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carbon fibers aligned in a first direction in a plane. The surface treatment layer (11) may be disposed on the carbon tiber composite
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COMPOSITE MATERIAL

BACKGROUND

{6081} Electronic devices are widely used in such as entertainment, communications and office
productivity, Housings of electronic devices, particalarly those of portable electronic devices,
may be used for preventing the parts in the electronic devices from being damaged.

BRIEF DESCRIPTION OF THE DRAWINGS
10662} For a better understanding of the present disclosure, reference should be made to the
Detailed Description below, in conjunction with the following drawings in which like reference

numerals refer to corresponding parts throughout the figures.

16603} FIG. 1 is a schematic diagram illustrating the cross section of a composite material in
accordance with an example of the present disclosure.

[0004] FIG. 2 is a schematic diagram illustrating the cross section of a composite material in
accordance with an example of the present disclosure.

10605 FIG. 3 is a schematic diagram illustrating the cross section of a composite material
having a metallic ultraviolet (UV) coating in accordance with an exarople of the present
disclosure,

10006} FIG. 4 is a schematic diagram illustrating the cross section of a composite material
having a metallic UV coating in accordance with an example of the present disclosure,

18667] FIG. 5 is a schematic diagram illustrating the cross section of a composite material
having a metallic UV coating in accordance with an example of the present disclosure.

16688] FIG. 6 1s a schematic diagram dlustrating the cross section of a composite material
having a metallic luster hybrid coating in accordance with an example of the present disclosure.
[6609] FIG. 7 is a schematic diagram illustrating the cross section of a composite material
having a metallic luster hybrid coating in accordance with an example of the present disclosure,
10616} Fig. 8 is a schematic of an aerial view of a carbon fiber composite in accordance with one
example of the present disclosure.

10611} FIG. 9 is a schematic diagram iHustrating the cross section of a carbon fiber composite in
accordance with an example of the present disclosure.

10612} FIG. 10 is a schematic diagram illustrating the cross section of a carbon fiber composite

in accordance with an example of the present disclosure.

-1 -
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106131 FIG. 11 is a flow diagram illustrating an example of the manufacturing method.

100614} FIG. 12 is schematic views showing the housing 401 of a smart phone, whercin the
composile material provided by an example of the present disclosure roay be used for the

housing of a smart phone.

DETAILED DESCRIPTION
16015} Reference will now be made in detail to examples, which are illustrated in the
accompanying drawings. In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the present disclosure. Also, the figares are
illustrations of an example, in which components or procedures shown in the figures are not
necessarily essential for implementing the present disclosure. In other instances, well-known
methods, procedures and components have not been described in detail so as not to unnecessarily

obscure the examples.

10616} Io order to prevent the parts in the electronic devices from being damaged when they
encounter impact force, the housings of the electronic devices may have enough mechanical
strength. Examples of the present disclosure may provide a composite material for making the
housings of the electronic devices, thereby providing mechanical strengths for the housing of the
clectronic devices, FIG. 1 1s a schematic diagram illustrating the cross section of a composite

material in accordance with an example of the present disclosure.

10617} In an example, the composiic material may include: a carboun fiber composite 10 and a
surface treatment layer 11. In an example, the surface treatment layer 11 1s thermal curing under
a preset temperature or UV curing coating to avoid the crimp of the carbon fiber composite. In an
example, the preset temperature may be below 90°C. In an example, the UV curing coating may
refer to a coating formed by applying the material, such as the thermoset ultraviolet resins, onto
the carbon fiber composite, and then curing by ultraviolet irradiation. In an example, the surface

treatment layer 11 may provide a metallic appearance to the composite material.

16018} The carbon fiber composite 10 may include a core layer 12, and a first set of two carbon
fiber layers 13, 14. The core layer 12 may have a first side 15 and a second 16 side opposite to
the first side 15, and the {irst set of two carbon fiber layers 13, 14 disposed over at least a portion
of the core layer 12 respectively on the first side 15 and the second side 16. Each of the first set
of the two carbon fiber layers 13, 14 comprises carbon {ibers aligned in a first direction ina
plane. In an example, the surface treatment layer 11 may be disposed on either side of the carbon

fiber composiie.
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10619} In an example, the carbon fiber composite may further comprise a second set of two
carbon fiber layers, disposed over at least a portion of the first set of two layers respectively on
the first side and the second side, each layer of the second set comprising carbon fibers aligned in
a second direction perpendicular to the first direction 1n the plane. The composite in the planc

has a length and a width, the length larger than the width and paralie! to the second direction.

10626} In an example, the carbon fiber composite may further comprise a third set of two carbon
{iber layers disposed between the carbon fiber layers of the first set and the second set
respectively on the first side and the second side, cach carbon fiber layer of the third set

comprising carbon fibers aligned in the first direction.

