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Description

TECHNICAL FIELD

[0001] The present invention relates to a composite of
an aluminum alloy and high-strength resin, used in chas-
sis of electronic devices, chassis of household electric
appliances, structural parts, mechanical parts and the
like, and to a method for manufacturing such a composite.
More specifically, the present invention relates to a struc-
ture in which there are integrated a thermoplastic syn-
thetic resin and a light-metal alloy shaped product, man-
ufactrured through various mechanical processes,to a
composite of a light-metal alloy and a resin, used in var-
ious electronic devices, household electric appliances,
medical devices, automotive structural parts, automotive
on-board articles, construction material parts as well as
other structural parts, exterior parts and the like, and to
a method for manufacturing such a composite

BACKGROUND

[0002] Document JP 2001-315159 discloses a method
for manufacturing an article by injection molding having
a metal plate, comprising the steps of inserting and fixing
the plate covering at least at one surface with a coating
resin into a cavity of a mould by injection molding, inject-
ing a molten resin on a surface of the resin of the late to
form an injection molding part, and integrating the plate
with the molding part. This document discloses the fea-
tures of the preamble of the new claims 1 to 3 and 6 to 8.
[0003] Moreover, document JP 2002-302795 A dis-
closes the provision of a surface treated aluminum ma-
terial which has anodic oxidation film improved in adhe-
sion in a lamitating resin material such as a resin film and
producing a method thereof.
[0004] Technologies for integrating together, via an ad-
hesive, heterogeneous materials in the form of a metal
and a synthetic resin are demanded in a wide variety of
technical fields and industries, such as automobiles,
household electrical articles, industrial equipment and
the like, to which end numerous adhesives are being de-
veloped on an ongoing basis. In this context, some ex-
cellent adhesives have been proposed. Adhesives that
fulfill their function at normal temperature, or by heating,
are used for bonding a metal and a synthetic resin into
a single whole, in what is now an ordinary technology.
[0005] However, research has been conducted also
on more rational bonding methods in which no adhesive
is used. Methods have thus been proposed in which a
light-metal alloy of magnesium, aluminum and alloys
thereof, and iron alloys such as stainless steel or the like,
are integrated with a high-strength engineering resin,
without any intervening adhesive. Among these meth-
ods, a method that involves, for instance, inserting an
aluminum alloy part into an injection mold, into which a
resin component is then injected to elicit bonding (here-
inafter, "injection bonding") has just begun to be put into

practice by the applicants, for combinations that include,
at the time of writing, aluminum alloys and polybutylene
terephthalate resins (hereinafter "PBT"), and polyphe-
nylene sulfide resins (hereinafter, "PPS").
[0006] As far as the applicants know, the above inven-
tion is the first invention that discloses the feature to the
effect that injection bonding is possible by way of com-
binations of such metals and synthetic resins. The inven-
tors have found that bonding strength (also called "fixing
strength" in the present invention) increases specifically
when an aluminum alloy shaped product is dipped in an
aqueous solution of a water-soluble amine compound,
is washed with water, is dried, and is then inserted into
an injection mold, into which there is injected a thermo-
plastic synthetic resin composition having PBT or the like
as a main component (Patent documents 1, 2, and 3).
The inventors have found that a preferred surface treat-
ment, learned from experience in liquid treatments of
metals, allows stabilizing the resulting product, making
it possible as a result to injection-bond a polyamide resin
and an aluminum alloy. This invention was proposed in
Japanese Patent Application Laid-open No.
2006-315398.
[0007] The inventors went on to develop polyamide
resins to be used, with a view to finding resin composi-
tions appropriate for injection bonding. As a result, the
inventors perfected the present invention upon finding
that characteristic polyamide resin compounds are ap-
propriate for injection bonding.
[0008]

[Patent document 1] Japanese Patent Application
Laid-open No. 2003-200453
[Patent document 2] Japanese Patent Application
Laid-open No. 2004-268936
[Patent document 3] International Patent No. WO
2004/041532

[0009] As described above, it was found that preparing
a shaped product covered with ultrafine recesses, insert-
ing the aluminum alloy shaped product into an injection
mold, and injecting a polyamide resin composition into
the injection mold, yields an integrated article in which
there are bonded an aluminum alloy portion and a molded
resin molded product. A lingering challenge was the
question of whether such bonding strength between the
resin portion and the aluminum alloy portion can be fur-
ther increased depending on the compound of polyamide
resin, among other approaches.

DISCLOSURE OF THE INVENTION

[0010] In the light of the above-described technical
background, the present invention achieves the following
purposes.
[0011] An object of the present invention is to provide
a composite of an aluminum alloy and a resin, having a
stronger bonding strength between an aluminum alloy
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and a thermoplastic synthetic resin composition that
comprises a polyamide resin as a main component, and
to provide a method for manufacturing the composite.
[0012] A further object of the present invention is to
provide a composite of an aluminum alloy and a resin,
having high productivity during bonding of an aluminum
alloy and a thermoplastic synthetic resin composition that
comprises a polyamide resin as a main component, and
to provide a method for manufacturing the composite.
[0013] The present invention achieves the above ob-
jects on the basis of the following means.
[0014] The metal-resin composite 1 of the present in-
vention comprises an aluminum alloy part the surface of
which is covered with recesses having a number average
inner diameter of 10 to 80 nm, as observed under an
electron microscope, through a process of dipping in an
aqueous solution of one or more compounds selected
from ammonia, hydrazine, and a water-soluble amine
compound; and
a thermoplastic synthetic resin composition part, which
is fixed by injection molding to the surface of the alumi-
num alloy part and which has a resin composition having
a polyamide resin as a main component and an impact
resistance modifier as an auxiliary component.
[0015] The metal-resin composite of Invention 2 com-
prises an aluminum alloy part the surface of which is cov-
ered with recesses having a number average inner di-
ameter of 10 to 80 nm, as observed under an electron
microscope, through a process of dipping in an aqueous
solution of one or more compounds selected from am-
monia, hydrazine, and a water-soluble amine compound;
and
a thermoplastic synthetic resin composition part, which
is fixed by injection molding to the surface of the alumi-
num alloy part and which has a main resin composition
in which an aliphatic polyamide resin and an aromatic
polyamide resin are simply mixed and/or the aliphatic
polyamide resin and the aromatic polyamide resin are
molecularly bonded.
[0016] The metal-resin composite of Invention 3 com-
prises an aluminum alloy part the surface of which is cov-
ered with recesses having a number average inner di-
ameter of 10 to 80 nm, as observed under an electron
microscope, through a process of dipping in an aqueous
solution of ammonia, hydrazine, or a water-soluble amine
compound; and
a thermoplastic synthetic resin composition part, which
is fixed by injection molding to the surface of the alumi-
num alloy part and which has a resin composition having
as a main component two or more aromatic polyamides
selected from a group of different types of aromatic polya-
mides.
[0017] The metal-resin composite of Invention 4 com-
prises an aluminum alloy part formed by anodizing and
covered with a surface having holes the openings of
which have a number average inner diameter of 10 to 80
nm as measured under electron microscope observation;
and

a thermoplastic synthetic resin composition part, which
is fixed by injection molding to the surface of the alumi-
num alloy part and which has a resin composition having
a polyamide resin as a main component and an impact
resistance modifier as an auxiliary component.
[0018] The metal-resin composite of Invention 5 com-
prises an aluminum alloy part formed by anodizing and
covered with a surface having holes the openings of
which have a number average inner diameter of 10 to 80
nm as measured under electron microscope observation;
and
a thermoplastic synthetic resin composition part, which
is fixed by injection molding to the surface of the alumi-
num alloy part and which has a main resin composition
in which an aliphatic polyamide resin and an aromatic
polyamide resin are simply mixed, or the aliphatic polya-
mide resin and the aromatic polyamide resin are molec-
ularly bonded.
[0019] The metal-resin composite of Invention 6 com-
prises an aluminum alloy part covered with a surface hav-
ing holes the openings of which have a number average
inner diameter of 10 to 80 nm as measured under electron
microscope observation, formed by anodizing; and
a thermoplastic synthetic resin composition part, which
is fixed by injection molding to the surface of the alumi-
num alloy part and which has a resin composition having
as a main component two or more aromatic polyamides
selected from a group of different types of aromatic polya-
mides.
[0020] The metal-resin composite of Invention 7 is the
metal-resin composite of Invention 2 or 5,
wherein the aliphatic polyamide resin is nylon 6 or nylon
66, and the aromatic polyamide resin is an aromatic nylon
synthesized from phthalic acid and an aliphatic diamine.
[0021] The metal-resin composite of Invention 8 is the
metal-resin composite of Invention 3 or 6,
wherein the group of different types of aromatic polya-
mides is a group consisting of a polyamide from phthalic
acid and hexamethylenediamine, a polyamide from iso-
phthalic acid and hexamethylenediamine, and a polya-
mide from terephthalic acid and hexamethylenediamine.
[0022] The metal-resin composite of Invention 9 is the
metal-resin composite of Inventions 1 to 8,
wherein the thermoplastic synthetic resin composition
comprises 1 to 200 parts by weight of a filler relative to
100 parts by weight of the resin composition.
[0023] The metal-resin composite of Invention 10 is
the metal-resin composite of Invention 9,
wherein the filler is one or more selected from glass fib-
ers, carbon fibers, aramide fibers, calcium carbonate,
magnesium carbonate, silica, talc, clay and glass pow-
der.
[0024] The method for manufacturing a metal-resin
composite of Invention 11 comprises the steps of: per-
forming dipping in an aqueous solution of one or more
compounds selected from ammonia, hydrazine, and a
water-soluble amine compound, to obtain a surface of
an aluminum alloy part covered with recesses having a

3 4 



EP 2 572 876 B1

4

5

10

15

20

25

30

35

40

45

50

55

number average inner diameter of 10 to 80 nm; and
inserting the aluminum alloy part having undergone the
dipping step into an injection mold, and injecting a ther-
moplastic synthetic resin composition of a resin compo-
sition having a polyamide resin as a main component
and an impact resistance modifier as an auxiliary com-
ponent, to mold a resin composition part and bond the
resin composition part to the surface of the aluminum
alloy part.
[0025] The method for manufacturing a metal-resin
composite of Invention 12 comprises the steps of: per-
forming dipping in an aqueous solution of one or more
compounds selected from ammonia, hydrazine, and a
water-soluble amine compound, to obtain a surface of
an aluminum alloy part covered with recesses having a
number average inner diameter of 10 to 80 nm; and
inserting the aluminum alloy part having undergone the
dipping step into an injection mold, and injecting a ther-
moplastic synthetic resin composition having a main res-
in composition in which an aliphatic polyamide resin and
an aromatic polyamide resin are simply mixed, or the
aliphatic polyamide resin and the aromatic polyamide
resin are molecularly bonded, to mold a resin composi-
tion part and bond the resin composition part to the sur-
face of the aluminum alloy part.
[0026] The method for manufacturing a metal-resin
composite of Invention 13 comprises the steps of: per-
forming dipping in an aqueous solution of one or more
compounds selected from ammonia, hydrazine, and a
water-soluble amine compound, to obtain a surface of
an aluminum alloy part covered with recesses having a
number average inner diameter of 10 to 80 nm; and
inserting the aluminum alloy part having undergone the
dipping step into an injection mold, and injecting a ther-
moplastic synthetic resin composition of a resin compo-
sition having as a main component two or more polya-
mides selected from the group consisting of a polyamide
from phthalic acid and hexamethylenediamine, a polya-
mide from isophthalic acid and hexamethylenediamine,
and a polyamide from terephthalic acid and hexameth-
ylenediamine, to mold a resin composition part and bond
the resin composition part to the surface of the aluminum
alloy part.
[0027] The method for manufacturing a metal-resin
composite of Invention 14 comprises the steps of: per-
forming anodizing to obtain an aluminum alloy part sur-
face covered with holes the openings of which have a
number average inner diameter of 10 to 80 nm; and
inserting the aluminum alloy part having undergone the
anodizing step into an injection mold, and injecting a ther-
moplastic synthetic resin composition of a resin compo-
sition having a polyamide resin as a main component
and an impact resistance modifier as an auxiliary com-
ponent, to mold a resin composition part and bond the
resin composition part to the surface of the aluminum
alloy part.
[0028] The method for manufacturing a metal-resin
composite of Invention 15 comprises the steps of: per-

