in a first direction in a plane;
and a second set of two layers disposed over at least a portion of the first set of two layers respectively on the first and the second
sides, each layer of the second set including carbon fibers aligned in a second direction perpendicular to the first direction in the
plane In the plane, the composite has a length and a width, the length larger than the width and parallel to the second direction.
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POLYMER FIBER COMPQOSITE
BACKGROUND

{0001] The housing/casing of electronic devices, particularly those of portable
slectronic devices, is frequently subject o mechanical deformation due at least
in part o s frequent contact with other objects {e.q., table, hand, ground, sic.}
These devices, particudarly the housing thereo!, oflen nesd {o have materials
having high elasticity, at the same Hme being light weighed g0 as 10 be partable.

BRIEF DESCRIFTION OF THE DRAWINGS
[0002] The drawings are provided o Hustrate various examples of the subject
matter descnbed herain related (o a polymer-iiber composite and are nat
intended to imit the scope of the subject matler. The drawings are not
necessarily to scale,

{0003] Figs. 1A-TF show, o ane exampde, different views andior
configurations of g polymesdibar compusite described herain,

[o00d]  Fig. 2 provides & fowchart showing, in one example, the processes

involved it making 8 polymer-iiber composite described herein.

{0005] Fig. 3 provides a fowehart showing, i another exampie, the processes
involved in making a polymer-fiber composite desoribed heren.

[0008] Fig. 4 shows a scanning slectron microscops {SERM"} image of the
cross-sectional view of one example of a polymer-fiber compaosite desaribed
herein.

DETAILED DESCRIPTION

60071 Following below are more detalled descriptions of varicus examples
refated 1o a polymen-fiber composite, particularly a composite comprising a
thermoplastic core and a plurality of unidirectional carbon fibers disposed
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thereon, The various sxamples described hersin may be implemented inany of
NLIMBIOUS WaYSs.

[0008] PFrovided in ane aspect of the sxampies {5 @ compaosite, comprsing: &
core layer comprising a thermoplastic polymer and having a first side and a
second side apposite to the frst side; 8 first sef of two iayers disposed over at
least a porion of the core layer respaectively o the first side and the second
side, sach layer of the first sef comprising carbon fibers aligned in a first
direction in a plang; and a second set of two layers disposed over af least a
portion of the fivst sal of two layers respectively on the first side and the second
side, sach layer of the second st comprising carbon fibers aligned in a second
divection parpendicular 1o the frst direction in the plane; wherain the camposite
1 the plane has a length and a width, the length larger than the widgth and
paraiied o the second divection.

{009] Provided in ancther aspect of the exampies is an slectronic device,
comprising: an slectrical circuit; 8 housing extermnal to the slectrical circut, the
housing comprising a composite comprising: a first sat of byvo layers disposed
over af least a portion of a core layver respectively on a first side and a second
side, sach layer of the first set comprising carbon fibers aligned in a first
directon in a plang; and a second st of o layers disposed over at least a
portion of the first set of two lavers respectively on the first side and the second
side, sach layer of the second set corrgising carbon fibars aligned in 8 second
gdirection perpendicular 1 the first direction in the plane] wherain the composite
irs the plane has & length and a width, the length farger than the width and
paraliel to the second dirsclion, and each iayer in the first set has 3 larger
thickness than sach laver in the second st

{0018] Provided in ancther aspect of the examples is a method of making,
comprising: disposing a first set of two lavers over at least a porion of a core
layer respectively an a first side and 3 second side thereof, wherein the cors
layer comprises a thermoplastic, the firs! side is apposite {o the second side,
and sach layer of the first sef comprises carbon fibers ahigned in & first direction
i & plane; and disposing g second set of wo layers over &l least a portion of
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the first set of two layers respectivaly on the first side and the second side, sach
tayer of the second set comprising carbost fibers aligned in a second direction
perpandicuiar o the first direction i the plane, wherein the core laver and sach
fayer of the first et and the second sef sach has g length and a width in the
plane, the length larger than the width and parsiie! o the second direction; and
thermal forming the lgyers of the first set and the second set and the core layer
G g composite, the thermsl forming invohing comprassing the layers of the
first set and the second set and the core layver at & {femperature higher than or
sgual to about 150 °C.

Enlvmeric Core Layver

00111 The core layer of the composiie desaribed hereln may cornpries any
suttable material, depending on the spplication. The matenal may comprse, or
be, a polymer, The polymer may be a thermoplastic. The weight-average
motecular waight of the polymer employed in the particles may range from about
25000 fo abowd 380,800, Other molecular weight values are also possible,
depending on the polymer involved and the application desired. The
thermoplastic may comprise at least ong of polyimethyl methacrviate)
{"PMRMATY, polycarbonate ("PCT), acrdonitrite butadiene styrene ("ABS™), poly {p-
phanylene sulfide} ('PPS™), polvather ether katone (PEER'), polvethersuifone
{*PESTY, and polyamide.

[A012] The polycarbonate herein may refer 10 any sultable polymer comprising
at lnast one cavbonate group. The PO may be commercially avallable PC
polymars. For example, the PC may comprise any of Lexan® (by SABIC
Innovative Plastics, Belling, Ching}, Valex™ {by BABIC bwovative Plastics,
Beijing, China), Makrolon™ {by Bayer MateralsSaence LLO, MA,

USh Makroclear™ {by Arla Plast AB, Borensberg, Sweden), and arcoPlus® (fram
Gallina USA, Wi, US)L In one sxample, the PC comprises Valox™ FRI™ ffrom
SABIC inovative Plastics, Beiing, Ching). In ancther example, the PC
comprises at lsast one of Lexan® FREQ, FREG, FRAS, FR700, FRZEA and FRB3
{ry BABIC hnovative Plastics, Beiling, Ching). 1o another ectampde, the PC
comprises at least one of Lexan™ 8AT3, 8BA13E, BAI3F, 11A13, 8A35, BA3Y,
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BAT3, BR28, 8B5S, 8BIBE, BBASF, and 8B3R {from SABIC Innovative Plastios,
Befiing, Chinal. i ancther example, the PC comprises at least one of Lexan™
EFREY, BFRES, EFREEG, EERES, and EFRYIS {from SABIC Innovative Plastics,
Reljing, China). in one example, the PC comprises at least ong of Makrolon®
DE 11, DE 14, DE-6-2, DE 7.2, DE 248 1-1, and DE 318 24 {from Bayer
MaterialsSaience LLC, MA US) Other polycarbonates are also possible.