10021} FIG. 2 is a schematic diagram illustrating the cross section of a composite material 1o
accordance with an example of the present disclosure. Specifically, the surface treatment layer

11 may be disposed on two sides of the carbon fiber composite 10.

10022} In av example, the carbon {ibers may be any type of carbon fiber carbon atoms. The
carbon fibers may comprise nataral carbon fibers, synthetic carbon fibers, or both. For example,
the carbon fibers may be selected from a group comprising polyacrylonitrile (“PAN”), rayon,
pitch, and aramid carbon fibers. The carbon fibers may be commercially available carbon fibers.
In one example, the carbon fibers comprise TORAYCA® T700S5/T300 (from Toray Industries,
Inc., Japan). In another example, the carboun fibers comprise Mitsubishi Rayon: PYROFIL®
P330 series (from Mitsubishi Rayon Co., Ltd., Japan). In another cxample, the carbon fibers may
be selected from a group comprising Tenax®-J HTS40 E13 3K 200tex, HTS40 E13 6K 400tex,
and HTS40 E13 12K 800tex (from Toho Tenax America, Inc., TN, US).

16023} In avother exaruple, the carbon fibers may be selected from a group comprising Tenax®-
E HTS40 F13 12K 800tex and HTS40 F13 24K 1600tex (from Toho Tenax America, Inc., TN,
US). The fibers may comprise continuous fibers. The fibers may have any suitable dimensions.
In one example, the fibers have an average diameter of between about 5 0 ny and about 10 1 m.
Diameters of a larger or a smaller value are also possible. In one example, the fibers in a carbon
fiber layer are continnous fibers and have the same length as the length of the carbon fiber layer

and/or the composite. Shorter or longer fibers are also possible.

10024} In av example, the core layer may be a thermoplastic core, a glass fiber core, a ceramic
core, a metal core or a mixture thereof

10025} In an example, the thermoplastic of the core may be selected from a group comprising

poly(methyl methacrylatey (“PMMA™), polycarbonate ("PC”), acrylonitrile butadiene styrene
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(“ABRS”), poly {p-phenylene sulfide} (“PPS”), polyether ether ketone (“PEEK”),

polyethersulfone (“PES”), polyamide and a mixture thereof.

10026} In av example, the metal of the core may be selected from a group comprising silver,
aluminum, copper, titanium, brass, bronze, stainless, nickel, chromium, zine, tin, gold, tungsten,

platinum, and a mixture thereof,

100271 FIG. 3 is a schematic diagran illustrating the cross section of a composite material
having a metallic ultraviolet (UV) coating in accordance with an example of the present
disclosure, Specifically, the coraposite material may comprise: a carbon fiber composite 201
comprising a core layer 2011 having a first side 2014 and a second side 2015 opposite to the first
side 2014, and a first set of two carbou fiber layers 2012, 2013 disposed over at least a portion of
the core layer 2011 respectively on the first side 2014 and the second side 2015, wherein each of
the first sct of the two carbon fiber layers 2012, 2013 comprises carbon fibers aligned in a first
direction in a plane; and a metallic ultraviolet coating 202 disposed on the carbon fiber

composite 201,

10028} To an example, the metallic ultraviolet coating may comprise thermoset ultraviolet resins,
thermoplastic resins and powders. In an example, the metallic ultraviolet coating may comprise
thermoset uliraviolet resins and powders, In an example, the metallic ultraviolet coating may

comprise thermoplastic resins and powders.

[6629] In an example, the thermoset ultraviolet resins may be selected from a group comprising
polyols, polycarboxylic acids, polyamincs, polyamides, acetoacctate, and a mixture thereof. The
thermoplastic resins may be selected from a group comprising cyclic olefin copolymer,
polymethylmethacrylate, polycarbonate, polyethylene, polypropylene, urethane acrylates,
polystyrene, polyetheretherketone, polyesters, polyethylene terephthalate, polyvinyl chloride,
polyvinylidene chloride, nylon, polysulfone, parylene, fluoropolymers, and a mixture thereof]
based on 100 parts by weight of the metallic ultraviolet coating, no more than 30 parts by weight
of the thermoplastic resins are included therein. The powders may be selected from a group
comprising silver, aluminum, copper, titantam, brass, bronze, stainless, nickel, chromium, zine,
pearl, tin, gold, tungsten, platinum, and a mixture thereof, based on 100 parts by weight of the
metallic uliraviolet coating, no more than 30 parts by weight of the powders are included therein.
Accordingly, the composite material may be used as a housing of an clectronic device, to present

a metallic surface for the housing,

10638} In an example, the metallic ultraviolet coating may a thickness of more than or equal to

