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(57) ABSTRACT

A multilayer plate with composite material and a method
thereof are described. The multilayer plate includes an
aluminum-based thin sheet and a composite material layer.
The aluminum-based thin sheet includes a first passivation
layer, an aluminum-based metal layer, and a second passi-
vation layer sequentially. The aluminum-based thin sheet
includes a first surface and a second surface opposite to the
first surface. The first and second surfaces are set with micro
holes. A diameter of the micro holes in the second surface is
ranging from 0.5 pm to 10 pm. The composite material layer
includes a thermoplastic polymer and a fiber material. The
composite material layer has a third surface and a fourth
surface opposite each other. The second surface is adjacent
to or connected to the third surface. At least one portion of
the thermoplastic polymer fills into the micro holes in the
second surface.
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FIG. 6
providing at least one aluminum-based thin sheet - 200

stacking at least one composite material layer
and the at least one aluminum-based thin sheet -~ 210
alternatively to form a multilayer plate

performing a hot pressing operation on the multilayer plate -~ 220

performing a passivation process of an anodizing

treatment on the multilayer plate — 230

FIG. 7
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MULTILAYER PLATE WITH COMPOSITE
MATERIAL AND METHOD FOR
MANUFACTURING THE SAME

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Appli-
cation Serial Number 109117724, filed May 27, 2020, which
is herein incorporated by reference.

BACKGROUND

Field of Invention

[0002] The present disclosure relates to a technique for
manufacturing a hybrid material, and more particularly, to a
multilayer plate with composite material and a method for
manufacturing the same.

Description of Related Art

[0003] Consumers’ demand for 3C products is not only
light and thin, but also more and more concerned about a
metal texture of a shell. For example, the materials of the
shells of the current commercially available notebooks may
generally be divided into three categories, namely, plastic,
metal, and fiber composite. The metal shell is sturdy, elegant
in appearance, and delicate in touch, such that the main
demand for high-end notebook products is metal texture,
especially the texture of an aluminum alloy with an anodized
color.

[0004] Currently, most of the shells of the thin and light
notebooks use aluminum alloy materials colored by an
anodizing treatment. With the pursuit of thinner and lighter
notebooks, the demand for materials, which are lighter than
anodized aluminum alloy shells and have metallic textures,
has also increased.

[0005] One solution is to use materials that are lighter than
aluminum alloys. Typically, a density of an aluminum alloy
material is about 2.70 g/cm®. Materials that are lighter than
the aluminum alloy include magnesium alloys and carbon
fiber composite materials, in which a density of the magne-
sium alloy is about 1.83 g/cm?, and a density of the carbon
fiber composite material is about 1.55 g/cm?, both of which
can decrease the weight of the shell. However, the magne-
sium alloys and the carbon fiber composite materials can
only be painted by spray paint, which is prone to problems,
such as fat edges or orange peel. In addition, the textures of
the magnesium alloys and the carbon fiber composite mate-
rials after painting are not as good as the anodized aluminum
alloys.

[0006] Another solution is to stick an aluminum alloy skin
on a surface of a plastic structure by a gluing method to
obtain a metallic shell. However, the strength of the plastic
is low, and if someone wants to obtain the bending strength
that meets the product specifications, he must increase the
thickness of the plastic, so the demand for lightness and
thinness cannot be achieved.

[0007] One solution is to coat metal particles on an outer
layer of a glass fiber composite material by cold spraying to
obtain a lightweight shell with a metallic texture. However,
the pressure of the cold spraying deforms the glass fiber
composite material. If it is replaced with the carbon fiber
composite material, although the deformation caused by the
cold spraying can be suppressed, the cost will increase, such
that the product will not be competitive in the market.
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[0008] One technique is to metalize a surface of a plastic
material by using a vacuum vapor deposition method, and
then to anodize the metalized plastic material components to
make the appearance of the components more textured.
However, such a technique has a higher cost due to the
vacuum coating. In addition, for large-size or polymer
materials, such a deposition method is not suitable for
forming the metal film.

[0009] Another technique for manufacturing a mobile
phone shell is to form an oxide layer on a surface of a metal
component, in which the oxide layer has tiny holes. Then,
the metal component is immersed and corroded to form
another holes, so that these holes are connected to the tiny
holes previously formed in the oxide layer to form a double-
layered three-dimensional space structure. Next, a resin is
injected and infused into these double-layered holes to
achieve a mechanical locking effect between the resin and
the oxide layer on the metal component, thereby increasing
the bonding strength between the dissimilar materials of the
resin and the metal component. However, because diameters
of the holes are too small, when non-injection processes
such as sheet hot-pressing bond processes are used, the gas
in the holes usually cannot be discharged, thus resulting in
poor bonding between the resin and the metal component,
which is easy to cause delamination between the dissimilar
materials.

SUMMARY

[0010] Therefore, one objective of the present invention is
to provide a multilayer plate with composite material and a
method for manufacturing the same, in which at least one
aluminum-based thin sheet and at least one composite
material layer are stacked and hot pressed to form the
multilayer plate with composite material. Various multilayer
plates with composite material of metallic texture and light
weight can be successfully obtained by adjusting a ratio of
the aluminum-based thin sheets to the composite material
layers.

[0011] Another objective of the present invention is to
provide a multilayer plate with composite material and a
method for manufacturing the same, in which micro struc-
ture holes with obvious acute-angle appearance may be
firstly formed in surfaces of the aluminum-based thin sheet
by using a chemical etching method. Thus, by hot pressing
the stacked structure of the aluminum-based thin sheet and
the composite material layer directly, the hot pressed alu-
minum-based thin sheet and the composite material layer
may be bonded firmly without using glue to bond the
dissimilar materials of the aluminum-based thin sheet and
the composite material layer.

