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(57) ABSTRACT

Thereis provided a method for manufacturing a joint member
obtained by joining a carbon fiber composite material con-
taining a thermoplastic resin as a matrix and a metal. The
method includes a step (i) of forming an uneven shape having
adepth 0f'0.02 to 0.6 mm on a surface of the metal at a joining
portion; a step (ii) of providing a thermoplastic resin layer
having a thickness in the range of Sum or more and 5 mm or
less at a joining portion between the surface of the metal and
a surface of the composite material; and a step (iii) of melting
the thermoplastic resin layer by heating the joining portion to
thereby combine the metal and the composite material into
one.
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METHOD FOR MANUFACTURING JOINT
MEMBER AND JOINT MEMBER

TECHNICAL FIELD

[0001] The present invention relates to a joint member of a
thermoplastic carbon fiber composite material and a metal,
and a joint member obtained by the method.

BACKGROUND ART

[0002] A carbon fiber composite material has high specific
strength and specific rigidity and is light in weight, so that it
is valued as an extremely excellent material in various fields.
Hitherto, in joining a thermosetting carbon fiber composite
material using a thermosetting resin as a matrix to a different
kind of a material, particularly a metal, there have been
employed joining using a bolt and a nut, a rivet or the like that
is mechanical joining or joining using an adhesive. The
mechanical joining with a bolt, a nut or the like generally
involves an increase in weight and also particularly, there is a
concern that in a composite material, stress is concentrated in
a joining point, and in the worst case, fracture continuously
proceeds starting from the first stress concentrated point. In
the joining using an adhesive, it is generally necessary to
secure an adhesive layer having a certain thickness in order to
secure strength. Particularly, in the case of joining a large-
sized member, a considerably amount of the adhesive is
required. As a result, there is a concern for a great increase in
weight of the resulting member. Furthermore, there is a prob-
lem that joining strength thereof is not always sufficient with
only the adhesive. Additionally, in the joining with the adhe-
sive, since much time is generally required until practical
joining strength is attained from joining, an aging step must
be taken into consideration after the joining.

[0003] Onthe other hand, in a carbon fiber composite mate-
rial using a thermoplastic resin as a matrix (hereinafter some-
times referred to as a “thermoplastic carbon fiber composite
material” or simply a “composite material”’), materials are
joined to each other by welding in a range that the thermo-
plastic resin is compatible, and joining strength comparable
to a joined body of the matrix resin itself can be expected.
However, there are many cases that the joining of the matrix
resin to a metal by welding (fusing) is difficult even in the case
of the thermoplastic carbon fiber composite material.

[0004] To weld the thermoplastic carbon fiber composite
material to a metal, it is required that the thermoplastic resin
itself used as a matrix can weld to the metal. Patent Document
1 describes that a metal and a resin are joined by welding.
Specifically, there is described that the both can be joined due
to an anchor effect by injection-molding a resin to an alumi-
num material whose surface is made finely porous. Moreover,
Patent Documents 2 to 6 describe that a resin and a metal are
joined by applying a certain treatment to a metal surface.
[0005] Furthermore, with regard to a thermosetting carbon
fiber composite material containing a thermosetting resin as a
matrix, Patent Document 7 describes a joining method with
arranging an intermediate resin layer having an affinity with
both a metal and the composite material.
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[0010] Patent Document 5: JP-A-2011-235570
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[0012] Patent Document 7: JP-A-2006-297927

SUMMARY OF INVENTION
Problems that Invention is to Solve
[0013] An advantage of a thermoplastic carbon fiber com-

posite material containing a thermoplastic resin as a matrix is
that its shape easily changes when heat is applied. Therefore,
injection- or press-molding can be conducted within an
extremely short period of time as compared with a thermo-
setting carbon fiber composite material containing a thermo-
setting resin as a matrix. Therefore, if the thermoplastic resin
as a matrix can be utilized for joining in the thermoplastic
carbon fiber composite material, it is considered that the
joining of the carbon fiber composite material and a metal can
be extremely easily and extremely efficiently achieved by
thermocompression bonding in a mold and also the molding
of the joint member can be simultaneously performed.
[0014] However, even when the thermoplastic carbon fiber
composite material is tried to achieve joining by the joining
method of a thermoplastic resin and a metal, as described in
Patent Documents 2 and 3, in the thermoplastic carbon fiber
composite material, the thermoplastic resin as a matrix isin a
state of “soaking into” a carbon fiber bundle. Therefore, the
resin is not always homogeneously present on the surface of
the material, and in some cases, a portion “deficient” in the
thermoplastic resin is present, so that there was a concern that
sufficient joining strength is not developed and joining
strength shows great variations. Furthermore, the carbon fiber
causes a so-called electrolytic corrosion to a metal. Therefore,
when the carbon fiber comes into contact with a metal in a
portion deficient in the matrix resin, the contact causes the
corrosion of a metal.

[0015] A main object of the present invention is to provide
a method for manufacturing a joint member in which a ther-
moplastic carbon fiber composite material and a metal are
strongly joined.

Means for Solving the Problems

[0016] Asaresultof intensive investigations on the method
for achieving strong joining between a thermoplastic carbon
fiber composite material and a metal, the present inventors
have found that the metal and the composite material can be
closely adhered and joined strongly and stably by forming an
uneven shape having a specific depth on the metal surface
portion to which the composite material is to be joined, pro-
viding a thermoplastic resin layer between such a metal sur-
face portion and the composite material in a specific thick-
ness, and melting a part of the thermoplastic resin constituting
the thermoplastic resin layer and the thermoplastic carbon
fiber composite material by heating the joining portion con-
taining the thermoplastic resin layerto thereby closely adhere
and join the metal to the composite material, and thus have
reached the present invention.

[0017] Namely, the present invention relates to a method
for manufacturing a joint member obtained by joining a car-
bon fiber composite material containing a thermoplastic resin
as a matrix and a metal, the method including:
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[0018] astep (i) of forming an uneven shape having a depth
of 0.02 to 0.6 mm on a surface of the metal at a joining
portion;

[0019] a step (ii) of providing a thermoplastic resin layer
having a thickness in the range of 5 um or more and 5 mm or
less at a joining portion between the metal and the composite
material; and

[0020] a step (iii) of melting the thermoplastic resin layer
by heating the joining portion to thereby strongly join the
metal and the composite material.

Advantage of Invention

[0021] According to the present invention, a thermoplastic
carbon fiber composite material and a metal can be joined
strongly and stably by a simple method. Furthermore, by
joining the carbon fiber composite material and the metal
through a thermoplastic resin, electrolytic corrosion caused
by carbon fiber can be simultaneously prevented. Addition-
ally, a joint member of the carbon fiber composite material
and the metal can be obtained for a short period of time.
[0022] Moreover, the joining and molding can be con-
ducted simultaneously or continuously in the same mold.
Therefore, when they are simultaneously or continuously
performed, it becomes possible to produce a joined body of
the carbon fiber composite material and a metal (metal com-
posite molded body) having a shape molded into a desired one
in less number of steps for a short period of time.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a schematic view (cross-sectional view)
showing one embodiment of the joint member in the inven-
tion.

[0024] FIG.2isaschematic view of the hatin Example 6 of
the invention.
[0025] FIG. 3 is a schematic view of the disk-joined hat

material obtained in Example 6 of the invention.

EMBODIMENTS FOR CARRYING OUT
INVENTION

[0026] The present invention relates to a method for manu-
facturing a joint member obtained by joining a carbon fiber
composite material containing a thermoplastic resin as a
matrix (thermoplastic carbon fiber composite material) and a
metal, the method comprising:

[0027] astep (i) of forming an uneven shape having a depth
of 0.02 to 0.6 mm on a surface of the metal at a joining
portion;

[0028] a step (ii) of providing a thermoplastic resin layer
having a thickness in the range of 5 um or more and 5 mm or
less at a joining portion between the metal and the carbon
fiber composite material; and

[0029] a step (iii) of melting the thermoplastic resin layer
by heating the joining portion to thereby strongly join the
metal and the composite material.

[Thermoplastic Carbon Fiber Composite Material]

[0030] The thermoplastic carbon fiber composite material
used for joining to a metal in the invention is a composite
material using a thermoplastic resin as a matrix and contain-
ing a carbon fiber as a reinforcing fiber in such a matrix.

[0031] Here, the thermoplastic carbon fiber composite
material preferably contains the thermoplastic resin in an
amount of 50 to 1,000 parts by weight based on 100 parts by
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weight of the carbon fiber. More preferably, the amount of the
thermoplastic resin is from 50 to 400 parts by weight based on
100 parts by weight of the carbon fiber. Still more preferably,
the amount of the thermoplastic resin is 50 to 100 parts by
weight based on 100 parts by weight of the carbon fiber. When
the amount of the thermoplastic resin is 50 parts by weight or
more based on 100 parts by weight of the carbon fiber, a dry
carbon fiber exposed from the matrix resin is less prone to
increase, so that the case is preferred. Also, when the thermo-
plastic resin is contained in an amount of 1,000 parts by
weight or less based on 100 parts by weight of the carbon
fiber, the carbon fiber is contained in an appropriate amount
and thereby is suitable as a structural material, so that the case
is preferred.

[0032] Examples of the thermoplastic resin include polya-
mide, polycarbonate, polyoxymethylene, polyphenylene sul-
fide, polyphenylene ether, modified polyphenylene ether,
polyethylene terephthalate, polybutylene terephthalate, poly-
ethylene naphthalate, polyethylene, polypropylene, polysty-
rene, polymethyl methacrylate, AS resin, and ABS resin.
Particularly, in view of a balance between costs and proper-
ties, at least one selected from the group consisting of polya-
mide, polypropylene, polycarbonate and polyphenylene sul-
fide is preferred.

[0033] Moreover, as the polyamide (sometimes abbrevi-
ated as “PA”, and sometimes called “nylon” as another
name), at least one selected from the group consisting of PA6
(called polycaproamide or polycaprolactam, and more accu-
rately, poly e-caprolactam), PA26 (polyethylene adipamide),
PA46 (polytetramethylene adipamide), PA66 (polyhexam-
ethylene adipamide), PA69 (polyhexamethylene azepamide),
PA610 (polyhexamethylene sebacamide), PA611 (polyhex-
amethylene undec amide), PA612 (polyhexamethylene dode-
camide), PA11 (polyundecane amide), PA12 (polydodecane
amide), PA1212 (polydodecamethylene dodecamide), PA6T
(polyhexamethylene terephthalamide), PA6I (polyhexameth-
ylene isophthalamide), PA912 (polynonamethylene dodeca-
mide), PA1012 (polydecamethylene dodecamide), PAIT
(polynonamethylene terephthalamide), PA9I (polynonam-
ethylene isophthalamide), PA10T (polydecamethylene
terephthalamide), PA10I (polydecamethylene isophthala-
mide), PA11T (polyundecamethylene terephthalamide),
PA111 (polyundecamethylene isophthalamide), PA12T
(polydodecamethylene terephtalamide), PA121 (polydodeca-
methylene isophthalamide), and polyamide MXD6 (poly-
metaxylene adipamide) is preferred.