Sum to less than or equal to 30um.
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10631} FIG. 4 is a schematic diagram illustrating the cross section of a composite material
having a metallic ultraviolet (UV) coating in accordance with an exarople of the present
disclosure. Specifically, the composite material may comprise: a carbon fiber composite 201
comprising a core layer 2011 having a first side 2014 and a sccond side 2015 opposite to the first
side 2014, and a first set of two carbon fiber layers 2012, 2013 disposed over at least a portion of
the core layer 2011 respectively on the first side 2014 and the second side 2015, wherein cach of
the first set of the two carbon fiber layers 2012, 2013 comprises carbon fibers aligned in a first
direction in a plane; a primer coating 203 disposed on the carbon fiber composite 201, and a
metallic ultraviolet coating 202 disposed on the primer coating 203, The primer coating 203 i3
the first application of paint or a paint product to a surface. The main function of the primer
coating is to ensure that any successive layers of paint adhere to the surface properly. In other
word, the primer coating 203 is to enhance the bonding between the carbon fiber composite 201

and the metallic ultraviolet coating 202 on the primer coating 203.

10632} To an example, the primer coating 203 may be selected from a group comprising a
(meth)acrylic copolymer, epoxy and polyurethane polymers. The (methjacrylic copolymer may
be a copolymer of a monomer mixture which includes a (methjacrylate having a C1 to C20 alkyl
group, a {methjacrylate having an alicyelic group, a monomer having a hydroxy group, and a
monomer having at least two aromatic groups. The monomer mixture may further include a
monomer having a carboxylic acid group. The (methjacrylate having a C; to Cy alkyl group may
include a (meth)acrylic acid ester having a lincar or branched C to Cy alkyl group. For example,
the (methjacrylate having a C; to Cyp alkyl group may be selected from a group comprising
methyl (imeth)acrylate, ethyl (methjacrylate, propyl (methjacrylate, butyl (methjacrylate, pentyl
(rcth)acrylate, hexyl (meth)acrylate, ethythexyl(ruethjacrylate, heptyl(iueth)acrylate, octyl
(methjacrylate, nonyl (methjacrylate, decyl(methlacrylate, undecyl(meth)acrylate, and dodecyl
{methjacrylate, without being limited thereto, The (meth)acrylate having a C; to Cyg alkyl group

may be used alone or in combination thereof.

{0033} In an example, the metallic ultraviolet coating may have a thickness of more than or
equal to 5um to less than or equal to 30pum, and the primer coating may have a thickness of more

than or equal to 3pm to less than or equal to 15um.

10034} FIG. 5 is a schematic diagram ilustrating the cross section of a composite material
having a metallic UV coating in accordance with an example of the present disclosure.
Specifically, the composite material may comprise: a carbon fiber composite 201 comprising a
core layer 2011 having a first side 2014 and a second side 2015 opposite to the first side 2014,

and a first set of two carbon fiber layers 2012, 2013 disposed over at least a portion of the core

s
[
1
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fayer 2011 respectively on the first side 2014 and the second side 2015, wherein each of the first
set of the two carbon fiber layers 2012, 2013 comprises carbon fibers aligned in a first direction
in a plane; a base coating 204 disposed on the carbon fiber composite 231, a primer coating 203
disposed on the basc coating 204, and a metallic ultraviolet coating 202 disposed on the primer
coating 203.

10635} In an example, the base coating is to contribute the color performance. In an example, the
base coating may comprise a thermoplastic resin and a pigment. In an example, the base coating
may comprise a thermoset resin and a pigment. In an example, the base coating may comprise a

thermoplastic resin, a thermoset resin and a pigment

10636} Io an example, the metallic ultraviolet coating may have a thickoess of more than or
equal to Spum to less than or equal to 30, the primer coating may have a thickness of more
than or equal to 3um to less than or equal to 15pm, and the base coating may have a thickness of

more than or equal to 3um to less than or equal to 15um.

10637} FIG. 6 is a schematic diagram illustrating the cross section of a composite material
having a metallic luster hybrid coating in accordance with an example of the present disclosure,
Specifically, the composite material may comprise: a carbon fiber composite 201 comprising a
core layer 2011 having a first side 2014 and a second side 2015 opposite to the first side 2014,
and a first set of two carbon fiber layers 2012, 2013 disposed over at Jeast a portion of the core
layer 2011 respectively on the first side 2014 and the second side 2015, wherein cach of the first
set of the two carbon fiber layers 2012, 2013 comprises carbon fibers aligned in a first direction

in a plane; and a metallic luster hybrid coating 205 disposed on the carbon fiber composite 201,