[0012] Still another objective of the present invention is to
provide a multilayer plate with composite material and a
method for manufacturing the same, in which there is no
glue between the aluminum-based thin sheet and the com-
posite material layer, such that the multilayer plate can
sustain an acid solution and an alkaline solution in an
anodizing process without delamination, and various mul-
tilayer plates with metallic texture and light weight can be
effectively formed.

[0013] According to the aforementioned objectives, the
present invention provides a multilayer plate with composite
material. The multilayer plate with composite material
includes an aluminum-based thin sheet and a composite
material layer. The aluminum-based thin sheet includes a
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first passivation layer, an aluminum-based metal layer, and
a second passivation layer sequentially. The aluminum-
based metal layer includes a first surface and a second
surface, which is opposite to the first surface. The first
surface and the second surface both are set with a plurality
of micro holes, and a diameter of the micro holes of the
second surface is ranging from 0.5 pm to 10 um. The
composite material layer includes a thermoplastic polymer
and a fiber material. The composite material layer includes
a third surface and a fourth surface, which is opposite to the
third surface. The second surface is adjacent to or connected
to the third surface, and the at least one portion of the
thermoplastic polymer fills into the micro holes of the
second surface.

[0014] According to one embodiment of the present inven-
tion, a diameter of the micro holes of the first surface is
ranging from 0.01 pm to 0.1 pm.

[0015] According to one embodiment of the present inven-
tion, an average roughness of the second surface is ranging
from 1.5 pm to 3.5 pm.

[0016] According to one embodiment of the present inven-
tion, at least part of the micro holes of the second surface
have acute-angle appearance.

[0017] According to one embodiment of the present inven-
tion, a thickness of the first passivation layer is greater than
a thickness of the second passivation layer.

[0018] According to one embodiment of the present inven-
tion, the multilayer plate with composite material further
includes a second aluminum-based thin sheet, in which the
second aluminum-based thin sheet is adjacent to or con-
nected to the fourth surface.

[0019] According to the aforementioned objectives, the
present invention further provides a method for manufac-
turing a multilayer plate with composite material. In this
method, at least one aluminum-based thin sheet is provided.
A third surface and a second surface, which are opposite to
each other, of each aluminum-based thin sheet both are
formed with a plurality of micro holes. At least one com-
posite material layer and the at least one aluminum-based
thin sheet are stacked alternatively to form a multilayer
plate, in which a number of the at least one composite
material layer is smaller than or equal to a number of the at
least one aluminum-based thin sheet. A hot pressing opera-
tion is performed on the multilayer plate to fill a portion of
each of the at least one composite material layer into the
micro holes of the adjacent aluminum-based thin sheet. A
passivation process of an anodizing treatment is performed
on the multilayer plate to form a first passivation layer on the
third surface and a first surface.

[0020] According to one embodiment of the present inven-
tion, providing the at least one aluminum-based thin sheet
includes performing a chemical etching operation on an
aluminum-based metal layer of the at least one aluminum-
based thin sheet to form the third surface and the second
surface of the at least one aluminum-based thin sheet having
the micro holes with acute-angle appearance.

[0021] According to one embodiment of the present inven-
tion, providing the at least one aluminum-based thin sheet
includes performing a hot rolling thinning treatment on an
aluminum-based metal sheet to form an aluminum-based
metal layer of the at least one aluminum-based thin sheet.
[0022] According to one embodiment of the present inven-
tion, performing the hot rolling thinning treatment includes
forming surfaces of the aluminum-based metal layer of the
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at least one aluminum-based thin sheet having crystal grain
preferred orientation of (110) plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The aforementioned and other objectives, features,
advantages, and embodiments of the present disclosure can
be more fully understood by reading the following detailed
description of the embodiment, with reference made to the
accompanying drawings as follows:

[0024] FIG. 1 is a schematic three-dimensional diagram of
a multilayer plate with composite material in accordance
with a first embodiment of the present invention;

[0025] FIG. 2 is a schematic partial enlarged cross-sec-
tional view of the multilayer plate in FIG. 1;

[0026] FIG. 3 is a scanning electron microscope image of
a multilayer plate with composite material in accordance
with a first embodiment of the present invention;

[0027] FIG. 4 is a schematic three-dimensional diagram of
a multilayer plate with composite material in accordance
with a second embodiment of the present invention;

[0028] FIG. 5 is a schematic three-dimensional diagram of
a multilayer plate with composite material in accordance
with a third embodiment of the present invention;

[0029] FIG. 6 is a schematic three-dimensional diagram of
a multilayer plate with composite material in accordance
with a fourth embodiment of the present invention; and
[0030] FIG. 7 is a flow chart of a method for manufac-
turing a multilayer plate with composite material in accor-
dance with one embodiment of the present invention.

DETAILED DESCRIPTION

[0031] In view of the prior arts have a bottleneck in
developing materials with metallic texture, the embodiments
of the present invention provide a multilayer plate with
composite material and a method for manufacturing the
same, which stacks one or more aluminum-based thin sheets
on one or more thermoplastic fiber composition materials to
form a multilayer plate with composition material. The
multilayer plate is lighter than an aluminum alloy and has
metallic texture, and is suitable as a high-quality shell
material of a 3C product. In addition, the multilayer plate
can achieve different lightweight degrees by adjusting a ratio
of the stacked layers, and an outer layer of aluminum alloy
thin sheet can obtain the desired metallic texture after a
coloring treatment of an anodizing treatment.