[0034] These thermoplastic resins may contain additives
such as a stabilizing agent, a flame retardant, a pigment and a
filler, according to the need.

(Carbon Fiber)

[0035] The form of the carbon fiber in the thermoplastic
carbon fiber composite material is not particularly limited,
and the carbon fiber can be a discontinuous (non-continuous)
fiber or a continuous fiber. In the case of the continuous fiber,
the carbon fiber may be in the form of a woven fabric, and may
be in the form of a sheet in which carbon fibers are aligned in
one direction, for example, so-called “UD sheet” in which
strands of the continuous fiber are layered. In the case of
layering those in which fibers are aligned in one direction, the
layering can be performed while varying the fiber arrange-
ment direction of each layer. For example, the layers can be
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alternately layered in directions perpendicular to each other.
Also, layering surfaces may be arranged symmetrically in a
thickness direction.

[0036] The carbon fibers may be present in the state of
carbon fiber bundle in the composite material, or the states of
carbon fiber bundle being mixed with a single fiber. Substan-
tially, only the single fiber may be present in a dispersed state.
In the case of using the discontinuous carbon fiber, the fibers
may be formed into a sheet obtained by paper-making of such
carbon fibers or may be formed into a random mat in which
the fibers may be arranged so as to be dispersed and over-
lapped in-plane-randomly. In the discontinuous carbon fibers,
it is preferred that a carbon fiber bundle in which a large
number of single fibers are bundled and a single fiber or a fiber
similar to the single fiber state are mixed and they are present
in specific ratios. When the discontinuous carbon fibers are
arranged disorderly in the plane, i.e., two-dimensionally-ran-
domly in the composite material, moldability as a sheet-like
molded article and formability in the case of using a mold
become good, so that the case is preferred.

[0037] In the case of using discontinuous carbon fibers,
from the viewpoint of joining strength and easiness in mold-
ing at manufacturing a molded body having a desired shape,
an average fiber length thereof is preferably in the range of 3
mm or more and 100 mm or less, more preferably in the range
of' 5 mm or more and 50 mm or less. When the average fiber
length of the carbon fibers is 3 mm or more, thermal shrinkage
of the composite material after joining is small. When the
average fiber length is 100 mm or less, the proportion of
carbon fibers exposed to the surface of the composite material
is suppressed and a contact area with a metal can be suffi-
ciently secured, so that a sufficient joining strength can be
achieved.

[0038] In the invention, particularly preferred is one
wherein the thermoplastic carbon fiber composite material
constituted by an isotropic random mat, in which discontinu-
ous carbon fibers are two-dimensionally-randomly arranged,
and a thermoplastic resin, and wherein a ratio of a carbon fiber
bundle (A) including carbon fibers of a critical number num-
ber of single fiber or more, the critical number of single fiber
being defined by the following formula (a) in the mat to a total
volume of the carbon fibers in the mat is preferably 20 Vol %
or more and 99 Vol % or less, more preferably 20 Vol % or
more and less than 99 Vol %, further preferably 30 Vol % or
more and less than 90 Vol %, and particularly preferably 35 to
80 Vol %, and an average number (N) of fibers in the carbon
fiber bundle (A) satisfies the following formula (b):

Critical number of single fiber=600/D (a)
0.7x10%D? <N<1x10%/D? (b)
[0039] wherein D is an average fiber diameter (um) of

single carbon fiber.

[0040] Such a random mat constituting the thermoplastic
carbon fiber composite material can be produced by, for
example, methods described in W02012/105080 and JP-A-
2013-49208. For example, after a strand including a plurality
of carbon fibers is continuously slit along a fiber length direc-
tion to form a plurality of narrow strands having a width of
0.05 to 5 mm as needed, the narrow strands are continuously
cut into strands having an average fiber length of 3 to 100 mm.
Then, the cut chopped strands (carbon fiber bundles) are
opened by blowing a gas thereto and, in that state, the opened
bundles are deposited in a layer form on a breathable con-
veyor net or the like. Thereby, an isotropic random mat can be
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obtained. On this occasion, it is also possible to adopt a
method of producing a two-dimensional isotropic random
mat containing a thermoplastic resin by depositing a particu-
late or short fiber-shaped thermoplastic resin on the breath-
able net conveyor together with carbon fibers or by supplying
a molten thermoplastic resin in a film form to a mat-shaped
carbon fiber layer to impregnate the resin into the carbon fiber
layer.

[0041] The “two-dimensional isotropic random mat” used
herein means a homogeneous mat in which discontinuous
carbon fibers are arranged in a horizontal plane in random
directions and lack direction in the plane. An isotropic ther-
moplastic carbon fiber composite material can be obtained by
melting a thermoplastic resin and homogeneously impregnat-
ing the two-dimensional isotropic random mat with the mol-
ten thermoplastic resin.

[0042] Inthe method, by controlling conditions for opening
the carbon fiber bundle, the carbon fiber bundle can be opened
such that a carbon fiber bundle (A) bundled in critical number
of'single fiber defined by the above formula (a) or more and a
carbon fiber bundle (B1) in less than the critical number of
single fiber, and/or a carbon single fiber (B2) are mixed. It is
sufficient to form an isotropic random mat in which the ratio
of the carbon fiber bundle (A) in the isotropic random mat to
a total volume of the carbon fibers is controlled to, for
example, 20 Vol % or more and less than 99 Vol %, preferably
30 Vol % or more and less than 90 Vol %, and further prefer-
ably 3510 80 Vol %, and an average number (N) of fibers in the
carbon fiber bundle (A) satisfies the above formula (b).

[0043] In the above method, it is also possible to form the
isotropic random mat containing carbon fiber on anon-woven
fabric by arranging the non-woven fabric composed of a
thermoplastic resin on a net conveyor, and moving the non-
woven fabric together with the net conveyor.

[0044] Thus, the thermoplastic carbon fiber composite
material prepared using the isotropic random mat containing
a specific ratio of the fiber bundle in the state that a certain
number of carbon fibers are bundled has particularly good
joinability to a metal member to be described hereinafter.
Although the reason is not yet clarified, it is presumed to be
due to thermal shrinkage difference between the thermoplas-
tic carbon fiber composite material and the metal, joining
area, and the surface state of the composite material.

[0045] For the aforementioned random mat, a sheet pre-
pared by paper-making, which contains discontinuous carbon
fibers, a UD sheet in which continuous carbon fibers are
aligned in one direction, and the like, each of them is all
formed into a thermoplastic carbon fiber composite material
containing a thermoplastic resin as a matrix by heating and
pressurizing a single layer or a layered body thereof in the
state of containing the thermoplastic resin and melting the
thermoplastic resin contained in the sheet or mat to impreg-
nate the molten thermoplastic resin into carbon fibers. The
thermoplastic resin in this case may be supplied when pro-
ducing a sheet or mat of carbon fibers or, after the production
of a sheet or mat containing carbon fibers, the sheet or mat
may be impregnated with the thermoplastic resin by layering
a layer including the thermoplastic resin and heating and
pressurizing the layer. Any thermoplastic carbon fiber com-
posite material is not limited to a flat plate shape, may be
formed so as to have a cross-section of L-shape, T-shape,
H-shape, U-shape and V-shape, and may have a curved sur-
face.
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[0046] As another method for manufacturing the thermo-
plastic carbon fiber composite material, there may be a
method in which, using long-fiber pellets, i.e., pellets
obtained by steps of adjusting a molten resin to a specific
viscosity, impregnating carbon fibers of continuous fiber with
the molten resin, and then cutting, the pellets are molded into
a specific shape by an injection molding machine. The forms
of the carbon fiber composite material may be one obtained
by molding the above pellets into a specific shape by an
injection molding machine or a composite material obtained
by impregnating a UD sheet of continuous fibers or a sheet
obtained by wet paper-making of discontinuous fibers with a
molten thermoplastic resin. However, in the invention, it is
particularly preferred to use a composite material obtained by
impregnating the aforementioned two-dimensional isotropic
random mat with a molten thermoplastic resin.

[0047] Meanwhile, the thermoplastic carbon fiber compos-
ite material to be used in the invention is not limited to a
composite material in which reinforcing fiber is solely con-
stituted by carbon fibers and includes a composite material in
which 50% by weight or more, preferably 70% by weight or
more of the reinforcing fiber is constituted by carbon fibers.
Namely, it is possible to use a thermoplastic carbon fiber
composite material which contains other reinforcing fiber
such as an aramid fiber or a glass fiber instead of carbon fiber
in the range of less than 50% by weight, preferably less than
30% of the reinforcing fiber contained in the composite mate-
rial.

[Metal]

[0048] As the metal to be used in the invention, there may
be specifically mentioned metals such as iron, stainless steel,
aluminum, copper, brass, nickel and zinc, and alloy thereof. It
is preferred that the metal includes at least one selected from
iron and aluminum, and it is more preferred that an element
constituting the metal mainly includes iron or aluminum. The
term “mainly includes” used herein means that the content
thereofaccounts for 90% by weight or more. Particularly, iron
such as SS steel (rolled steel material for general structure),
SPCC steel (cold-rolled steel material) or high tensile mate-
rial (high tensile steel), stainless steel such as SUS304 or 316,
aluminum of #1000 to #700, and alloys thereof are preferably
used. The shape of the metal member to be joined is not
particularly limited and can be appropriately selected in con-
formity with the joint member to be obtained.

[0049] Meanwhile, the metal member may contain two
kinds or more of metals and may be a member containing a
metal at least on its surface. Also, one having metal plating on
the surface thereof may be used. The shape is not limited to
only a flat plate shape so long as a surface necessary for
joining to the thermoplastic carbon fiber composite material
is secured, and any optional shape can be used. For example,
a metal member having a cross-section of L-shape, T-shape,
H-shape, U-shape and V-shape may be used, and a cylindrical
metal member may be used. Furthermore, a metal member
having a curved surface may be used.

