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(54) Title: POLYMER FIBER COMPOSITE

Fig. 1

(57) Abstract: Provided in one example is a composite. The composite includes: a porous core layer including a fluoropolymer; a
first layer disposed over at least a portion of the core layer; and a second layer disposed over at least a portion of the first layer. The
first layer includes fibers that comprise at least one of unidirectional fibers and woven fibers. The second layer includes a polymer.
o The composite is permeable to air but impermeable to liquid water.
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POLYMER FIBER COMPOBITE
BACKGROQUND

{0001} The housingfcasing of electronic devices is requently subject o
mechanical deformation dus 3t least in part {o its frequent contact with othar
objects {&.q.. (able, hand, ground, efc. ) Thus, these devices, patdicularly the
housing thereof, often nesd to have mstenials having sufficient mechanics!
strength o withstand the deformation. Al the same ime, with highet powsr
ouipat 1 an electronic devices, thermsal management may be wmportant.
Thermal managamant may involve keaping the interior of the device at a
temperature that is sufficiently low to avoud theymal degradation of the matenals

of the components of the device,
BRIEF DESCRIPTION OF THE DRAWINGS

{00021 The drawings are provided o Bustrate various soamples of the sulject
matter described herein related 10 8 waler Imparmeabls polymesdfiber composite
and ave ot intended to i the scope of the subject matter. The drawings are

not necessanty W scale.

[0003] Fig. 1 shows, inone sxample, & schematic of a polymeriber
composite described herein and the components thereol

[0004]  Fig. 2 shows, in another sxampie, a schamatio of 8 polymer-fiber
compoasite described hereln and the companents thereof,

[G008] Fig. 3 provides a Sowchart showing, i one example, the provesses
frvolvad in making a polymer-iiber composite described harain,

[0088] Fig. 4 shows, in one example, a8 schematic of an electronic device
cornprising a housing comprising & polymee-fiber conposite desonibed herein.

DETAILED DESCRIPTION

[0007] Because of the environment the elechranic device is in and the
aperalional conditions the device s subjected io, s desirgbls o have 8
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housing that aliows therma! management {8.g., dissipation of hest) while having
desiratde mechanical properties (8.4, ow density, high elasticity, gic) Inview
of the foregoing, following belew are detallsd desonphions of various sxamples
rejated o & polymerdiber compaosite, particidarly a quid water impermeable
compaosite. The various sxamples described herein may be implemented in any

of AUMBTOUS Ways.

[0008] Provided in one aspedt of the examples s a composite, comprsing: a
poOTous Core layer camprising a fluoropolymer, a first layer disposed over st least
a porlion of the core layer, the first layer comprising fibers that comprise & least
one of unidirectional fibers and woven fibers; and a secona layer dispossd over
al least & portion of the first {ayer, the second layer comprising a8 polynern
whersin the composie is permeabls to air bt impeomeable o guid water,

{0088] Provided in ancther aspect of the examples is an slectronic devics,
comprising: an slectrical circult; an housing exteniar 1o the slactrics cireuit, the
housing comprsing a composiie comprising. 8 porous core layer comprising a
Rucrapolymer, a first layer disposead over &t least a portion of the core layer, the
first layer comprising fibers that comprise at least one of unidirectional fibers
andd woven fibers; and a ascond fayer disposed over at least a porlion of the first
fayer, the second layer comprising 2 polymer,

[OU10]  Provided in another aspect of the examples 5 & mathod of making,
comprising: disposing over at least g portion of a core layer a first layer, the core
layer comprising a fluoropolymer and the first laver comprising fibers that
comprise at least one of unidirectional fibers and woven fibers; disposing over at
feast @ portion of the first laver 8 sscond layer, the second laver compising 8
polymern, and thermal forming the core layer, the first layer, and the second laver
into a composite; wherein the composite is 3 part of an housing of an electonic
device and is permaable to alr and mparmeable to lguid water,

[0011]  Fig. 1 provides a schematic of one sxampls of g composite desoribed
herelt in this disclosure {thereafter "harein” for short unless stated explicily
otherwise). The composile 10 comprises a porous core layer 11, a first fiber-



WO 2016/080944 PCT/US2014/065888

containing laver 14, and a second exterior polymenie layer 13, His nolad that
the terms “Arst,” “secorid,” "third,” eto. herelt are mersly used o connade that
the objpcts they respectively describe ave different enliies and are not meant o
desoriba any chronslogicst owder, unless explicitly specifisd. The composite 10

15 permeable 1o air but impermeable to liguid watsy,

[8012] The porous core laver 11 of the composite 10 {as shown in, for
sxample, Fig. 1) described herain may comprise any suitable material,
depeanding on the application. Thg matenal may comprise, of be, 8 palymar
The polvmer may be g huormpchargr. A flusropolymer miay compriss 2t least
one of polytetrafiuorcsthyiene (PTFE" and expanded polytetrafiuorcsthylene
{"eFTFEL in one sxample, the fluoropolymer comprises the flucropolymer
emploved in the Gore-Tex™ membrane.