[0032] Referring to FIG. 1 to FIG. 3, FIG. 1 is a schematic
three-dimensional diagram of a multilayer plate with com-
posite material in accordance with a first embodiment of the
present invention, FIG. 2 is a schematic partial enlarged
cross-sectional view of the multilayer plate in FIG. 1, and
FIG. 3 is a scanning electron microscope image of a mul-
tilayer plate with composite material in accordance with a
first embodiment of the present invention. A multilayer plate
100a with composite material of the present embodiment
includes an aluminum-based thin sheet 110 and a composite
material layer 120. The aluminum-based thin sheet 110
includes a first passivation layer 112, an aluminum-based
metal layer 114, and a second passivation layer 116 sequen-
tially. The composite material layer 120 includes thermo-
plastic polymer 122 and a fiber material 124 distributed in
the thermoplastic polymer 122. In the present embodiment,
the numbers of the aluminum-based thin sheet 110 and the
composite material layer 120 are the same, and both are one.
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As shown in FIG. 1, the aluminum-based thin sheet 110 and
the composite material layer 120 are stacked with each other.
The aluminum-based thin sheet 110 has a first surface 110a
and a second surface 1105, which are opposite to each other.
In one example, the aluminum-based metal layer 114 has a
third surface 114a and a fourth surface 1145. In addition, the
third surface 114a, the fourth surface 1145, or both have
crystal grain preferred orientation of (110) plane. In one
example, X-ray diffraction analysis can prove the third
surface 114a, the fourth surface 1144, or both have the
crystal grain preferred orientation of (110) plane. In one
example, the intensity of the X-ray diffraction analysis on
the (110) plane of the surface of the aluminum-based metal
layer 114 is greater than those on (100) plane and (111)
plane.

[0033] In one example, many first micro holes 1124 and
many second micro holes 116a are respectively distributed
in the first surface 110a and the second surface 1105 of the
aluminum-based thin sheet 110, as shown in FIG. 2. In one
example, an average diameter of the first micro holes 1124
is smaller than an average diameter of the second micro
holes 116a. In one example, a diameter of each of the first
micro holes 112a may be ranging from about 0.01 um to
about 0.1 um. As shown in FIG. 3, in one example, a
diameter of each of the second micro holes 116a may be
ranging from about 0.5 um to about 10 um. In another
example, the diameter of each of the second micro holes
1164 may be ranging from about 1 pm to about 4 pm. The
diameter of the second micro hole 1164 is equal to or greater
than 0.5 um, such that the thermoplastic polymer 122 of the
composite material layer 120 can fully fill the second micro
holes 1164 in a hot pressing process of the aluminum-based
thin sheet 110 and the composite material layer 120, and thus
good bonding and air tightness between the aluminum-based
thin sheet 110 and the composite material layer 120 can be
achieved. In addition, in one example, an average roughness
(Ra) of the first surface 110a of the aluminum-based thin
sheet 110 may be ranging from 0.1 um to 0.5 pm, and an
average roughness of the second surface 1106 may be
ranging from 1.5 um to 3.5 um. In one example, shapes of
most of the second micro holes 116a are square, rectangle,
or polygon with acute-angle appearance, rather than circular
arc appearance.

[0034] Referring to FIG. 2, a thickness of the first passi-
vation layer 112 is greater than a thickness of the second
passivation layer 116.

[0035] With the tight bonding between the second passi-
vation layer 116 and the thermoplastic polymer 122, the
bonding surface between the aluminum-based thin sheet 110
and the composite material layer 120 can withstand the
corrosion of an acid solution and an alkaline solution in an
anodizing treatment. Thereby, an anodizing treatment can be
performed on the multilayer plate 100a with composite
material, so that the surfaces of the multilayer plate 100a
with composite material have metallic texture after being
colored in the anodizing treatment. In some examples, after
a salt spray test for 1000 hours, a surface layer of the
multilayer plate 100a with composite material can achieve
5B rate in a cross-cut adhesion test.

[0036] The composite material layer 120 has a first surface
120a and a second surface 1205, which are opposite to each
other. The first surface 120a of the composite material layer
120 is pressed and bonded on the second surface 11056 of the
aluminum-based thin sheet 110, and a portion of the ther-
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moplastic polymer 122 of the composite material layer 120
is embedded into the second micro holes 116a of the
adjacent second surface 11056 of the aluminum-based thin
sheet 110. Part of the second micro holes 116a of the
aluminum-based thin sheet 110 have acute-angle appear-
ance, such that good bonding and air tightness between the
composite material layer 120 and the aluminum-based thin
sheet 110 can be achieved.

[0037] For example, the fiber material 124 of the compos-
ite material layer 120 may be carbon fiber or glass fiber. The
thermoplastic polymer 122 may be, for example, polypro-
pylene (PP), polyvinyl chloride (PVC), polycarbonate (PC),
polyamide (PA) resin, polyetheretherketone (PEEK), ther-
moplastic polyimide (TPI), or polyphenylene sulfide (PPS).
[0038] As shown in FIG. 1, in some examples, the first
passivation layer 112 and the second passivation layer 116 of
the multilayer plate 100a with composite material may be
oxide layers of the material of the aluminum-based metal
layer 114, such as aluminum oxide (A,O;) layers. In one
example, the first passivation layer 112 is treated by an
anode passivation treatment, such that a thickness and a pore
size of the first passivation layer 112 are different from those
of the second passivation layer 116.