[0013] In one sxample, the polymer comprises a polyvamide having a8 weight-
average molecular weight ranging from abouwt 70,000 to about 300,000, The
polyamide may comprise, or be, 8 nylon ~myion or PA 1T (PATTT), vlon or PA
12 CPAAZY, nvion or PA 8 ("PA-S"), nylon or PA 8 PPAS"), nylon or PA S ((PA-
&), mhion of PA B8 {PAGET), nvlon of PA 8§12 {PASTIE, wion o PA 12
{PA-BIZ™), nylon ar PA 812 ("PA-813"), efc. The nylon may be a high
molecular weight nylon ~ e.g., polyamide 12, polyamide 8, polyamida 8,
polyamide 11, polvamide 88, and combinations theraof, Other polvamides are
also possitds,

Fiber-confaining Laver

[0014] The fhers i the different fibercontaining layers {of the different selstin
the compaosite described hersin may comprise any sultable materisl, depending
o the application. The fibers may comprise carbon fibers. The carbon fibers
miay e any type of Bber confaining cevbon atoms. The carbon Gbers may
comprise natural carbon fibers, synthelic carbon fibers, or both. For sxample,
the carbon fibers may comprise at least one of polyacndonitrlie PANTY, rayon,
pitch, and aramid carbon fibsrs. The carbon fbers may ba commercially
avatiable carbon fibers, In one example, the catbon fibars compnse
TORAYCAY T700S/T300 (from Toray industies, Ino,, Japany B ancther
sxample, the carbon fibers comprise Mitsubishi Rayon: PYROFILY P330 series
{from Mitsubishi Rayon Go., L, Japarn). In another exampie, the carbon fibers
comprise at least one of Tenax™J HTS40 B13 3K 200tex, HTS40 £13 8K
0%ex, and HTS40 E13 12K 800tex {from Toho Tenax Amenca, inc, TN, US)
in anocther example, the carbon fibers comprise al sast one of Tenax™E HTS40
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FA43 12K 800ex and HTS F13 24K 1800tex {from Toho Tenax America, ing.,
TN, L&)

[0015] The fhers may comprise contiuous fhers. The fhers may have any
suitable dimensions. In one sxample, the fibers have an average diamsterof
between about & pm and about 10 gm. Dismeters of & larger or a smaller value
are also possible. In ong example, the fibers in & fiberconiaining layer are
continuous fibers and have the same length as the length of the fiber-containing
fayer andfor the composite. Shorter or longer fibers are aiso possible.

[O018] The fibers may be embedded within {8.9., pre-impregnaled byl a
pulymeric matrix. The polymeric matiix may comprise any suitable polymer,
such as a polymer resin. In one exampleg, the palymeds matix comprises a
thermoplastic. The polymer in the pobymeric malix may be the same as or
cifferent from that of the polymenic core layer. The polymer in the polymeric
maalrx may comprise any of the aforementionad polymers sullable for the core
fayer. For example, the polymer in the polymenc malh may camprise at isast
ona of poly{mathyl methacrviate) (PMMA®), polycarbonate ("PCY), acrylonitrile
butadiene styrene (ABET), poly (p-phenyiens suifide) {'PPE"), polyather ether
ketone {PEEK™), polyethersulfone (PEST, and polyvamide.

{00171 The fhers in 8 laver containing both fibers and a polymeric matrh: may
be present at any suitable vontent value. For example, the fibers may be
betveen ghout 30 with and aboud 80 Wit (halanced by the matrix} in a fiber-
containing layer —~ .., between about 35 wi%h and about 75 wits | between
ghout 40 with and about 70 wi%, bebween about 45 wi% and abaut 85 wits,
between about 88 wi% and about 88 with, etc. Other content values are also
passible.

[0018] The fibers in the fher-containing fibers may be arranged in any
oriertation {or direction}. The fbears may be any of the fibers desoribed herein,
mcluding carbon fhers, For exampie, the Ibers may be aligned in one praferred
dirgction. As a result, the fibst-containing layer having the aligned fibers may
exlibi anisotropic material properties. For example, the anisolrapic fber-
containing laver may exhibit stronger mechanical properties {e.g., slastic
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modulus, texural modulus, et} along the prefermd, ahigned direction than the
one orthogonal therelo in the same plans. A layer containing Bhers sligned in
one {(praferred) dirsclion may refer 1o 8 layer having at least about B0 vol¥e of
the fibers aligned in that direction ~ 8.g., al least abosut 85 voith, about 80 vold,
aboud 85 volth, sbout 88 volts, about B8.5 vols, abowt 88.8 vol%, or higher.
Other vol% values are also possidle. In one exampis, the bers exthibiting 8
praferred direction herein are refarred to as “unidirections! fibers.™

{0019] The fibers may aiso be woven fibers. The fibers may be any of the
fibers describad herein, including carbon fbers, The woven fibers may
comprise at least one of the following forms: plain, dwill, salin, taaxial, stitched,
basket, continuous strand mat, and vell. For example, the carbon fibers may be
fed into a weaving maching 1o make woven fibers. In one axample, 3 wovean-
fiber-containing laver exhibils isotropic matenial properties, at least withy respedt
i the plane as defined by the layer. i other words, the isotropie fiber
containing layer may exhibil the same, or about the same, mechanical
properies i sl drections of the layer {nn the plane).