forming anodizing to obtain an aluminum alloy part sur-
face covered with holes the openings of which have a
number average inner diameter of 10 to 80 nm; and
inserting the aluminum alloy part having undergone the
anodizing step into an injection mold, and injecting a ther-
moplastic synthetic resin composition having a main res-
in composition in which an aliphatic polyamide resin and
an aromatic polyamide resin are simply mixed, or the
aliphatic polyamide resin and the aromatic polyamide
resin are molecularly bonded, to mold a resin composi-
tion part and bond the resin composition part to the sur-
face of the aluminum alloy part.
[0029] The method for manufacturing a metal-resin
composite of Invention 16 comprises the steps of: per-
forming anodizing to obtain an aluminum alloy part sur-
face covered with holes the openings of which have a
number average inner diameter of 10 to 80 nm; and
inserting the aluminum alloy part having undergone the
anodizing step into an injection mold, and injecting a ther-
moplastic synthetic resin composition of a resin compo-
sition having as a main component two or more polya-
mides selected from the group consisting of a polyamide
from phthalic acid and hexamethylenediamine, a polya-
mide from isophthalic acid and hexamethylenediamine,
and a polyamide from terephthalic acid and hexameth-
ylenediamine, to mold a resin composition part and bond
the resin composition part to the surface of the aluminum
alloy part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Fig. 1 is a cross-sectional diagram of an injection
mold illustrating schematically the manufacture of a
composite of an aluminum alloy part and a thermo-
plastic synthetic resin composition part having a
polyamide resin as a main component; and
Fig. 2 is an external view diagram illustrating sche-
matically a single composite of an aluminum alloy
part and a thermoplastic synthetic resin composition
part having a polyamide resin as a main component.

1 aluminum alloy part
2 movable retainer plate
3 fixed die plate
4 thermoplastic synthetic resin composition part
5 pin point gate
6 bonding surface
7 composite

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] The various elements comprised in the above-
described inventions are explained in detail next.
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Aluminum alloy part

[0032] The material of the aluminum alloy part used in
the present invention is an aluminum alloy. The aluminum
alloy part is obtained by working an aluminum alloy ma-
terial. Aluminum alloys are broadly divided into wrought
alloys and cast alloys. Aluminum alloys are also broadly
classified into non heat-treatable alloys, in which hard-
ness and tensile strength are increased by work harden-
ing alone, and heat-treatable alloys in which mechanical
characteristics are improved through thermal treatment.
Examples of aluminum alloys belonging to non heat-
treatable alloys include, for instance, Al-Mg alloys, Al-Mn
alloys, Al-Mg-Mn alloys and the like. Examples of alumi-
num alloys belonging to heat-treatable alloys include, for
instance, Al-Cu-Mg alloys, Al-Zn-Mg alloys, Al-Mg-Si al-
loys, heat-resistant aluminum alloy and the like. Cast al-
loys are classified, in turn, into cast alloys for metal molds,
sand molds, shell casting, die casting and the like.
[0033] The aluminum alloy used in the present inven-
tion includes many known alloys that are standardized
under numbers A1000 to A7000 in accordance with JIS
(Japanese Industrial Standards). The base material of
the aluminum alloy part used in the present invention
employs in principle such well-known aluminum alloys.
Prior to working, the material shape of the aluminum alloy
part used in the present invention may be that of a semi-
processed aluminum material such as plates, rods,
pipes, extrusion products, or casts. To obtain an alumi-
num alloy part out of such materials, the material is
worked into a desired shape and structure through me-
chanical processing that may include, for instance, ma-
chining by cutting, milling, bending, drawing or the like,
i.e. saw processing, milling, electron discharge process-
ing, drilling, pressing, grinding, polishing and the like. A
metal shaped product that makes up a portion of the part
is processed by way of such mechanical processes into
an insert that, through injection molding, yields a required
shape and structural portions in the part.
[0034] No thick oxide film, hydroxide film or the like
must be formed on the faces to be bonded of the alumi-
num alloy part having been worked into the required
shape and structure. The aluminum alloy parts in which
rust becomes apparent on the surface, after prolonged
natural exposure, must have the surface thinned out by
grinding, blasting or the like. Dirt other than rust, i.e. oily
layers adhering during the metal processing operation
and resin and the like, adhered during conveyance, are
removed in the below-described degreasing process.

Pre-treatment process

[0035] The surface of the aluminum alloy part has ad-
hered thereon processing oil, resins, chips and the like,
and also small oil droplets and dirt after being processed
by sandblasting or the like. Accordingly, the aluminum
alloy part must be degreased and cleaned. The proc-
essed aluminum alloy part is ordinarily treated by being

charged into solvent degreasing equipment for perform-
ing a known degreasing treatment. Alternatively, if oil ad-
hesion is slight, the aluminum alloy part is subjected in-
itially to an ordinary degreasing treatment that involves
dipping for several minutes in an aqueous solution having
dissolved therein a commercially available degreasing
agent for aluminum alloys, followed by washing with wa-
ter. To achieve a clean aluminum surface through further
chemical whittling of the surface, a bath of an aqueous
solution of dilute caustic soda, at a concentration of sev-
eral %, is prepared to a temperature of about 40°C, and
then the aluminum alloy part is dipped in such a bath of
a caustic soda aqueous solution.
[0036] In a separate bath there is prepared, to a tem-
perature of about 40°C, an acid aqueous solution such
as a hydrochloric acid aqueous solution, a nitric acid
aqueous solution, an aqueous solution of ammonium hy-
drogen fluoride or the like, to a concentration of several
%. The acid solution employed differs depending on the
type of aluminum alloy, and thus different aluminum al-
loys can be treated by preparing various aqueous solu-
tions of such acids. The aluminum alloy shaped product,
dipped in the caustic soda aqueous solution and washed
with water, is then dipped in such acid solutions, followed
by further washing with water, to complete thereby the
pre-treatment process.

Dipping in an aqueous solution of a water-soluble amine 
compound

[0037] Once the above pre-treatment is over, the alu-
minum alloy part is dipped in an aqueous solution of a
water-soluble amine compound. In this dipping treatment
the aluminum alloy part is etched so as to form ultrafine
irregularities on the surface of the aluminum alloy part,
through dipping in an aqueous solution of one or more
compounds selected from ammonia, hydrazine, and a
water-soluble amine compound. Examples of the water-
soluble amine compound include, for instance, methyl-
amine, dimethylamine, trimethylamine, ethylamine, di-
ethylamine, triethylamine, ethylenediamine, eth-
anolamine, allylamine, ethanolamine, diethanolamine,
triethanolamine, aniline and the like.
[0038] Preferably, such aqueous solutions are adjust-
ed to a weakly basic pH of 9 to 10. Upon dipping over an
appropriate lapse of time, the surface of the aluminum
alloy becomes etched into ultrafine irregularities and ap-
pears, under an electron microscope, to be covered with
protrusions and recesses having diameters from 10 to
100 nm. When using a water-soluble amine, or an aque-
ous solution of hydrazine, the aqueous solution can be
used at a concentration of 1% to 30%, from room tem-
perature to 70°C, and from 0.5 minutes to about a dozen
minutes. When using an aqueous ammonia solution, the
latter can be used at a concentration of about 20%, at
room temperature, and from about a dozen minutes to
several tens of minutes of dipping time. After dipping, the
aluminum alloy part is washed with water and is dried
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under warm air. The surface of the aluminum alloy sub-
jected to the above-described dipping treatment is cov-
ered with microscopic recesses having an average inner
diameter of 10 to 80 nm as observed under an electron
microscope at 100,000 magnifications. The size of the
recess inner diameter is explained in detail next. In the
present invention, the number-average inner diameter
denotes the quotient obtained by dividing the total sum
of all measured diameters of recesses observable in a
section of an electron micrograph, for instance within a
unit square shape in a 200 nm rectangle, by the number
of recesses measured therein.
[0039] The inventors found no aluminum alloy part sur-
face covered with such ultrafine recesses for a recess
inner diameter smaller than 10 nm, even after numerous
etching experiments using aqueous solutions of water-
soluble amine compounds. In the below-described ano-
dizing, all the experiments carried out by the inventors
yielded likewise pore openings having an inner diameter
no smaller than 10 nm. In surface observations employ-
ing a type of electron microscope (SEM type) having the
highest resolution commercially available in Japan, are-
as of resolution of 5 nm or less are hard to observe dis-
tinctly owing to edge jittering. In short, although the in-
vention can presumably be used as well for a recess
inner diameter, and an opening inner diameter of ano-
dizing pores, smaller than 10 nm, at the present stage
this has not yet been conclusively confirmed. According-
ly, the recesses are explained for an inner diameter of
10 nm or more, which the inventors succeeded in ob-
serving clearly under the electron microscope, and which
corresponds to the scope of the invention.
[0040] When upon dipping of the aluminum alloy part
in an aqueous solution of a water-soluble amine com-
pound there form recesses having a number-average in-
ner diameter greater than 80 nm, the fixing strength of
the manufactured metal-resin composite of the present
invention becomes greatly impaired as a result. The rea-
son for this is explained next. Specifically, the inventors
observed the following, on the basis of electron micro-
graphs, upon erosion of the surface of aluminum alloy
parts through dipping in the above erosive aqueous so-
lutions.
[0041] In an example of an A5052 aluminum alloy (JIS
standard), for which the phenomenon is most conspicu-
ous, a water-soluble amine aqueous solution is adjusted
to a weakly basic pH 10, and then the aluminum alloy is
dipped therein at a temperature of about 50°C. Recesses
having an inner diameter of 20 to 40 nm form immedi-
ately, such that within about 1 minute the depth of the
recesses is similar to the inner diameter thereof. Upon
prolonged dipping, the recesses are further cut into a
greater depth, leading to eventual eating into the periph-
eral edge portions that make up the recesses, further
increasing thereby, in average, the inner diameter of the
recesses.
[0042] An A5052 piece was dipped for about 20 min-
utes, and was then washed with water and dried. Under

observation using an electron microscope, the recesses
visible on the surface of the piece had become larger, to
an inner diameter of about 100 nm. Upon more detailed
observation of the interior of the recesses, however, there
was revealed an intricate pattern of grooves and complex
fine recesses, as if burrowed by earthworms. The results
of the injection bonding experiments carried out by the
inventors with the polyamide resin used in the present
invention showed that bonding force (called "fixing force"
in the present invention) drops rapidly upon reaching a
boundary corresponding to a recess average inner diam-
eter of 80 nm.
[0043] That is, in chemical etching resulting from dip-
ping an A5052 aluminum alloy piece in a weakly basic
aqueous solution, bonding force by injection bonding
drops rapidly upon reaching a boundary corresponding
to an average inner diameter of about 80 nm. The inven-
tors conjecture that the reason for the rapid drop in bond-
ing force that accompanies an increase in recess diam-
eter is related to the above-described complex shape of
the recess interior.
[0044] The polyamide resin used in the present inven-
tion infiltrates into the ultrafine recesses formed on the
metal side during injection molding, under the molding
conditions, such that the molten polyamide resin crystal-
lizes after infiltration. Conversely, the composition added
to the polyamide resin, the size of the ultrafine recesses,
the injection molding conditions and so forth are adjusted
and set in such a manner so as to elicit crystallization of
the infiltrated fused polyamide resin.
[0045] When the diameter and depth of the recesses
are ultrafine and the recesses cover innumerably the
metal surface, the metal portion and the polyamide resin
crystallizing after penetrating into the recesses become
supported by virtue of innumerable anchor effects that
are believed to give rise thereby to an extraordinarily
strong bonding force. When the surface has recesses of
a size of 80 nm or larger, the bonding force weakens as
a clear consequence of the resin flow, resin crystallization
and solidification dynamics that are thought to be in-
volved. Specifically, when dipping is prolonged exces-
sively so that the recess diameter exceeds 80 nm, even
when dipping is directed at forming fine recesses having
a diameter of several tens of nm on the aluminum alloy
surface, there form extremely complex three-dimension-
al shapes, with, for instance, small recessed holes form-
ing inside the above-described recesses, or with through-
holes forming in all directions and in multiple layers.
[0046] A cross section of an aluminum alloy deeply
eroded in such a way, sliced in a perpendicular direction,
reveals the formation of a layer having shapes as if worm-
eaten, on portions at a depth of 100 to 200 nm from the
surface, giving rise, as it were, to a spongy layer in which
cavities or through-holes are connected with one anoth-
er. In short, prolonging etching so that the recess diam-
eter increases up to of 80 nm causes the surface layer
of the aluminum alloy piece to acquire a spongy layer
constitution, which weakens the mechanical strength of
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the surface layer itself. When the surface is formed as a
spongy layer, moreover, the injected resin cannot pene-
trate all the way to the back of the gaps formed by the
holes or through-holes that intricately pockmark the metal
surface.
[0047] That is because the resin beings to crystallize
and solidify through cooling before penetrating all the way
into the recesses. The injected resin can get into the
spongy surface portions, but cannot penetrate all the way
in. Therefore, upon breakage resulting from shear forces
or from applying a load in the direction in which the resin
delaminates from the aluminum alloy, after integration of
the aluminum alloy and the resin, the resin portion, which
is susceptible to mechanical stress, does not break. In-
stead, there breaks the spongy layer of the surface of
the aluminum alloy, not yet filled with resin. As a result,
this precludes achieving high bonding strength.