[0039] Referring to FIG. 4, FIG. 4 is a schematic three-
dimensional diagram of a multilayer plate with composite
material in accordance with a second embodiment of the
present invention. A structure of a multilayer plate 1005 with
composite material of the present embodiment is substan-
tially similar to that of the multilayer plate 100a with
composite material, and a difference between the two is that
the multilayer plate 1005 with composite material includes
two aluminum-based thin sheets 110 and 140. Thus, the
number of the aluminum-based thin sheets 110 and 140 of
the multilayer plate 1005 with composite material is one
more than the number of the composite material layer 120.
[0040] The aluminum-based thin sheet 140 includes a
third passivation layer 142, an aluminum-based metal layer
144, and a fourth passivation layer 146 sequentially. The
aluminum-based thin sheet 140 has a first surface 140a and
a second surface 1405, which are opposite to each other. The
composition of the aluminum-based metal layer 144 may be
the same as the composition of the aluminum-based metal
layer 114, or may be different from the composition of the
aluminum-based metal layer 114. In one example, the alu-
minum-based metal layer 144 has a third surface 144a and
a fourth surface 1445b. In addition, the third surface 144a
and/or the fourth surface 1445 have crystal grain preferred
orientation of (110) plane. In one example, the intensity of
X-ray diffraction analysis on (110) plane of the surface of the
aluminum-based metal layer 144 is greater than those on
(100) plane and (111) plane.

[0041] Many micro holes (not shown) are respectively
distributed in the first surface 140a and the second surface
1404 of the aluminum-based thin sheet 140. Types and sizes
of the micro holes distributed in the first surface 140a and
the micro holes distributed in the second surface 1405 of the
aluminum-based thin sheet 140 are respectively as those of
the second micro holes 116a and the first micro holes 112a.
Since the types and the sizes of the first micro holes 112a¢ and
the second micro holes 116a have been described above in
detail, the types and the sizes of the micro holes in the first
surface 140a and the second surface 1405 of the aluminum-
based thin sheet 140 will not be described in detail herein.
Furthermore, in one example, an average roughness of the
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first surface 1404 of the aluminum-based thin sheet 140 may
be ranging from 1.5 um to 3.5 pm, and an average roughness
of the second surface 1405 may be ranging from 0.1 pm to
0.5 pm.

[0042] In addition, as shown in FIG. 4, a thickness of the
third passivation layer 142 is smaller than a thickness of the
fourth passivation layer 146.

[0043] Under the tight bonding of the thermoplastic poly-
mer 122, the second passivation layer 116, and the third
passivation layer 142, the bonding surface between the
aluminum-based thin sheet 110 and the composite material
layer 120 and the bonding surface between the aluminum-
based thin sheet 140 and the composite material layer 120
can withstand the corrosion of an acid solution and an
alkaline solution in an anodizing treatment. Thereby, an
anodizing treatment can be performed on the multilayer
plate 1005 with composite material, so that the surfaces of
the multilayer plate 1005 with composite material have
metallic texture after being colored in the anodizing treat-
ment.

[0044] In the multilayer plate 1005 with composite mate-
rial, the aluminum-based thin sheets 110 and 140 and the
composite material layer 120 are stacked alternatively, such
that the composite material layer 120 is sandwiched between
the aluminum-based thin sheets 110 and 140. The first
surface 120a and the second surface 1205 of the composite
material layer 120 are respectively pressed and bonded on
the second surface 1105 of the aluminum-based thin sheet
110 and the first surface 140a of the aluminum-based thin
sheet 140. In addition, the aluminum-based thin sheets 110
and 140 are respectively two outer layers of the multilayer
plate 1005 with composite material.

[0045] A portion of the thermoplastic polymer 122 of the
composite material layer 120 is embedded into the second
micro holes 1164 of the adjacent second surface 1105 of the
aluminum-based thin sheet 110, and another portion of the
thermoplastic polymer 122 is embedded into the micro holes
of'the adjacent first surface 140a of the aluminum-based thin
sheet 140. The second micro holes 1164 of the aluminum-
based thin sheet 110 and the micro holes in the first surface
140a of the aluminum-based thin sheet 140 both have
acute-angle appearance, such that good bonding and air
tightness between the composite material layer 120 and the
aluminum-based thin sheet 110, and between the composite
material layer 120 and the aluminum-based thin sheet 140
can be achieved.

[0046] As shown in FIG. 4, in one example, the third
passivation layer 142 and the fourth passivation layer 146 of
the aluminum-based thin sheet 140 may be oxide layers of
the material of the aluminum-based metal layer 144, such as
aluminum oxide layers. In one example, the fourth passiva-
tion layer 146 is treated by an anode passivation treatment,
such that a thickness and a pore size of the fourth passivation
layer 146 are different from those of the third passivation
layer 142.

[0047] Referring to FIG. 5, FIG. 5 is a schematic three-
dimensional diagram of a multilayer plate with composite
material in accordance with a third embodiment of the
present invention. A structure of a multilayer plate 100¢ with
composite material of the present embodiment is substan-
tially similar to that of the multilayer plate 1005 with
composite material shown in FIG. 4, and a difference
between the two is that the multilayer plate 100c with
composite material includes two composite material layers
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120 and 150. Thus, the number of the aluminum-based thin
sheets 110 and 140 of the multilayer plate 100c with
composite material is the same as the number of the number
of the composite material layers 120 and 150.

[0048] The composite material layer 150 includes thermo-
plastic polymer 152 and a fiber material 154. The compo-
sition of the thermoplastic polymer 152 may be the same as
the composition of the thermoplastic polymer 122, or may
be different from the composition of the thermoplastic
polymer 122. The composition of the fiber material 154 may
be the same as or different from the composition of the fiber
material 124. The composite material layer 150 has a first
surface 150a and a second surface 1505, which are opposite
to each other.