[Step (1): Processing of Metal Surface]

[0050] Inthe step (i), for the metal to be joined, unevenness
having a depth of 0.02 to 0.6 mm, preferably a depth of 0.05
to 0.5 mm is formed on a part or all part of the surface to be a
joining portion. The unevenness can be formed by subjecting
a surface of the metal to laser irradiation, blasting, polishing,
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cutting, filing, or a chemical treatment. By forming the
unevenness on the metal surface as above, a thermoplastic
resin melted by heating is penetrated into a concave portion of
the unevenness on the metal surface at the time of joining the
thermoplastic carbon fiber composite material and the metal,
and thus higher joining strength is obtained.

[0051] As the uneven shape, a grid-shaped one having an
interval of 0.02 to 0.6 mm or a dent having a diameter of 0.02
to 0.6 mm as the concave portion of the uneven shape is
preferred.

[0052] Inthe case where the unevenness is formed by laser
irradiation, the laser beam spot diameter of a 20W model is
focused to from 0.02 to 0.6 mm¢ and thus a groove having a
U-shaped or V-shaped cross-section having a depth 0o 0.02 to
0.6 mm can be formed in a grid-shape at a distance between
laser spot centers of 0.02 to 0.6 mm intervals. In this case, the
groove width is preferably from 0.05 to 0.5 mm.

[0053] In the laser treatment, it is preferred to irradiate a
surface of the metal with a laser light having a wavelength of
300 nm to 1,100 nm at an intensity of 50 W/mm? or more. By
adopting such irradiation conditions of the laser light, the
uneven shape can be uniformly formed with suppressing a
decrease in metal strength. The depth and width of the above
groove is controllable by selecting the conditions of the laser
treatment.

[0054] Here, as usable laser, various ones such as a solid
laser, a liquid laser, a gas laser, a semiconductor laser, and a
chemical laser can be applied, and examples of the solid laser
include YAG (yttrium-aluminum-garnet) laser and sapphire
laser and examples of the gas laser include carbon dioxide
laser and helium neon laser.

[0055] As blasting, there may be mentioned a grit blasting,
a sand blasting, a shot blasting, a wet blasting, and the like,
and the sand blasting is preferred. In the case of forming the
unevenness by blasting, a blasting material having a particle
size (diameter) of 40 to 2,000 um is used and a dent that may
be regarded as a sphere having a diameter (¢) of 0.02 to 0.6
mm and a depth of 0.02 to 0.6 mm can be formed. As the
blasting material, dry ice or the like can be also used besides
the material made of a metal or ceramic.

[0056] The unevenness to be formed on the metal surface to
be a joining portion may be arranged regularly or irregularly.
However, for obtaining higher joining strength, it is preferred
to arrange the uneven portion so that the total area of the
portion accounts for 10% or more of the surface area on the
metal at the joining portion. The depth, shape, size, and the
like of each uneven portion to be formed on the surface of the
metal are not necessarily all the same and variously shaped
unevenness may be mixed. Meanwhile, the depth of the
unevenness formed herein refers to, in the case where only a
concave portion such as a groove or dent is formed on a flat
metal surface, a depth of the groove or dent until the deepest
part of the groove or dent measured on the basis of the flat
surface and, in the case where a concave portion and a convex
portion are formed on the metal surface, the depth refers to a
depth until the deepest part of the concave portion measured
on the basis of a horizontal plane containing the most pro-
truded part of the convex portion. In the measurement, for the
metal surface on which the unevenness is formed, 10 places of
a region 1 cm square are chosen at random, the depth is
measured for all the uneven portions present in each region,
and an average value thereof'is taken as a depth of the uneven-
ness.
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<Organic Coating Layer>

[0057] The method for manufacturing a joint member of
the invention may include a step (i-A) of providing an organic
coating layer on the surface of the metal on which the uneven-
ness has been formed. The step (i-A) is preferably a step of
providing the organic coating layer between the surface of the
metal on which the unevenness has been formed and the
thermoplastic resin layer, and is preferably performed
between the step (1) and the step (ii). Through the step (i-A),
by a method of imparting an organic compound that strength-
ens joining force between the metal and the thermoplastic
resin layer through application, immersion, or the like to the
surface of the metal on which the unevenness has been formed
and then performing a drying treatment, or by an electro-
chemical method, a thin layer of the organic compound (here-
inafter sometimes referred to as an “organic coating layer”)
can formed beforehand on the surface of the metal to be
joined. Thus, the surface can be subjected to joining and
thereby the adhesiveness at the joining portion between the
metal and the thermoplastic resin layer can be still more
enhanced. As the organic coating layer, a layer containing a
triazine thiol derivative is preferred.

[0058] The organic coating layer is not necessarily formed
on the entire surface of the metal to be joined, and the thick-
ness is not particularly limited so long as adhesiveness can be
secured. An average thickness of the organic coating layer is
preferably from 0.005 to 10 pm.

[0059] As the triazine thiol derivative suitable for the for-
mation of the organic coating layer, there may be preferably
mentioned a dehydrated silanol-containing triazine thiol
derivative to which chemical bonding to a metal can be
expected, and an alkoxysilane-containing triazine thiol
derivative. The alkoxysilane-containing triazine thiol deriva-
tive is preferably at least one selected from the group consist-
ing of compounds represented by the following general for-
mulae (1), (2), and (3):

(6]
RINR2SiX;_,.Y,

]
PPN
HS N SM
NR’SiX;.,Y,
8
PPN
HS N SM

[0060] (Inthe above general formulae (1) and (2), R' is any
one of H—, CH,—, C,Hs—, CH,—CHCH,—, C,Hs—,
C¢Hs— and CH,;—; R* is any one of —CH,CH,—,

@

—CH,CH,CH,—, —CH,CH,CH,CH,CH,CH,—,
— CH,CH,SCH,CH,— and
— CH,CH,NHCH,CH,CH,—; R® is —(CH,CH,)
L,CHOCONHCH,CH,CH,—  or  —(CH,CH,),N—

CH,CH,CH,—, and in this case, N and R® form a cyclic
structure; X in the formulae is any one of CH;—, C,Hs—,
n-C;H,—, i-C;H,—, n-C,Hy—, i-C,Hy—, t-C,Hs— and
C¢Hs—; Y is any one of CH;0—, C,H,0—, n-C;H,0—,
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i-C;H,0—, n-C,H,O—, i-C,H,O—, t-C,H,O— and
CH;O—, n in the formulae is an integer of 1 to 3, and M is
—H or an alkali metal.)

)]
HS N, SM'
\( \|/
NYN

R4

CONHCH, Si(Z);

[0061] (In the above general formula (3), R* is —S—,
—O—, —NHCH,C,H,0—, —NHC,H,0—, —NHCH,
(C1HO—, —NHCH,CH;(NO,)O—, —NHCH,(NO,)O—,
—NHC H,(CN)O—, —NHCH,(NO,),0—, —NHC.H,
(COOCH;)0—, —NHC, ,H,O—, —NHC, ;H;(NO,)O—,
—NHC, ,H,(NO,),0—, —NHC-H,S—, —NHCH;(CI)
S—, —NHCH,CH;(NO,)S—, —NHCH;(NO,)S—,
—NHC H,;(CN)S—, —NHCH,(NO,),S—, —NHCH,
(COOCH;)S—, —NHC, ;H,S—, —NHC, H,(NO,)S—
and —NHC, ,H,(NO,),S—, M'is—H or an alkali metal, Z is
an alkoxy group, and j is an integer of 1 to 6).

[0062] In the above general formulae (1) to (3), the alkali
metal is preferably at least one selected from the group con-
sisting of lithium, sodium, potassium, rubidium and cesium.

[0063] The triazine thiol derivative to be used in the inven-
tion specifically includes monosodium triethoxysilylpropy-
laminotriazine thiol that is an alkoxysilane-containing triaz-
ine thiol derivative showing an excellent effect, and the
chemical formula is represented by the following formula (4).

@
HS

OCH.
)\N 7 25
PWa
)\\N/ NH OC,Hs

NaS

[0064] As a method for forming the layer containing a
triazine thiol derivative, the method described in WO2009/
157445 is preferably mentioned. Specifically, there may be
mentioned a method of immersing a metal to be joined in a
water and ethanol solution of an alkoxysilane-containing tri-
azine thiol, subsequently pulling out the metal, subjecting it
to a heat treatment, completing reaction, and drying it. Also,
there can be employed a method of applying the water and
ethanol solution of an alkoxysilane-containing triazine thiol
on a surface of the metal by means of aroller, a spray, a brush,
or the like and subsequently performing a heat treatment. The
layer containing a triazine thiol derivative may contain sub-
stances other than the triazine thiol derivative in a range that
the object of the invention is not impaired.

[0065] In the invention, the organic coating layer is prefer-
ably the layer containing a triazine thiol derivative as men-
tioned above, but may be a layer of the other organic com-
pound having a function equivalent to the above, for example,
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asilane coupling agent, a compound having a polar functional
group such as a hydroxyl group or a carboxyl group, or the
like.

<Metal Compound Layer>

[0066] It is preferable to contain a metal compound layer
such as a hydroxide, a carbonate, a phosphate or a sulfate
between the layer containing a triazine thiol derivative and the
metal because further enhancement in joining strength can be
expected. As a method for preparing the metal compound
layer, the method described in WO2009/157445 may be pret-
erably mentioned. Specifically, there may be mentioned a
method of immersing the metal in an acid such as hydrochlo-
ric acid, sulfuric acid or phosphoric acid prior to the forma-
tion of the layer containing a triazine thiol derivative on the
surface of the metal to be joined.

[Step (ii): Formation of Thermoplastic Resin Layer]|

[0067] Intheinvention, athermoplastic resin layerhaving a
thickness ranging from 5 pm to 5 mm, preferably from 20 pm
to 4 mm, further preferably from 40 pm to 3 mm is provided
between the carbon fiber composite material containing a
thermoplastic resin as a matrix and the surface of the metal on
which an uneven shape having a depth of 0.02 to 0.6 mm has
been formed, and the joining portion is heated to melt the
thermoplastic resin layer, thereby joining the metal and the
thermoplastic carbon fiber composite material.

<Thermoplastic Resin Layer>

[0068] The above thermoplastic resin layer is preferably
formed from at least one sheet of a layer substantially consti-
tuted by a thermoplastic resin, the layer containing a hot-melt
film, a sheet, a woven fabric, a non-woven fabric or a powder.
Ofthese, it is more preferable to form it from a layer contain-
ing the film, sheet or non-woven fabric. Here, “substantially”
means that the layer may contain, for example, additives such
as a stabilizing agent, a flame retardant, a pigment, a filler, a
plasticizer, and a melt viscosity adjusting agent, according to
the need (in a ratio of 20% by weight or less as a whole), in
addition to the thermoplastic resin. The thermoplastic resin
layer is used in a form of a film, a sheet, a woven fabric, a
non-woven fabric or a powder, and can be arranged by ther-
mocompression bonding on a surface of the metal or the
thermoplastic carbon fiber composite material or by thinly
adhering to or layering on the surface of the metal or the
thermoplastic carbon fiber composite material through injec-
tion molding or melt extrusion of the molten thermoplastic
resin.