[0013] The porous core layer miay have any sutlable leved of porosity. For
exampde, the porosity of the core laver described herain may be gt loast shout
80% ~ &.g., at least about 85%, about B0%, about 95%, aboul B8%, about 87%,
about 88%, about Q9% or higher. Depending on the context, the % inone
sxample refers o vai®. Other porosity values are alse possitite, The porous
core layer may have any sutdable level of density. For sxample, the density of
{he core layer describad hereln may be lesy han or egual o sboad 05 gf{:m3 -
£.0., less than or equal 1o about 0.4 glom®, about 0.3 glam®, about 0.2 giam®,
about 0.1 giam®, or lower. Oiher density values are also possiliie. The porous
core layer may have any suitable thickness, For example, the thickness of the
core laver descoribed herein may be less than or egual to abod I mm ~ 8.0,
fess than or equal to sbaut 1 rum, abowd 0.5 v, abowd 0.4, abowd 6.3 mmy,
about 0.2 mm, about 5.1 mm_or bbwer. Other thickness values are also

possible.

[0014] The porous core layer herein may be permsable for gases, including air
and water vapor, but impermeable {o liguids. The porous core layer comprising
the flucrapoiymer may exhibit fguid impermeability {e.g. repeliency) at, for
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axample, & surface thersol, and possess & high contact angle with hquid water.
The lnuid repstiency of the porous oore laver desoribed herelnt may be
aitnibutad 1o the size of the pores thersin, which size gllbws passage of a gas
but not Hguid through the composite. Depending on the context, the lerm “size”
of an object herein may refer (o diameter, length, width, sic. thereof For
example, the porous core layer may comprise 1 billion to 15 billion micro-pores
per squarg inch, For axample, the pores i the core lgyver may have an avarage
diametar of less than or equal 1o about 8 A ~ 2. g, less than or ggual to abouwt §
A sbout 4 A, sbott 4 A, sbout 2 A, about 1 A, or smaller. In one example, the
pores in the core layer have an average diameier of between about 2 A and
about & A ~e.g., between about 2.5 A and about 55 A betwesn about 3 A and
ahout § A, bebween about 3.5 A and about 4.3 &, elc. in one example, the
aforedescribed average pore size is about oneg fen-thousandth as large 8% & rain
drop, yelis 700 times larger than & swest drop or 8 vapor particle. Thus, i this
example a liquid water drop may not pass the pores of the care layer, while
vapor particles {&.q., perspiration, water vapor, e} may pass the pores.

[O015] The higuid impermeability of the porous core layer described herein may
b reflectad in the contact angle of the layer with a lguid draplet. For the
exampie, the contact angle with figuid water may be at least about 0%~ a.g., at
foast about 65%, about 100%, abowt 105°, about 110°, about 118%, about 1208,
about 125° sbout 130° or higher. In pne example, the contact angle with fiquid
water is 118%, The liguid impermeability and repelience, as evidenced in the
aforedescribad contact angel, may make the core layer {and thus the
composite) described herein unltikely 10 be weltad by general Kquids andior
urilikely fo adhere 1o other materials. The imparmeability of the core laver with
respact {o 8 iguid {8.g., waler) may be captured by, for example, lass than of
agud {0 about 20 woil% of g hauid {B.g., liguid waler) baing able (o pass through
the thickness of the core layer - 2.4, less than or aqual to about 15 vol%, about
10 vol%, about 5 vol%, about 1 vol, or lowsr,

[O018] The airigas permeabiiity of the porcus opre laver described herein miagy
ba reflected in the Frazier number of the layer. For exampie, the Frazier
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ramber of the layer may be babween about 0.1 and showt 500 ~ 8.9., betwesn
about 8.2 and about 480, between abaidt 0.5 anyd about 30, betwesn about 08
shd about 350, behvaen ahout 1 aod about 300, batweaen about b and about
250, bebweern abos 10 and about 200, baetwaan about 30 and about 1508,
hetwasn about 40 and about 100, between abowt 60 and about 80, sle. Other
Frazier number values are also possible, In one sxample, the Frazisy number of
the core laver descrbed heramn is greater than abowt 748, such as betwaen ghowt
100 and about 300 — e.g., between about 150 and abowt 250, ste. In another
sxample, the Frazier number of the core laver desoribad hersin 5 iess than
about 20, such as between about (.5 and abowt 18 « 2.g., between about 0.8
and about 10, between gbouwt 0.8 and about 8, betwean abowt 0.0 and about &
hetwean about 1 and showt 4, sle.

{00171 The fiuoropolymer in the porous core faver described herein may be in
the form of & plurslity of microfibers. In one example, the intermal nebaork
struckars frmed with the microfibers of the PTFE porous lim s heat resisiand
and surface lubricative, and accordingly allows the dust absorbed af its surface
© be easily removed. The porous core laver described herein may be laminated
with other materials.