Aluminum alloy, anodizing treatment

[0048] An explanation follows next on an instance
where the shaped aluminum alloy part is subjected to an
anodizing surface treatment. In anodizing, the aluminum
alloy part is degreased using a commercially available
aluminum degreasing agent and is washed with water to
remove mechanical processing oil and/or fat. Thereafter,
the surface of the aluminum alloy part is cleaned by way
of a pre-treatment such as alkali etching, chemical pol-
ishing or the like, and then an aluminum oxide layer, hav-
ing innumerable microscopic pores, is formed on the sur-
face of the aluminum alloy part by electrolysis in an acidic
aqueous solution. Standard alkali etching involves ordi-
narily dipping for ten seconds to several tens of seconds
in a caustic soda aqueous solution, having a concentra-
tion of 10 to 20%, at 50 to 90°C, to dissolve the alloy
surface, followed by washing with water and subsequent
chemical polishing. Chemical polishing involves dipping
for several seconds to about a dozen seconds in a high-
concentration aqueous solution of an acid such as nitric
acid, phosphoric acid, sulfuric acid or the like, at 80 to
100°C.
[0049] As a result of these processes, the aluminum
alloy surface is whittled by several mm or more. In the
subsequent anodizing, as is well known, the aluminum
in the aluminum alloy, which functions as an anode, is
oxidized through current conduction in a sulfuric acid
aqueous solution having a concentration of about 10%,
at 10 to 20°C, as a result of which the surface of the
aluminum alloy becomes covered with a hard, strong alu-
minum oxide layer. Covering the surface of the aluminum
alloy with a non-conductive aluminum oxide would argu-
ably terminate oxidation at that time, since further current
cannot pass, but in fact conduction persists until the thick-
ness of the aluminum oxide layer reaches about 20 mm.
That is because conduction takes place via innumerable
pores, having diameters of about a dozen to several tens
of nm, that are opened on the surface of the aluminum
oxide layer. Such anodized products of aluminum or alu-

minum alloys having innumerable pores can be dyed by
being dipped in an aqueous solution having a dye dis-
solved therein, whereupon the dye penetrates into the
pores.
[0050] Dyed alumite is obtained by further treating
such an anodized product, to seal the pores and prevent
the dye from escaping. The portions at which the recess-
es and/or pores are opened are not metallic themselves,
but provided that they comprise a metal oxide harder and
stronger than metal, the present invention is also obvi-
ously effective therein, on account of its underlying prin-
ciple. That is, dyeing and pore sealing are not carried out
in the present invention. Drying of the anodized product
having been washed with water after anodization is car-
ried out at low temperature. An excessive temperature
during drying may cause the aluminum oxide in openings
to react with water and give rise to a hydroxide that may
cause the openings to deform and seal the pores. The
drying temperature ranges preferably from 60 to 70°C.
[0051] Thermoplastic synthetic resin composition/
composition of the resin component (I)
[0052] An explanation follows next on the thermoplas-
tic synthetic resin composition that is used. The polya-
mide resin used in the present invention is a polyamide
having as a main constituent thereof an amino acid, a
lactam or a diamine and a dicarboxylic acid. Represent-
ative examples of such main constituents include, for in-
stance, amino acids such as 6-aminocaproic acid, 11-
aminoundecanoic acid, as 12-aminododecanoic acid
and paraaminomethylbenzoic acid; lactams such as ε-
caprolactam and ω-laurolactam; aliphatic, alicyclic or ar-
omatic diamines such as tetramethylenediamine, hex-
amethylenediamine, 1,5-pentanediamine, 2-methyl pen-
tamethylenediamine, nonamethylenediamine, un-
decamethylenediamine, dodecamethylenediamine,
2,2,4-/2,4,4-trimethyl hexamethylenediamine, 5-methyl
nonamethylenediamine, meta-xylylenediamine, para-
xylylenediamine, 1,3-bis(aminomethyl)cyclohexane,
1,4-bis(aminomethyl)cyclohexane, 1-amino-3-ami-
nomethyl 3,5,5-trimethylcyclohexane, bis(4-aminocy-
clohexyl)methane, bis(3-methyl-4-aminocyclohexyl)
methane, 2,2-bis(4-aminocyclohexyl)propane, bis(ami-
nopropyl)piperazine, and aminoethyl piperazine; and
aliphatic, alicyclic or aromatic dicarboxylic acids such as
adipic acid, suberic acid, azelaic acid, sebacic acid, do-
decanedioic acid, terephthalic acid, isophthalic acid, 2-
chloroterephthalic acid, 2-methylterephthalic acid, 5-
methylisophthalic acid, 5-sodium sulfoisophthalate, 2,6-
naphthalene dicarboxylic acid, hexahydroterephthalic
acid and hexahydroisophthalic acid. In the present inven-
tion, nylon homopolymers or copolymers derived from
the foregoing raw materials can be used singly or in mix-
tures.
[0053] Polyamide resins particularly useful in the
present invention are polyamide resins excellent in ther-
mal resistance and strength, having a melting point not
lower than 150°C. Specific examples thereof include, for
instance, polycaproamide (nylon 6), polyhexamethylene
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adipamide (nylon 66), polypentamethylene adipamide
(nylon 56), polytetramethylene adipamide (nylon 46),
polyhexamethylene sebacamide (nylon 610), polyhex-
amethylene dodecanamide (nylon 612), polyundecanea-
mide (nylon 11), polydodecane amide (nylon 12), polyc-
aproamide/polyhexamethylene adipamide copolymers
(nylon 6/66), polycaproamide/polyhexamethylene
terephthalamide copolymers (nylon 6/6T), polyhexame-
thylene adipamide/polyhexamethylene isophthalamide
copolymers (nylon 66/6I), polyhexamethylene terephtha-
lamide/polyhexamethylene isophthalamide copolymers
(nylon 6 T/6I), polyhexamethylene terephthalamide/poly-
dodecane amide copolymers (nylon 6T/12), polyhexam-
ethylene adipamide/polyhexamethylene terephthala-
mide/polyhexamethylene isophthalamide copolymers
(nylon 66/6T/6I), polyhexamethylene adipamide/poly-
hexamethylene isophthalamide/polycaproamide copoly-
mers (nylon 66/6I/6), polymetaxylylene adipamide (nylon
MXD 6), polyhexamethylene terephthalamide/poly-2-
methylpentamethylene-terephthalic-amide copolymers
(nylon 6T/M5T), polynonamethyleneterephthalamide
(nylon 9T), and mixtures thereof.
[0054] As the polyamide resin there can be used both
aliphatic nylon and aromatic nylon. Nylon 66 and nylon
6 are preferred as aliphatic nylons. Preferred aromatic
nylons are those synthesized from phthalic acid and hex-
amethylenediamine. In practice, it is also appropriate to
use these polyamide resins as copolymers/mixtures in
accordance with, for instance, the required moldability
and compatibility. The thermoplastic synthetic resin com-
position used for injection molding is divided into three
types. The first type involves compounding a polyamide
resin as a main component, and an impact resistance
modifier as an auxiliary component. The thermoplastic
synthetic resin composition comprises preferably 70 to
95 parts by weight of polyamide resin and 5 to 20 parts
by weight of impact resistance modifier, relative to 100
parts by weight of total resin component. Using an impact
resistance modifier allows achieving a required bonding
strength in the metal-resin composite. Herein, the impact
resistance modifier denotes a component that improves
impact resistance when alloyed with the polyamide resin.
The impact resistance modifier may be, for instance, a
(co)polymer obtained by polymerizing an olefin com-
pound and/or a conjugated diene compound.
[0055] Examples of such (co)polymers include, for in-
stance, ethylene copolymers, conjugated diene poly-
mers, conjugated diene-aromatic vinyl hydrocarbon co-
polymers and the like. Herein, ethylene copolymers de-
note copolymers and multicomponent polymers of ethyl-
ene and other monomers. Other monomers that copoly-
merize with ethylene include, for instance, monomers se-
lected from among α-olefins having three or more carbon
atoms, nonconjugated dienes, vinyl acetate, vinyl alco-
hol, α,β-unsaturated carboxylic acids and derivatives
thereof.
[0056] Examples of α-olefins having three or more car-
bon atoms include, for instance, propylene, butene-1,