[0069] With regard to the kind of a thermoplastic resin
constituting the thermoplastic resin layer, the resin is prefer-
ably a resin that is compatible with the matrix resin of the
thermoplastic carbon fiber composite material, and there may
be preferably mentioned a resin similar to the matrix resin
constituting the thermoplastic carbon fiber composite mate-
rial. More preferably, the thermoplastic resin constituting the
thermoplastic resin layer and the thermoplastic resin consti-
tuting the matrix resin of the thermoplastic carbon fiber com-
posite material are the same kind of resins from the viewpoint
of joining strength.

[0070] The thermoplastic resin constituting the thermo-
plastic resin layer includes polyamide, polycarbonate, poly-
oxymethylene, polyphenylene sulfide, polyphenylene ether,
modified polyphenylene ether, polyethylene terephthalate,
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polybutylene terephthalate, polyethylene naphthalate, poly-
ethylene, polypropylene, polystyrene, polymethyl methacry-
late, AS resin, ABS resin, and the like, similarly to the matrix
resin of the thermoplastic carbon fiber composite material.
Particularly, from the balance between costs and physical
properties, at least one selected from the group consisting of
polyamide, polypropylene, polycarbonate and polyphe-
nylene sulfide is preferred. As the polyamide constituting the
thermoplastic resin layer, particularly preferred are polya-
mides the same as those exemplified as matrix resins of the
thermoplastic carbon fiber composite material.

[0071] These thermoplastic resins may contain additives
such as a stabilizing agent, a flame retardant, a pigment a
filler, a plasticizer, and a melt viscosity adjusting agent,
according to the need.

[0072] The thickness of the thermoplastic resin layer is 5
um or more and 5 mm or less, preferably 20 pm or more and
4 mm or less, and more preferably 40 um or more and 3 mm
or less. When the thickness of the resin layer is 5 um or more,
sufficient strength is obtained. When the thickness of the resin
layer exceeds 5 mm, moment acts on a joining surface when
shear load is applied to one or both of the metal and the carbon
fiber composite material, and strength may be decreased as a
whole. By providing the thermoplastic resin layer in a thick-
ness of 5 um or more, sufficient resin can be supplied when
fusing in the step (iii), and the carbon fiber can be prevented
from coming into contact with the metal, so that prevention of
electrolytic corrosion can be expected.

[0073] Here, with respect to the thickness of the thermo-
plastic resin layer, in the case where the thermoplastic resin
layer is substantially constituted by a film, a sheet, a non-
woven fabric, or the like, it means a thickness before melting
thereof. If a plurality of layers is layered, it means a total
thickness after layering.

[0074] The thermoplastic resin layer is not necessarily pro-
vided on the entire surface of the metal and the entire surface
of'the composite material to be joined and may be provided on
a part thereof so long as the adhesiveness can be secured. The
thermoplastic resin layer is arranged on the joining portion in
a form of a film, a sheet, a woven fabric, a non-woven fabric
and/or a powder, and heat and pressure are applied to melt the
thermoplastic resin such a degree that the fibers of the ther-
moplastic carbon fiber composite material can be impreg-
nated with the resin, finally joining the metal to the carbon
fiber composite material.

[0075] By heating and melting the film, sheet, non-woven
fabric, or the like to be the thermoplastic resin layer in a state
of' coming into contact with at least one of the uneven surface
of the metal and the surface of the composite material, pref-
erably the uneven surface of the metal beforehand and then
cooling to solidify, a homogeneous thermoplastic resin layer
can be also formed on the surface. The temperature in the step
of forming the thermoplastic resin layer on the surface of the
metal or the composite material to be joined is preferably in
the range of (melting temperature of thermoplastic resin+15°
C.) or more and (decomposition temperature thereof-30° C.)
or less, more preferably in the temperature range of (melting
temperature of thermoplastic resin+20° C.) or more and (de-
composition temperature thereof-20° C.) or less. For
example, in the case where the thermoplastic resin is PA6
(melting point: 220° C.), preferable temperature is from 235
t0 300° C. Meanwhile, the “melting temperature” used herein
is a melting temperature of the resin constituting the thermo-
plastic resin layer and is a temperature that initiates sufficient
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flowability when a melting point does not exist. In the case
where the thermoplastic resin layer is formed by bringing the
above film, sheet, non-woven fabric, or the like into contact
with the uneven surface of the metal and heating and melting
it, preferably used is a method of laminating and fusing the
film, sheet, non-woven fabric, or the like on the metal heated
to the above temperature beforechand, a method of heating the
metal after laminating the thermoplastic resin layer on the
metal to fuse the layer, or a similar method.

[0076] In this case, when the surface temperature of the
metal is less than the above range, there is a case where the
thermoplastic resin is difficult to adapt to the surface and,
when the temperature exceeds the above range, the decom-
position of the thermoplastic resin may proceed. Further-
more, the time for maintaining such temperature is preferably
as short as possible so long as a time for essentially joining the
thermoplastic carbon fiber composite material to the metal
can be secured and, for example, the time is preferably from
about 10 seconds to 10 minutes.

[0077] Moreover, the thermoplastic resin layer may be
formed on the joining surface by directly coating at least one
of the uneven surface of the metal and the surface of the
composite material with the molten thermoplastic resin.
[0078] The joining surface between the thermoplastic car-
bon fiber composite material and the metal is not limited to a
flat surface, and may be a curved surface or an uneven surface.
In the invention, when a non-woven fabric made of a flexible
thermoplastic resin is placed on both joining surfaces and the
resin is melted to form a thermoplastic resin layer, the joining
can be performed without problem even though a gap is
somewhat present between the composite material and the
metal to be joined.

<Non-Woven Fabric>

[0079] In the invention, the thermoplastic resin layer may
be substantially formed from a non-woven fabric. In this case,
it is preferable to join the metal surface and the thermoplastic
carbon fiber composite material by placing a non-woven fab-
ric made of a thermoplastic resin between the thermoplastic
carbon fiber composite material and the surface of the metal
member having the uneven shape and heating and melting the
thermoplastic resin constituting the non-woven fabric. The
non-woven fabric used here is constituted by a thermoplastic
resin that melts by heating and adheres to the metal. Of the
thermoplastic resins mentioned above, preferred are, for
example, hot-melt polyamide (nylon), polycarbonate, poly-
ethylene terephthalate, polybutylene terephthalate, polyeth-
ylene naphthalate, polyethylene, polypropylene, and the like.
Of these, polyamide and polypropylene are more preferred
from the balance between costs and physical properties. As
the polyamide (sometimes abbreviated as PA), particularly
preferred are PA6, PA66, copolymers and a blend including
those as main components. These non-woven fabric-consti-
tuting resins may contain additives such as a stabilizing agent,
aflame retardant, a pigment, a filler, and the like, according to
the need.

[0080] The constituent fiber of the non-woven fabric may
be a continuous and/or discontinuous fiber but a fiber that is
easy to melt by heating is preferred. From this standpoint, a
fiber that is not subjected to stretching nor heat treatment is
appropriate. When a non-woven fabric containing the same
kind of resin as the thermoplastic resin that is a matrix of the
thermoplastic carbon fiber composite material is used as the
non-woven fabric, the thermoplastic resin is compatible with
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the matrix resin of the thermoplastic carbon fiber composite
material upon heating and melting as described hereinafter,
and the whole resin layer becomes completely unified homo-
geneously, so that the case is preferable.

[0081] Non-woven fabrics produced by any method of a
dry process such as an air raid method or a needle punch
method and a wet process such as a paper-making method can
be used as the non-woven fabric. However, use of the non-
woven fabric by a spun-bond method (including a melt-blow
method, but not limited to this) which includes a continuous
fiber excellent in costs, productivity and hot-meltability is
particularly preferred. As the non-woven fabric, one non-
woven fabric only may be used or a stacked product of a
plurality of non-woven fabrics may be used. In the case of the
latter, different kinds of non-woven fabrics may be combined
and stacked.

[0082] This non-woven fabric is preferably provided over
the entire surface on which the thermoplastic carbon fiber
composite material and the metal are to be joined. However,
in the case where necessary joining strength (adhesiveness)
can be secured, the non-woven fabric may locally be pro-
vided. Furthermore, the non-woven fabric can contain an
appropriate amount of water, a plasticizer or the like for the
purpose of making the non-woven fabric melt easily by heat-
ing, according to the need.

[0083] Itis preferable that the non-woven fabric has a total
fiber areal weight of 10 to 500 g/m? and a total bulk density of
0.01t00.8 g/cm>. The non-woven fabric having the fiber areal
weight and total bulk density falling within the above ranges
has both appropriate air permeability and elasticity in the
thickness direction thereof. Therefore, when the thermoplas-
tic carbon fiber composite material and the metal member are
layered in the state of allowing the non-woven fabric to inter-
vene therebetween and pressurized under heating, the non-
woven fabric is melted under almost uniform pressure.
Accordingly, penetration into the surface part of the thermo-
plastic carbon fiber composite material and/or fine uneven-
ness present on the metal surface becomes easy and, as a
result, joining area can be secured. Thereby, it becomes pos-
sible to enhance joining strength. Furthermore, the non-wo-
ven fabric has appropriate flexibility as compared with a film,
and therefore, even in the case where the joining surface is a
curved surface, a follow-up property to a shape becomes
good. As a result, material setting at the time of molding is
easy, and it becomes possible to enhance the joining strength
at a target site. Therefore, an extremely excellent join state
can be achieved by using the non-woven fabric as mentioned
above.

[0084] The “total fiber areal weight” and “total bulk den-
sity”’ used herein mean a fiber areal weight and a bulk density
of the whole non-woven fabric, respectively. When the ther-
moplastic resin layer is constituted by one sheet of a non-
woven fabric, those are the fiber areal weight and bulk density
of the non-woven fabric, and in the case where a plurality of
non-woven fabrics are stacked to constitute the thermoplastic
resin layer, those are the sum of fiber areal weights and the
sum of bulk densities of the individual non-woven fabrics
stacked.

[Step (iii): Joining by Welding]

[0085] Inthe method for manufacturing a joint member of
the invention, by heating in a state of providing the thermo-
plastic resin layer between the metal surface on which the
unevenness has been formed and the carbon fiber composite
material, the thermoplastic resin layer is melted by heating
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and preferably the whole is simultaneously pressurized,
thereby joining the metal and the thermoplastic carbon fiber
composite material.