Fiher-containing Laver

[OO18] The fibers in the fiber-containing layer 12 of the composite 10 {as
shonwn in, for example, Fig. 1) described heraln may comprise any sultable
migterial, depending on the application. §tis noted that while the fiber-containing
faver 12 is disposad on the lop side of the core layer 11 in Fig. 1, the ey
containing laver 12 may be disposed on the boltan side, o bath the fop and
botom sides. The material of the fibers may comprisse a ceramic, a purs matal,
a metal alioy, 8 compound, a polymer, ste. The fibars may comprise an
inorganic material, an organic material, o both. The fhere may comprise a
natural material, a8 synthetic material, or both, For exampie, the fibers may
oornprise carbon nanotubes. For example, the fibers may comprise at least ons
of carbon fibers, glass fibers, segmid Shers, and Wanium fibers,
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[0019] The fibers may comprise carbon fibers, The carbon fibers may be any
type of fiber cordaining carbon atoms. The carbon fibers may comprise natwrat
sarbon fibers, syninelic carban fiberg, or bath, For exampde, e carbon fhers
may comprise st least one of polyacrylonitrile {"PANT, rayon, pitch, and aramid
carbon fibers. The carbon fihers may be commercially availlable carbon Bhers,
I one example, the carbon fibers comprise TORAYCAY T700S/TA00 {from
Toray industriss, Inc,, Japan). In another exampie, the carbon fibers comprise
Mitsubishi Rayon: PYROFIL® P330 serles (from Mitsubishi Rayen Co., Lid.,
Japan). in another exampie, the carbon fhers comprise at least ong of Tenax™
J HTS40 £13 3K 200tex, HTE40 £13 8K 400tex, and HTS40 £13 12K &00isx
{from Toho Tengx Ameriea, Ine., TN, USL n another example, the carbon
fibars comprise at least ong of Tenax™E HTR40 F13 12K B00tex and HTS40
F13 24K 1800tex {from Toho Tenax Amerca, inc., TN, USL

{00201 The fbers may comprise glass fibers. The glass fibers may comprise a
ceramic, such as an oiide, such as g metal oxide, o silicsle, a nittide, &lo. In
one example, the glass fibars compnse silica. In another example, the glass
fibars comprise alumine-borosticate glass with foss han 15 wiw aikall oxides,
in another example, the glass fbers comprise albali-lime glass with ittle or no
boron axide). in another example, the glass fibers comprise, alumino-dime
sificate with less than 1% wiw atkall oxides). In another sxample, the glass
fibars comprise alhalidime glass with high boron oxids conteett, In anothey
gxample, the glass fibers comprise bomsticale glass, a gaother exampis, the
glass fibers comprise aluming silicate glass without Mg and CaQd. In another
example, the glass fibers comprise alumino silicate glass withowt G but wig
High MgO content with high tensile stength). Other types of glasses are also

possible.

{0021] The fibers may comprise polymernie fibers, such as synthedic fibers.
ane example; the Bhers comprises polyamide such as sramiid fhears, An aramid
fiber herein may refer {o 3 fiber made as 8 result of a reaction bebween an
aming-containing matenal and a carbevlio acid halide condaining material,
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Arsrnic Rbers harein may include para-aramid Sbers, such as Kevier™, Twaron™,

i,

[O0221 The fibers may comprise metal fibers. The metal may be in the form of
a pure metal, a melal alloy, or both, The mealsl may comprise g nodde metsl, a
transition metal, or both, In one example, the metal comprises fifanium. Other

types of melals or melal alioys are also possilile,

[0023] The fibers may comprise continuous fibers. The fibers may comprise
discontinuous fibers. The fibers may have any suitable dimensions. i one
exanmple, the Bbers have an average diamster of betweaen about $ wr and
abowt 10 p. Diameters of 8 larger o a smaller value are also possidiae. inone
example, the fibers in & Sher-contalning layer are continuous fibers and have
the same lengthy as the length of the fiber-containing layer andfor the composite,
Shorter or fonger fibers are also possible,

[0024] The fibers desoribed herain in this disclosure may be embedded within
{e.g. pre-impragnated by) 8 polymeric matrix. The polymeric matrix may
comprise any suitable polymer, such as a polymer resin, In one example, the
polymeric malx comprises a thermoplastic. In another examplie, the pobgmeric
malrix comprise a thermosel, In one example, 8 themoplastic herein includes
al least one of PC-ARS, nylon, polysthylene {("PE’}, and polypropyiens (PR,
in one example, 8 thermose! herein includes at least ane of an epoxy resin and
& polyimide. The polymier in the polymaeric matny may be the same as or
different from that of the polymeric core layer. For example, the polymer it the
polymeric maltrix may comprise al least ong of poly{metind methacndate)
{PMMAT, polvcarbonats CRCY, acrviprdinie ndadiene styrene ((ABE®, poly {p-

{"PEST, and polyamide. In one exampie, the fiber-containing layer comprises
Tepex“":’ fronms Bond-Laminates G, USA. In another exampla, the fibar-
containing layer comprises TenCate CFRT® from TenCate Performance
Composties, USA.
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[0025] The fbers i a layer containing both fibers and a polymanc matrix may
be present al any sufable content value. For sxample, the fibers may be
batwoern about 10 with and about 80 «1% halanced by the matrid in g fiber
containing layer — e.g., bebveen abowt 20 wi¥% and about 70 wi% | bebween
about 30 withh and about 80 wit, hetween about 40 wi¥% and about 50 wi%, sic.
Oher content values are also possible.

[0026] The fibers in the iberconiaining layer may be aranged iy any
orierntation {or direction). The fbers may be any of the fibers described herein.
For exampde, the fibers may be sligned in one prefarred direction. As a resull,
the fiber-containing laver having the aligned fbers may sxhibit anisofropic
material properiies. This direction may be goy sultable direction, depending on
the apphication. Forexample, this dirsclion may be parsliel {0 the larger
dimension in & plane as defined by the length and witth of the composite, or i
may be parpendicular to this dimansion. In the case where all of the dimensions
inn this plane are the same, or comparabis, this diveclion may be any
predetermined, pre-designated direction. For example, the anisotropic fiber-
comtaining layer may ehibit stronger mechanical properties {e.g., elastic
moduius, flexural modulus, etc.) slong the preferred, aligned direction than the
one orthingona thereto, A laver containing fibers aligned in one {prefered)
direction may refer to a layer having at least about 80 vollt of the fibers sligned
i that direction ~ 2.9., at least about 85 vol%, about B0 vol%, abowd 85 volts,
abaout 98 volts, about $8.5 wol¥, about 889 vol¥:, or higher. Other vol¥ values
are also possible. o one example, the fibars exhibiling a preferred direction
herein are referred 10 88 “unidiractional fibers ”