pentene-1, 3-methylpentene-1, and octene-1, preferably
propylene, butene-1. Examples of non-conjugated
dienes include, for instance, norbornene compounds
such as 5-methylidene-2-norbornene, 5-ethylidene-2-
norbornene, 5-vinyl-norbornene, 5-propenyl-2-nor-
bornene, 5-isopropenyl-2-norbornene, 5-crotyl-2-nor-
bornene, 5-(2-methyl-2-butenyl)-2-norbornene, 5-(2-
methyl-2-butenyl)-2-norbornene and 5-methyl-5-vinyl
norbornene or the like; dicyclopentadiene, methyl tet-
rahydroindene, 4,7,8,9-tetrahydroindene, 1,5-cycloocta-
diene, 1,4-hexadiene, isoprene, 6-methyl-1,5-heptadi-
ene, 11-tridecadiene and the like, preferably 5-methyli-
dene-2-norbornene, 5-ethylidene-2-norbornene, dicy-
clopentadiene, 1,4-hexadiene or the like. Examples of α-
β-unsaturated carboxylic acids include, for instance,
acrylic acid, methacrylic acid, ethacrylic acid, crotonic
acid, maleic acid, fumaric acid, itaconic acid, citraconic
acid, and butenedicarboxylic acid, while examples of de-
rivatives thereof include, for instance, alkyl esters, aryl
esters, glycidyl esters, acid anhydrides and imides.
[0057] The conjugated diene polymer denotes herein
a polymer having as constituents thereof one or more of
the above conjugated dienes, for instance a homopoly-
mer such as 1,3-butadiene, or a copolymer of one or
more monomers selected from 1,3-butadiene, isoprene
(2-methyl-1,3-butadiene), 2,3-dimethyl-1,3-butadiene,
and 1,3-pentadiene. Also, there can preferably be used
a polymer in which part or the entirety of the unsaturated
bonds of the polymer are reduced by hydrogenation.
[0058] The conjugated diene-aromatic vinyl hydrocar-
bon copolymer denotes herein a block copolymer or a
random copolymer comprising a conjugated diene and
an aromatic vinyl hydrocarbon. Examples of conjugated
dienes that make up the conjugated diene-aromatic vinyl
hydrocarbon copolymer include, for instance, the above
monomers, preferably, in particular, 1,3-butadiene and
isoprene. As the aromatic vinyl hydrocarbon there can
be used, for instance, styrene, α-methyl styrene, o-me-
thyl styrene, p-methyl styrene, 1,3-dimethyl styrene, vinyl
naphthalene or the like, preferably styrene. Also, there
can preferably be used a polymer in which part or the
entirety of the unsaturated bonds of the conjugated di-
ene-aromatic vinyl hydrocarbon copolymer, other than
double bonds excluding the aromatic rings, are reduced
by hydrogenation.
[0059] In order to control with precision the diameter
of dispersed particles of the impact resistance modifier
in the resin composition, there can be preferably used
also (co)polymers obtained through graft polymerization
or copolymerization of various unsaturated carboxylic ac-
ids and/or derivatives thereof, and vinyl monomers. Pref-
erably, the amount of unsaturated carboxylic acids and/or
derivatives thereof and vinyl monomers for a grafting re-
action or copolymerization ranges from 0.01 to 20.00wt%
relative to the impact resistance modifier. Examples of
unsaturated carboxylic acids used in a grafting reaction
or copolymerization include, for instance, acrylic acid,
methacrylic acid, ethacrylic acid, crotonic acid, maleic
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acid, fumaric acid, itaconic acid, citraconic acid, and
butenedicarboxylic acid.
[0060] Examples of derivatives of such unsaturated
carboxylic acids include, for instance, alkyl esters, glyci-
dyl esters, esters having di- or tri-alkoxy silyl groups, acid
anhydrides and imides. Preferred among them are gly-
cidyl esters, esters of unsaturated carboxylic acids hav-
ing di- or tri-alkoxy silyl groups, acid anhydrides, and im-
ides.
[0061] Examples of unsaturated carboxylic acids or
derivatives thereof that can be used, include, for in-
stance, maleic acid, fumaric acid, glycidyl acrylate, gly-
cidyl methacrylate, diglycidyl itaconate, diglycidyl citra-
conate, diglycidyl butene dicarboxylate, monoglycidyl
butene dicarboxylate, maleic anhydride, itaconic anhy-
dride, citraconic anhydride, maleimide, itaconimide, cit-
raconimide or the like, preferably, in particular, glycidyl
methacrylate, maleic anhydride, itaconic anhydride, and
maleimide.
[0062] Examples of the vinyl monomers include aro-
matic vinyl compounds such as styrene or the like; vinyl
cyanide compounds such as acrylonitrile or the like; vinyl
silane compounds such as vinyltrimethoxysilane or the
like Two or more of these unsaturated carboxylic acids,
derivatives thereof or vinyl monomers may be used in
combination. Known methods can be used for grafting
the (co)polymers with any of these unsaturated carbox-
ylic acids, derivatives thereof or vinyl monomers.
[0063] A polyamide elastomer or polyester elastomer
can also be used. The impact resistance modifiers can
be used in combinations of two or more. Specific exam-
ples of such impact resistance modifiers include, for in-
stance, ethylene/propylene copolymers, ethylene/
butene-1 copolymers, ethylene/propylene/dicyclopenta-
diene copolymers, ethylene/propylene/5-ethylidene-2-
norbornene copolymers, unhydrogenated or hydrogen-
ated styrene/isoprene/styrene triblock copolymers, un-
hydrogenated or hydrogenated styrene/butadiene/sty-
rene triblock copolymers, ethylene/methacrylic acid co-
polymers, copolymers in which part or the entirety of the
carboxylic acid moieties in the copolymers form salts with
sodium, lithium, potassium, zinc, or calcium; ethylene/
methyl acrylate copolymers, ethylene/methyl methacr-
ylate copolymers, ethylene/ethyl methacrylate copoly-
mers, ethylene/ethyl acrylate-g-maleic anhydride copol-
ymers (g denotes "grafted", likewise hereinafter), ethyl-
ene/methyl methacrylate-g-maleic anhydride copoly-
mers, ethylene/ethyl acrylate-g-maleimide copolymers,
ethylene/ethyl acrylate-g-N-phenylmaleimide copoly-
mers, and partial saponification products of these copol-
ymers, ethylene/glycidyl methacrylate copolymers, eth-
ylene/vinyl acetate /glycidyl methacrylate copolymers,
ethylene/methyl methacrylate/glycidyl methacrylate co-
polymers, ethylene/glycidyl acrylate copolymers, ethyl-
ene/vinyl acetate /glycidyl acrylate copolymers, ethylene/
glycidyl ether copolymers, ethylene/propylene -g-maleic
anhydride copolymers, ethylene/butene-1-g-maleic an-
hydride copolymers, ethylene/propylene /1,4-hexadien-

g-maleic anhydride copolymers, ethylene/propylene /dy-
cyclopentadien-g-maleic anhydride copolymers, ethyl-
ene/propylene /2,5-norbornadien-g-maleic anhydride
copolymers, ethylene/propylene-g-N-phenylmaleimide
copolymers, ethylene/buten-1-g-N-phenylmaleimide co-
polymers, hydrogenated styrene /butadiene/styrene-g-
maleic anhydride copolymers, hydrogenated styrene
/isoprene/styrene -g-maleic anhydride copolymers, eth-
ylene/buten-1-g-glycidyl methacrylate copolymers, eth-
ylene/propylene /1,4-hexadien-g-glycidyl methacrylate
copolymers, ethylene/propylene /dicyclopentadien-g-
glycidyl methacrylate copolymers, hydrogenated sty-
rene/butadiene/styrene-g-glycidyl methacrylate copoly-
mers, nylon 12/polytetramethylene glycol copolymers,
nylon 12/polytrimethylene glycol copolymers, polybuty-
lene terephthalate /polytetramethylene glycol copoly-
mers, polybutylene terephthalate /polytrimethyl glycol
copolymers or the like.
[0064] More preferred among these are ethylene/
methacrylic acid copolymers and copolymers in which
part or the entirety of the carboxylic acid moieties in the
copolymers form salts with sodium, lithium, potassium,
zinc, or calcium, more preferably, ethylene/propylene -g-
maleic anhydride copolymers, ethylene/buten-1-g-
maleic anhydride copolymers, hydrogenated styrene/
butadiene/styrene-g-maleic anhydride copolymers, and
in particular, ethylene/methacrylic acid copolymers and
copolymers in which part or the entirety of the carboxylic
acid moieties in the copolymers form salts with sodium,
lithium, potassium, zinc, or calcium, ethylene/propylene
-g-maleic anhydride copolymers, and ethylene/buten-1-
g-maleic anhydride copolymers.
[0065] Besides the impact resistance modifier, adding
a polyfunctional isocyanate compound and/or an epoxy
resin has often the effect of increasing injection bonding
strength, as these compounds are found to promote com-
patibility. Specifically, the polyfunctional isocyanate com-
pound is blended preferably in an amount of 0.1 to 6.0
parts by weight, and/or the epoxy resin in an amount of
1 to 25 parts by weight, relative to 100 parts by weight
of total resin component.
[0066] A commercially available blocked or unblocked
polyfunctional isocyanate compound can be used as the
polyfunctional isocyanate compound. Examples of poly-
functional unblocked isocyanate compounds include, for
instance, 4,4’-diphenylmethane diisocyanate, 4,4’-
diphenylpropane diisocyanate, toluene diisocyanate,
phenylene diisocyanate, bis(4-isocyanatephenyl)sul-
fone or the like.
[0067] Examples of polyfunctional blocked isocyanate
compounds include, for instance, polyfunctional blocked
isocyanate compounds having two or more isocyanate
groups in the molecule, the isocyanate groups being
made inactive at room temperature through a reaction
with a volatile active hydrogen compound. The type of
the polyfunctional blocked isocyanate compound, which
is not particularly limited, has ordinarily a structure in
which the isocyanate group is masked by way of blocking
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agents such as alcohols, phenols, ε caprolactam, oxi-
mes, and active methylene compounds. As the polyfunc-
tional blocked isocyanate there can be used, for instance
"Takenate" (by Mitsui Chemicals Polyurethane Inc. To-
kyo, Japan) or the like.
[0068] As the epoxy resin there can be used an ordi-
nary known epoxy resin of bisphenol A type, a cresol
novolac type or the like. Examples of bisphenol A-type
epoxy resins include, for instance, "Epicoat" (by Japan
Epoxy Resin Co., Ltd.) or the like, while examples of
cresol novolac-type epoxy resins include, for instance,
"Epiclon" (by Dainippon Ink & Chemicals, Inc., Tokyo,
Japan) or the like.

Thermoplastic synthetic resin composition/composition 
of the resin component (II)

[0069] When using as the polyamide resin a main resin
composition obtained through simple mixing of an
aliphatic polyamide resin and an aromatic polyamide res-
in, the amount of aliphatic polyamide resin is preferably
10 to 90 parts by weight, and the amount of aromatic
polyamide resin is preferably 90 to 10 parts by weight,
relative to 100 parts by weight of total resin component.
More preferably, the amount of aliphatic polyamide resin
is 70 to 90 parts by weight, and the amount of aromatic
polyamide resin is 30 to 10 parts by weight. Although
both have high crystallinity, it is found that mixed-in for-
eign matter causes the overall crystallization rate to de-
crease. Examples of aliphatic polyamide resins include,
for instance, polycaproamide (nylon 6), polyhexamethyl-
ene adipamide (nylon 66), polypentamethylene adipa-
mide (nylon 56), polytetramethylene adipamide (nylon
46), polyhexamethylene sebacamide (nylon 610), poly-
hexamethylene dodecanamide (nylon 612), polyunde-
cane amide (nylon 11), polydodecane amide (nylon 12)
and mixtures thereof.
[0070] Examples of aromatic polyamide resins include,
for instance, aromatic nylon (nylon 6I) synthesized from
isophthalic acid and hexamethylenediamine, aromatic
nylon (nylon 6T) synthesized from terephthalic acid and
hexamethylenediamine, polymetaxylylene adipamide
(nylon MXD 6), polynonamethylene terephthalamide (ny-
lon 9T) and mixtures thereof. The above aliphatic polya-
mide resins and aromatic polyamide resins, mixed at the
above proportions, can be used by being melt kneaded.
Pellets comprising the resins can also be used as dry
pellets.
[0071] When using as a main resin composition a com-
position in which the aliphatic polyamide resin and the
aromatic polyamide resin are bonded molecularly, there
is employed a block polymer of an aliphatic polyamide
resin component an aromatic polyamide resin compo-
nent, ordinarily a so-called copolynylon (copolymer). As
the aliphatic polyamide resin component to be copolym-
erized there can be used a component comprising the
above aliphatic polyamide resins, preferably, nylon 6, ny-
lon 66, nylon 46, nylon 610, nylon 612, nylon 12, and