10038} In av example, the metallic luster hybrid coating may coruprise sel-gel precursors, a
material with thermal resistance selected from a group comprising thermoset resins and
thermoplastic resins, and powders. Specifically, the scl-gel precursors may be selected from a
group comprising tetracthylorthosilicate, glycidoxypropyliriethoxysilane, 3-
aminopropyliricthoxysilane, methacryloxypropyltrimethoxysilane, vinyltrimethylsiloxane,
diphenyldimethoxysilane, zircontumisopropoxide, metal alkoxides, and a mixture thercof the
material with thermal resistance may be selected from a group comprising polyacrylate, celluloid,
polyethylene, polypropylene, polyvinyl chloride, chlorinated polyvinyl chloride, polystyrene,
epoxy, acrylonitrile butadiene styrene, polycarbonate, polyurethane, polybutylene, poly
vinylidene fluoride, fluoro~-polymers, nylon, polyictralloorocthylene, polytetrafluoroetylene,
polvacetylenes, polypyrrol, polythiophene, polyfuran, poly(p-polydialicylfluorene, and a mixture

thereof; and the powders may be selected from a group comprising silver, aluminum, copper,
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titantum, brass, bronze, stainless, nickel, chromium, zinc, pearl, tin, gold, tungsten, platinum,

metal alloys, and a mixtore thereof,

16039} In av example, based on 100 parts by weight of the metallic luster hybrid coating, vo
more than 30 parts by weight of the powders are included therein, and no more than 30 parts by

weight of the material with thermal resistance are included therein,

10048} In an example, the metallic huster hybrid coating may have a thickness of more than or

equal to Sum to less than or equal to 30pm,

10041} FIG. 7 is a schematic diagram ilustrating the cross section of a composite material
having a metallic luster hybrid coating in accordance with an example of the present disclosure.
Specifically, the composite material may comprise: a carbon fiber composite 201 comprising a
core layer 2011 having a first side 2014 and a second side 2015 opposite to the first side 2014,
and a first set of two carbon fiber layers 2012, 2013 disposed over at least a portion of the core
layer 2011 respectively on the first side 2014 and the second side 2015, wherein cach of the first
set of the two carbon fiber layers 2012, 2013 comprises carbon fibers aligned in a first direction
in a plane; a primer coating 203 disposed on the carbon fiber composite 201; and a metallic

fuster hybrid coating 205 disposed on the primer coating 203.

100642} In an example, the primer coating 203 may be selected from a group comprising a
(methjacrylic copolymer, epoxy and polyurethane polymers. The (meth)acrylic copolymer may
be a copolymer of a monomer mixture which includes a (meth)acrylate having a C1 to €20 alkyl
group, a (meth)acrylate having an alicyclic group, a monomer having a hydroxy group, and a
monomer having at least two aromatic groups. The monomer mixture may further include a
monomer having a carboxylic acid group. The (meth)acrylate having a C; to Ty alkyl group may
include a (meth)acrylic acid ester having a linear or branched Cy to Ty alkyl group. For example,
the (meth)acrylate having a C; to Cyg alkyl group may be selected from a group comprising
methyl (meth)acrylate, ethyl {methjacrylate, propyl (meth)acrylate, butyl (methjacrylate, pentyl
(methjacrylate, hexyl (meth)acrylate, cthythexyl(meth)acrylate, heptyl{methyacrylate, octyl
(methjacrylate, nonyl (meth)acrylate, decyl{methjacrylate, andecyl{imeth)acrylate, and dodecyl
{meth)acrylate, without being limited thereto. The (meth)acrylate having a C; to Cyy alkyl group
may be used alone or in combination thereof,

10043} In an example, the metallic huster hybrid coating may have a thickness of more than or
equal to Sum to less than or equal to 30pm, and the primer coating may have a thickness of more

than or equal to 3pm to less than or equal to 1Sum.
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100644 The aforedescribed core layer and carbon fiber layers (s) may be assembled in any
combination to form a carbon fiber composite. FIG. § is a schematic of an aerial view of a
carbon fiber composite in accordance with one example of the present disclosure, having a
fength 110 and width 120 in a plane (as defined by length 110 and width 120), with the length
110 being larger in dimension than the width 128. The terms “length” and “width” collectively
are cmploved herein to denote two different dimensions of a plance of the composite, with one

dimension (i.e., length 110) being larger than the other (i.e., width 120).

10045} In an example, FIG. 9 is a schematic diagram illustrating the cross section of a carbon
fiber composite in accordance with an example of the present disclosure. The composite
comprises a core layer 101; a first set of two layers 102 disposed over at least a portion of the
core layer on the first side 1011 and the second side 1012; and a second set of two layers 103
disposed over at least a portion of the {irst set of two layers 101 respectively on the first side and
the second side. The core layer 101 may be any of the core layers deseribed herein, comprising

auny of the materials described herein as suitable {or the core layer.