{00271 The fibers may aiso be woven fibers, The fibers may be any of the
fibers described herein. The woven §bers may be in at leastone of the
folfowing forms: plain, twill, satin, triaxial, stitched, basket, continuous strand
mat, and vell, For example, unidirectionst fibers may be fed into 3 waaving
maching o make woven fbers, In one example, 8§ woven-iber-contamning layer
exhibits solropic material propecties, at leastwith respact & the plane as
defined by the woven fbers. In other words, the isolropic fibercontaining layer
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of the layer {in the plane).

Exteror Polvmernic Laver

{0028] The exterior polymeric layer 18 of the composite describad herain may
omprise any suitable material. 1is noted that while the layer 18 is termed
“gxiadior” and is the outermost layer of the composile shown in Fig, 1, this
extarior polymeric layer nesd not be the ultermost layer. The term “extenior
herein is merady used fo desoribe the refative position of this layer with respect
to the porous core layer and the first fber-containing layer. In one example,
there are additional matenals or layers disposad aver the exienor polymeare
fayer. The polymer in the exietior polymeric layer 13 may comprise synthetic
polymer, natural polymer, or both. In one example, the extanor polymeric layer
13 comprises polymeric Brics. The matenal may comprise, for example, &
tharmaoset, a thermoplastic, or both, For sxampls, the matsnial may comprisa a
polyamide, polyaster, or both. In one example, the exterior polymeric layer

comprises water-proof textile fabrics.

{0029] The polyamide may have 3 weight-average molecular weight ranging
from about 70,000 to gbouwt 300,000, The polvamide may comprise, orbe, a
nylon — nylon or PA 11 OPASTTY, avion of PA 12 URAIEY, nvion o PA § ("PA-
8"}, nylon or PA 8 {PAB™), nvlon or PA 8 {("PAST), nylon or PA 88 TPABE"),
rvion oF BA 812 CPABIET, mvion or PA 812 ("FABIZT) mylon or PA 813 {"PA-
9127, ste. The nylon may be a high molecular weight nylon -~ e g., polvamide
12, polvamide 8, polyamide 8, polyamide 11, polyamide 88, and combinations
thereof. (ther polvamides arg also possible.

[0030] A polyester harein may refer {6 any matertal that comprise an ester
functiona! group in the main chain, The podvesier may be a thermoset or @
thermoplastic. The polyester may compnse a liquid crystaliine polyester. The
polyester may be atiphafic, semi-aromatio, or sromatic. Ia one exampis, the
polyvestar comprises palvglveolide or palvglvcotic acid {PRPGA"S, pohvactic

acid {"PLA"), polycaprotactone {"PLLY), polvhydroxvalkanoate (PHAY,
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paivhydroxybutyrate (PHE), polysthylene sdipste PREAT, polvbutviens
suocinate (PBSY, polvid-hyrdvenyinatyrate-on-J-hydroyvalerate }"PHERVTY,
polyethylens terephihalate (PR, polybutylene terephthalate PPETT,
pulytimethyiens terephihalate (PTTY), polysthylene naphthalate (PEN), el

J0031] The exterior polymenc layer 13 may be permeabls o a gas bt
mpermeable o 3 iquid. The liguid may be iguid water. In one example, the
axterior polymeric laver 13 has the same lguid npermeabiiity and air
permeability properiies as the core layer. These properties include the water
cortact angle, the averags pove size, alc,, as described above, In one axampie,
the average pore size in this exterior polymeric layer 12 is greater than 3 A but
foss than the size of 3 water droplet - &.g.. in the micramstsr range, such as
hetwean about 1 pm and about 500 wm, such as betwesn about 10 um and
about 200 pm, between about 50 pm and about 100 pmy, ele.

Patvmear-Riber Compasite

[0032] The aforsdescribad core laver, fiter-containing layer, and the exterior
polymeric layer may be assembled in any combingtion 1o form a polymerdiber
composite.

[0033] The composite may further comprise af least one additional surface-
containing laver and at least one additional esiterior polymeric laver. As shown
m the composite 20 in Fig. 2, in adddion to the fherconiaining layer 13 and
gxtarior polymeric laver 13 disposed over the first side 311 of the pore laver 11,
& second fibercontaining layer 22 is disposed over the second side 212 of the
core faver 11, Moreower, an additional exterior polymeric syer may be disposed
over the iber-containing layer 22 over the second side 1o rairror the different
layers on the first side 211 {(not showen.