Pelvmer-Fiber Composile

{00201 The aforedesaribed core laver and fber-condaining layerisi may be
assembied i any combination © form & polymenfiber compaosite. Figs. 1AF
show different schamatic views andior configurations of a polymer-fiber
composite 1 desonibed herein in one example. Fig. 1A provides a schematic of
an astial view of one example of the composite, having a length 11 and width
12 i a plane {as defined by lengih 11 and wigth 12}, with the fength 11 being
larger in dimension than the width 12, The terms "length™ and "width”
ooilectively are empioyed herein only 1© dencte two diffsrent dimensions of 8
plane of the composite, with one dimension {L.e., length 11} baing larger than
the othey {Le., width 12}

[O021] Figs. 1B-1F show schamatics of the cross-sacional view of various
configurations of the composite desonbed herein in one example. The
canpasite comprises a core laver 101 & frst set of two layers 102 dispossed
over at least & portion of the core layer on the first side 1011 and the second
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side 1012, and a sscond set of bwo lavers 103 disposed over af least a portion
of the fival set of two layers 1 respectively o the first side and the secorud
side. The cove layer 1071 may be any of the core lavers described hevein,

comprising any of the matlerials described harsin as suitable for the cors layer.

[0022] Each of the fiber-containing fayers of the polymer-fiber compasite,
ncluding those of the first set 102 and those of the secand set 103, may be sy
of the fibercontaining layers described herain, comprising any of the malterials
described hevein as sullable for the fiber-containing layers, The fberg of the
first sel may be aligned in a frst direction 13 {see Fig. 1B}, and those of the
seoond set may be aligned in a second direction 14, which is perperndicddar to
the first direction 13 in the plane as defined by 13 and 14 {ses Fig. 18} The
plang as definad by the length 11 and width 12 {as shown in Fig. 1A may be
parafiel to that as defined by directions 13 and 14, #is noted ihal paraiied
planes hersin are considered the sams plane. The dirsction 14 may be paraliel

to the fength 11 {Le, the larger dimension} of the composite.

[0023] The composie desoribed herein may comyprise at least one additional
layer comprising fibers, For example, the composiis may comprise a third set of
two fayers 104 disposed between the layers of the first set 102 and the second
sat 103 respectively on the first side 10171 and the second side 1018, See Fig.
1C. Each laver of the third set 104 may comprise fibers that are aligned in a
spacific dirsglion. 1 one example, this specific direction is the first divection 13.
# is noted that more than one sdditicnal {sel) of laver(s) may be employed, #is
zo noted that the terms “rst,” "second,” “third,” et herain are meraly used fo
cannote that the objects they respactively describe are different antities and are
not meant 1 descabe any chronolagical onder, unless explcitly specified.

{0024] Each of the layers of the composite deacribed hersin may have any
suitable thickness. in one example, these lavers have the same thickness, I
ancther example, these layers have diferent thickness. For example, the cors
layer may be thicker than the fiber-containing favers. The core layer may be
thinmer than the bercontaining lsyers. In one axample, sl of the fiber
containing layers have the same hickness, and this thickness s different from
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that of the core layer. In ancther axample, al least some of the fiber-conlaining
tayers have different thickness:. I one example, the Rber-cortaining lavers in
sach sat of the bwo lavers have the sams thicknesa, i another example, ihe

fiber-containing layvers in gach set of the two layers have differant thickness.

[0028] in one example, the fiber-containing layers of the composite described
hersin have different thickness in different setls of the iayers. For example,
instead of having two layers of fibers both in the first direction, s shown in Fig.
1C, the composite may comprise 8 Iyer having ibers in the frst direction that s
fhicker than g layer having fibers in the second direction. See Fig. 10, For
sxample, the lavers of the first set 102 have a8 larger thickness than the layers of
the second set 103, In one example, instead of having byo lavers of fibers both
i1 the first direction, the composite comprises a first set of layers 102 thatis
each twice as thick as thatl of each laver iy the second sat 103,

{0026] The composie may further comprise g surface layer 105 disposed over
al least one laver of the second sei 1080 The swiface layer 105 s notnesded in
all of the instances but may be present in some instances. The surface layer
may comprise woven fibers, Fig. 1E shows an sxample of ane surface fayer
108 disposed over one layer of the secand of the compaosite as shown in Fig.
8. Fig. 1F shows an example of one set of two surface layers 105 disposad
over the second set of two layers respactively on the first side and the second
sigle. Note that the swiface Byer may be smploved In any of the composite
configurations described hereln, such as any of Figs. 1810, The woven bers
at the owtermost layer may provide cerlain mechanical reinforcement andior
coamatic unchionatities, depending on the materials and configurations
ivolved.

[0027] The overall polymer-fiber composife described herein may have any
suttable thickness, depending on the application. Far example, the compaosite
may have 3 thickness in the millmeter range. In one sxample, the polymer-fibar
composite described hergin has g thickness of less than or equal to about 2.5
mm - .4, leas than or equat o about 2.0 mm, about 1.5 mim, about 1.8 o,
ahout 1.0 mn, about 0.8 mm, about 4.8 mm, or simaller. nanothey sxample,
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the thickness of the polymecdiber composits is graater than or equal to abowt
2.5 mm. Within the composite, sach layver may have any suitable thickness. I
one axample, the core laver has s thickness ihat is fwice as much as sach of
the fiber-containing fayers. In one axample, the core layer has a thickness of
abowt 0.2 mm, whereas each of the Sber-containing layers has a thickness of
about 0.1 oy, Other thickness values for the core laver and the fiber
containing layvers are aiso possible,

[0028] Any of the iber-containing lavers described hergin mgy comprise fibers
smbeddad within a polymernic matrix, a8 descrbed above, The polymaric malnix
miay comprise sny suilable materisl, such as those desoribed herein. For
axample, the fhers in the frst sat may be embeddad in a first themoplastic
polymeric matrix; and the fibers in the second sel may be embedded in 3
second thermoplastio polymesio malix. In ong example, the different fiber-
containing layers comprise different polymernic materals 8% the matric matenal
fram one ancther ~ in the foregaing instance, the first thermoplastic polymeric
malrx and the seconsd thermopiastio polvineniy malrix comprise different
thermoplastic materials. in another example, the different iiber-containing
fayers comprise the same polymenic matenials as the malrix material. In anothey
eorample, some of the herconiaining layers comprise the same polymeric
materials a5 the matrix as some others, while the olhers comprise different
polymeric materials,