13646} Hach of the carbon fiber layers of the carbon fiber composite, including those of the first
sct 102 and those of the second set 103, may be any of the carbon fiber layers described herein,
comprising any of the materials described herein as suitable for the carbon fiber layers. The
fibers of the first set may be aligned in a first direction 13 (see FIG. 9}, and those of the second
set may be aligned in a second direction 14, which is perpendicular to the first direction 13 in the
plane as defined by 13 and 14 (seec FIG. 9). The plane as defined by the length 110 and width
120 (as shown in Fig. 8) may be paraliel to that as defined by directions 13 and 14, It is noted
that parallel planes herein are considered the same plane. The direction 14 may be parallel to the

lfength 110 (i.c., the larger dimension) of the composite.

10647} To an example, the composiie described hercin may comprise more than two additional
layers comprising fibers, FIG. 10 is a schematic diagram illustrating the cross section of a carbon
{fiber composite in accordance with an example of the present disclosure, For example, the
composite may comprise a third set of two layers 104 disposed between the layers of the first set
102 and the sccond sct 103 respectively on the first side 1011 and the second side 1012, See FIG.
19. Each layer of the third set 104 may comprise fibers that are aligned in a specific direction. In
one example, this specific direction is the first direction 13, It is noted that more than one
additional (set) of layer(s) may be emploved. it is also noted that the terms “first,” “second,”
“third,” etc. herein are merely used to connote that the objects they respectively describe are
different euntities and are not mocant to describe any chronological order, unless explicitly

specified.
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10048} Each of the layers of the composite described herein may have any suitable thickness. In
one example, these layers have the same thickness. In another example, these layers have
different thickness. For example, the core layer may be thicker than the carbon fiber layers. The
core layer may be thinner than the carbon fiber layers. In one example, all of the carbon fiber
fayers have the same thickness, and this thickness s different from that of the core layer. In
another example, at least some of the carbon fiber layers have different thickness, In one
example, the carbon fiber layers in each set of the two layers have the same thickness. In another

example, the carbon fiber layers in cach set of the two layers have different thickness.

10049} The overall carbon fiber composite described herein may have any suitable thickness,
depending on the application. For example, the composite may have a thickness in the millimeter
range. In one cxample, the carbon fiber composite described hercin has a thickness of less than
or equal to about 2.5 mm - e.g., less than or equal to about 2.0 mm, about 1.5 mum, about 1.2
mum, about 1.0 mm, about 0.8 mm, about 0.6 mm, or smaller. In another example, the thickness
of the carbon fiber composite is greater than or equal to about 2.5 mum. Within the composite,
cach layer may have any suitable thickness. In one example, the core layer has a thickness that is
twice as much as cach of the carbon fiber lavers. In one example, the core layer has a thickness
of about 0.2 mm, whereas cach of the carbon fiber layers has a thickness of about 8.1 mm. Other

thickness values for the core layer and the carbon fiber layers are also possible.

16058] Any of the carbon fiber layers described herein may comprise fibers embedded within a
polymeric matrix, as described above. The polymeric matrix may comprise any suitable material,
sach as those described herein. For example, the {ibers in the first set ruay be embedded 1o a first
thermoplastic polymeric matrix; and the fibers in the second set may be embedded in a second
thermoplastic polymeric matrix. In one example, the differcut carbon fiber layers comprise
different polymeric materials as the matrix material from one another - in the foregoing
instance, the first thermoplastic polymeric matrix and the second thermoplastic polymeric matrix
comprise different thermoplastic materials. In another example, the different carbon fiber layers
comprise the same polymeric materials as the matrix material. Tn another example, some of the
carbon fiber layers comprise the same polymeric materials as the matrix as some others, while
the others comprise different polymeric malerials,

16651} Depending on the materials involved and the arrangement thereof, the carbon fiber
composite described herein may have any suitable mechanical propertics. For example, the
composite described herein may have a high flexural strength in comparison to a metal or a metal
alloy of comparable, or the same, size. The flexural strength of a material herein may be

reflected in the flexural modulus (also often known as “bending modulus” ) of the material. The

-9 .
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flexural modulus of a material may be obtained by ASTM D790 using a 3-point test on the
material in the form of a rectangular beam and may be expressed by Eflex = L3F/(4wh3d);
where Eflex is flexural moduohas, w and h the width and thickness of the beam, L the distance
between the two outer supports, and d the deflection due to the load F applied at the middle of

the beam.

106521 In one example of a composite comprising a core layer comprising PC and a first set and
a second set of carbon fiber layers (as shown in FIG. 9), wherein the core layer has a thickness of
0.2 mum, and each of the carbon fiber layers in the first set 102 and second set 103 has a thickness
of 0.1 mm, the composite (having a total thickness of about 0.8 mum) has a flexural modulus of at
least about 35 GPa - at least about 40 GPa, about 45 GPa, about 50 (GPa, about 55 GPa, about
60 (GPa, about 65 GPa, about 70 GPa, about 80 GPa or higher. It is noted that the fibers in these
first and second sets are unidirectional fibers. Depending on the materials and geometry involved,

higher or lower flexural modulus values are also possible.