[0034] Each of the layers of the composite described herein may have any
suitable thicknass, I one example, hese layers have the sams thickness, In
another example, thase layers have diferent thickness, For example, the core
layer may be thicker than the fiber-containing layer and the exterior polymeric
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layer. The core layer may slso be thinner than the fiber-containing laver snd the
gxiavior polymeric layver.  For example, the Shercaniaining layer may be thicker
than the core fayer and the extenior polymeanic laver. The fiber-coniaining layer
may aiso be thinner han the core layer and the exdenor polymenic layer. For
example, the sxdenor polymernic layer may be thicker than the core layer and the
fiber-containing layver. The exterior polvmeric layer may be thinner than the cors
layer and the fber-containing ayey

f0038] The overall polymer-fiber composite described herein may have any
suitable thickness, depending on the gpplication. For example, the composite
may have a thickness in the mithmeler range. In one exampie, the polvmeardiber
cornposite desoribed herein has a thickness of less than or equal 1o abad 3.5
mm -~ e, less than or equal to about 2.0 mm, 1.5 v, about 1.2 v, abowd
1.0 mm, about 0.8 mm, about 0.8 mm, or smalier. In another sxample, the
thickness of the polymecfibar composite is greater than or equalfo abot 2.5
. Within the composite, each layer may have any suitable thickness, Inone
example, the core layer has a thicknass of that is twite as much as sach of the
fiber-containing layers. I one exampie, the core laver has a thickness of abowt
8.2 sy, whareas each of the fibercontaining layers has a thickness of about
.1 . i one example, the composite has @ thickness bebwess about G4 mim
and about 2.0 mm ~ e.g., behween about 0.6 and about 1.6 mm, between about
0.8 i and about 1.2 mm, 8o Inong example, the fuoropalymes-cartaining
core layver has a thickness behween about G.801 mm and abowt 0.5 mn - 2.9,
bahwesn about 8.005 mm and about 0.1 ram, between abowt §.01 mm and
about 0,05 mm, elc. In one example, the other (fiber-containing} laver{siin the
conposite has @ thickness betweaen about G085 oy and abaut 0.4 mim ~ .4,
between about 0.1 mm and about 0.2 mm, ate. Other thickness values for

conposite, the core layer, and the fber-containing ayers amg possible.

[OO38] Any of the Sbercontaining layers desoribed herein may comprise fibers

,,,,,

may conprise any suitable material, such a5 those desaribead harein, For
example, the fibers in & first fiber-containing layer may be embedded in a first
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polymeric matrhe and the fibers in a second fibse-cortaining layer may be
embedded in g second polymienc matric. in one exampls, the different fiber-
containing layers comprise different polymens materials as the matri material
frorn one another —~ i this insfance, the first polymenic matix and ths second
polymenc matrix comprise different polymeric matenals. In ancther sxample,
the different fiber-containing layers compriss the same polymernic matenials as
the malnx materigl. In another example where more than two fiber-containing
layers are present, some of the fiber-containing layers comprise the same
polymenc materisls as the malre g5 same others, while the othars comprise

gifferent polymeric materials.

00371 Depending on the matevisls ivvolved and the arrsngameant thereof, the
polymear-fiber composife described herein may have any suitable mechanical
properiies. For example, the composite deseribed herein may have a high
fexural strength i comparison 1© a metal or & metal slloy of comparable, or the
same, size. The flexural strength of a material herein may be reflected inthe
flexural modudus (aiso olfen known as “bending modulug™ of the material. The
fleowral moduius of 8 matenial may be oblained by ASTM D780 using a S-point
bending test on the materig! in the form of areclangular bean and may be
gxpressad by

Eaer = LIS,

where B i fesural modulus, wand i the width and thickness of the beam, L
the distance bebtween the wo suter supports, and d the deflection dus o the

foad F apphed at the muddie of the beam.

[O038]  In one example, & composite comprising & core layer, a first fiber-
cortaining layer, and 3 second exterior polymeric laver {as shown in Fig. 18}
has 3 flexural modulus of &l bast about & GPa ~ 2.0, a least about 10 GRg,
aghout 20 GPRa, about 30 GPa, about 40 GRg, about 50 GPa, about 80 GPa,
about 70 GPa, about 80 GPa, or higher, In one sxample, the fibers in the first
fiber-confaining laver are woven fibsrs. Depending on the materials and
geometry involved, higher or lower flexural moduius values are also possible.
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[0038]  The polymerfiber composile described herein may have several
sddiional deshable properties. Iy one exampde, due at least i part o the
funropalymer-containing corg layer, the composite desaribad herein is
parmesble o air. I another example, due at least in partto the Suoropolymen
containing core fayer, the composite descoribed hereln s inpermeable 1o liguid
water, In one example, dus at least in part o the fuoropohymer-contalning cors
faver, the composie described hereifn is impermeable to Hguid waler and
parmeable to air.

[O040]  Additionally, while the polymer-fiber composite described herain may
provide the same, of comparable, mechanical properties {8.9., flexural modulus)
8% 3 melghooniaining composite, the pobvmear-fibar composite desonibed hersin
may be lighter than the metab-containing compostde, and at the same ms
providing (hot} air ventiation out of the interior of the composite. For sxample,
the polymer-fiber composite describad herein may have a density that s

3

between about 1.0 glom® and about 2.0 gfont — .., betwesn about 1.1 gflony®
and about 1.5 glom™ between about 1.2 giom™ and about 1.4 giem®, etc. Other
values are also possible. Inone sxample, the density s between about 1.2

gfem® and about 1.8 glom®

[0041] The polymer-fiber composite describad herein may be fabncated by a
meathod involving any suilable processis). Fig. 3 provides a flowchart showing
the processes involved in one example of & meathod of making a composits
described herein, As showry in Fig. 3, the method in s example comprises
disposing over at vast g portion of @ core laver 2 fivst laver, e core laver
comprising & fluoropolymer and the first layer comprising fibers that comprise &t
feast one of unidirectional fibers and woven fibers {8301}, Subsequently, the
method comprise disposing over at least a portion of the frst aver & second
layer, the second layer comprising a polymer {8302}, Thereafter, the method
cornprises thermal forming the core layer, the first layer, and the second layer
o @ composite (83031, The core layer, the firet fibercontaining layer, and the
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second exterior polymenc laver may be any of those described hereint. The
composite described in this exgmpie is & partof & housing of an glectranic
dovice and is permeabls o air and mparmeable o iquid walsr,