[0049] Under the tight bonding of the thermoplastic poly-
mer 122, the second passivation layer 116 and the third
passivation layer 142, and the tight bonding of the thermo-
plastic polymer 152 and the fourth passivation layer 146, the
bonding surfaces between the aluminum-based thin sheets
110 and 140 and the composite material layers 120 and 150
can withstand the corrosion of an acid solution and an
alkaline solution in an anodizing treatment. Thereby, an
anodizing treatment can be performed on the multilayer
plate 100¢ with composite material, so that the surfaces of
the multilayer plate 100¢ with composite material have
metallic texture after being colored in the anodizing treat-
ment.

[0050] In the multilayer plate 100¢ with composite mate-
rial, the aluminum-based thin sheets 110 and 140 and the
composite material layers 120 and 150 are stacked alterna-
tively, such that the aluminum-based thin sheet 110 of the
aluminum-based thin sheets 110 and 140 is an outer layer of
the multilayer plate 100¢ with composite material. The first
surface 150a of the composite material layer 150 is pressed
and bonded on the second surface 1405 of the aluminum-
based thin sheet 140, and a portion of the thermoplastic
polymer 152 of the composite material layer 150 is embed-
ded into the micro holes of the adjacent second surface 1405
of the aluminum-based thin sheet 140. At least part of the
micro holes in the second surface 1405 of the aluminum-
based thin sheet 140 have acute-angle appearance, such that
good bonding and air tightness between the composite
material layer 150 and the aluminum-based thin sheet 140
can be achieved.

[0051] Referring to FIG. 6, FIG. 6 is a schematic three-
dimensional diagram of a multilayer plate with composite
material in accordance with a fourth embodiment of the
present invention. A structure of a multilayer plate 1004 with
composite material of the present embodiment is substan-
tially similar to that of the multilayer plate 100c with
composite material shown in FIG. 5, and a difference
between the two is that the multilayer plate 1004 with
composite material includes three aluminum-based thin
sheets 110, 140, and 160. Thus, the number of the alumi-
num-based thin sheets 110, 140, and 160 of the multilayer
plate 100d with composite material is one more than the
number of the composite material layers 120 and 150.
[0052] The aluminum-based thin sheet 160 includes a fifth
passivation layer 162, an aluminum-based metal layer 164,
and a sixth passivation layer 166 sequentially. The alumi-
num-based thin sheet 160 has a first surface 160a and a
second surface 1605, which are opposite to each other. The
composition of the aluminum-based metal layer 164 may be
the same as the composition of the aluminum-based metal
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layers 114 and 144, may be different from the composition
of the aluminum-based metal layers 114 and 144, or may be
the same as the composition of one of the aluminum-based
metal layers 114 and 144 and different from the composition
of the other one of the aluminum-based metal layers 114 and
144. In one example, the aluminum-based metal layer 164
has a third surface 164a and a fourth surface 1645. In
addition, the third surface 164a and/or the fourth surface
1644 have crystal grain preferred orientation of (110) plane.
In one example, the intensity of X-ray diffraction analysis on
(110) plane of the surface of the aluminum-based metal layer
164 is greater than those on (100) plane and (111) plane.

[0053] Many micro holes (not shown) are respectively
distributed in the first surface 160a and the second surface
1606 of the aluminum-based thin sheet 160. Types and sizes
of the micro holes distributed in the first surface 160a and
the micro holes distributed in the second surface 1605 of the
aluminum-based thin sheet 160 are respectively as those of
the second micro holes 116a and the first micro holes 112a.
Thus, the types and the sizes of the micro holes in the first
surface 160a and the second surface 1604 of the aluminum-
based thin sheet 160 will not be described in detail herein.
Furthermore, in one example, an average roughness of the
first surface 1604 of the aluminum-based thin sheet 160 may
be ranging from 1.5 um to 3.5 pm, and an average roughness
of the second surface 1605 may be ranging from 0.1 pm to
0.5 pm.

[0054] Moreover, as shown in FIG. 6, a thickness of the
fifth passivation layer 162 is smaller than a thickness of the
sixth passivation layer 166.

[0055] Under the tight bonding of the thermoplastic poly-
mer 122, the second passivation layer 116 and the third
passivation layer 142, and the tight bonding of the thermo-
plastic polymer 152, the fourth passivation layer 146 and the
fifth passivation layer 162, the bonding surfaces between the
aluminum-based thin sheets 110, 140, and 160 and the
composite material layers 120 and 150 can withstand the
corrosion of an acid solution and an alkaline solution in an
anodizing treatment. Thereby, an anodizing treatment can be
performed on the multilayer plate 1004 with composite
material, so that the surfaces of the multilayer plate 1004
with composite material have metallic texture after being
colored in the anodizing treatment.

[0056] In the multilayer plate 1004 with composite mate-
rial, the aluminum-based thin sheets 110, 140, and 160 and
the composite material layers 120 and 150 are stacked
alternatively, such that the composite material layers 120
and 150 are sandwiched between the aluminum-based thin
sheets 110 and 140, and between the aluminum-based thin
sheets 140 and 160 respectively. The second surface 1505 of
the composite material layer 150 is pressed and bonded on
the first surface 160a of the aluminum-based thin sheet 160.
In addition, the aluminum-based thin sheets 110 and 160 are
respectively two outer layers of the multilayer plate 1004
with composite material.