10053} The carbon fiber composite described herein may have several additional desirable
properties. Depending on the materials used, the carbon fiber composite described herein may be
recyclable, particularly for a composite comprising a thermoplastic core and carbon f{ibers,
Moreover, in one example, because the flexural modutus of the carbon fiber composites arises
mainly from the unidircctional fibers, the composites described herein are less expensive than a
composite otherwise comprising woven fibers. It is noted that unidirectional fibers generally are

less expensive than woven fibers, particularly in the case of carbon fibers.

[0054] Additionally, while the carbon fiber composite described herein may provide the same, or
comparable, mechanical properties (e.g., flexural modulus) as a metal-containing composite, the
carbon fiber composite described herein may be lighter than the metal-containing composite. For
example, the carbon fiber composites described herein may have a density that is between about
1.2 g/em3 and about 1.7 g/em3 - e.g., between about 1.3 g/em3 and about 1.6 g/em3, between
about 1.4 g/cm3 and about 1.5 g/em3, ete. Other values are also possible. In one example, the

density is between about 1.3 g/em3 and about 1.4 g/cm3.

10655} To an example, the carbon fibers in the first set and the second set comprise continuous
fibers. The carbon fibers in the first set and the second set may be selected from a group

comprising polyacrylonitrile (“PAN"), rayou, pitch, and aramid carbon fibers,

16656} FIG. 11 is a flow diagram illustrating an example of the manufactaring method. In an
example, the method of mamufacturing a composite material may inchude the following

procedures. At block 301, a carbon fiber composite may be formed by a core layer and a first set
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of two carbon fiber layers; wherein the core layer has a first side and a second side opposite to
the first side, and the first set of the two carbon fiber layers are disposed over at least a portion of
the core layer respectively on the first side and the second side, each of the first set of the two
carbon fiber layers comprises carbon fibers aligned in a first direction in a plane; and at block
302: forming a surface treatment layer on the carbon fiber composite, to provide a metallic

surface for the carbon fiber corposite,

16057} In an example, forming the surface treatment layer on the carbon fiber composite
comprises: adopting a spray coating process or a dipping coating process to generate a metallic

ultraviolet coating or a metallic huster hybrid coating for the carbon fiber composite,

[0058] In an example, a method of making a carbon fiber cormposite is provided, comprising:
disposing a first set of two layers over at least a portion of a core layer respectively on a first side
and a second side thereof, wherein the core layer comprises a thermoplastic, the first side is
opposite to the second side, and each layer of the first set comprises carbon fibers aligned in a
first direction in a plane; and disposing a second set of two layers over at least a portion of the
first set of two layers respectively on the first side and the second side, each layer of the second
set comprising carbon fibers aligned in a second direction perpendicular to the first direction in
the plane, wherein the core layer and cach layer of the first set and the second set cach has a
jength and a width in the plane, the length larger than the width and parallel to the second
direction; and thermal forming the layers of the first set and the second set and the core layer into

a composite.

10659 The fibers may be embedded within (e.g., pre-impregnated by) a polymeric matrix. The
polymeric matrix may comprise any suitable polymer, such as a polymer resin. In one example,
the polymeric matrix comprises a thermoplastic. The polymer in the polymeric matrix may be
the same as or different from that of the polymeric core layer. The polymer in the polymeric
matrix may comprise any of the aforementioned polymers suitable for the core layer. For
example, the polymer in the polymeric matrix may be selected from a group comprising
poly{methyl methacrylate} (“PMMA™), polycarbonate (“PC”), acrylonitrile butadiene styrene
{(*ABS”), poly (p-phenylene sulfide) (“PPS™), polyether ether ketone (“PEEK™),

polyethersultone (“PES”), and polyamide.

10066} The fibers in a layer containing both fibers and a polymeric matrix may be present at any
suitable content value. For exarmple, the fibers may be between about 30 wt% and about 80 wt%

{(balanced by the matrix) in a carbon fiber layer - ¢.g., between about 35 wi% and about 75
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wt% , between about 40 wt% and about 70 wit%, between about 45 wt% and about 65 wi%,

between about 50 wi% and about 60 wi%, etc. Other content values are also possible.