{00421 The condilions involved in the differernt processes during the fabrication
described herein may vary depending on the matenals involved. For axampis,
thermal forming may involve a process i which & plastic sheelis hested o a
phgble fonning lempearature, formad 1o & specific shape i a mold, and bimmed
o create & usable product, The shest may be hesled inanoven to a
femparature high anough 1o permit # 1o be stretched into o onlo 8 mold and
coolad 10 a finished shape. The shas! may be prassed st the slavalaed
temparatise by & mechanioal prossurs.

{0043] The tempearature 1o be elevated 1o may depend on the matenals
freolvad. For example, when the core layer comprises FC, the slevaled that
prossing} lemparaturs may be af lzast ahout 1580 °C ~ g.g., ot laast about

83 °C, about 170 °C, about 180 %0, about 180 7C, abowt 200 %0, sbaut 2307,
about 340 °0, about 280 70, abowt 380 °C, about 300 7C, or higher, (her

emperatires are aiso possible. In one sxample, the hot pressing fmpearaturg

involved during therma! forming s betwean about 180 0 and about 280 °C. In
ancther example, the hot pressing temparature involved duning thermat foosing

is hetwaen about 188 *C and about 226 °C.

[0044] The thermal forming process may ol any suitable mechanicsd
prassurg (for the pressing), depending on the application. The presswee per pan
ey be bebween about 1 kgl and about 5000 kgt ~ 5.0, bebeesn sbout 10 kgt
and about 1000 kygf, batweaen about 30 kgf and abhout 500 kof, betwesn abowt
100 kot and showt 200 kgt Other prassurs values am also possible.

[0045] I one exampls, a plastic shest is Ted from 3 roll & fomy an sxBruder
info 8 set of indexing chains that incorporate pins, or spikes, that pierce the
sheet and transport # through an aven R hegting o fonmig temperature. The
heated sheet then indexes info a forny station where g mating mold and
pressure-box close on the sheet, with vacuum then appliad 1o remove trapped
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air and 1o pull the materal o or onty the mold along with pressurized alr fo
formn the plastic (o the detailed shape of the mold, Plug-assists may be
amploved in addion fo vacuum i the case of taller, despecdraw formed pants
i order to provide the neaded material distribulion and thicknesses in the
firished pards. inoue example, after g shart form oycle, & burst of reverse gy
pressure is actuated from the vacuum side of the maold as the form toaling
opens (3iso known as gic-giect) 1o break the vacuwem and assist the formed parts
off of, or out of, the mold. A stripper plate may also be ulilized onthe mold as #
opans for gjection of more deladed parts or those with negative-drafl, undercg
areas. in this sxample, the shest containing the formed parts then indexes info
a trim siation on the same maching, whare a die cuts the parls rom the
remaining sheet weab, or indexes o a separate tim pross where the formed
parts are immed. The sheel web remaining after the formed pants are trimmed
may be wound ondo & fske-up real or fad into an inline granulstor for regyoling.
Additional or different processes from those desoribed herein during thermal
forming may be employed.

[0048] Additional processes may be amploved in the febrication method
desoribed herewy, For exampie, the msthod may invddve preparing andior
forming at least one of the cove layer, the first layer, and the second layer. The
praparation of the fiber-cortaining lavers may wivolve culling the commercially

avaiable fhercontaining yers and the core laver inko the desired dimensions.

[0047]1 The method may furthsy comprise impragnating the fibers in g
thermoplastic polymernio matrx i the kyers belore the methad of making the
coanposite a8 described iy Fig. 3 baging ~ Lo, "pre-impregnating” the fibers in
the matrix. The impregnation of the fibers into the polymeric makix may involee
any suitable lechnique. Forexample, the technique may comprise a bateh
process, stch as hot pressing, such as ong using mudtilayer laminastion. The
technique may also nvolve & continuous process, such as one uaing @ flatbed-
laminator system {8.9., MEYER® Flatbed-Laminator-Systems, from Herbert
Meyer GmbH, Germanyl. The fibers miay be any of those desotibed hevain, and
the thermoplastic polymeric matrix may comprise any of the polymers descoribed
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hergint. The mathod may further comprise infegrating the compusites as
fabricated into another structural campanent, such as the housing of a device,

The devics may be an slactronic device.
Applications

[0048] Due atleast in part o the numerous aforedescribed desirable
propertias, the polymer-fiber composite described herein may be smployed in
various apphcations. For example, the composite may be an integral partof a
structural companent. The componestt may be a part of the housing of an
glectronic device. A housing of a device may refar to any structural component
that encloses the interior of the device. i one example, the composite
described harein is & part of the housing of an ¢lechranic device. For example,
the composite may be any part of he housing, including back cover, front cover,
side cover, and the like, of the device. Fig. 4 shows, in one example, a
schematic of an alectronic device 40 comprising a housing 41 comprising a
polymer-fiber composite 42, including soy of the composites desoribad herein,
The housing {or & part theredf) 41 is exdernal 1o the sleclrical cirotdt 43 in the
mtenior of the device 44, The electrical circuit 43 may be any type of elecinical
circuit having any suitable configuration and component. s noted that while
Fig. 4 shows that the composite i3 in g portion of the 1Op cover, the compoasite
may constitude the entive cover on one sids, or mulliple sides, as 8 part of the
housing of the device,