{0028] Dspending on the materdsls invelved and the arrangement thereof, the
polymac-fiber composite desoribed harain may have any suitable machanical
properties. For example, the composite describad herein may have a high
flieonral strength in comparison 1o a metal or 3 meta! alloy of comparabie, or the
same, size. The flexural strength of a material heremn may be refecied in the
flexural modulus {also often known 8s “hending modulus™ of the material. The
flexural modidus of & material may be oblained by ASTM D728 using 8 3-point
fest on the materisl in the form of 8 reclangular beam and may be expressed by

Eges = LF/{qwiYdY;
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where B S Sexural modalus, wand B the wighh and thicknass of the beam, L
the distance Detween the two cudey supparts, and d the deflsclion due tothe

foad F applied gt the middip of the heam

[0G30] in one example of a composite comprising a cors layer comprising PO
and a first set and a second set of fiber-containing lavers (as shown in Fig. 183,
whersin the core layer has a thickness of 8.2 mm, and each of the fiber-
containing lavers in the first el 102 and sacond set 103 has a thicknaess of 01
n, the composite (having a total thickness of about B.8 mm} has a Sexural
modulus of at least about 35 GPa ~ at least about 40 GPa, about 45 GRa, about
50 GPa, abowt 58 (GPa, aboul 80 GPa, showd 65 GPa, about 70 GPa, abowd 80
GPa or higher, § iz noted that the fibers in these first and sscond ssets are
unidirectionat fibers. Depending on the materials and geometry involved, higher
or lower flexural modulus values are also possible.

{00311  The polymecdiber composite described herain may have sgverst
additional desirabie properties. Depending on fhe maternials used, the polymer
fiber composite described herein may be recyclable, particularly for a composite
comprising a thermoplastic core andd carbon fibers. Moreovsr, inone example,
because the flexural modulus of the palymer-fibier composites arises mainly
fromn the unidivectionst fibery, the composites described herein are loss
expensive than a composite othenwise comprising woven fibers, s noted that
unidirsctional fibers generally are less sxpansive than woven fibers, particulardy
it the case of carbon fibers.

(06321  Additionally, while the polymenfber composits desoribed hereiny may
provide the same, or comparable, mechanicat properties {e.9., flexural modulus)
&% & melgh-containing composite, the polymerdibear composite desoribed herain
niay be lighter than the metal-containing composite. For example, the polymer-
fiber composites desaribed hetein may have a density that s between about 1.2
glom® and about 1.7 glom® — e.g., between about 1.3 glom® and about 1.8
glem®, hetween about 1.4 gfom® and about 1.5 glom®, ete. Other values are
also possible. In one example, the density is between about 1.3 giom” and
about 1.4 glar®,
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Methods of Making

{0033] The polymerdiber composiies descoribed herein may be fabricated by g
method involving any sultsble processds). Fig. 2 provides g flowchart showing
the processes involved in ons example of a meathod of making g compaosits
described herein. As shown int Fig. 2, the method in this example comprises
disposing a first set of hwo layers over 3t least g portion of a core vy
respactively on 8 first side and a second side thareof (3201}, As described
above, the core faver may comprise a thermoplastic, the first side is opposite
the second side, and sach ayer of the first sel may comprise carbon fibers
aligned in 8 frst direction in a plane. Subsequently, the meathod comprises
disposing a second set of bvo lavers over at least @ portion of the first set of heo
layers respactively on the first side and the second side, each layer afthe
second set comprising carbon fibers aligned in a second direction perpendicular
e the fivet dirgction in the pane (8202). The corelaver and sacly layver pf the
first set and the sscond set each may have a tength and a width in the plane,
the length larger than the width and parailel {0 the ssoond direction,
Subsequently, the method comprises thermal forming the layvers of the first set
and the second sef and the core layer info a composite {(S203). The tharmal
forming may inwive conyressing the lavers of the first sef and the second sel
and the cors layer at & temperature highey thas or squal to about 150 °C.

{0034] The conditions involved I the different processes duning the fabwication
gescribed herain may vary depending on the mzterials involved, For sxampls,
thermal forming may nvolve a process in which a plastic sheet s heatad o a
phakde ming temperature, formed I 2 speoific shaps in g mold, and irimed
By create g usabde pradil. The shest may be hegled v anowenin g

tempergture high snough to penmit i {o be strefchad inlo or oo a mvld and

cacied {o g finished shape. The sheet may be pressad at the slevated

%

tempergture by a mechanical pressurs. The amperatunm 1o be elevated o may
depand on the malanals ivohvad, For saxample, when the corg laysr comprises
PG, he alovated hot pressing) emperaturs may be gt lsast sbout 188 °C ~
a:«g at least about 1850 °C, about 180 °C, about 170 °C, about 185 %8, sbowt
180 0, abowt 200 °C, shoud 220 °C, abowt 240 °C, showd 380°C, aboyt 28070,
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about 300 °C, or higher, Other tlamperatures gre also possibie. none

sxample, the hat pressing lsnyeratrs nvoleed during thermal farming is
bahvoan about 18050 and about 28U °C. In another example, the Wt pressing
tamparature volved duting theanal forming is batwaaen about 180 °C and shout
22050