[0086] As already mentioned, the manufacturing method of
the invention includes a step (i) of forming an uneven shape
having a depth 0f 0.02 to 0.6 mm on a surface of the metal at
ajoining portion; a step (ii) of providing a thermoplastic resin
layer having a thickness in the range of 5 um or more and 5
mm or less at a joining portion between the surface of the
metal and a surface of the composite material; and a step (iii)
of' melting the thermoplastic resin layer by heating the joining
portion.

[0087] In the invention, the above steps (i), (ii), and (iii)
may be conducted in sequence or the steps (ii) and (iii) may be
conducted as one step after the step (i). The latter is excellent
in productivity since the production process is simplified.
Also, a step of forming the organic coating layer may be
added after the above step (i) and the steps (i), (i-A), (ii), and
(iii) may be conducted in sequence.

[0088] The heating method in the above step (iii) is prefer-
ably heat transfer, radiation, and the like by an external heater.
Furthermore, a method of heating the metal to be joined by
electromagnetic induction, a method of heating it by ultra-
sonic wave or laser, and a similar method can be also adopted.
The method of heating by electromagnetic induction is
extremely preferable for the reason that a joining surface (A)
of the metal and the thermoplastic resin layer can be directly
heated.

[0089] The heating temperature is preferably a melting
temperature of the thermoplastic resin constituting the ther-
moplastic resin layer or more and a decomposition tempera-
ture thereof or less, and more preferably (melting tempera-
ture+15° C.) or more and (decomposition temperature-30° C.
or less). For example, in the case where the above thermo-
plastic resins are all PA6, the temperature is suitably from 235
to 300° C.

[0090] The molten thermoplastic resin layer can provide a
joined body having better strength by bringing it into contact
with the thermoplastic carbon fiber composite material, fol-
lowed by compression-bonding.

[0091] In the invention, the thermoplastic resin layer and
the thermoplastic carbon fiber composite material are com-
pression-bonded in the above step (iii) but, after joining them,
a step (iv) of pressurization and compression-bonding under
heating may be further conducted according to need.

[0092] In the above steps (iii) and (iv), the pressuring con-
ditions at the time of compression-bonding are that a pressure
of preferably from 0.01 to 2 MPa, more preferably from 0.02
to 1.5 MPa, and still more preferably from 0.05 to 1 MPa, is
applied to the welding surface. When the pressure is 0.01 MPa
or more, good joining strength is easily obtained, the shape is
easily maintained because the thermoplastic carbon fiber
composite material is difficult to spring back during heating,
and material strength is increased, so that the case is pre-
ferred. When the pressure is 2 MPa or less, pressurized part is
difficult to crush, thereby the shape is easily maintained, and
material strength is increased, so that the case is preferred.
[0093] With regard to the thermoplastic resin layer to be
arranged between the metal and the thermoplastic carbon
fiber composite material, the thermoplastic resin layer may be
formed by adhering it to either side of the metal and the
thermoplastic carbon fiber composite material beforehand.
For example, there may be adopted a method of providing the
thermoplastic resin layer by heating and compression-bond-
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ing on the surface of the metal having the unevenness and
subsequently heating and compression-bonding the thermo-
plastic resin layer and a joining portion of the thermoplastic
carbon fiber composite material, i.e., a method of conducting
the above steps (i) to (iii) in sequence. Also, there may be used
a method of heating the metal surface, a thermoplastic resin
layer such as a film or a non-woven fabric, and a thermoplas-
tic carbon fiber composite material in a layered state to join
them all at once after the step (i) is conducted, i.e., a method
of conducting the steps (ii) and (iii) as one step. As the other
specific example in the case where the steps (ii) and (iii) are
simultaneously conducted, for example, a method of directly
applying a molten film of the thermoplastic resin on the metal
and layering the thermoplastic carbon fiber composite mate-
rial thereon may be mentioned. Furthermore, when the steps
(ii) to (iv) are simultaneously or continuously conducted after
the step (i) is conducted, molding time can be shortened and
a joint member can be efficiently manufactured.

[0094] As previously mentioned, in the invention, an
organic coating layer is preferably formed on the metal sur-
face to be joined beforehand. In this case, the thermoplastic
resin layer to be arranged between the organic coating layer
and the thermoplastic carbon fiber composite material may be
also adhered to either one side or both sides of the metal
having the organic coating layer and the thermoplastic carbon
fiber composite material beforehand to form the thermoplas-
tic resin layer on the surface(s). In the case where the ther-
moplastic resin layer is adhered and formed only on either one
side, it is preferred to form the layer on the metal surface side
having the organic coating layer formed on the surface. The
temperature in the case where the thermoplastic resin layer is
adhered and arranged on the metal surface having the organic
coating layer formed beforehand or on the surface of the
thermoplastic carbon fiber composite material is more pref-
erably (melting temperature of thermoplastic resin+15° C.) or
more and (decomposition temperature thereof-30° C. or
less). The thermoplastic resin layer is used in a form of a film,
a sheet, or a non-woven fabric and may be arranged by ther-
mocompression-bonding to a desired surface or by thinly
adhering to a molten resin by injection molding, extrusion, or
the like.

[0095] The temperature of the metal surface when bringing
the thermally molten thermoplastic resin layer into contact
with the metal having the organic coating layer is preferably
higher than (melting temperature of thermoplastic resin+15°
C.) and lower than (decomposition temperature thereof-30°
C.) as in the case where the organic coating layer is not
present. When the surface temperature of the metal is less
than the above range, there is a case where the thermoplastic
resin is difficult to adapt to the surface and, when the tem-
perature exceeds the above range, the decomposition of the
thermoplastic resin may proceed. Furthermore, the time for
maintaining such temperature is preferably as short as pos-
sible so long as a time for essentially joining the thermoplastic
carbon fiber composite material to the metal can be secured
and, for example, the time is suitably from about 10 seconds
to 10 minutes. With respect to the joining strength between
the thermoplastic resin layer and the metal, affinity with the
organic coating layer containing a triazine thiol derivative on
the surface of the metal is important, and there is generally a
concern that the organic coating layer is degraded by high
temperature. For this reason, a treatment at high temperature
for along period of time is not preferred. As one example, the
joining time at 275° C. is preferably about 10 minutes or less.
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[0096] Furthermore, the joined body can be also manufac-
tured all at once by interposing one layer or multilayer of the
thermoplastic resin layer having a form such as a film, a sheet,
or a non-woven fabric between the joining surface of the
metal having the organic coating layer and the composite
material and thermocompression-bonding the whole by heat-
ing and pressuring it at a temperature of (melting temperature
of thermoplastic resin+15° C.) or more and (decomposition
temperature of thermoplastic resin-30° C. or less). In the case
oflayering a plurality of thermoplastic resin layers, the layers
including different kinds of thermoplastic resins can be com-
bined and used. Moreover, the joining and molding may be
conducted simultaneously or continuously.

[0097] According to the invention, a joined body in which
the metal surface having an uneven shape formed and the
thermoplastic resin layer are strongly closely adhered is
obtained by conducting individual steps as mentioned above.
Namely, since the molten thermoplastic resin in the thermo-
plastic resin layer comes into contact with the uneven portion
on the metal surface by heating at the time of joining and is
particularly penetrated into the concave portion and solidi-
fied, it is considered that the joining strength with the metal is
increased by a so-called anchor effect. Moreover, since the
thermoplastic resin at least on the surface (contact surface) of
the composite material on the joining portion is also melted
by the heating and melting at the time of joining, it comes into
close contact with the resin of the above thermoplastic resin
layer as well. By compression-bonding the whole through
pressurization of the above metal and the composite material
simultaneously with the heating, the metal and the composite
material are thoroughly closely adhered through the molten
thermoplastic resin layer. After the heating is finished, upon
cooling, the thermoplastic resin layer is solidified and the
whole is integrated. It is presumed that the pressurization at
the time of joining contributes the improvement of the adhe-
sion strength because the pressurization facilitates the pen-
etration of a part of the carbon fiber in the composite material
into the concave portion.

[0098] Meanwhile, the metal having an uneven shape
formed on the joining portion can be used for joining it after
once thermally treated. The joining strength is further
enhanced by the thermal treatment in many cases. The con-
ditions for the thermal treatment in this case are preferably a
temperature of 250 to 500° C. and a time of 10 seconds to 10
minutes.

[Joint Member]

[0099] In the case of joining a thermosetting carbon fiber
composite material containing a thermosetting resin as a
matrix to a metal, it has been forced to use of an adhesive or
the molding over a long period of time in an autoclave after
inserting the metal into a prepreg. The present invention,
however, uses the thermoplastic carbon fiber composite mate-
rial containing a thermoplastic resin as a matrix, and there-
fore, a molded body having a desired shape can be produced
by press molding or the like. Therefore, such molding can be
conducted simultaneously with the time of joining the carbon
fiber composite material to a metal, or continuously. That is,
the invention includes a method for manufacturing a joint
member constituted by a metal composite molded body in
which a thermoplastic carbon fiber composite material and a
metal are joined by conducting joining and molding at the
same time in a mold. For example, the joining and molding
can be simultaneously conducted by conducting the above
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step (iii) in a mold fitted with a cavity having a specific shape,
sothatit is also possible to obtain the metal composite molded
body easily for a short period of time.

[0100] In the invention, at the manufacturing the joint
member in which a carbon fiber composite material contain-
ing a thermoplastic resin as a matrix and a metal are joined, by
forming an uneven shape on a surface of the metal and melt-
ing a thermoplastic resin layer provided between the side of
the metal on which the uneven shape has been formed and the
carbon fiber composite material, not only the metal and the
carbon fiber composite material can be strongly joined but
also a metal composite molded body can be manufactured
efficiently for a short period of time by conducting the joining
and molding simultaneously or continuously. Thus, in the
invention, since it is possible to conduct the molding and
joining in the manufacturing the joint member simulta-
neously fora short period of time, the manufacturing is indus-
trially an advantageous method as compared with the case of
using a conventional carbon fiber composite material contain-
ing a thermosetting resin as a matrix.