more preferably, nylon 6 or nylon 66. As the aromatic
polyamide resin component to be copolymerized there
can be used a component comprising the above aromatic
polyamide resins.
[0072] Preferred copolynylons include, for instance,
polycaproamide/polyhexamethylene isophthalamide co-
polymers (nylon 6/6I), polycaproamide/polyhexamethyl-
ene terephthalamide copolymers (nylon 6/6T), polyhex-
amethylene adipamide/polyhexamethylene isophthala-
mide copolymers (nylon 66/6I), polyhexamethylene adi-
pamide/polyhexamethylene terephthalamide copoly-
mers (nylon 66/6T), polyhexamethylene terephthala-
mide/polydodecane amide copolymers (nylon 6T/12),
polyhexamethylene adipamide/polyhexamethylene
terephthalamide/polyhexamethylene isophthalamide
copolymers (nylon 66/6T/6I), polyhexamethylene adipa-
mide/polyhexamethylene isophthalamide/polycaproam-
ide copolymers (nylon 66/6I/6) or the like.
[0073] Preferred copolynylons include, for instance,
those having a 6I nylon component. Particularly preferred
copolynylons include a tripolymer (nylon 66/6I/6 resin)
comprising a hexamethylene adipamide component (ny-
lon 66 component) a hexamethylene isophthalamide
component (nylon 6I component), and a caproamide
component (nylon 6 component), obtained by heating
and polymerizing, in a polymerization tank, an equimolar
salt of hexamethylenediamine and adipic acid, an equi-
molar salt of hexamethylenediamine and isophthalic ac-
id, and ε caprolactam. The copolymerization ratio corre-
sponds to the ratio of blending raw materials. A preferred
copolymerization ratio of repetitive structural units is 65
to 90wt% of nylon 66 component, 5 to 30wt% of nylon 6I
component and 1 to 14wt%, more preferably 2 to 12wt%
of nylon 6 component. At the same time, there is prefer-
ably satisfied a copolymerization ratio of nylon 6I com-
ponent/nylon 6 component no smaller than 1.0. Such a
copolymerization ratio can be achieved by adjusting the
proportions of raw materials during the manufacture of
the copolymers.
[0074] Preferably, there can also be used a tripolymer
(nylon 66/ 6T/6I resin) comprising a hexamethylene ad-
ipamide component (nylon 66 component), a hexameth-
ylene terephthalamide component (nylon 6T component)
and a hexamethylene isophthalamide component (nylon
6I component), obtained by heating and polymerizing, in
a polymerization vessel, an equimolar salt of hexameth-
ylenediamine and adipic acid, an equimolar salt of hex-
amethylenediamine and terephthalic acid, and an equi-
molar salt of hexamethylenediamine and isophthalic ac-
id. The copolymerization ratio corresponds to the ratio of
blending raw materials. A preferred copolymerization ra-
tio of repetitive structural units is 5 to 15wt% of nylon 66
component, 55 to 65wt% of nylon 6T component, and 20
to 30wt% of nylon 6I component.
[0075] Preferably, there can also be used a tripolymer
(nylon 6/ 6T/6I resin) comprising a caproamide compo-
nent (nylon 6 component), a hexamethylene terephtha-
lamide component (nylon 6T component), and a hexam-
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ethylene isophthalamide component (nylon 6I compo-
nent), obtained by heating and polymerizing, in a polym-
erization vessel, an equimolar salt of ε-caprolactam and
benzoic acid, an equimolar salt of hexamethylenedi-
amine and terephthalic acid, and an equimolar salt of
hexamethylenediamine and isophthalic acid. The copo-
lymerization ratio corresponds to the ratio of blending
raw materials. A preferred copolymerization ratio of re-
petitive structural units is 5 to 15wt% of nylon 6 compo-
nent, 55 to 65wt% of nylon 6T component, and 20 to
30wt% of nylon 6I component.
[0076] Using a copolynylon having such copolymeri-
zation ratios allows obtaining solidification characteris-
tics suitable for adherence to Al, without impairment of
mechanical characteristics or heat resistance character-
istics. Loss of mechanical characteristics on account of
moisture absorption can be curbed with a content of nylon
6 of, preferably, 1 to 10 parts by weight, more preferably,
of 3 to 8 parts by weight. Loss of mechanical character-
istics on account of moisture absorption can be further
curbed when the copolymerization ratio of nylon 6I to
nylon 6 is no smaller than 1.0. The copolynylon used in
the present invention has preferably a viscosity number
of 70 to 130 ml/g, more preferably of 75 to 110 ml/g, as
measured in accordance with ISO307. Using a copoly-
nylon falling within the above ranges allows obtaining a
thermoplastic synthetic resin composition suitable for the
present invention, having good adherence to aluminum
without loss of mechanical characteristics.

Thermoplastic synthetic resin composition/composition 
of the resin component (III)

[0077] In the present invention there can also be used
a thermoplastic synthetic resin composition of a resin
composition having as a main component two or more
aromatic polyamides selected from a group of different
types of aromatic polyamide resins. In this case, the two
or more aromatic polyamides may be simply mixed or
may be bonded molecularly. When using simply mixed
aromatic polyamides, the main component may com-
prise two or more of the above-described aromatic polya-
mide resins. Preferably, there can be used two or more
aromatic polyamides selected from the group consisting
of a polyamide resin of phthalic acid and hexamethylen-
ediamine, a polyamide resin (nylon 6I) of isophthalic acid
and hexamethylenediamine, and a polyamide resin (ny-
lon 6T) of terephthalic acid and hexamethylenediamine,
and more preferably, a combination of nylon 6T and nylon
6I.
[0078] In the latter case, the amount of nylon 6T is pref-
erably 10 to 90 parts by weight, and the amount of nylon
6I is 10 to 90 parts by weight, relative to a total 100 parts
by weight of resin component. More preferably, the
amount of nylon 6T is 50 to 80 parts by weight, and the
amount of nylon 6I is 20 to 50 parts by weight. The above
ranges afford a thermoplastic synthetic resin composition
having excellent heat resistance characteristics and ap-

propriate adherence to aluminum. When using two or
more molecularly bonded aromatic polyamides, there is
preferably employed a copolynylon having the same ra-
tios as those used in the case of simple mixing.

Thermoplastic synthetic resin composition/filler

[0079] With a view to adjusting the difference in coef-
ficient of linear expansion between the aluminum alloy
part and the resin composition part, and enhancing the
mechanical strength of the resin composition part, the
composite of the present invention is preferably a resin
composition further comprising a filler in an amount of 1
to 200 parts by weight, more preferably 10 to 150 parts
by weight, relative to 100 parts by weight of total resin
component.
[0080] As the filler there can be used, for instance, fi-
brous fillers, granular fillers, lamellar fillers and the like.
Examples of fibrous fillers include, for instance, glass fib-
ers, carbon fibers, aramide fibers and the like. Specific
examples of glass fibers include, for instance, chopped
strand fibers having an average fiber diameter of 6 to 14
mm. Examples of lamellar and granular fillers include, for
instance, calcium carbonate, mica, glass flakes, glass
balloons, magnesium carbonate, silica, talc, clay, and
crushed products of carbon fibers or aramide fibers.
[0081] Even in the absence of a filler, a very strong
force is required to remove a resin molded product solidly
bonded to a metal. When a molded composite is subject-
ed to a heat cycle test, however, resin systems compris-
ing no filler exhibit a rapid loss of bonding strength as
cycles add up. Two factors underlie this phenomenon.
One factor is the large difference between the coefficients
of linear expansion of the metal shaped product and the
thermoplastic synthetic resin composition. For instance,
although the coefficient of linear expansion of aluminum
alloy is high among metals, it is still fairly smaller than
that of thermoplastic synthetic resins. A filler lowers the
coefficient of linear expansion of the thermoplastic syn-
thetic resin composition, bringing it close to the coefficient
of linear expansion of aluminum alloys, of about
2.5310-5°C-1.
[0082] The coefficient of linear expansion of the resin
can be brought closer to that of the aluminum alloy or the
like by selecting the type and amount of the filler. For
instance, the coefficient of linear expansion can be low-
ered to 2 to 3310-5°C-1 for nylon 66 comprising 40 to
50% of glass fibers. The second factor is the relationship
between the cooling shrinkage of the metal shaped prod-
uct after insert molding and the mold shrinkage of the
thermoplastic synthetic resin composition. The mold
shrinkage of nylon 66 comprising no filler is 0.6 to 2.5%.
Meanwhile, the cooling shrinkage of an aluminum alloy,
for instance upon cooling by about 100°C down to room
temperature after injection, is roughly 0.2%, i.e. a differ-
ence far smaller than the mold shrinkage of resins. As
resin shrinkage progresses with time, after demolding
from the injection mold, internal strain develops in the
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interface, so that slight shocks may give rise to interfacial
failure and delamination. The mold shrinkage of nylon 66
can be lowered to about 0.4 to 0.6% by mixing in 40 to
50% of glass fibers. Such mold shrinkage is still fairly
larger than the shrinkage of the aluminum alloy, and thus
substantial internal strain remains at the bonding surface
after bonding.
[0083] Therefore, molding shrinkage remains unsatis-
factory even with such a substantial filler content. Ac-
cordingly, a first design requirement mandates that the
aluminum alloy and the polyamide composition should
be injection-molded in such a way that substantial inner
strain is unlikely to remain at the bonding surface. This
requires, however, a specific method for verifying wheth-
er or not the design results in a finished article worthy of
use. Such a method turns out to be surprisingly simple.
Specifically, if strength upon breakage, after standing
several days following actual injection bonding, is tenta-
tively satisfactory, then the bonding strength arguably
outstrips the forces that would give rise to breakage on
account of internal strain. To eliminate internal strain in
such an integrated product, the resin is softened by heat-
ing (annealing) for about 1 hour at 150 to 170°C, within
several days after injection bonding. If the expected
strength is obtained in a fracture test of the annealed
integrated product, then the design is a successful one.
Such strength can be preserved for a long time provided
that the resin portion does not expand through swelling
on account of water absorption by the polyamide.

Molding/Injection molding

[0084] Injection molding involves preparing an injec-
tion mold, opening a movable die, inserting the above-
described aluminum alloy shaped product in one mova-
ble die, closing the movable die, injecting the above-de-
scribed thermoplastic synthetic resin composition, open-
ing the movable die, and demolding the molded product.
An explanation follows next on the injection conditions
of the thermoplastic synthetic resin composition during
molding. Although high mold temperature and high injec-
tion temperature yield good results, a sufficient bonding
effect can be elicited under conditions substantially iden-
tical to those during ordinary injection molding of the
above-described thermoplastic synthetic resin composi-
tion, without unduly increasing mold and injection tem-
peratures. To increase bonding strength, it is effective
rather to increase slightly the mold temperature above
the mold temperature ordinary used during molding of
the resin alone. In the experience of the inventors, a mold
temperature of 140 to 160°C results in a highly stable
bonding strength. Therefore, the injection mold should
be constructed for use at such temperatures.

Effect

[0085] The present invention allows solidly bonding an
aluminum alloy shaped product and a polyamide-type

resin composition in accordance with a method based
on injection molding using inserts. That result is made
possible by treating a metal shaped product in accord-
ance with various methods, to cover the surface of the
metal shaped product with ultrafine recesses and/or pore
openings, and by imparting a polyamide resin with spe-
cial characteristics by way of a compounding procedure.
These two measures allow bonding a metal and a resin
molded portion by inserting a metal alloy shaped product,
having been subjected to a surface treatment, in an in-
jection mold, and by injecting then a polyamide-type resin
composition into the injection mold. The present inven-
tion is thus arguably useful for weight reduction of elec-
tronic devices and household appliances, weight reduc-
tion of on-board devices and parts, and in parts and chas-
sis in many other fields.
[0086] As explained in detail above, the present inven-
tion enables a polyamide-type resin composition and an
aluminum alloy shaped product to be solidly injection
molded, such that the obtained integrated article does
not delaminate readily. Therefore, the present invention
allows manufacturing parts and structures of chassis of
various devices, with a great degree of freedom, in terms
of shape as well as structural mechanical strength. The
present invention is useful thus for reducing weight, and
streamlining device manufacturing process, in chassis,
parts and structures manufactured in accordance with
the present invention.
[0087] Examples of the present invention are ex-
plained in detail below in place of experimental examples.
An explanation follows first on a method for manufactur-
ing a copolymerized polyamide (block polymer) used in
the examples, and a method for measuring the viscosity
number thereof.

Reference example 1 - Method for manufacturing a co-
polymerized polyamide (block polymer)

[0088] Raw materials such as an equimolar salt of an
acid and a diamine as the raw material of a copolymerized
polyamide were charged, to respective mass ratios, in a
reactor. Pure water was added in an equivalent amount
to the total amount of charged resin component, and then
the polymerization tank was purged with N2, after which
heating was started, under stirring, to let the reaction pro-
ceed while adjusting the tank pressure to a maximum 20
kg/cm2, to an end-point temperature of 270°C. The pol-
ymer discharged into a water bath was pelletized with a
strand cutter. The obtained pellets were treated for 20
hours in hot water at 95°C, and the unreacted monomers
and low polymers were extracted and removed. After ex-
traction, the pellets were dried for no fewer than 50 hours
at 80°C.