[0038] I one example, 8 plastic sheet i fed from g rolt or from an sxdruder
nto g setof indexing chans thalincorporate ping, or spikes, that plerce the
shea! gud ranaport § through an oven for heating 1o forming lempearatre. The
heated sheet then nglexes inlo & form station where & mating mold and
pressure-box close on the sheat, with vacuum then applied © remove trapped
gy ared to pull the material inlo or onto the mokd glong with presswized air o
form the plastic o ihe delalled shape of the mold. Plug-assists may b

emnployed in addiion © vaouum i the case of tatter, desperdraw formed parts
i orgder 1o provide the neaded material dishibution snd thicknesses in the
finished parts. Iy one example, after a short foomn oycle, a burst of reverss air
pressurs s aousted frowy he vacuum side of the miold as the form ooling
auEns (A0 known 88 av-giact) o brask the vaouunm and assist the formesd parts
off of, or put of, the mold, A stripper plste may siso be ulificed on the mold as i
opens for sjection of more doetallad pards or thoss with negative-drall, undareut
graas. i sxample, (he shesl containing the formed parls hen sexas into
& inm station on the same maching, where a die Quis the parts from the
remaining shest welr, or indexes o @ separsie i press whare he formed
parts are nmmed. The sheel web remaining after the formed parls are fimmed
may be wound anto 8 Bkeup resl o fad inlo an inline granutator for reoyaling.
Additional or different procassas rom those desoribed herain during thermal

forming may be smpioyed,

[0038] Fig. 3 provides a Sowehan dlustirating the processes involved in anather
axample of a method of fabricating a polymer-fiber composie desoribed herein.
As show in Fig. 3, the method includes preparing esch of the core layer 301 and
fiber-containing layers 302 and 303 (8301} The core fayer 301, fiber containing
layars 302 and 303 in Fig. 3 may be analogous 1o the corg lyer 101 and fher
containing layers 103 and 103, respechively, 3% shown in Figs. 1818, The
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fibars in the layer 303 are aligned paraliel o the direction (e in the same
direction) as the largsr dimension of the article in & plane (hence the label 0%
and hose in the layer 302 are aligned perpendicular to that direction in the
plane {hance the label 90%). The preparation of the fiber-containing layers may
mvolve cutting the commerciatly avaiiable fiber-containing layers and the core
fayer info the desired dimensions. iy this example, the msthod then comprises
assembhng the different layers {8302}, as described in, for example, Fig. 18,
The assembled layers are than thermalormed into a preform 31 (83031, As
descoribad ahove, ihe thermal forming may invalee pressing thase lavers gtan
slevated temperature, such as any of those described hersin, Subsequently,
the method describad in Fig. 3 comprisas cosling down the prasst 3o form g
potymar-fiber composite 30, as described herein.  The polymer-8ber composiie
38 may be analogous o the composite 10 as shown in Figs. 1A-1F

{00371 Acdiionst process{ess) may be sopivved &y the falwication method
described hevein, For example, the method may further coengwise impregnating
the fibers in 8 thermopiastic polymenic matrixin the lavers before the method of
making the composite as desenbed in Fig. 2 andior Fig. 3 begins ~ie., "pre-
impregnating” the fibers in the matix. The impregnation of the fibers into the
podymeric matri may involve any suitable techniques, For example, the
techniqus may Comprise a balch procass, such as hol pressing, such as one
using multiiayver lamination. The technique may alsoe involve 8 condinuous
process, such as one using a fatbeddaminator system fe.g., MEYER® Flathed-
Laminagtor-Systerms, from Hedbert Mayer GmbH, Gernany). The fibers may be
any of those described herein, including carbon fibers, and the thermoplastic
polymeric malix may comprise any of the polymers descnbed herein, The
method may further comprise the composites as fabricated into another
structural component, such as the housing of a device. The device may be an

glechronic device,
Appiications

[O038]  Dus & lvast in part 1o the numerous aforedesoribed desirable
propeies, ihe polvmer-Sher composite desaribed hersin may be amployed in
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various applications. For example, the composite may be an integrsl part of 8
structiral componest, The campanent may be g pant of the housing of an
slectronic device. A housing of 8 devics may refer to any structral companent
that encloses the interior of the device. In one example, the compaosite
described herein s a part of the housing of an slectronic device, For example,
the composite may be any pant of the housing, including back cover, front cover,
side cover, and the like, of the device.

[0039] An elechronic device hersin may refer 1o any device comprising af least
one slectrical crewlt, Thus, in one example, the housing that compnses the
composite descdbed herein may be exlemal to the electrical grouit. The
slectronic device may be a consumess electronic devics, Ay electronin devics
may refer fo porfableimobiie glectronic device. An slectronic device here may
refer {0 8 computer, 8 mamory storage, a display, a signal transmitting device,
and the fike. A computey may refer o a deskiop, @ lapiop, 8 tablet, a phabiet, 8
tablone, and the lke. A storage wit may refer to the hardware of @ hard drive, &
SErver, & processor, and the ke, A display may refer 1o g moniorn, a liguid
crystal display ("LCD"), a telavision, and the like. A signal transmilting device
may refer {0 a device fransmifling any type of signal, inchuding light, sound, heal,

and the ke, In one example, the electronic device i a miobile phone,

[0040] Not to be bound by any particular theary, but the configuration of the
conmposite described herein may provide the device in which the composiie is
emploved with desirable machanical properlias. As noted above, unidivectional
fibers may be stronger mechanically in the direction of the preferred alignment.
Thus, it one example, the fact that the unidirectional fhers are iaid at the
outermost faver and that the preferred orentation is paraiiel (o the larger
dimansion of the composite means that the composite will have g larger
mechanical strength along this preferred arigntation at the outermost iayer. This
anisotropy of the polymaer-fiber composite described herein aliows the
composite (o provide the mechanical property {8.g.. fexural modulus) along the
divection needed {e.g., the larger dimension) without having o raly o rsasing
the thickness of the layer, the lalter being the genersl approach in the cass
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whare the layver includes a material not having the anisotropic mechanicat
propesties. For edimmple, in the case of g polymeryeoven Tiber compaosite (with
svarviing but the fiber onentation held invanant to the resently descnbed
pulymers-{unidirsctional) fiber composite}, o achieve the same flexural madulus,
the former would nesd (o have g largeyr thickness andior larger fiber content.
The farger content and thickness each may result in higher material cost.
Further, the fibers in the woven fiber composite neead & be wovern first, further
moraasing the manufacturing cost.