[0101] According to a suitable embodiment of the inven-
tion, in a method for manufacturing a joint member obtained
by joining a carbon fiber composite material containing a
thermoplastic resin as a matrix and a metal, it becomes pos-
sible to efficiently manufacturing a metal-carbon fiber com-
posite material joined body having excellent joining strength
ora molded body thereof by successively conducting a step of
forming a plural pieces of a concave portion having a depth of
0.02 to 0.6 mm on a surface of the metal at a joining portion,
a step of forming a thin layer of a triazine thiol derivative on
the surface of the metal, a step of fusing a thermoplastic resin
layer on the thin layer of the triazine thiol derivative on the
surface of the metal to form a thermoplastic resin layer having
a thickness in the range of 5 um or more and 5 mm or less, a
step of layering a thermoplastic carbon fiber composite mate-
rial on the thermoplastic resin layer to thereby form a lami-
nate containing the metal/the thin layer of the triazine thiol
derivative/the thermoplastic resin layer/the thermoplastic
carbon fiber composite material, and a step of melting the
thermoplastic resin layer by heating the resulting laminate
together with pressurization in a thickness direction to
thereby combine the metal and the thermoplastic carbon fiber
composite material into one, and further by conducting the
joining and molding simultaneously by conducting the com-
bining of the metal and the thermoplastic carbon fiber com-
posite material through the melting of the thermoplastic resin
layer in a mold for molding.

[0102] According to the invention, there is obtained the
joint member in which a thermoplastic carbon fiber compos-
ite material and a metal are strongly joined. FIG. 1 shows one
embodiment (cross-sectional view) of the joint member
obtained by the present invention. When the joining portion is
subjected to a tensile test at a tension rate of 1 mm/second, the
joining strength is preferably 5 MPa or more, and a joining
strength of more than 10 MPa can be achieved in the case
where they are joined under particularly preferable condi-
tions. The joining strength can be evaluated by a tensile test
and the upper limit of the joining strength is substantially
about 50 MPa. Therefore, the joint member of a thermoplastic
carbon fiber composite material and a metal, which is
obtained by the invention, is suitably used as a structural
member requiring sufficient joining strength. Examples of
such a structural member include parts constituting moving
vehicles such automobiles, bicycles, railroad vehicles, air-
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crafts, and ships, and structural materials of building and
furniture, materials for sporting goods, and the like.

[0103] The number of a joining site in the joint member is
not limited, and can be optionally selected depending on
single lap or double lap, and depending on joining environ-
ment. In the case of the double lap, the joining area becomes
two times, and therefore, the joining strength also becomes
two times.

EXAMPLES

[0104] The present invention is specifically described
below on the basis of examples, but the invention is not
limited to those.

1) Joining Strength

[0105] Five sheets of a thermoplastic carbon fiber compos-
ite material-metal member joined body (joint member) as
described in each example or the like were prepared. For each
sheet, a value of tensile strength was obtained by conducting
a tensile test in a tension rate of 1 mm/minute by a universal
tester “INSTRON (registered trademark) 5587, and an aver-
age value thereof was taken as a value of joining strength of
the joined body.

2) Analysis of Fiber Bundle of Random Mat Material

[0106] The analysis of a fiber bundle of the random mat
material each obtained by Reference Examples 2B and 2C
was carried out according to the method described in
W02012/105080.

[0107] Moreover, the thermoplastic carbon fiber composite
materials and non-woven fabrics used in Examples and Com-
parative Examples were produced by the methods described
in the following Reference Examples.

Reference Example 1

Manufacturing of Thermoplastic Carbon Fiber
Composite Material (I) of Continuous Fiber 0° and
90° Alternate Layering Material

[0108] Strands of carbon fiber (“TENAX” (registered
trademark) STS40-24KS (average fiber diameter: 7 pum, ten-
sile strength: 4,000 MPa) manufactured by Toho Tenax Co.,
Ltd.) and nylon 6 films (“EMBLEM” (registered trademark)
ON, 25 pum thick, manufactured by Unitika [td.) were
sequentially layered to 64 layers (carbon fiber: 64 layers,
nylon 6 film: 65 layers) such that layers having a fiber direc-
tion of 0° and layers having a fiber direction of 90° were
arranged alternately, and the resulting laminate was com-
pressed under heating at a temperature of 260° C. under a
pressure of 2 MPa for 20 minutes. Thus, a flat-plate thermo-
plastic carbon fiber composite material (I) having 0° and 90°
alternate fibers, symmetric ing, carbon fiber volume fraction
(V1) of 47% (content of carbon fibers on the basis of mass:
57%) and a thickness of 2 mm was prepared. The content of
the thermoplastic resin in the thermoplastic carbon fiber com-
posite material was 75 parts by weight based on 100 parts by
weight of the carbon fibers.

Reference Example 2A

Manufacturing of Thermoplastic Carbon Fiber
Composite Material (II-a) from Isotropic Random
Mat
[0109] Carbon fiber (“TENAX” (registered trademark)
STS40, average fiber diameter: 7 um, manufactured by Toho
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Tenax Co., Ltd.) cutinto an average fiber length of 20 mm was
formed into a sheet form in a randomly arranged state such
that an average fiber areal weight becomes 540 g/m? and the
resulting isotropic random mats were sandwiched between
KE 435-POG (nylon 6) cloths manufactured by Unitika Ltd.
s0 as to form a repeated laminate of the random mat/nylon 6
cloth. The laminate was pressed at a temperature of 260° C.
under a pressure of 2.5 MPa to prepare a flat-plate thermo-
plastic carbon fiber composite material (II-A) having a carbon
fiber volume fraction of 35% (content of carbon fibers on the
basis of mass: 45%) and a thickness of 2 mm The content of
the thermoplastic resin in the thermoplastic carbon fiber com-
posite material was 120 parts by weight based on 100 parts by
weight of the carbon fibers.

Reference Example 2B

Manufacturing of Thermoplastic Carbon Fiber
Composite Material (II-B) from Isotropic Random
Mat

[0110] Strands of carbon fiber “TENAX” (registered trade-
mark) STS40-24KS (average fiber diameter: 7 um, tensile
strength: 4,000 MPa) manufactured by Toho Tenax Co., Ltd.
were used as a carbon fiber. The strands were cut into a
specific length by the method described in W02012/105080
and were deposited on a fixing net equipped with a lower
suction apparatus through an opening apparatus (gas spray
nozzle) and a flexible transport piping, thereby preparing two
kinds of isotropic random mats having different average fiber
length, degree of opening, and the like as shown in Table 1
below. Each of the random mats was sandwiched among KE
435-POG (nylon 6) cloths manufactured by Unitika Ltd. in
the same manner as in Reference Example 2A. The resulting
assembly was pressed at a temperature of 260° C. under a
pressure of 2.5 MPa to prepare two kinds of flat-plate ther-
moplastic carbon fiber composite materials (I1-B) having dif-
ferent carbon fiber volume fraction as shown in Table 1. The
content of the thermoplastic resin in the thermoplastic carbon
fiber composite material was 120 parts by weight based on
100 parts by weight of the carbon fibers in the specimen 1 and
was 100 parts by weight based on 100 parts by weight of the
carbon fibers in the specimen 2.

Reference Example 2C

Manufacturing of Thermoplastic Carbon Fiber
Composite Material (II-C) from Isotropic Random
Mat

[0111] Strands of carbon fiber “TENAX” (registered trade-
mark) STS40-24KS (average fiber diameter: 7 um, strand
width: 10 mm) manufactured by Toho Tenax Co., Ltd. were
used as a carbon fiber. The strands were slit into a strand width
of 0.8 mm using a vertical slit apparatus by the method
described in JP-A-2013-49208 (Specification of Japanese
Patent Application No. 2011-188768), and then cut into a
fiber length of 20 mm or 25 mm using a rotary cutter having
a spiral knife arranged on the surface. The strands passing
through the cutter were introduced into a flexible transport
piping arranged just below the rotary cutter, and subsequently
introduced into an fiber opening apparatus (air spray nozzle)
arranged at the lower end of the transport piping. As the fiber
opening device, nipples made of SUS304 having different
diameters were welded to prepare a double pipe, which was
thus used. Small holes were provided on an inner pipe of the
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double pipe and compressed air was supplied between the
inner pipe and the outer pipe thereof by a compressor. On this
occasion, wind velocity from the small holes was 450 msec. A
tapered pipe in which a diameter is increased toward the lower
side was welded to the lower end of the double pipe such that
the cut carbon fibers move to the lower side together with the
air flow in the tapered pipe.

[0112] A matrix resin was supplied into the tapered pipe
from the holes provided on the side surface of the pipe. As the
matrix resin, particles of nylon 6 resin “A1030”, manufac-
tured by Unitika [td., was used. A breathable support (here-
inafter referred to as a “fixing net”) that moves in a certain
direction was arranged at the lower side of the outlet of the
tapered pipe. Suction was conducted from the lower side
thereof by a blower, and while reciprocating the flexible
transport piping and the tapered pipe in a width direction of
the fixing net moving in a constant rate, a mixture of the cut
carbon fibers and the nylon resin particles discharged together
with the air flow from the tip of the tapered pipe was deposited
onthe fixing net in a band shape. On this occasion, the amount
of'the carbon fiber supplied was set to 212 g/min, the amount
of the matrix resin supplied was set to 320 g/min. When the
apparatus was operated, a random mat in which the carbon
fibers and the thermoplastic resin were mixed without
unevenness was formed on the fixing net. The fiber areal
weight of carbon fiber of the random mat was 265 g/m>. The
nylon 6 resin particles were uniformly dispersed in the carbon
fibers in the state of substantially free of unevenness.

[0113] Thus, the kinds of random mats shown in Table 2
below were prepared. Four sheets of each of the random mats
were layered, placed in a mold, and press-shaped at a tem-
perature of 300° C. under a pressure of 1.0 MPa for a heating
time of 3 minutes to obtain a plate-shaped thermoplastic
carbon fiber composite material (II-C) having a thickness of
2.0 mm, which is shown in Table 2. The content of the ther-
moplastic resin in the thermoplastic carbon fiber composite
material was 120 parts by weight based on 100 parts by
weight of the carbon fibers in the specimen 3 and was 100
parts by weight based on 100 parts by weight of the carbon
fibers in the specimen 4. As a result of measuring tensile
modulus in 0° and 90° directions of the composite material
(II-C), the ratio (EJ) of the tensile moduli was 1.03, fiber
alignment was hardly observed, and a shaped plate in which
isotropy was maintained was obtained. Furthermore, the
shaped plate was heated at 500° C. for about 1 hour in a
furnace to remove the resin, and then the ratio of the carbon
fiber bundle (A) and the average number (N) of fibers were
investigated. As a result, any difference from the measure-
ment results of the above random mat was not observed.

Reference Example 3

Manufacturing of Nylon 6 Non-Woven Fabric

[0114] A Nylon 6 non-woven fabric was produced by a
melt-blow method using a Nylon 6 resin “NOVAMID” (reg-
istered trademark) 1010C2 (melting temperature: 225° C.),
manufactured by DMS Japan Engineering Plastics Corpora-
tion as a raw material. The melt-blow method employed here
is a method for manufacturing a non-woven fabric by dis-
charging a molten polymer from a plurality of aligned orifice
dies, ejecting a high speed gas from an ejection gas port
provided adjacent to the orifice dies to form the discharged
molten polymer into fine fibers, and then collecting the fiber
flow on a conveyor net that is a collector. The nylon 6 non-
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woven fabric obtained had an average fiber diameter of 5 um,
an average fiber areal weight per one non-woven fabric of 20
g/m?, an average bulk density of 0.1 g/cm>, and an average
thickness of 0.2 mm.