16661} The fibers in the carbon {iber laver may be arranged in any orientation (or direction), For
example, the fibers may be aligned in one direction. As a result, the carbon fiber layer having the
aligned fibers may exhibit anisotropic material propertics. For example, the anisotropic carbon
fiber layer may exhibit stronger mechanical properties {¢.g., clastic modulus, flexural modulus,
etc.) along the aligned direction than the one orthogonal thereto in the same plane. A layer
containing fibers aligned in one direction may refer to a layer having at least about 80 vol% of
the tibers aligned in that direction - ¢.g., at least about 85 vol%, about 90 vol%, about 95 vol%,

about 99 vol%, about 99.5 vol%, about 99.9 vol%, or higher. Other vol% values are also possible.

18062 In an example, the fibers may be woven fibers. The woven fibers may be selected from a
group comprising the following forrus: plain, twill, satin, triaxial, stitched, basket, continuous
strand mat, and veil. For example, the carbon fibers may be fed into a weaving machine to make
woven fibers, In one exaruple, a woven carbon fiber layer exhibits isotropic material properties,
at least with respect to the plane as defined by the layer. In other words, the isotropic carbon
fiber layer may exhibit the same, or about the same, ruechanical properties in all directions of the

fayer (in the plane).

106631 FIG. 12 is schematic views showing the housing 401 of a smart phone, wherein the
composile material provided by an example of the present disclosure roay be used for the

housing of a smart phone.

0064} In an example, the housing may comprise a composite material comprising: a carbon
fiber composite comprising a carbon fiber composite comprising a core layer having a first side
and a second side opposite to the first side, and two unidirectional carbon fiber layers disposed
over at least a portion of the core layer respectively on the first side and the second side, wherein
each of the two unidirectional carbon fiber layers comprises carbon fibers aligned in a first
direction in a plane; and a surface treatment layer disposed on the carbon fiber composite. The
sarface ireatment layer is a metallic ultraviolet coating or a metallic huster hybrid coating.

10065} In an example, a housing of a device may refer to any structural component that encloses
the interior of the device. In one exarmaple, the composite described herein is a part of the housing
of an electronic device. For example, the composite may be any part of the housing, inchuding
back cover, front cover, side cover, and the like, of the device.

[0066] An clectronic device hercin may refer to any device comprising one clectrical circuit.

Thus, in one example, the housing that comprises the composite material described herein may
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be external to the electrical circuit. The electronic device may be a consumer electronic device.
An electronic device may refer to portable/mobile electronic device. An electronic device here
may refer to a computer, a memory storage, a display, a signal transmitting device, and the like.
A computer may refer to a desktop, a laptop, a tablet, a phablet, a tablone, and the like. A storage
unit may refer to the hardware of a hard drive, a server, a processor, and the like. A display may
refer to a monitor, a liguid crystal display (LCD”), a television, and the like. A signal
transmitting device may refer to a device transmitting any type of signal, including light, sound,

heat, and the like. In one example, the electronic device is a mobile phone.

10067} The composite material comprising a carbon fiber composite and a surface treatment
layer can provide excellent metallic appearance and high mechanical strength. In addition, this
composite material may be suitable for thermal curing or UV curing coating. The arbon fiber
composite comprising a core sandwiched between vnidirectional fibers has a large yield strength,
relative to a metal (e.g., aluminum) or metal alloy of comparable, or the same size. A material
having a large yield strength may be considered as a material having a high elasticity. Thus, by
using the carbon fiber composite and unidirectional fibers as the fibers in this composite, one
may achieve both high elasticity and high flexural modulus. Such mechanical properties may be
desirable particularly for a housing structural component, which is frequently subject to

mechanical deformation {¢.g., contact with another (often hard) object).

10668} The foregoing description, for the purposes of explanation, has been described with the
reference to specific examples. However, the illustrative discussions above are not intended to be
exhaustive or to limit the present disclosare to the precise forms disclosed. Many modifications
and variations are possible in view of the above teachings. The examples were chosen and
described in order to best explain the principles of the present disclosure and its practical
applications, to thereby enable others skilled in the art to best utilize the present disclosure and

various examples with various modifications which are suited to the particular use conternplated.
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CLAIMS

WHAT IS CLAIMED IS:

I. A composite material, comprising:

a carbon fiber composite comprising a core layer having a first side and a second side
opposite to the first side, and a first set of two carbon fiber layers disposed over at
feast a portion of the core layer respectively on the first side and the second side,
wherein each of the first set of the two carbon fiber layers comprises carbon fibers
aligned in a first direction in a plane; and

a surface treatment layer, disposed on the carbon fiber composite.

2. The composite material according to claim 1, whercin the surface treatment layer is a

metallic ultraviolet coating.