[0057] Another portion of the thermoplastic polymer 152
of the composite material layer 150 is embedded into the
micro holes of the adjacent first surface 160a of the alumi-
num-based thin sheet 160. At least part of the micro holes of
the aluminum-based thin sheet 160 have acute-angle appear-
ance, such that good bonding and air tightness between the
composite material layer 150 and the aluminum-based thin
sheet 160 can be achieved.
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[0058] As shown in FIG. 6, in one example, the fifth
passivation layer 162 and the sixth passivation layer 166 of
the aluminum-based thin sheet 160 may be oxide layers of
the material of the aluminum-based metal layer 164, such as
aluminum oxide layers. In one example, the sixth passiva-
tion layer 166 is treated by an anode passivation treatment,
such that a thickness and a pore size of the sixth passivation
layer 166 are different from those of the fifth passivation
layer 162.

[0059] According to the aforementioned embodiments,
the present invention can adjust a lamination ratio of the
aluminum-based thin sheets and the composite material
layers in the multilayer plate with composite material to
achieve different weight reduction. For example, the multi-
layer plate with composite material may be at least 15%
lighter than an aluminum alloy. Based on the aforemen-
tioned embodiments, the multilayer plate with composite
material of the present invention includes at least one
aluminum-based thin sheet and at least one composite
material layer that are alternatively laminated, and the
number of the at least one composite material layer may be
equal to or smaller than the number of the at least one
aluminum-based thin sheet.

[0060] Referring FIG. 7, FIG. 7 is a flow chart of a method
for manufacturing a multilayer plate with composite mate-
rial in accordance with one embodiment of the present
invention. In manufacturing a multilayer plate with com-
posite material, a step 200 may be firstly performed to
provide at least one aluminum-based thin sheet, such as the
aluminum-based thin sheet 110 shown in FIG. 1, the alu-
minum-based thin sheets 110 and 140 shown in FIG. 3 and
FIG. 5, or the aluminum-based thin sheets 110, 140, and 160
shown in FIG. 6. In some examples, in the providing of the
aluminum-based thin sheet, a hot rolling thinning treatment
may be performed on an aluminum-based metal sheet to
form an aluminum-based metal layer with a desired thick-
ness. In one example, performing the hot rolling thinning
treatment on the aluminum-based metal sheet may form
surfaces of the aluminum-based metal layer having crystal
grain preferred orientation of (110) plane. For example, a
temperature in the hot rolling thinning treatment may be
controlled at about 270 degrees Celsius.

[0061] In one example, in the providing of the aluminum-
based thin sheet, after the aluminum-based metal layer is
formed, a chemical etching operation may be performed on
an aluminum-based metal layer to etch the aluminum-based
metal layer, so as to form micro holes with acute-angle
appearance in surfaces of the aluminum-based metal layer.
The inventors found that the surfaces of the aluminum-based
metal layer having crystal grain preferred orientation of
(110) plane can be formed with the micro holes with obvious
acute-angle appearance after the chemical etching operation.
Shapes of most of the micro holes are square, rectangle, or
polygon with acute-angle appearance, rather than circular
arc appearance. In one example, a diameter of each of the
micro holes may be ranging from about 0.5 pum to about 10
pm. In another example, a diameter of each of the micro
holes may be ranging from about 1 pum to about 4 pum.
Furthermore, an average roughness of the surfaces of the
aluminum-based metal layer may be ranging from 1.5 um to
3.5 um, for example.

[0062] The inventors also found that the surfaces of the
aluminum-based metal layer having crystal grain preferred
orientation of (110) plane have lower strain energy, such that
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passivation films are easily and rapidly formed on the
surfaces of the aluminum-based metal layer. Thus, on one
example, in the providing of the aluminum-based thin sheet,
after the thinning of the aluminum-based metal layer is
completed, passivation layers may be formed to respectively
cover the surfaces of the aluminum-based metal layer. The
passivation layers may be oxide layers of the material of the
aluminum-based metal layer, such as aluminum oxide lay-
ers. The passivation layers can protect the aluminum-based
metal layer from being corroded by an acid solution and an
alkaline solution.

[0063] After the aluminum-based thin sheet is provided, a
step 210 may be performed to provide at least one composite
material layer, such as the composite material layer 120
shown in FIG. 1 and FIG. 4, or the composite material layers
120 and 150 shown in FIG. 5 and FIG. 6. Then, the
composite material layer(s) and the aluminum-based thin
sheet(s) are alternatively stacked to form a multilayer plate.
In the present embodiment, the steps of providing the
aluminum-based thin sheet(s) and the composite material
layer(s) can be adjusted, in which the composite material
layer(s) may be firstly provided, or the aluminum-based thin
sheet(s) and the composite material layer(s) may be simul-
taneously provided. The number of the composite material
layer(s) may be equal to or smaller than the number of the
aluminum-based thin sheet(s). In the multilayer plate, when
the number of the aluminum-based thin sheets is multiple,
one or two of two opposite outer layers of the multilayer
plate is one or are two of the aluminum-based thin sheets
correspondingly. That is, at least one outer layer of the
multilayer plate is the aluminum-based thin sheet to provide
the multilayer plate having the surface(s) with metallic
texture. The composition and the variety of the composite
material layers are as the description in the above embodi-
ments, and are not repeated herein.