Reference example 2 - Viscosity number measurement 
method

[0089] The viscosity number was measured in 96%
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sulfuric acid in accordance with the ISO 307 standard.

Example 1

[0090] A commercially available A5052 aluminum alloy
plate having a thickness of 1.6 mm was purchased and
was cut into 18 mm 3 45 mm rectangular pieces. Holes
of 2 mm φ were opened at the ends of the aluminum alloy
pieces using a press. A copper wire covered with vinyl
chloride resin was prepared. The copper wire was thread-
ed through the holes of 10 alloy pieces, and the middle
was bent in such a manner that the 10 alloy pieces were
suspended without sticking or coming into contact with
one another. A bath comprising 15% of an aluminum de-
greasing agent (NE-6 by Meltex Inc., Tokyo, Japan) was
prepared, to a solution temperature of 75°C. The alloy
pieces were dipped in this degreasing agent aqueous
solution for 5 minutes, and were then washed with water.
In another bath there was prepared next an aqueous so-
lution of 1% hydrochloric acid, to a solution temperature
of 40°C. The aluminum alloy pieces were dipped in this
bath for 1 minute, followed by washing with water.
[0091] In another bath there was prepared next an
aqueous solution of 1% caustic soda, to a solution tem-
perature of 40°C. The aluminum alloy pieces were dipped
in this bath for 1 minute, followed by washing with water.
In another bath there was prepared next an aqueous so-
lution of 1% hydrochloric acid, to a solution temperature
of 40°C. The aluminum alloy pieces were dipped in this
bath for 1 minute, followed by washing with water. The
alloy pieces were next dipped for 1 minute in an aqueous
solution of 3.5% hydrazine monohydrate at 60°C, fol-
lowed by washing with water, and drying for 20 minutes
in a warm air drier at 60°C. The aluminum alloy pieces
were removed from the copper wire, were wrapped in
aluminum foil, and were then sealed in polyethylene
bags. On the next day the aluminum alloy pieces were
observed under an electron microscope (S-4800, by Hi-
tachi, Tokyo, Japan) at 100,000 magnifications, which
revealed that the entire surface of the pieces was covered
with 20 to 40 nm-diameter recesses, having a number
average inner diameter of 25 nm.
[0092] Meanwhile, a block polymer, comprising 77wt%
of a nylon 66 component from adipic acid and hexame-
thylenediamine, 17wt% of a 6I nylon component from
isophthalic acid and hexamethylenediamine, and 6wt%
of a nylon 6 component, was prepared in accordance
with the method of Reference example 1. The obtained
synthetic resin exhibited a viscosity number of 85 ml/g
as measured in accordance with the method of Refer-
ence example 2. The melt viscosity was 380 poise, meas-
ured at a temperature of 270°C, under a load of 98.1 N
(10 kgf), using a flow tester (CFT-500 by Shimadzu, Kyo-
to, Japan). A pelletized polyamide resin composition was
obtained by melt kneading the resin, at a cylinder tem-
perature of 280°C, in a biaxial extruder (TEM-35B, by
Toshiba Machine Co., Ltd.), while feeding thereto, via a
side feeder, glass fibers (RES03-TP91, by Nippon Sheet

Glass Co., Ltd.) to an addition amount of 50wt%.
[0093] The aluminum alloy pieces were kept for two
days, after which they were taken out and inserted in an
injection mold while handled with gloves, to prevent ad-
hesion of oil or the like. Fig. 1 illustrates a schematic
diagram of the injection mold. In the figure, the reference
numeral 1 denotes an aluminum alloy piece, 2 denotes
a movable retainer plate, 3 denotes a fixed die plate, 4
denotes a cavity into which the resin is injected, 5 denotes
a pin-point gate, and 6 denotes a bonding surface. Suc-
cessful injection bonding results in the integrated product
illustrated in Fig. 2. In Fig. 2, the reference numeral 1
denotes the aluminum alloy piece (1.6 mm 3 45.0 mm
3 18.0 mm), 4 denotes a resin portion (3 mm 3 50 mm
3 10 mm), 5 the pin-point gate, and 6 the bonding surface
(5 mm 3 10 mm). The area of the bonding surface was
0.5 cm2. The integrated article illustrated in Fig. 2 was
obtained by closing the dies and injecting the above nylon
resin composition comprising 50% of glass fibers.
[0094] Injection temperature was 260°C, and mold
temperature was 140°C. About 2 hours after injection
bonding, the integrated article was placed and left to
stand in a warm air drier at 150°C for 1 hour, and was
then left to cool. Two days later, the 10 samples were all
subjected to a tensile fracture test in a tensile tester. This
test allowed measuring shear fracture forces. The results
showed an averaged shear fracture force of 26.0 MPa
(265 kgf/cm2).

Comparative example 1

[0095] An experiment was carried out in exactly the
same way as in Example 1, but using herein, as the resin
composition, nylon 66 (Amilan CM3001G45, by Toray
Industries, Inc., Tokyo, Japan) comprising 45% of glass
fibers. The shear fracture force of the obtained integrated
articles of aluminum alloy pieces and nylon 66 resin was
18.9 MPa (193 kgf/cm2) in average, i.e. lower than in
Example 1.

Example 2

[0096] A blend of 63wt% of nylon 6 (CM1010, by Toray
Industries, Inc.) and 7wt% of an ionomer of an ethylene-
methacrylic acid copolymer (Himilan 1706, by DuPont-
Mitsui Polychemical Co., Ltd., Tokyo, Japan) was pre-
pared beforehand, and then a pelletized polyamide/elas-
tomer resin composition was obtained by melt kneading
the blend, at a cylinder temperature of 250°C, in a biaxial
extruder (TEM-35, by Toshiba Machine Co., Ltd., Shi-
zuoka, Japan), while feeding thereto, via a side feeder,
glass fibers (RES03-TP91, by Nippon Sheet Glass Co.,
Ltd.) to an addition amount of 30wt%. The obtained com-
pound resin composition of polyamide/elastomer was
dried for 2 hours at 175°C. An experiment completely
identical to that of Example 1 was then carried out using
the resin composition. Samples of integrated products
with aluminum alloy pieces were obtained, and were then

23 24 



EP 2 572 876 B1

14

5

10

15

20

25

30

35

40

45

50

55

subjected to a tensile fracture test to measure their shear
fracture force, which was an average 24.6 MPa (251
kgf/cm2) for the 10 samples.

Comparative example 2

[0097] An experiment was carried out in exactly the
same way as in Example 2, but using herein, as the resin
composition, nylon 6 (Amilan CM1011G30, by Toray In-
dustries, Inc.) comprising 30% of glass fibers. The shear
fracture force of the obtained integrated articles of alu-
minum alloy pieces and nylon 6 resin was 20.1 MPa (205
kgf/cm2) in average, which was remarkably lower than
that of Example 2.

Example 3

[0098] A polymer, comprising 12wt% of a nylon 66
component from adipic acid and hexamethylenediamine,
62wt% of a nylon 6T component from terephthalic acid
and hexamethylenediamine, and 26wt% of a nylon 6I
component from isophthalic acid and hexamethylenedi-
amine, was prepared in accordance with the method of
Reference example 1. The obtained synthetic resin ex-
hibited a viscosity number of 85 ml/g as measured in
accordance with the method of Reference example 2.
The melt viscosity was 360 poise, measured at a tem-
perature of 300°C, under a load of 10 kg, using a flow
tester (CFT-500 by Shimadzu). A pelletized polyamide
resin composition was obtained by melt kneading the res-
in, at a cylinder temperature of 300°C, in a biaxial extruder
(TEM-35B, by Toshiba Machine Co., Ltd.), while feeding
thereto, via a side feeder, glass fibers (RES03-TP91, by
Nippon Sheet Glass Co., Ltd., Tokyo, Japan) to an ad-
dition amount of 30wt%.
[0099] An experiment completely identical to that of
Example 1 was then carried out, but using herein this
aromatic nylon resin composition and at an injection tem-
perature of 280°C. Samples of integrated products with
aluminum alloy pieces were obtained, and were then sub-
jected to a tensile fracture test to measure their shear
fracture force, which was an average 25.5 Mpa (260
kgf/cm2) for the 10 samples.

Example 4

[0100] A polymer, comprising 70wt% of a nylon 6T
component from terephthalic acid and hexamethylene-
diamine, and 30wt% of a nylon 6I component from iso-
phthalic acid and hexamethylenediamine, was prepared
in accordance with the method of Reference example 1.
The obtained synthetic resin exhibited a viscosity number
of 90 ml/g as measured in accordance with the method
of Reference example 2. The melt viscosity was 380
poise, measured at a temperature of 300°C, under a load
of 10 kg, using a flow tester (CFT-500 by Shimadzu). A
pelletized polyamide resin composition was obtained by
melt kneading the resin, at a cylinder temperature of

300°C, in a biaxial extruder (TEM-35B, by Toshiba Ma-
chine Co., Ltd.), while feeding thereto, via a side feeder,
glass fibers (RES03-TP91, by Nippon Sheet Glass Co.,
Ltd.) to an addition amount of 30wt%.
[0101] An experiment completely identical to that of
Example 1 was then carried out, but using herein this
aromatic nylon resin composition and at an injection tem-
perature of 290°C. Samples of integrated products with
aluminum alloy pieces were obtained, and were then sub-
jected to a tensile fracture test to measure their shear
fracture force, which was an average 24.0 Mpa (245
kgf/cm2) for the 10 samples.

Example 5

[0102] A commercially available A5052 aluminum alloy
plate having a thickness of 1.6 mm was cut into 18 mm
x 45 mm rectangular pieces, to obtain aluminum alloy
plates as the metal plate 1. Holes were opened at the
ends of the aluminum alloy plates, a vinyl resin-coated
copper wire was threaded through a dozen plates, and
then the copper wire was bent to suspend simultaneously
all the aluminum alloy plates in such a manner so as to
prevent the latter from becoming stacked on one another.
A commercially available degreasing agent for aluminum
alloys (NE-6 by Meltex Inc.) was added, in an amount of
7.5%, to water in a bath, followed by thermal dissolution
at 75°C. The above aluminum alloy plates were then
dipped for 5 minutes and were thoroughly washed with
water.
[0103] In another bath there was prepared next an
aqueous solution of 10% caustic soda, at 50°C, into which
the aluminum alloy plates were dipped for 0.5 minutes,
followed by thorough washing with water. In another bath
there was prepared next an 60% nitric acid solution at
90°C, into which the aluminum alloy plates were dipped
for 15 seconds, followed by thorough washing with water.
In another bath there was prepared next a 5% sulfuric
acid solution at 20°C. The anode of a DC power supply
device (ASR3SD-150-500, by Chuo Seisakusho Ltd.)
was connected to holes of the above-described alumi-
num alloy, the cathode was connected to a lead plate in
the bath, and then anodizing was carried out, under con-
stant current control, at a current density of 5 A/dm2. The
plates were anodized over 40 minutes, were washed with
water, and were dried for 1 hour in a warm air drier at
60°C. A day later, one of the plates was observed under
the electron microscope, which revealed a surface cov-
ered with microscopic pits having a number average in-
ner diameter of 17 nm.
[0104] Two days later, the rest of the aluminum alloy
plates were taken out. Those with holes were handled
with gloves to prevent adhesion of oil or the like, and
were inserted in an injection mold at 140°C. The mold
was closed and then the same aromatic nylon resin com-
position as used in Example 3 was injected at an injection
temperature of 280°C. The mold temperature was 140°C.
There were obtained 12 integrated composites as illus-
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trated in Fig. 2. The composites were subjected to a ten-
sile test a day later. The average shear fracture force of
10 composites was 25.5 MPa (260 kgf/cm2).