[0048]  An eleckronic device herein may refer {0 any device comprising at least
ane aleclical circutd. Thus, in one exampls, the housing that comprises the
compaosite described harain may be axternal to the slectrical ciraill. The
slectronic device may be 3 consimner slectronic device. An slectronic device
may refer fo porlable/mobiie slectonic device. An elechronic device here may
refer o a computer, a memory storage, a display, a signal transmitting device,
and the ke, A computer may refer (o a deskiop, a laptop, a tablet, a phablet, a
ablone, and the ke, A storage unit may refer (o the hardware of @ hard diive, a
sarver, a processar, and the ke, A display may refer to a monitor, a liquid
orystal display CLCDT), & felevision, and the ke, A signal fransmitting device
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may refer to a device transmitiing any type of signal, including hight, sound, heat,
and the fike, I one exampde, the slectionic device is @ mobile phone.

[OO50]  Notio be bound by any particuiar theory, but the configuration of the
comnposiie desoribed harein may provide the device in which the composite is
amployed with desirable properties. For example, the composite {or the porlion
of an electronic device comprising the compaosite) may alfow dissipation of heat
{via air flow) from inside the device while being impermesabie fo liguid {from
sntering the interior of the device). An sleclronic device including the composite
described hersint it the housing thereo! may have an indemal air femperature of
fower than of aqusi to abowt 80 °C ~ e.g.. lowsr than aqual to abowt 50 °C,
abowt 40 °C, about 30 7C, slo. Additionally, the fibers provide reinforcament in
the composite, thereby providing the composite as a whale with improved

mechanical properties {in comparison o 8 composite with the fbers)
Additional Notes

{60511 # should be apprecisted that all combinations of the foregoing
concapts {provided such concepts are not mutually inconsistent} are
contemplated as being part of the Inventive subjsct matier disclosed harsin, In
particudar, alf combinations of claimed subject matter appesving at the end of
ihis discloswrs are confemplaled as belng patd of the inventive subjedt matter
disclosad harein, | should aiso be appreciated that ferminology expliciily
ernptoved herein that also may appesar in any disclosure incorporated by
referance should be accorded @ meaning most consistent with the parlicular

concepts disclosed herein,

[OD52]  Also, the technology desoribed harain may be embodied as a method,
of which at least one exampie has been provided, The acts performed a8 pat
af the method may be edered in any suilalie way, Accordingly, examples may
be constructad in which acls are performed in an arder different than Hustraled,
which may include performing some acts simullaneousty, even though shown as
sequential acts in Hustrative sxamples.
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[00583] The indefinite griicles "a” and "an,” as used hermin it this disclosurs,
including the clalms, unless clearly inditatsd 1o the corrary, should be
understood o mean “atlesast one™ Any ranges ctted hersin are indusive.

{0084] The lerms “substantiaily” and "ahowl” used throughout this disclosure,
ncluding the claims, are used o descnbe and account for smalt fluctuations,
such as dus {o vatiations in processing. For example, they can refer fo less
than or equal 1o £5%, such as less than or equal 1o £2%, such as fess than or
guual o £1%, such as less than or sgual 1o £20.5%, such as less than or eguai io
20.2%, such as loss than of equal 1o £0.1%, such as less than or squal fo
20.08%.

{00558] Concentrations, amounts, and other numaricat data may be expressed
or presented herein i a range format. Such a range format is used merely for
convenience and brevity and thus should be inderpreted flexibly to includes not
only the numencal values sxplicitly recited as the linuts of the range but also to
include all the individual numericsl values or subranges sncompassed within
that range as if each numerical value and sub-range s explicitly recited. As an
fustration, a numencst range of "weight 36 {10 5 wi%” should be
interprated t© nclude not only the expiicitly recifed values of 1 with {o 5 wif%, but
also include individusl values and sub-ranges within the indicated range. Thus,
inciuded in this numenical range are indihvidusl values, such as 2, 35, and 4, and
sub-ranges, such a5 from 1-3, from 2+4, and from 3-8, ate. This same pringiple
applies 1o ranges reciting only one numernical value, Furthermore, such an
itiarpretation should apply regardiess of the breadth of the range or the

characteristics being desoribead.

[OO56] The phrase “andior” as used herain in this disclosure, including the
chatms, should be undersiood 10 mesn “sither or bolly” of the slements so
comjoined, Le., slomeants that are conjunclively present in some cases anyd
disjunctively present in othar cases. Mulliple slements listed with “andfar”
should be construed in the same fashion, Le., "ong or morg” of the slements 5o
conjoined. Qther elements may optionally be prasent other than the elemenis
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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

f0057] As used in this disclpsure, ncluding the claims, "o’ should be
wnderstood o have the same meaning as “andior as defined above. For
example, when separating #ems in g s, “or” or "andfor” shall be interpreted as
heing nclusive, Le,, the inclusion of af feast ang, bt also including more than
one, of a number or list of slements, and, optionally, addiional unlisted Hems,
Only terms clearly indicated to the contrary, such as “only one oF or "sxacty
one of,” or, whean used i the claims, “consisting of.” will refer to the inclugion of
exactly one element of @ number or ist of slements. In general, the term “or' as
used herain shall only be interpreted as indicating exclusive alternatives {is
“ane or the other but not both™) when preceded by terms of exclusivity, such as
“gither,” “one of " “only ane of " or "exactly one of ¥ "Consisting essentialiy of *
whern used i the claims, shall have its ordinary meaning s used in the feld of

patent law.