[0064] Then, a step 220 may be proceeded to perform a
hot pressing operation by using, for example, a hot press, so
as to hot press and bond the interlaced multiple layers into
a plate to substantially complete the manufacturing of a
multilayer plate with composite material, such as the afore-
mentioned multilayer plates 1004-1004 with composite
material. In the hot pressing operation, after the thermoplas-
tic polymer of the composite material layer is heated and
pressed by the hot press, a portion of the thermoplastic
polymer flows into the micro holes in the surface of the
aluminum-based thin sheet, such that the portion of the
thermoplastic polymer is embedded in the micro holes of the
adjacent aluminum-based thin sheet. The micro holes with
acute-angle appearance are formed in the surfaces of the
aluminum-based thin sheet after the chemical treatment,
such that an anchorage effect is created between the alumi-
num-based thin sheet and the thermoplastic polymer during
the hot pressing operation, and the aluminum-based thin
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sheet and the thermoplastic polymer are directly jointed and
locked to form the multilayer plate with composite material
having excellent bonding force and air tightness, thereby
greatly enhancing mechanical properties and reliability of
the multilayer plate with composite material. Accordingly,
the present embodiment can bond the dissimilar materials of
a large-area aluminum-based thin sheet and a large-area
composite material layer without using glue.

[0065] In some examples, by adjusting the stacked struc-
tures of the aluminum-based thin sheets and the composite
material layers in the multilayer plates with composite
material, the multilayer plates with composite material may
have a bending strength ranging from about 230 MPa to
about 550 MPa and a density ranging from about 1.95 g/cm’
to about 2.35 g/cm®, such that the multilayer plates with
composite material have great industrial value. The multi-
layer plate with composite material in each of the embodi-
ments may be used as a shell of a lightweight 3C product,
and a weight of the multilayer plate with composite material
may be more than 15% lighter than that of an aluminum
alloy.

[0066] Then, a step 230 may be performed, taking the
structure shown in FIG. 2 as an example, a passivation
process of an anodizing treatment may be performed on the
aluminum-based thin sheet 110 that has been laminated with
the composite material layer 120 to form the first passivation
layer 112. Due to the good bonding and air tightness
between the aluminum-based thin sheet and the composite
material layer, and the surface of the aluminum-based thin
sheet being covered with the passivation layer, the multi-
layer plate with composite material can sustain an acid
solution and an alkaline solution in the anodizing process
without delamination. With this, the multilayer plate with
composition material can be further decorated by a subse-
quent coloring process of the anodizing treatment, so that the
appearance and the color of the multilayer plate with com-
position material can be more diverse. Through the metallic
texture coloring method in the anodizing treatment, it has an
advantage in texture and no volatile organic compound
(VOC) pollution problem compared with the conventional
appearance painting method of a carbon fiber composite
material and a magnesium alloy.

[0067] The following uses the experimental results of
various embodiments and comparative examples to more
specifically illustrate the technical content and the effects of
the embodiments of the present invention, but they are not
intended to limit the present invention.

[0068] The material compositions and the characteristics
of the multilayer plate with composite material of the
embodiments and the comparative examples are listed in
Table 1 below.

TABLE 1

Comparative

Embodiment example
Illustration 1 2 3 4 5 6 1

Material Structure A B C D E F —
composition Aluminum  M1/M3 M2/M3 M4/M5 M1 M2 M6 5052

type

Fiber type G G G —

Aluminum ~ 0.3/0.15  0.3/0.15  0.15/0.1 0.3 0.3 0.2 0.8

sheet

thickness
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TABLE 1-continued
Comparative
Embodiment example
Illustration 1 2 3 4 5 6 1
Fiber 0.2 0.2 0.2 0.4 0.4 0.4 —
thickness
Structure 1.1 1.1 0.8 1.0 1.0 0.8 0.8
thickness
Characteristic ~ Density 2.331 2.287 2.090 2.253 2.309 2.130 2.75
Flexural 336 251 270 544 262 230 275
strength
Flexural 42 41 38 79 63 38 40
modulus
[0069] In above Table 1, the units of the aluminum sheet [0073] According to the aforementioned embodiments,

thickness, the fiber thickness, and the structure thickness are
all mm, the unit of the density is g/cm?, the unit of the
flexural strength is MPa, and the unit of the flexural modulus
is GPa. Secondly, the aluminum type M1 is an aluminum
alloy sheet of the model CAO1 with a thickness of 0.3 mm,
the aluminum type M2 is an aluminum alloy sheet of the
model 1050 and a thickness of 0.3 mm, the aluminum type
M3 is an aluminum alloy sheet of the model 1100 with a
thickness of 0.15 mm, the aluminum type M4 is an alumi-
num alloy sheet of the model 1050 with a thickness of 0.15
mm, the aluminum type M5 is an aluminum alloy sheet of
the model 5052 with a thickness of 0.1 mm, and the
aluminum type M6 is an aluminum alloy sheet of the model
1050 with a thickness of 0.2 mm. The fiber type G is a glass
fiber reinforced thermoplastic (GFRTP) with a thickness of
0.2 mm, in which the thermoplastic polymer is polycarbon-
ate. In addition, the structure A is a M1/G/M3/G/M1 lami-
nated structure, the structure B is a M2/G/M3/G/M2 lami-
nated structure, the structure C is a M4/G/MS5/G/M4
laminated structure, the structure D is a M1/2G/M1 lami-
nated structure, the structure E is a M2/2G/M2 laminated
structure, and the structure F is a M6/2G/M6 laminated
structure.

[0070] From Table 1 above, it is known that the multilayer
plates with composite material of the embodiments of the
present invention can effectively reduce the material density
while maintaining the structural strength equivalent to that
of the aluminum alloy of the comparative example, and
achieve a lightweight effect.