[0041] Further, 3 compusite compnsing 8 themrmopliasiic core sandwichsed
bebyeen unidirectional fibars has a large vield strangih, relative to amelal {ag.,
sluminum) or metat alloy of comparable, or the same size. A mateniat having a
large yield strength may be considerad as a matenial having a high slasticity.
Thus, by using the polymendiber composite and unidirectional fibers as the
fibers in this composite, one may achieve both high elasticity and high flexural
modudus. Such mechanicat properties may be desirable particulardy for a
housing stractural component, which is frequently subject 1o mechanics!
deformation {e.g., contact with another {often hard} object).

Non-Limiting Weorking Examples

Malerinls and Methods

[0042] Six samples were measured i this Example for theilr respective
fexural modulus valuas in gocordance with ASTM D700, Sets of two
specimens (80 mm X 25 mm specimens for hwo poemese-fiber composites
{"Composi{e-01" and "Compaosite-02"} and one aluminunsalioy {"AIBG52 H32™
were employed, The material, layer thickness, the fiber onentation, and the
tayer arangement of Composite-01 and Compsoite-{2 are provided in Tables 1
and 2, respectively. Composite-02 specimens comprise woven fibers and are
herein used as comparative samples, "UD CF denotes “unidirectional camhon
fibvara”; “Woven CF denoles “woven carbon Bbers™ and "Fibser Orientation”
denotes the direction of fiber alignment relative o the length (e, the 50 mm
dimension) of the specimen — §° refers o the divection paralie! to the 55 mm
direction, whereas 80° refers o the direction perpendicular to the 88 mm
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direction in the plane as defined by the 58 mm and 25 mm dimensions (e, the

25 gwn dimension}. in sach of the UD CF layers in Composite-01, the

ynidirgctional carbon fiber content was B0 wids, balanced by PCIARS. Iy sach

of the woven fiber layers in Composite-02, the woven carbon fiber confent was
S0 wi¥, balanced by PC.

Table 1. The information of the diferent lavers in Composite-(

Layer Raterial . Fibar Orisntation Thickaess frmny
i U0 OF o oy
2 L0 OF e o
3 LD OF 8g° 8.3
4 PC {Core} ta H
5 U CF Wy 6.1
8 UD CF <) 6.1
7 Ud CF o 8.1
Overali Composite 0.8

different layers in Composite-02

Table 2. The nformation of the

Laver SMatorial Biber Urientalion Thickness Gnmy
,,,,,,,,,,,,,,,,,,,,,,,, Y b Woyen OF 4 e LB
2 Wovan OF na 2.2
3 Wovern CF R 8.27

Querall Qomposite 0.8

[0043]  The flexural modalus of the B0 mm by 25 mim spacumans weare

measurad using a 3-point bending test using instron H888 in avcordance with

ASTM D7E0-88. The rod on the testing maching of the S-paint bending test had

a diameter of 4 mm. The specimen had a thickness of about 8.8 mm. . The span

of the sample was 32 mm. The span ratio of the spedimen hersin was fixed al

32 with varying speomen thickness, Span herain refers {o the product of the

span ratio and thickness of the sample. Thus, for a spaecimen thickness of

about 0.8 mm, with 3 span ralio of 32 the span of the speimen was aboud 5.8

mim, The crosshead speed on the Instron was set at 1.3 rurdimin for 0.8 mm

{thickness) specimeans. The fexural tosts were perfarmed afier the specimens

were conditioned at 23 °C and 50% relative humidity CRE" Y for 48 e,
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[0044]  Esch spetimen was measurad i this Example for s density in
acoordance with ASTM D782, Specilically, the densily was calculated from
spacific gravty measursd at 23 °C with the ASTM DYE2 based o the following:

Spor32FC=afa+w~by,

where a is the apparent weight of the specimen without a wive or sinker inain b
is the apparent weight of the specimern {and of the sinker} completely immersed
and of the wire partially immersed in distilled water, and w is the apparent
weight of the tolally inwnersed sinker and of the partially immersed wire. Thus,
the density of carbon fiber composite was calcuisted fromy

B {gfom3) = Sp gr 232370 KR.8g75,

The arror of the density measurament was between about 8.5% and about
2.0%.

[OO45]  The resulls of the Rexural modulus and densily measuramants are
shown in Tabls 3. Fig. 4 s an SEM image of one specimen of Composite-01,
showing the different unidirectional parbon fber layers, sandwiching the PO core
layer in the muddie. His seen in Fig. 4 thal on esch sids of the PC cure, the
outermost layer has fibers aligned paratie! (0% o the horzontal axis of the
image (Le., the 50 mm dimension of the specimen) and the two layers bebvesn
this 0° fiber laver and the PC core have carbon fibers aligned perpendicular to
the 07 fibers in the 25 mm direction in the plane (intofout of the page on the SEM
fmage).

[0048] As shown in Table 3, Composite-01 and Compoiste-02 are much
hghter than the aluminum Al 5052 H32 sampls, as swdenced in the lower
density thereo! than that of the Al SU82 H3Z sample. Hwes giso observed that
Composite-01 had a larger Rexural modulus than Composite-02, evidencing the
desirable flexural properties thereof compared to Composite-02. Also, the
thickness of each laver confaining fibers in Composite-02 is larger than that in
Composite-01, and Composite-02 contains more carborn fibers than Composite-
81 bt does not have the same fexural modulus as Composite-01.
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modudus than both Composte-0 and Composite-02, # s readily knownr that an
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sturninunt alloy has 8 lower vield strength than does a carban-fiber compasite.

in othsr words, when subject to the same deformation, it is possible that

Composiie-01 and Compoiste-02 would undergo slastic deformation while the

sluminium alloy would undergo permanent plastic deformation, despite the

larger flexural modulus of the latter. 1t is generally considerad desirable fo

prafer 4 larger elasticity to a arger flaxural modutus when the matedal is

frequently subject to mechanical deformation of vanous magnifudes, sich as in
the case of @ computer cover, particularly a laptop pover.