[O058] Az used in this disclosure, ingluding the claims, the phrase “at least
ang,” in referance 1o a st of one or more slements, should be understond (o
mean 3t loast one slement selected from any one or more of the slements nthe
list of elements, bud not necessarily including st least one of each and svery
alement specifically listed wathin the st of slements and not excluding any
combinations of elements in the list of elements. This definition also allows that
slements may optionally be present othey than the elements specifically
identifind within the st of elements fo which the plrase ‘ot least one® refers,
whether relsted or unrelated fo those elements specifically dentified. Thus, as
a non-imiting example, “at least one of A and B {or, equivalently, “at lpast ene
of Aor B, or, equivalently "al least one of A andior B} can refer, inone
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example, 1o at lsast one, ppticaally including more than one, A, withno B
present {gnd optionally including elements other than BY; in another example {0
at lsast one, optionally including more than ong, B, with no A present {and
optionally including elements other thas A} in yel another sxample, {o at least
one, optionally including more than ong, A, and at least oneg, optionaily including
more than one, B {(and optionally including other elements); st

[0058] in this disclosure, including the ciaing, sl ransitional plyases such 88
“Uehuding” “carnding,” “having,” “containing,” “invalving,” “holding,”
‘composed of" and the like are 1 be undersioad {0 be open-ended, e, 0

mean including but not imited to. Only the bransitional phrases "consisting of

“gompnising,

anad “consisting essentially of” shail be cloged or semi-closed transitionst
phrases, respechvely, as sel forth in the Untted Sistes Patent Office Manual of
Patent Examining Procedures, § 2111.03.
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WHAT IS CLAIMED:
1. A composie, comprising:
& porous core laver comprising & Suoropolymer,

a fivsl layer disposed over at least 8 portion of the core layer, the first

layer comprising fibers that comprise gt lsast ong of unidirectional fibers and
woven fibers: and

a second layer disposed over at least a portion of the first layer, the
second laver comprising @ polymer;

wherein the composite is permeabis (o air byl impermeable 1o Bguid
watar,

2. The composite of claim 1, wharein the fucropolymer comprises at
least one of polytetrafiuorcethyiens CPTFE™) and sxpanded
polvietafiuorcsthviens (ePTFE)

3. The composiie of dlaim 1, whereln the core laver has an average
nore size of loss than or squal © abowt 3 A

4, The camposite of claim 1, whereln the fibers cormgrise at least ang
of carbon fiberyg, glass fiberg, aramid fhears, and Hlanium fibers,

&, The composite of claim 1, whereln the Shers are ambedded in g
polymeric matrix in e fret layer, the polymernic matrix comprising at least one of
a tharmoplastic and a thermosst.

&. The composite of olaim 1, whersin the fherg oomprise woven
fibars,
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7. The compuosite of claim 1, wherein the polymer in the second laver
comprises at least one of nyla and polyester,

8. The composite of clairn 1, whersin the polymer in the second layer
has an gverage pore size of belween about 1 um and about 500 pm,

8. The camposite of claim 1, wherain the composite has a flexursl
modutus of at least 10 GPa

10, An slectonic device, camprising
an slactricsl ciroult,

& housing sxterior o the alecirical croull, the housing comprising =
compaoasie comprising:

& porous core ayer camprising 8 Suotopolymer;

a first layer disposad over at least a porlion of the core layer, the
first layer comprising fibers that comprise at least one of unidirectional fibers
and woven fibers; and

a second laver disposed over af least a portion of the first layer,
e second lsyer comprnising a palymst

11, The electronic device of claim 10, wherein the composite is
parmeable {0 i

13, The slectronic device of claim 10, wherein composite is
npermeable 1o Hguid water,

13, A method of making, comprising:
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disposing over at lzast a portion of & core layer a first layer, the core layer
comprising a fhworopolymer and the frst layer comprising Bbers that comprise at
least coe of unidivectional fibers and woven fibars;

disposing over at least a portion of the first layer a second layer, the
second layer comprising a palymer; and

composits;

wharan the composite is a part of & housing of an electronic devics and

is pormaghia o air and imparmeatis to Hiquid water,

14, The method of caim 13, wherein the flucrapolymer comprises at
feast one of polvistrafluonsthyians FPTRFES and sopanded
T

\w"’
:*-t-'

polytetrafivorosthylens (e

18, The methed of caim 13, further comprising impragnating the fhers
in 3 polymeric matnix in the first layer.
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Disposing over ot inast & portion of 3 core layer a fiest layeyr,
the oore layer compising 8 fuorspolymer and the first laver 301
comprising foers that comprise af east one of unidirections
fbers and woven fibers

Disposing over ot laast & portion of the first layer & seaond
fayear, the second layear commising a polymer

§302

.
Thermal forming the core fayer, the st laver, and the seoond
faver inla 2 composie, wharein the composiis is & patt of an
housing of an slechonic device and s permeaable o airand 5303
substantially impermeabdle o hguel water

Fig. 3
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