[0071] The reliability of the multilayer plate with com-
posite material of Embodiment 3 is verified, and a salt spray
test conditions of Embodiment 3 are listed in Table 2 below.

one advantage of the present invention is that the embodi-
ments of the present invention stack and hot press at least
one aluminum-based thin sheet and at least one composite
material layer to form a multilayer plate with composite
material, such that various multilayer plates with composite
material of light weight and metallic texture can be success-
fully obtained by adjusting a ratio of the aluminum-based
thin sheets to the composite material layers in each multi-
layer plate.

[0074] According to the aforementioned embodiments,
another advantage of the present invention is that the
embodiments of the present invention may form micro
structure holes with obvious acute-angle appearance in
surfaces of the aluminum-based thin sheet by using a
chemical etching method firstly. Thus, by hot pressing the
stacked structure of the aluminum-based thin sheet and the
composite material layer directly, the hot pressed aluminum-
based thin sheet and the composite material layer may be
bonded firmly without using glue to bond the dissimilar
materials of the aluminum-based thin sheet and the com-
posite material layer.

[0075] According to the aforementioned embodiments,
still another advantage of the present invention is that there
is no glue between the aluminum-based thin sheet and the
composite material layer of the multilayer plate with com-
posite material of the present invention, such that the mul-
tilayer plate can sustain an acid solution and an alkaline
solution in an anodizing process without laminating, and

TABLE 2
Saturated Relative
Laboratory cylinder humidity in ~ Falling Compressed  Salt water PH
temperature  temperature  laboratory fog air pressure  proportion value
“C) °C) (%) (mL/h)  (kg/em?) (g/em®) (PH)
352 47 £ 2 96~98 1.1~1.9 0.9~1.1 1.029~1.037 6.5~7.2
[0072] After the multilayer plate with composite material various multilayer plates with metallic texture and light

of Embodiment 3 is subjected to the salt spray test under the
salt spray test conditions in Table 2 above, no corrosion and
anodic treatment peeling are found. In addition, after the salt
spray test, the surface layer of the multilayer plate with
composite material of Embodiment 3 is rated as 5B by a
cross-cut adhesion test, and the anode treatment is peeling
off, thus the reliability is good.

weight can be effectively formed.

[0076] Although the present invention has been disclosed
in considerable details with reference to certain embodi-
ments, the foregoing embodiments of the present invention
are illustrative of the present invention rather than limiting
of the present invention. It will be apparent to those having
ordinary skill in the art that various modifications and
variations can be made to the present invention without
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departing from the scope or spirit of the present invention.
Therefore, the spirit and scope of the appended claims
should not be limited to the description of the embodiments
contained herein.
What is claimed is:
1. A multilayer plate with composite material, comprising:
an aluminum-based thin sheet comprising a first passiva-
tion layer, an aluminum-based metal layer, and a sec-
ond passivation layer sequentially, the aluminum-based
metal layer comprising a first surface and a second
surface, which is opposite to the first surface, wherein
the first surface and the second surface both are set with
a plurality of micro holes, and a diameter of the micro
holes of the second surface is ranging from 0.5 um to
10 pm; and
a composite material layer comprising a thermoplastic
polymer and a fiber material, the composite material
layer comprising a third surface and a fourth surface,
which is opposite to the third surface, wherein the
second surface is adjacent to or connected to the third
surface, and the at least one portion of the thermoplastic
polymer fills into the micro holes of the second surface.
2. The multilayer plate with composite material of claim
1, wherein a diameter of the micro holes of the first surface
is ranging from 0.01 pm to 0.1 pm.
3. The multilayer plate with composite material of claim
1, wherein an average roughness of the second surface is
ranging from 1.5 um to 3.5 pm.
4. The multilayer plate with composite material of claim
1, wherein at least part of the micro holes of the second
surface have acute-angle appearance.
5. The multilayer plate with composite material of claim
1, wherein a thickness of the first passivation layer is greater
than a thickness of the second passivation layer.
6. The multilayer plate with composite material of claim
1, further comprising a second aluminum-based thin sheet,
wherein the second aluminum-based thin sheet is adjacent to
or connected to the fourth surface.
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7. A method for manufacturing a multilayer plate with
composite material, the method comprising:

providing at least one aluminum-based thin sheet,

wherein a third surface and a second surface, which are
opposite to each other, of each of the at least one
aluminum-based thin sheet both are formed with a
plurality of micro holes;

stacking at least one composite material layer and the at

least one aluminum-based thin sheet alternatively to
form a multilayer plate, wherein a number of the at
least one composite material layer is smaller than or
equal to a number of the at least one aluminum-based
thin sheet;

performing a hot pressing operation on the multilayer

plate to fill a portion of each of the at least one
composite material layer into the micro holes of the
adjacent aluminum-based thin sheet; and

performing a passivation process of an anodizing treat-

ment on the multilayer plate to form a first passivation
layer on the third surface and a first surface.

8. The method of claim 7, wherein providing the at least
one aluminum-based thin sheet comprises performing a
chemical etching operation on an aluminum-based metal
layer of the at least one aluminum-based thin sheet to form
the third surface and the second surface of the at least one
aluminum-based thin sheet having the micro holes with
acute-angle appearance.

9. The method of claim 7, wherein providing the at least
one aluminum-based thin sheet comprises performing a hot
rolling thinning treatment on an aluminum-based metal
sheet to form an aluminum-based metal layer of the at least
one aluminum-based thin sheet.

10. The method of claim 9, wherein performing the hot
rolling thinning treatment comprises forming surfaces of the
aluminum-based metal layer of the at least one aluminum-
based thin sheet having crystal grain preferred orientation of
(110) plane.