Thus, the sheninium

glioy sample Al 5052 H32 is not considered desirable in this Example, where the

parameters were svaluated in view of potential applic

sheciranic devices.

cation i consumer

Tabie 3. F{sawits of the fleccural mcdaiua a*m gensity megsurements

“{mcmews Specimen | Spocimen
1 : 2
CComposiie-dt ] A . S HE T LR 4788 1 4718 1 130
80 87 87 57.83 57 8%
Composite-02 & 3.8 1.3 38.24 3753 36.88 1.55
Sy 383 35878 3801
AL S0R2 HazZ s 3.8 1.3 7847 78.12 T80 2.88

Additionsi Notes

[0048]

concepts {provided such concepts are nof mutually inconsistent) are

i should be sppreciated that &l combinations of the foregoing

comtemplated as being part of the inventive subject matter disclosed herein. In

particudar, all combinations of claimed subject matier appeaning st the end of

this disclosure are conlemplated as baing part of the inventive subject matier

dise

olosed herein.

it should also be appreciated that lerminology explicitly

amployed herein that also may appear in any disclosurs incorporated Dy
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referance should be accorded & meaning most consistent with the padicular
concepts disclosed hersin

{0048] The indefinlle articles "a8" and “an.” as used herein n this disclosure,
ncluding the claims, unless clearly indicated to the contrary, should be

understood to mean "at least one.” Any ranges cited herain are inciusive.

[0050]  The ferms "substantially” and "abowt” used throughout this disclosure,
including the daims, are used o describe and account for small fluctustions.

Far example, they can refer (o less than or egqual 1o £5%, such as less than or
gqual 1o 22%, such a5 less than or equal 1o 21%, such as less than orequal 1o
+0.5%, such as less than or equal to £0.2%, such as less than or egual fo

20 19%, such 8% legs than oregqual o 20.05%.

[00581] Concentrations, amounts, and other numernics! dats may be expressed
or presented herein in a range formal. Such a range formatl s used merealy for
sonveniance and brevity snd thus should be interpreted flexibly to include not
ondy the numenoal values explicitly recited as the limits of the rangs, bul also fo
include all the individusl numesical values or sub-ranges encompassed within
that range as if each numerical value and sub-range is explictly recied. As an
fustration, 8 numencal range of *1 weight % (Wit 10 B wit” should be
intarpreted o include not only the sxplicitly recited values of 1 wit 0 & wi%, bt
alse include individual valuss and sub-ranges within the indicated range. Thus,
included i this numernical range ars individusl values, such as 2, 3.5, and 4, and
sub-ranges, such as from 1-3, from 2+4, and from 3-5, alc. This same prinoiple
applies {0 ranges reciting only one numerical value. Furthermore, such an
interpretation should apply regardiess of the breadtly of the range or the
characteristics belng describad,

[0052] The phrase “andior.” as usad herein in this disclosure, including the
claims, should be understood 1o mean “sither or both” of the slements so
caroined, La., slements that are conjunclively prasent in some cases and
disiunctively present in other cases. Mulliple slements listed with “andie”
shauld be construed in the same fashion, Le., "ong oF mgre” of the elementts so
conjoined, Qther slements may oplionally be present other than the elements
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specifically wdentified by the “sndior” dause, whether related or unralated o
those elements specifically identified. Thus, as @ nan-limiting example, s
refarence fo "A andfor BY, whan used i conjunclion with apsen-ended languags
such as “comprising” can refer, it one sxample, to A only {oplionally including
glements other than B, in another example, {0 B only (optionaily including
glements other than A); in vet another example, © both A and B {optionally
ncluding other slements); el

[0053] As used in this discipsure, including the clalms, “or” should be
understood to have the same meaning 88 "andior” as defined above, For
sxample, when separating items i a hst, “or” or "andior” shall be infarpreted as
being inclusive, L, the inclusion of at least ane, but also indluding more than
one, of 8 number or list of elements, and, oplionally, additional unlisted iteams.
Only terms clearly indicated to the contrary, such as “ordy one of ar “exactly
one of “or, when used in the claims, “consisting of.” will reder 1o the inclusion of
exactly one slement of @ number or list of elements. iy general, the term "o as
used hereln shalt only be interprefed as indicating sxclusive alternatives {i.e.
‘one or the other but not both™ when precedead by terms of exclusivity, such as
“eithar,” “one of” “only one of,” o "exactly one of ” “Consisting essentially of "
when used in the claimg, shall have g ordinary meaning as usad in the fieid of

patant law.

[0054] As used in this disclosurg, including the claims, the phrase "at least
one.” in referance 1 a list of one or more elements, should be understood to
meaan at least one element selected from any one or more of the elements i the
list of elements, but not necassarily including at lsast one of sach and svery
glement specifically listed within the list of slements and not exclusling any
combinations of elements iy the kst of elements. This definition also aliows that
glements may aplionsily be prezant ofher than the slements spagifically
idertified within the st of alanents o which the phrase "al least one” refers,
whather relgted or unrelated {o those elements specifically identified. Thus, as
a non-hmiting example, “at least one of A and B {or, equivalently, “at least one
af A or B," or, equivalently “al least one of A andior B™) can refer, i ons
axample, 10 at least coe, optionally including more than ane, A withno 8
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prasent {and optionally including slements other than Bl it ancther example, {o
at least one, optionally including more than one, B, with no & present {and
optionally including shements ofher than Al in et ancther sxample, o at lsast
one, optionally including more than ons, & and at least ong, optionally including

more than one, B (and oplionally including other elemenis); sic.