Claims

1. A metal-resin composite, comprising:

an aluminum alloy part covered with a surface
formed by anodizing performed in aqueous so-
lution of acid after having immersed the alumi-
num alloy part in aqueous solution of acid, and
a thermoplastic synthetic resin composition part,
which is fixed by injection molding to the surface
of said aluminum alloy part;
characterized in:

that said surface of the aluminum alloy part
has holes the openings of which have a
number average inner diameter of 10 to 80
nm as measured under electron micro-
scope observation, and
that said thermoplastic synthetic resin com-
position part has a resin composition con-
taining a polyamide resin as a main compo-
nent by 70 to 95 wt% and an impact resist-
ance modifier made up by polymerizing an
olefin compound and/or a conjugate diene
compound as an auxiliary component by 5
to 20 wt%.

2. A metal-resin composite, comprising:

an aluminum alloy part covered with a surface
formed by anodizing performed in aqueous so-
lution of acid after having immersed the alumi-
num alloy part in aqueous solution of acid, and
a thermoplastic synthetic resin composition part,
which is fixed by injection molding to the surface
of said aluminum alloy part:

charaterized in:

that said surface of the aluminium alloy
part has holes the openings of which
have a number average inner diameter
of 10 to 80 nm as measured under elec-
tron microscope observation,
that said thermoplastic synthetic resin
composition part has a main resin com-
position in which an aliphatic polyamide
resin and an aromatic polyamide resin
are simply mixed, or said aliphatic
polyamide resin and said aromatic
polyamide resin are molecularly bond-
ed,and
that said aliphatic polyamide resin is ny-

lon 6 or nylon 66, and said aromatic
polyamide resin is an aromatic nylon
synthesized from phthalic acid and an
aliphatic diamine.

3. A metal-resin composite, comprising:

an aluminum alloy part covered with a surface
formed by anodizing performed in aqueous so-
lution of acid after having immersed the alumi-
num alloy part in aqueous solution of acid,
a thermoplastic synthetic resin composition part,
which is fixed by injection molding to the surface
of said aluminum alloy part;
characterized in:

that said surface of the aluminum alloy part
has holes the openings of which have a
number average inner diameter of 10 to 80
nm as measured under electron micro-
scope observation,
that said thermoplastic synthetic resin com-
position part has a resin composition having
as a main component two or more aromatic
polyamides selected from a group of differ-
ent types of aromatic polyamides and
that said group of different types of aromatic
polyamides is a group that consists of a
polyamide made up from phthalic acid and
hexamethylenediamine, a polyamide made
up from isophthalic acid and hexamethylen-
ediamine, and a polyamide made up from
terephthalic acid and hexamethylenedi-
amine.

4. The metal-resin composite according to any one of
claims I to 3,
characterized in that said thermoplastic synthetic
resin composition comprises I to 200 parts by weight
of a filler relative to 100 parts by weight of the resin
composition.

5. The metal-resin composite according to claim 4,
characterized in that said filler is one or more se-
lected from glass fibers, carbon fibers, aramide fib-
ers, calcium carbonate, magnesium carbonate, sili-
ca, talc, clay and glass powder.

6. A method for manufacturing a metal-resin compos-
ite, comprising the steps of:

performing anodizing an aluminum alloy part in
aqueous solution of acid after immersing the alu-
minum alloy part in aqueous solution of acid,
inserting said aluminum alloy part having under-
gone the anodizing step into an injection mold,
and injecting a thermoplastic synthetic resin
composition to form the integrated metal-resin
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composite;
characterized in:

that said anodizing is performed so as to
obtain an aluminum alloy part surface cov-
ered with holes the opening of which have
a number average inner diameter of 10 to
80 nm, and
that said thermoplastic synthetic resin com-
position is of a resin composition containing
a polyamide resin as a main component by
70 to 95 wt% and an impact resistance mod-
ifier made up by polymerizing an olefin com-
pound and/or a conjugate diene compound
as an auxiliary component by 5 to 20 wt%.

7. A method for manufacturing a metal-resin compos-
ite, comprising the steps of:

performing anodizing an aluminum alloy part in
aqueous solution of acid after immersing the alu-
minum alloy part in aqueous solution of acid,
inserting said aluminum alloy part having under-
gone the anodizing step into an injection mold,
and injecting a thermoplastic synthetic resin
composition to form the integrated metal-resin
composite;
characterized in:

that said anodizing is performed so as to
obtain an aluminum alloy part surface cov-
ered with holes the openings of which have
a number average inner diameter of 10 to
80 nm,
that said thermoplastic synthetic resin com-
position is of a resin composition having a
main resin composition in which an aliphatic
polyamide resin and an aromatic polyamide
resin are simply mixed, or by molecularly
bonding said aliphatic polyamide resin and
said aromatic polyamide resin, to mold a
resin composition part and bond the resin
composition part to the surface of said alu-
minum alloy part and
that said aliphatic polyamide resin is nylon
6 or nylon 66, and said aromatic polyamide
resin is an aromatic nylon synthesized from
phthalic acid and an aliphatic diamine.

8. A method for manufacturing a metal-resin compos-
ite, comprising the steps of:

performing anodizing an aluminum alloy part in
aqueous solution of acid after immersing the alu-
minum alloy part in aqueous solution of acid, and
inserting said aluminum alloy part having under-
gone the anodizing step into an injection mold,
and injecting a thermoplastic synthetic resin

composition to form the integrated metal-resin
composite;
characterized in:

that said anodizing is performed so as to
obtain an aluminum alloy part surface cov-
ered with holes the openings of which have
a number average inner diameter of 10 to
80 nm, and
that said thermoplastic synthetic resin com-
position is of a resin composition having as
a main component two or more polyamides
selected from the group that consists of a
polyamide made up from phthalic acid and
hexamethylenediamine, a polyamide made
up from isophthalic acid and hexamethylen-
ediamine, and a polyamide made up from
therephthalic acid and hexamethylenedi-
amine, to mold a resin composition part and
bond the resin composition part to the sur-
face of said aluminum alloy part.

Patentansprüche

1. Metall-Harz-Verbundbauteil, umfassend:

einen Aluminiumlegierungsteil, der mit einer
Oberfläche bedeckt ist, die gebildet wird durch
eine Anodisierung, durchgeführt in einer wäss-
rigen Säurelösung, nachdem der Aluminiumle-
gierungsteil in einer wässrigen Säurelösung ein-
getaucht worden ist,
und ein thermoplastischer synthetischer Harz-
zusammensetzungsteil, der durch Spritzgießen
auf der Oberfläche des Aluminiumlegierungs-
teils befestigt ist,
dadurch gekennzeichnet,
dass eine Oberfläche des Aluminiumlegie-
rungsteils Löcher aufweist, deren Öffnungen ei-
nen durchschnittlichen inneren Durchmesser
von 10 bis 80 nm aufweisen, gemessen unter
Betrachtung durch ein Elektronenmikroskop,
und
dass der thermoplastische synthetische Harz-
zusammensetzungsteil eine Harzzusammen-
setzung umfasst, die ein Polyamidharz als eine
Hauptkomponente zu 70 bis 95 Gewichts-% und
einen Schlagfestigkeitsmodifikator enthält, der
hergestellt wird durch Polymerisierung einer
Olefin-Komponente und/oder einer konjugierten
Dien-Komponente als einer Hilfskomponente zu
5 bis 20 Gewichts-%.

2. Metall-Harz-Verbundbauteil, umfassend:

einen Aluminiumlegierungsteil, der mit einer
Oberfläche bedeckt ist, die gebildet wird durch
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eine Anodisierung, durchgeführt in einer wäss-
rigen Säurelösung, nachdem der Aluminiumle-
gierungsteil in einer wässrigen Säurelösung ein-
getaucht worden ist,
und ein thermoplastischer synthetischer Harz-
zusammensetzungsteil, der durch Spritzgießen
auf der Oberfläche des Aluminiumlegierungs-
teils befestigt ist,
dadurch gekennzeichnet,
dass eine Oberfläche des Aluminiumlegie-
rungsteils Löcher aufweist, deren Öffnungen ei-
nen durchschnittlichen inneren Durchmesser
von 10 bis 80 nm aufweisen, gemessen unter
Betrachtung durch ein Elektronenmikroskop,
und
und dass der thermoplastische synthetische
Harzzusammensetzungsteil eine Hauptharzzu-
sammensetzung aufweist, in der ein aliphati-
sches Polyamidharz und ein aromatisches Po-
lyamidharz einfach gemischt sind, oder das ali-
phatische Polyamidharz und das aromatische
Polyamidharz molekular verbunden sind,
und dass das aliphatische Polyamidharz Nylon
6 oder Nylon 66 ist, und das aromatische Poly-
amidharz ein aromatisches Nylon ist, das aus
Phthal-Säure und einem aliphatischen Diamin
synthetisiert ist.

3. Metall-Harz-Verbundbauteil, umfassend:

einen Aluminiumlegierungsteil, der mit einer
Oberfläche bedeckt ist, die gebildet wird durch
eine Anodisierung, durchgeführt in einer wäss-
rigen Säurelösung, nachdem der Aluminiumle-
gierungsteil in einer wässrigen Säurelösung ein-
getaucht worden ist,
und ein thermoplastischer synthetischer Harz-
zusammensetzungsteil, der durch Spritzgießen
auf der Oberfläche des Aluminiumlegierungs-
teils befestigt ist,
dadurch gekennzeichnet,
dass eine Oberfläche des Aluminiumlegie-
rungsteils Löcher aufweist, deren Öffnungen ei-
nen durchschnittlichen inneren Durchmesser
von 10 bis 80 nm aufweisen, gemessen unter
Betrachtung durch ein Elektronenmikroskop,
und
dass der thermoplastische synthetische Harz-
zusammensetzungsteil eine Harzzusammen-
setzung aufweist, die als Hauptkomponente
zwei oder mehr aromatische Polyamide auf-
weist, die aus einer Gruppe unterschiedlicher
Arten aromatischer Polyamide ausgewählt sind,
und
dass diese Gruppe unterschiedlicher Arten aro-
matischer Polyamide eine Gruppe ist, beste-
hend aus: einem Polyamid, hergestellt aus Ph-
thal-Säure und Hexamethylendiamin, einem

Polyamid, hergestellt aus Isophthal-Säure und
Hexamethylendiamin, und einem Polyamid,
hergestellt aus Terephthalsäure und Hexame-
tylendiam.

4. Metall-Harz-Verbundbauteil gemäß einem der An-
sprüche 1 bis 3,
dadurch gekennzeichnet,
dass die thermoplastische synthetische Harzzu-
sammensetzung 1 bis 200 Gewichtsanteile eines
Füllmaterials enthält, gegenüber 100 Gewichtsan-
teilen der Harzzusammensetzung.

5. Metall-Harz-Verbundbauteil gemäß Anspruch 4,
dadurch gekennzeichnet,
dass es sich bei dem Füllstoff um einen oder meh-
rere handelt, die aus der folgenden Gruppe ausge-
wählt sind: Glasfasern, Kohlefasern, Aramidfasern,
Kalziumcarbonat, Magnesiumkarbonat, Kieselerde,
Talk, Lehm und Glaspulver.

6. Verfahren zur Herstellung eines Metall-Harz-Ver-
bundbauteils, umfassend die folgenden Schritte:

Durchführung einer Anodisierung eines Alumi-
niumlegierungsteils in einer wässrigen Säurelö-
sung, nach Eintauchen des Aluminiumlegie-
rungsteils in eine wässrige Säurelösung,
Einsetzen des Aluminiumlegierungsteils, das
dem Anodisierungsschritt unterzogen worden
ist, in eine Spritzgussform, und Spritzgießen ei-
ner thermoplastischen synthetischen Harzzu-
sammensetzung zum Bilden des einteiligen Me-
tall-Harz-Verbundbauteils,
dadurch gekennzeichnet,
dass die Anodisierung so durchgeführt wird,
dass eine Oberfläche des Aluminiumlegie-
rungsteils erhalten wird, die mit Löchern bedeckt
ist, deren Öffnungen einen durchschnittlichen
inneren Durchmesser von 10 bis 80 nm aufwei-
sen, und
dass die thermoplastische synthetische Harz-
zusammensetzung aus einer Harzzusammen-
setzung besteht, die ein Polyamidharz als
Hauptkomponente zu 70 bis 95 Gewichts-% ent-
hält, und einem Schlagfestigkeitsmodifikator,
hergestellt durch Polymerisierung einer Olefin-
Verbindung und/oder einer konjugierten Dien-
Verbindung als einer Hilfskomponente zu 5 bis
20 Gewichts-%.