3. The composite material according to claim 2, wherein the metallic ultraviolet coating
comprises powders and a material with thermal resistance selected from a group comprising
thermoset uliraviolet resins and thermoplastic resins;
wherein the thermoset ultraviolet resins are selected from a group comprising polyols,
polycarboxylic acids, polyamines, polvamides, acetoacetate, and a mixture thereof;

the thermoplastic resins are selected from a group comprising cyclic olefin copolymer,
polymcthylmethacrylate, polycarbonate, polvethylene, polypropylene, urcthane
acrylates, polystyrene, polyetheretherketone, polyesters, polyethylene
terephthalate, polyvinyl chloride, polyvinylidene chloride, nylon, polysuifone,
parylene, fluoropolymers, and a mixture thereof; and

the powders are selected from a group comprising silver, alumimum, copper, titanium,

brass, bronze, stainless, nickel, chromium, zing, pearl, tin, gold, tungsten,

platimam, and a mixture thereof.

4. The composite material according to claim 2, further comprising:
a primer coating disposed between the metallic ultraviolet coating and the carbon fiber

composite.
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5. The composite material according to claim 2, further comprising:
a primer coating and a base coating, sequentially disposed between the metallic

ultraviolet coating and the carbon fiber composite.

6. The composite material according to claim 1, wherein the surface treatment layeris a

metallic tuster hybrid coating.

7. The composite material according to claim 6, wherein the metallic tuster hybrid
coating comprises sel-gel precursors, powders and a material with thermal resistance selected
from a group cornprising thermoset resins and thermoplastic resins;
wherein the sel-gel precursors are selected from a group comprising
tetracthylorthosilicate, glycidoxypropyltriethoxysilane, 3-
aminopropyltriethoxysilane, methacryvloxypropyltrimethoxysilane,
vinyltrimethylsiloxane, diphenyldimethoxysilane, zirconiumisopropoxide, metal
alkoxides, and a mixture thereof]
the material with thermal resistance 1s selected from a group comprising polyacrylate,
celluloid, polyethylene, polypropylene, polyvinyl chlonide, chlorinated polyvinyl
chloride, polystyrene, epoxy, acrylonitrile butadiene styrene, polycarbonate,
polyurethane, polybaivlene, poly vinylidene fluoride, fluoro-polymers, nylon,
polytetrafluoroethylene, polytetrafluoroetylene, polyacetylenes, polypyrrol,
polythiophene, polyturan, poly(p-poly)dialkylfluorene, and a mixtare thereof] and

the powders are selected from a group comprising silver, aluminum, copper, titanium,
brass, bronze, stainless, nickel, chromium, zinc, pearl, tin, gold, tungsien,

platinum, metal alloys, and a mixture thereof.

8. The composite roaterial according to claim 6, further comprising:
a primer layer disposed between the metallic luster hybrid coating and the carbon fiber

composite.

9. The composite material according to claim 1, wherein the carbon fiber composite
further comprises:
a second set of two carbon fiber layers, disposed over at least a portion of the first set of

two layers respectively on the first side and the second side, each carbon fiber
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layer of the second set comprising carbon fibers aligned in a second direction
perpendicular to the first divection in the plane; and
wherein the carbon fiber composite in the plane has a length and a width, and the length

is larger than the width and parallel to the second direction.

10. The composite material according to claim 9, wherein the carbon fiber composite
further comprises:
a third set of two carbon fiber layers disposed between the carbon fiber layers of the first
sct and the second sct respectively on the first side and the second side, cach
carbon fiber layer of the third set comprising carbon fibers aligned in the first

direction.

I1. A method of manufacturing a composite material, comprising:

torming a carbon fiber composite comprising a core layer and a first set of two carbon
fiber layers; wherein the core layer has a first side and a second side opposite to
the first side, and the first set of the two carbon fiber layers are disposed over at
feast a portion of the core layer respectively on the first side and the second side,
cach of the first set of the two carbon fiber layers comprises carbon fibers aligned
in a first direction in a plane; and

forming a surface treatment layer on the carbon fiber composite, to provide a metallic

sarface for the carbon fiber composite.

12. The method according to claim 11, wherein forming the surface treatment layer on
the carbon fiber composite comprises: adopting a spray coating process or a dipping coating
process to generate a metallic ultraviolet coating or a metallic luster hybrid coating for the

carbon fiber composite.

13. A housing of an electronic device, comprising:

a composite material comprising:

a carbon fiber composite comprising a core layer having a first side and a second side
opposite to the first side, and two unidirectional carbon fiber layers disposed over
at least a portion of the core layer respectively on the first side and the second
side, wherein each of the two unidirectional carbon fiber layers comprises carbon

fibers aligned in a first direction in a plane; and
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a surface treatment layer disposed on the carbon fiber composite.

14. The housing according to claim 13, wherein the surface treatment layer is a metallic
ultraviolet coating or a metallic huster hybrid coating.
15. The housing according to claim 13, wherein the electronic device is a portable or

mobile electronic device.
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