Example 1

[0115] Afterthe entire surface of one side of an SPCC plate
(cold-rolled steel plate) having a length 0of 100 mm, a width of
25 mm and a thickness of 1.6 mm was degreased with acetone
and dried, a grid-shaped groove having a laser spot center
interval of 0.08 mm and a depth of 0.08 mm was formed on
the entire surface of the side to be joined to a thermoplastic
carbon fiber composite material using YAG laser (continuous
wave) having an oscillation wavelength of 1.064 um, a maxi-
mum rated output of 20 W, and a beam spot of 130 um.
[0116] Two sheets of a nylon 6 film (“EMBLEM” (regis-
tered trademark) ON, 25 um thick, melting point: 225° C.,
manufactured by Unitika [.td.) were layered in piles on the
metal surface thus processed. Then, the film and the SPCC
plate surface were heated to 250° C. by electromagnetic
induction heating, and then immediately cooled to ordinary
temperature. Through this step, the nylon film was melted and
closely adhered to the SPCC plate surface and then solidified
to form a nylon 6 layer having a thickness of 50 pm on the
SPCC surface.

[0117] The thermoplastic carbon fiber composite material
(D) using continuous fiber, which was obtained in the above
Reference Example 1, was cut into a length of 100 mm and a
width of 25 mm and layered on the SPCC plate having the
nylon layer on the surface in a range of 25 mmx25 mm by
single lap. The layered body was placed in a mold and pres-
surized under heating at a temperature of 250° C. under a
pressure of 0.2 MPa for 5 minutes in the mold to prepare a
joint member of the thermoplastic carbon fiber composite
material and the SPCC plate.

[0118] Five sheets of the joint member were prepared, and
subjected to a tensile test at a rate of 1 mm/min by a universal
tester INSTRON 5587. As a result, an average value of join-
ing strength was 13 MPa.

Example 2

[0119] The entire surface of one side of a 590 MPa category
high tensile material having a length of 100 mm, a width of 25
mm and a thickness of 1.6 mm was subjected to laser pro-
cessing in the same manner as in Example 1 to form a grid-
shaped groove having a depth of 0.08 mm.

[0120] Twenty sheets of a nylon 6 film (“EMBLEM” (reg-
istered trademark) ON, 25 um thick, melting point: 225° C.,
manufactured by Unitika Ltd.) were layered on one surface of
the above material. Then, the high tensile material was heated
to 250° C. by electromagnetic induction heating, and then
immediately cooled to ordinary temperature. The nylon film
was melted and closely adhered, and then solidified to form a
nylon 6 layer having a thickness of 500 um on one surface of
the high tensile material.

[0121] The flat plate of the thermoplastic carbon fiber com-
posite material (II-A) constituted by a random mat, which
was obtained in Reference Example 2A, was cut into a length
of' 100 mm and a width of 25 mm, layered on the high tensile
material having the nylon 6 layer in a range of 25 mmx25 mm
by single lap, the composite material was heated at 250° C.,
and the high tensile material was heated to 140° C., followed
by pressurizing under heating under 0.2 MPa for 1 minute
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using a mold. Subsequently, the high tensile material in the
lapped material was heated to 250° C. by electromagnetic
induction heating, and pressurized under heating under 0.2
MPa for 1 minute to prepare a joint member of the thermo-
plastic carbon fiber composite material and the high tensile
material.

[0122] Five sheets of the joint member were prepared, and
subjected to a tensile test at a rate of 1 mm/min by a universal
tester INSTRON 5587. As a result, an average value of join-
ing strength was 10 MPa.

Example 3

[0123] A joint member of the thermoplastic carbon fiber
composite material (I) and SPCC was prepared through the
same steps as in Example 1, except that an SPCC plate having
a grid-shaped groove having a depth of 0.08 mm formed on
one surface by the same laser processing as in Example 1 was
subjected to a heat treatment at 300° C. for 10 minutes and
then a nylon 6 layer having a thickness of 0.05 mm was
formed on the surface.

[0124] Five sheets of the joint member were prepared, and
subjected to a tensile test at a rate of 1 mm/min by a universal
tester INSTRON 5587. As a result, an average value of join-
ing strength was 12 MPa.

Example 4

[0125] A nylon 6 layer having a thickness of 50 um was
formed on an aluminum plate surface in the same manner as
in Example 1, except that #5052 aluminum plate (on which a
grid-shaped groove having a depth 0of 0.08 mm is formed one
side) having a thickness of 1 mm was used in place of the
SPCC plate.

[0126] The flat plate of the thermoplastic carbon fiber com-
posite material (II-A) constituted by a random mat, which
was obtained in Reference Example 2A, was cut into a length
ot 100 mm and a width of 25 mm, and layered on the alumi-
num sheet having the nylon 6 layer in a range of 25 mmx25
mm by single lap, followed by pressurizing under heating at
250° C. under 0.2 MPa for 5 minutes using a mold, thereby
preparing a joint member of the carbon fiber composite mate-
rial and the #5052 aluminum sheet.

[0127] Five sheets of the joint member were prepared, and
subjected to a tensile test in a rate of 1 mm/min by a universal
tester INSTRON 5587. As a result, the aluminum sheet part
was broken. Calculating from breaking strength of the alumi-
num sheet, it was realized that the joining strength was 7.1
MPa or more.

Example 5

[0128] A joint member of the thermoplastic carbon fiber
composite material (I) and SPCC was prepared in the same
manner as in Example 1, except that a large number of fine
dents having an average aperture of 100 pm and a depth of 60
um were formed on the entire surface of one side of SPCC
(cold-rolled steel sheet) such that the total area of the dents
becomes 20% relative to the metal surface area of the joining
portion by sand blasting in place of the laser processing and
then a heat treatment was performed at 300° C. for 10 min-
utes. Five sheets of the joint member were prepared, and
subjected to a tensile test at a rate of 1 mm/min by a universal
tester INSTRON 5587. As a result, an average value of join-
ing strength was 12 MPa.
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Example 6

[0129] Using a disk-shaped SPCC material having a thick-
ness of 1.6 mm and a diameter of 90 mm, unevenness by laser
processing was formed on one surface of the SPCC material
in the same manner as in Example 1. Two sheets of a nylon 6
film (“EMBLEM” (registered trademark) ON, 25 um thick,
melting point: 225° C., manufactured by Unitika Ltd.) were
placed on the side subjected to the laser processing. Then, the
SPCC material was heated to 250° C. by electromagnetic
induction heating, and then immediately cooled to ordinary
temperature. The nylon 6 film was melted and closely
adhered, and then solidified to form a nylon 6 layer having a
thickness of 0.05 mm on the SPCC disk.

[0130] Then, a mold capable of molding a hat shown in
FIG. 2 was heated to 140° C., a flat plate obtained by cutting
the carbon fiber composite material (I) obtained in Reference
Example 1 into a size of 250 mmx270 mm and the SPCC disk
having the nylon 6 layer were heated to 300° C. They were
charged into the mold and pressurized under heating under
0.2 MPa for 1 minute to mold a disk-joined hat material
shown in FIG. 3. The disk-joined hat material was one in
which the SPCC disk was strongly joined on the upper surface
of'a joining hat material constituted by the carbon fiber com-
posite material.

Example 7

[0131] Both surfaces of SPCC (cold-rolled steel plate) hav-
ing a length of 100 mm, a width of 25 mm and a thickness of
1.6 mm were subjected to laser processing in the same man-
ner as in Example 1 to form a grid-shaped groove having a
laser spot center interval of 0.08 mm and a depth of 0.08 mm,
and further an organic coating layer was formed on the sur-
face as follows.

[0132] In the formation of the organic coating layer, the
above metal plate having the grid-shaped groove on both
surfaces was degreased in an aqueous sodium hydroxide solu-
tion having a concentration of 15.0 g/L. ata temperature of 60°
C. for 60 seconds. The metal plate was then washed with
water for 60 seconds and dried in an oven at 80° C. for 30
minutes. Thereafter, the metal plate was immersed in an aque-
ous phosphoric acid solution (90% or more of components
other than water is phosphoric acid) having a temperature of
60° C. and a concentration of 30 to 50 g/L. for 300 seconds,
and then washed with hot water (60° C.) for 60 seconds and
washed with water for 60 seconds to form a metal compound
coating film containing a metal phosphate and a hydroxide as
main components on both surfaces of the metal plate. Then,
the metal plate having the metal compound coating film was
immersed in an ethanol/water (volume ratio: 95/5) of mono-
sodium triethoxysilylpropylaminotriazine thiol having a con-
centration of 0.7 g/LL at room temperature for 30 minutes.
Thereafter, the metal plate was heat-treated in an oven at 160°
C. for 10 minutes. The metal plate was then immersed in an
acetone solution containing N,N'-m-phenylenedimaleimide
having a concentration of 1.0 g/l and dicumy] peroxide hav-
ing a concentration of 2 g/I, at room temperature for 10
minutes, and heat-treated in an oven at 150° C. for 10 minutes.
An ethanol solution of dicumyl peroxide having a concentra-
tion of 2 g/l was sprayed to the entire surface of the metal
plate at room temperature and air-dried to coat both surfaces
of the metal plate with a triazine thiol derivative thin layer
(thickness: 0.1 um).
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[0133] Then, two sheet each of a nylon 6 film (“EMBLEM”
(registered trademark) ON, 25 um thick, melting point: 225°
C., manufactured by Unitika [.td.) were provided on both
surfaces of the SPCC plate treated as mentioned above.
Thereafter, the SPCC plate was heated to 250° C. by electro-
magnetic induction heating, and then immediately cooled to
ordinary temperature. The nylon 6 film was melted and
closely adhered, and then solidified to form a nylon 6 layer
having a thickness of 50 um on the SPCC surfaces.

[0134] The thermoplastic carbon fiber composite material
(II-A) obtained in Reference Example 2A was cut into a
length of 100 mm and a width of 25 mm, layered on the SPCC
plate having the nylon 6 layer in a range of 25 mmx25 mm by
single lap, followed by pressurizing under heating at 250° C.
under 0.2 MPa for 5 minutes using a mold, thereby preparing
a joint member of the thermoplastic carbon fiber composite
material and the SPCC plate.