[O055]  In this disclosure, hcluding the clabns, sit ransitional phrases such a3
“comprising,” “ncluding,” "carrying,” “having,” “containing,” “wwvolving,” “holding,”
*composed ofF and the ke are {0 be understood 1o be ppenranded, Le, 0
mean including but not fimited 0. Only the ransitional phrases "consisting of
and “consisting essentially of' shall be closed or semi-closed transitional
phrases, respectively, as set forth in the United States Patent Office Manust! of
Patent Examining Procedures, § 2111.03
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WHAT IS CLAMED:
1. A composie, comprising:

& core layer comprising a thermoplastic polymer and having a first side
and a second side opposite to the first side;

& Hrs! set of two layers disposed over 3 least 3 portion of the core layer
respectively on the first side and the sscond side, sach laysr of the fust set
somprising carbon fibers aligned in a first direction i a plane; and

& second set of bwo layers disposed over at ipast a portion of the fist sat
of two layers raspectively on the first side and the second side, sach layer of the
second &t comprising carbon fiders aligned in a second direction parpendicular
ta the first divection in the plang;

wherein the composite in the plane has & length and a width, the length
larger than the width and parallel o the sscond divection.

Q. The composiie of aaim 1, wherain the thermoplastic of the core
comprises al least one of polyimethyl methacrviate} PPMMAY, polvcarbonate
{"FT), aorvionitrite butadiene styrene FABET), poly {p-phenviens sulfide)
{"PPS"), polyether ather ketone "PEEK"), polyethersulfone {"PES™, and

polvamide.

3. The camposite of claim 1, wherein:

&3

{3 the carbon fibers in the first saf are smbedded in a first polymaric
malix and

{ii}  the carbon Bbers i the second sef arg embedded in 8 second
polymeric matix,

wherain the first polymeric matrix and the second polymeric matrix sach
independently comprises al least one of pobvimethy methacrvlate) (PRMAT,
polvearbonate (PO, acndonitriie butadisne styrene JARS™, poly {p-phenylens
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Fa
o3

sulfide} ("PPE"), polyether ather ketong ("PEEK"), polyethersuifone {PES™), and
polyaraids,

4. The composite of claim 1, wherein the carbon ibers in at least one
of the fivst set and the second sel comgrise continuous fibsrs,

5. The composite of claim 1, wherein the carbon fibers in al lsast one
of the first set and the second sat comprise at least one of polyacrvionitnle
CRANTY, ravon, pich, and sramid carbon fibars.

8, The composiie of claim 1, furthey comprising & third set of two
fayers disposed between the layers of the first set and the second set
respactively on the first side and the second side, sach layer of the third set

comprising carbon fihers aligned in the first direction,

-y

7. The composie of alaim 1, wherain each laver of the first set has s
larger thickness than each layer of the second set.

8. The composite of claim 1, further comprising at least ons surface
taver disposaed over at least one laver of the second set, the surface layer

comprising woven carbon fbers.

8. The compuosite of claim 1, wharein the composite isapatof a

housing of an alecirone device,

13, The composite of claim 1, wherein the composile has a flexurad
modiius of greater than orsgual 10 40 GRa.



WO 2016/072987 PCT/US2014/064245

11, An slechong device, comprising:
an slectricsl cirouit;

& housing exdemal to the slectrical cirowt, the housing comprising a
composite comprising:

a first s&t of bwo layers disposed over &t least g portion of a core
layer respectively on a first side and a second side, sach layer of the first set
somprising carbon fibers aligned in a first direction i a plane; and

a second sat of hvo lavers disposed over al least @ partion of the
first sef of two layers respectively on the first side and the second side, sach
layer of the second set comprising carhorn fibers aligned in 3 second divection
parpandicular to the first direction in the plang;

wherain

the composite in the plane has a ength and 2 width, the length

larger than the width and paraliel to the second direction, and

each laver in the first set has g larger thickness than sach layer in

ihe second set.

12, The elsclronic device of claim 11, further comprising st lpast ane
surface layer disposed over at least one layey of the seoond set, the swrface
layer comprising woven carbon fibers,

13 A mathod of making, compeising:

disposing & irst st of two gyers over al least a portion of a cors layer
respactively on g first side and 8 second sige thereof, wherein the core layer
comprises & thermoplastic, the first side s opposite o the second side, and
gach layer of the first set comprises carbon fibers gligned in a first direclion in a

plane, snd
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a3
(4

dispusing 3 second set of two layers over al least a portion of the first sst
of two layers respectively on the firsd side and the second sids, sach layer of the
seond sef comprising carbon fibers aligned in a seconsd direckion perpandicular
o the first direction iy the plans wherein the core layer and sach layer of the
first set and the second set each has a length and a width in the plang, the
fength larger than the width and parailel to the second direction; and

thermal forming the layers of the first sef and the second setf and the nore
fayer inlo 8 compaosite, the thermal forming involing compressing the layers of
the first set and the second set and the core layer at & temperature higher than
or equal 1o about 180 *C.

14, The method of claim 13, further compnsing impregnating the
carbon fibers in g thermoplastic polymernic malrix in the avers of &t lsast one of
the first set and the second sset.

16 The method of claim 13, further comprsing integrating the

composits inte a housing of an electronic device,
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Disposing a first sef of two fayers over al least 3 portion of 8
core izyer respectively on g tirst side and a second side 7
thereof, wherein the core layer comprises g thermoplastic, the S201
first side is cpposite 0 the second side, and each layver of the
first sot comprises carbon fibers afigned in a st direclion ina
plans

Disposing & second st of two lavers over at lsast a purtion of
the first set of two layers respectively on the firs side and the
second side, sgch iayar of the second sl comprising carbon
fibers aligned in a second direction perpendicular fo the first
dirention in the plane, wherein the core layer and each laver of
the first ssl and the second st sach has a length and & widlh
i the plane, the length larger than the width and paratiet {o the
seeond dirsation

5202

Thermal forming the layers of the first set and the second set
and the core layer inlo a compaosite, the thermal forming
invalving compressing the layers of the first set and the
secorsd sef and the core layer at @ tempearaiure higher than o 8203
squal to about 150 °C

Fig. 2
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