7. Verfahren zur Herstellung eines Metall-Harz-Ver-
bundbauteils, umfassend die folgenden Schritte:

Durchführung einer Anodisierung eines Alumi-
niumlegierungsteils in einer wässrigen Säurelö-
sung, nach Eintauchen des Aluminiumlegie-
rungsteils in eine wässrige Säurelösung,
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Einsetzen des Aluminiumlegierungsteils, das
dem Anodisierungsschritt unterzogen worden
ist, in eine Spritzgussform, und Spritzgießen ei-
ner thermoplastischen synthetischen Harzzu-
sammensetzung zum Bilden des einteiligen Me-
tall-Harz-Verbundbauteils,
dadurch gekennzeichnet,
dass die Anodisierung so durchgeführt wird,
dass eine Oberfläche des Aluminiumlegie-
rungsteils erhalten wird, die mit Löchern bedeckt
ist, deren Öffnungen einen durchschnittlichen
inneren Durchmesser von 10 bis 80 nm aufwei-
sen, und
dass die thermoplastische synthetische Harz-
zusammensetzung aus einer Harzzusammen-
setzung besteht, mit einer Hauptharzzusam-
mensetzung, in der ein aliphatisches Polyamid-
harz und ein aromatisches Polyamidharz ein-
fach gemischt sind, oder das aliphatische Poly-
amidharz und das aromatische Polyamidharz
molekular verbunden sind, zum Gießen eines
Harzverbundteils und zum Binden des Harzver-
bundteils an die Oberfläche des Aluminiumle-
gierungsteils, und
dass das aliphatische Polyamidharz Nylon 6
oder Nylon 66 ist, und das aromatische Poly-
amidharz ein aromatisches Nylon ist, das aus
Phthalsäure und einem aliphatischen Diamin
synthetisiert ist.

8. Verfahren zur Herstellung eines Metall-Harz-Ver-
bundbauteils, umfassend die folgenden Schritte:

Durchführung einer Anodisierung eines Alumi-
niumlegierungsteils in einer wässrigen Säurelö-
sung, nach Eintauchen des Aluminiumlegie-
rungsteils in eine wässrige Säurelösung,
Einsetzen des Aluminiumlegierungsteils, das
dem Anodisierungsschritt unterzogen worden
ist, in eine Spritzgussform, und Spritzgießen ei-
ner thermoplastischen synthetischen Harzzu-
sammensetzung zum Bilden des einteiligen Me-
tall-Harz-Verbundbauteils,
dadurch gekennzeichnet,
dass die Anodisierung so durchgeführt wird,
dass eine Oberfläche des Aluminiumlegie-
rungsteils erhalten wird, die mit Löchern bedeckt
ist, deren Öffnungen einen durchschnittlichen
inneren Durchmesser von 10 bis 80 nm aufwei-
sen, und
dass die thermoplastische synthetische Harz-
zusammensetzung aus einer Harzzusammen-
setzung besteht, mit zwei oder mehr Polyami-
den als Hauptkomponente, die aus der Gruppe
ausgewählt sind, bestehend aus: einem Poly-
amid, das aus Phthalsäure und Hexamethylen-
diamin hergestellt ist, einem Polyamid, das aus
Isophthalsäure und Hexamethylendiamin her-

gestellt ist, und einem Polyamid, das aus Ter-
ephthalsäure und Hexamethylendiamin herge-
stellt ist, zum Gießen eines Harzzusammenset-
zungsteils und zum Binden des Harzzusam-
mensetzungsteils an die Oberfläche des Alumi-
niumlegierungsteils.

Revendications

1. Composite métal-résine, comprenant :

une partie d’alliage d’aluminium recouverte
d’une surface formée par anodisation effectuée
dans une solution aqueuse d’acide après avoir
immergé la partie d’alliage d’aluminium dans
une solution aqueuse d’acide, et
une partie de composition de résine synthétique
thermoplastique, qui est fixée par moulage par
injection à la surface de ladite partie d’alliage
d’aluminium ;
caractérisé :

en ce que ladite surface de la partie d’allia-
ge d’aluminium a des trous dont les ouver-
tures ont un diamètre interne moyen en
nombre de 10 à 80 nm tel que mesuré sous
observation au microscope électronique, et
en ce que ladite partie de composition de
résine synthétique thermoplastique a une
composition de résine contenant une résine
polyamide en tant que composant principal
de 70 à 95 % en poids et un modificateur
de résistance aux chocs fabriqué par poly-
mérisation d’un composé d’oléfine et/ou un
composé de diène conjugué en tant que
composant auxiliaire de 5 à 20 % en poids.

2. Composite métal-résine, comprenant :

une partie d’alliage d’aluminium recouverte
d’une surface formée par anodisation effectuée
dans une solution aqueuse d’acide après avoir
immergé la partie d’alliage d’aluminium dans
une solution aqueuse d’acide, et
une partie de composition de résine synthétique
thermoplastique, qui est fixée par moulage par
injection à la surface de ladite partie d’alliage
d’aluminium ;
caractérisé:

en ce que ladite surface de la partie d’allia-
ge d’aluminium a des trous dont les ouver-
tures ont un diamètre interne moyen en
nombre de 10 à 80 nm tel que mesuré sous
observation au microscope électronique,
en ce que ladite partie de composition de
résine synthétique thermoplastique a une
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composition de résine principale dans la-
quelle une résine polyamide aliphatique et
une résine polyamide aromatique sont sim-
plement mélangées, ou ladite résine poly-
amide aliphatique et ladite résine polyamide
aromatique sont liées de façon moléculaire,
et
en ce que ladite résine polyamide aliphati-
que est du nylon 6 ou du nylon 66, et ladite
résine polyamide aromatique est un nylon
aromatique synthétisé à partir d’acide phta-
lique et d’une diamine aliphatique.

3. Composite métal-résine, comprenant :

une partie d’alliage d’aluminium recouverte
d’une surface formée par anodisation effectuée
dans une solution aqueuse d’acide après avoir
immergé la partie d’alliage d’aluminium dans
une solution aqueuse d’acide,
une partie de composition de résine synthétique
thermoplastique, qui est fixée par moulage par
injection à la surface de ladite partie d’alliage
d’aluminium ;
caractérisé:

en ce que ladite surface de la partie d’allia-
ge d’aluminium a des trous dont les ouver-
tures ont un diamètre interne moyen en
nombre de 10 à 80 nm tel que mesuré sous
observation au microscope électronique,
en ce que ladite partie de composition de
résine synthétique thermoplastique a une
composition de résine ayant, en tant que
composant principal, deux polyamides aro-
matiques ou plus choisis dans un groupe
de différents types de polyamides aromati-
ques et
en ce que ledit groupe de différents types
de polyamides aromatiques est un groupe
qui est constitué d’un polyamide fabriqué à
partir d’acide phtalique et d’hexaméthylè-
nediamine, un polyamide fabriqué à partir
d’acide isophtalique et d’hexaméthylè-
nediamine, et un polyamide fabriqué à partir
d’acide téréphtalique et d’hexaméthylè-
nediamine.

4. Composite métal-résine selon l’une quelconque des
revendications 1 à 3,
caractérisé en ce que ladite composition de résine
synthétique thermoplastique comprend de 1 à 200
parties en poids d’une charge par rapport à 100 par-
ties en poids de la composition de résine.

5. Composite métal-résine selon revendication 4, ca-
ractérisé en ce que ladite charge est un ou plusieurs
choisis parmi des fibres de verre, des fibres de car-

bone, des fibres d’aramide, du carbonate de calcium,
du carbonate de magnésium, de la silice, du talc, de
l’argile et de la poudre de verre.

6. Procédé pour fabriquer un composite métal-résine,
comprenant les étapes de :

réalisation de l’anodisation d’une partie d’alliage
d’aluminium dans une solution aqueuse d’acide
après immersion de la partie d’alliage d’alumi-
nium dans une solution aqueuse d’acide,
insertion de ladite partie d’alliage d’aluminium
ayant subi l’étape d’anodisation dans un moule
à injection, et injection d’une composition de ré-
sine synthétique thermoplastique pour former le
composite métal-résine intégré ; caractérisé :

en ce que ladite anodisation est réalisée de
manière à obtenir une surface de partie d’al-
liage d’aluminium recouverte, avec des
trous dont les ouvertures ont un diamètre
interne moyen en nombre de 10 à 80 nm, et
en ce que ladite composition de résine syn-
thétique thermoplastique est une composi-
tion de résine contenant une résine polya-
mide en tant que composant principal de 70
à 95 % en poids et un modificateur de ré-
sistance aux chocs fabriqué par polyméri-
sation d’un composé d’oléfine et/ou un com-
posé de diène conjugué en tant que com-
posant auxiliaire de 5 à 20 % en poids.

7. Procédé pour fabriquer un composite métal-résine,
comprenant les étapes de :

réalisation de l’anodisation d’une partie d’alliage
d’aluminium dans une solution aqueuse d’acide
après immersion de la partie d’alliage d’alumi-
nium dans une solution aqueuse d’acide,
insertion de ladite partie d’alliage d’aluminium
ayant subi l’étape d’anodisation dans un moule
à injection, et injection d’une composition de ré-
sine synthétique thermoplastique pour former le
composite métal-résine intégré ;
caractérisé :

en ce que ladite anodisation est réalisée de
manière à obtenir une surface de partie d’al-
liage d’aluminium recouverte, avec des
trous dont les ouvertures ont un diamètre
interne moyen en nombre de 10 à 80 nm,
en ce que ladite composition de résine syn-
thétique thermoplastique est une composi-
tion de résine ayant une composition de ré-
sine principale dans laquelle une résine po-
lyamide aliphatique et une résine polyamide
aromatique sont simplement mélangées,
ou par liaison moléculaire de ladite résine
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polyamide aliphatique et ladite résine poly-
amide aromatique, pour mouler une partie
de composition de résine et fixer la partie
de composition de résine à la surface de
ladite partie d’alliage d’aluminium et
en ce que ladite résine polyamide aliphati-
que est du nylon 6 ou du nylon 66, et ladite
résine polyamide aromatique est un nylon
aromatique synthétisé à partir d’acide phta-
lique et d’une diamine aliphatique.

8. Procédé pour fabriquer un composite métal-résine,
comprenant les étapes de :

réalisation de l’anodisation d’une partie d’alliage
d’aluminium dans une solution aqueuse d’acide
après immersion de la partie d’alliage d’alumi-
nium dans une solution aqueuse d’acide, et
insertion de ladite partie d’alliage d’aluminium
ayant subi l’étape d’anodisation dans un moule
à injection, et injection d’une composition de ré-
sine synthétique thermoplastique pour former le
composite métal-résine intégré ;
caractérisé:

en ce que ladite anodisation est réalisée de
manière à obtenir une surface de partie d’al-
liage d’aluminium recouverte, avec des
trous dont les ouvertures ont un diamètre
interne moyen en nombre de 10 à 80 nm, et
en ce que ladite composition de résine syn-
thétique thermoplastique est une composi-
tion de résine ayant, en tant que composant
principal, deux polyamides ou plus choisis
dans le groupe constitué d’un polyamide fa-
briqué à partir d’acide phtalique et d’hexa-
méthylènediamine, un polyamide fabriqué
à partir d’acide isophtalique et d’hexamé-
thylènediamine, et un polyamide fabriqué à
partir d’acide téréphtalique et d’hexaméthy-
lènediamine, pour mouler une partie de
composition de résine et fixer la partie de
composition de résine à la surface de ladite
partie d’alliage d’aluminium.
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