[0135] Five sheets of the joint member were prepared, and
subjected to a tensile test at a rate of 1 mm/min by a universal
tester INSTRON 5587. As a result, an average value of join-
ing strength was 13 MPa.

Example 8

[0136] An SPCC plate (cold-rolled steel plate) having a
length of 100 mm, a width of 25 mm and a thickness of 1.6
mm, which was subjected to laser processing and surface
treatment with triazine thiol derivative in the same manner as
in Example 7, was prepared. After the temperature thereof
was risen to 240° C., two sheets of the nylon 6 non-woven
fabric by a melt-blow method obtained in Reference Example
3 were stacked on the upper surface of the SPCC. Two kinds
of composite materials (II-B, specimens 1 and 2 in Table 1)
using isotropic random mat materials, which were obtained in
Reference Example 2B, as carbon fiber composite materials
were each cut into a length of 100 mm and a width of 25 mm,
and was subjected to a drying treatment at 80° C. for 5 hours.
The composite materials were layered in a range of 25
mmx25 mm by single lap such that the nylon 6 non-woven
fabric was arranged between the composite material and the
above treated surface of the SPCC plate, and the resulting
assembly was pressurized under heating under conditions of
a temperature of 240° C. and a pressure of 0.5 MPa for 1
minute on a press molding machine to melt the nylon 6
non-woven fabric. Thus, a plate-like joined body formed by
joining the thermoplastic carbon fiber composite material to
the SPCC through a nylon 6 resin layer having a thickness of
400 um was prepared.

[0137] Five sheets of the joined body were prepared, and a
tensile test for each sheet was conducted in the same manner
as in Example 7. The results were as shown in Table 1.

TABLE 1
Target Article Measurement Item Specimen 1 Specimen 2
Random mat Average fiber 20 25
material length (mm)
Critical number of 86 86
single fiber
Ratio of carbon fiber 35 30
bundle (A) (Vol %)
Average number 240 250
(N) of fibers
Carbon fiber Carbon fiber volume 35 40
composite fraction (Vol %)
material (II-B) Thickness (mm) 2.0 2.0
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TABLE 1-continued
Target Article Measurement Item Specimen 1 Specimen 2
Joined body with ~ Average value 16 15
metal plate of joining
strength (MPa)
Example 9
[0138] An SPCC plate (cold-rolled steel plate) having a

length of 100 mm, a width of 25 mm and a thickness of 1.6
mm was subjected to unevenness formation and surface treat-
ment with a triazine thiol derivative in the same manner as in
Example 7, and the temperature thereof was then risen to 240°
C. Two sheets of a nylon 6 film (“EMBLEM” (registered
trademark) ON, 25 um thick, manufactured by Unitika [.td.)
were placed on the upper surface of the SPCC plate.

[0139] On the other hand, each of the carbon fiber compos-
ite materials (II-C, specimen 3 and 4 in Table 2) using two
kinds of isotropic random mats shown in Table 2, which were
obtained by the method of Reference Example 2C, was cut
into a length of 100 mm and a width of 25 mm, subjected to
drying treatment at 80° C. for 5 hours, and layered with the
nylon 6 film on the above treated surface of the SPCC plate in
a range of 25 mmx25 mm by single lap. While maintaining
the state, the resulting assembly was pressure-treated under
heating at a temperature of 240° C. under a pressure of 0.5
MPa for 1 minute on a press molding machine. Thus, the
nylon 6 film was melted to prepare a joined body of the
thermoplastic carbon fiber composite material and SPCC.

[0140] Five sheets of the joined body were prepared, and a
tensile test for each sheet was conducted in the same manner
as in Example 7. As a result, the joining strength (average

value of 5 sheets) of each joined body was as shown in Table
2.

TABLE 2
Target Article Measurement Item Specimen 3 Specimen 4
Random Average fiber length 20 25
mat material (mm)
Critical number of single 86 86
fiber
Ratio of carbon fiber 35 30
bundle (A) (Vol %)
Average number (N) 240 250
of fibers
Carbon fiber Carbon fiber volume 35 40
composite fraction (Vol %)
material (II-C) Thickness (mm) 2.0 2.0
Joined body Average value of 17 16

with metal plate  joining strength (MPa)

INDUSTRIAL APPLICABILITY

[0141] According to the present invention, a thermoplastic
carbon fiber composite material and a metal can be joined
strongly and stably by a simplified method. Furthermore,
since the carbon fiber composite material and the metal were
joined through a thermoplastic resin, electrolytic corrosion
caused by carbon fiber can be simultaneously prevented.
Additionally, a joint member of the carbon fiber composite
material and the metal can be obtained easily for a short
period of time.
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[0142] Moreover, the joining and molding can be also con-
ducted simultaneously or continuously in the same mold.
Therefore, when they are simultaneously or continuously
performed, it becomes possible to produce a joined body of
the carbon fiber composite material and a metal (metal com-
posite molded body) having a shape molded into a desired one
in less number of steps for a short period of time.

[0143] While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the
spirit and scope thereof.

[0144] The present application is based on Japanese Patent
Application No. 2012-076865 filed on Mar. 29, 2012, and the
contents are incorporated herein by reference.

DESCRIPTION OF REFERENCE NUMERALS

AND SIGNS
[0145] 1. Thermoplastic carbon fiber composite material
[0146] 2. Thermoplastic resin layer
[0147] 3. Metal surface uneven portion
[0148] 4. Metal

1. A method for manufacturing a joint member in which a
carbon fiber composite material containing a thermoplastic
resin as a matrix and a metal are joined, the method compris-
ing:

astep (1) of forming an uneven shape having a depth 0f 0.02

to 0.6 mm on a surface of the metal at a joining portion;
a step (i1) of providing a thermoplastic resin layer having a
thickness in the range of 5 um or more and 5 mm or less
at a joining portion between the surface of the metal and
a surface of the composite material; and

a step (ii1) of melting the thermoplastic resin layer by
heating the joining portion to combine the metal and the
composite material into one.

2. The method for manufacturing a joint member according
to claim 1,

wherein the uneven shape formed on the surface of the

metal is a grid-shaped groove having a groove interval of
0.02 to 0.6 mm.

3. The method for manufacturing a joint member according
to claim 2,

wherein the uneven shape is formed on the surface of the

metal by means of laser.

4. The method for manufacturing a joint member according
to claim 1,

wherein the uneven shape formed on the surface of the

metal is a dent having a diameter of 0.02 to 0.6 mm.

5. The method for manufacturing a joint member according
to claim 4,

wherein the unevenness is formed on the surface of the

metal by blasting.

6. The method for manufacturing a joint member according
to claim 1, which comprises a step (i-A) of providing an
organic coating layer on the surface of the metal on which the
unevenness is formed.

7. The method for manufacturing a joint member according
to claim 6,

wherein the organic coating layer is a layer containing a

triazine thiol derivative.

8. The method for manufacturing a joint member according
to claim 1,

Mar. 5, 2015

wherein a resin of the thermoplastic resin layer and the
matrix in the carbon fiber composite material are the
same kind of resin.

9. The method for manufacturing a joint member according

to claim 1,

wherein the thermoplastic resin layer is formed from at
least one sheet of a film, a sheet, or a non-woven fabric,
which are substantially constituted by a thermoplastic
resin.

10. The method for manufacturing a joint member accord-

ing to claim 9,

wherein the thermoplastic resin substantially constituting
the film, sheet, or non-woven fabric is the same kind of
resin as the matrix in the carbon fiber composite mate-
rial.

11. The method for manufacturing a joint member accord-

ing to claim 1,

wherein, in the step (ii), the thermoplastic resin layer is
fused onto the surface of the metal to be the joining
portion and a resulting one is layered to the carbon fiber
composite material such that the thermoplastic resin
layer comes into contact with the surface of the carbon
fiber composite material.

12. The method for manufacturing a joint member accord-

ing to claim 1,

wherein the metal includes at least one selected from the
group consisting of iron, aluminum, and an alloy
thereof.

13. The method for manufacturing a joint member accord-

ing to claim 1,

wherein the metal is a member having a flat surface or a
curved surface in the joining portion.

14. The method for manufacturing a joint member accord-

ing to claim 1,

wherein a content of the thermoplastic resin as the matrix in
the carbon fiber composite material is from 50 to 1,000
parts by weight based on 100 parts by weight of carbon
fibers.

15. The method for manufacturing a joint member accord-

ing to claim 14,

wherein an average fiber length of carbon fibers in the
carbon fiber composite material is from 3 to 100 mm.

16. The method for manufacturing a joint member accord-

ing to claim 15,

wherein the carbon fiber composite material comprises an
isotropic random mat of the carbon fibers and a thermo-
plastic resin,

a ratio of a carbon fiber bundle (A) including the carbon
fibers of a critical number of single fiber or more in the
mat, the critical number of single fiber defined by the
following formula (a), to a total volume of the carbon
fibers in the mat is 20 Vol % or more and less than 99 Vol
%, and an average number (N) of fibers in the carbon
fiber bundle (A) satisfies the following formula (b):

Critical number of single fiber=600/D (a)

0.7x10YD?<N<1x10%/D? (b

wherein D is an average fiber diameter (um) of single

carbon fiber.

17. A method for manufacturing a joint member obtained
by joining a carbon fiber composite material containing a
thermoplastic resin as a matrix and a metal, the method com-
prising:
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a step of forming a plural pieces of an uneven portion
having a depth of 0.02 to 0.6 mm on a surface of the
metal at a joining portion;

a step of forming an organic coating layer of a triazine thiol
derivative on the surface of the metal,

astep of fusing a thermoplastic resin on the organic coating
layer of the triazine thiol derivative on the surface of the
metal to form a thermoplastic resin layer having a thick-
ness in the range of 5 um or more and 5 mm or less,

a step of layering a thermoplastic carbon fiber composite
material on the thermoplastic resin layer to thereby form
a laminate including the metal/the organic coating layer
of the triazine thiol derivative/the thermoplastic resin
layer/the thermoplastic carbon fiber composite material,
and

a step of melting the thermoplastic resin layer by heating
the resulting laminate together with pressurization in a
thickness direction to thereby combine the metal and the
composite material into one.

18. A joint member in which a carbon fiber composite
material and a metal are joined through a thermoplastic resin
layer, the member being obtained by the method of claim 1,

wherein a joining strength is 5 MPa or more when a tensile
test is conducted at a tension rate of 1 mmy/second.

19. A joint member in which a carbon fiber composite
material and a metal are joined through a thermoplastic resin
layer, the member being obtained by the method of claim 17,

wherein a joining strength is 5 MPa or more when a tensile
test is conducted at a tension rate of 1 mmy/second.

#* #* #* #* #*

15

Mar. 5, 2015



