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DESCRIPTION

Title of the Invention: METAL-RESIN COMPOSITE, AND METHOD FOR

PRODUCING SAME

Technical Field
[0001]

The present invention relates to a metal-resin composite
excellent in adhesive strength, particularly adhesive
strength at high temperature, between a metal material and a
polymer composition, and a method for producing the metal-

resin composite.

Background Art
[0002]

Composites of metal and a thermoplastic resin such as a
polyolefin resin typified by polyethylene and polypropylene
are used in various fields such as those of home electric
appliances, machine parts, electric parts and automobile
parts.

[0003]

In general, polyolefin resins do not contain a polar

group in the molecule, and thus have poor adhesive strength

with metal. For this reason, a method has been widely used
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in which an unsaturated carboxylic acid such as maleic acid
is grafted to a polyolefin to improve affinity for polar

resins as disclosed in Patent Literature 1.

Citation List
Patent Literature
[0004]

Patent Literature 1: JP50-4144A

Summary of Invention
Technical Problem
[0005]

However, use in various fields requires sufficient
adhesive strength in a wide temperature range, and
conventional adhesion techniques have a problem that adhesive
strength particularly at high temperature decreases.

[0006]

Accordingly, an object of the present invention is to
provide a metal-resin composite having sufficient adhesive
strength between a metal material and a polymer composition

in a wide temperature range.

Solution to Problem

[0007]
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The present invention relates to the following [1l] to

A metal-resin composite comprising a layer (AL) composed
of a metal material (A), and a layer (BL) composed of a
polymer composition (B) that satisfies the following
requirements (i) and (ii):

(i) a carbodiimide-modified polyolefin formed by reaction of
a polyolefin (a) having a group reactive with a carbodiimide
group and a carbodiimide group-containing compound (b) is
contained; and

(ii) carbodiimide groups are contained in an amount of 0.1 to
50 mmol per 100 g of the polymer composition (B).

[2]

The metal-resin composite according to [1l], wherein a
content of the carbodiimide-modified polyolefin in the
polymer composition (B) is 1% by mass to 40% by mass.

[3]

The metal-resin composite according to [1] or [2],
wherein the polymer composition (B) further contains a high-
density polymer (c) having a density of 0.890 g/cm® or more.

[4]



The metal-resin composite according to [3], wherein a
content of the high-density polymer (c) in the polymer
composition (B) is 60% by mass to 99% by mass.

[5]

5 The metal-resin composite according to any one of [1l] to
[4], wherein a content of a low-density polymer (d) having a
density of less than 0.890 g/cm3, in the polymer composition
(B), is 10% by mass or less.

[6]

10 The metal-resin composite according to any one of [1] to
[5], wherein a density of the polymer composition (B) is
0.900 g/cm3 or more.

[7]

The metal-resin composite according to any one of [1] to

15 [6], wherein the layer (AL) and the layer (BL) are at least
partially heat-sealed.

[8]
The metal-resin composite according to any one of [1l] to
[7], wherein the layer (AL) and the layer (BL) are at least
20 partially in contact with each other.
[9]
The metal-resin composite according to [8], wherein

adhesive strength at 100°C between the layer (AL) and the
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layer (BL) is higher than the adhesive strength at room
temperature.
[10]

The metal-resin composite according to [3] or [4],
wherein the high-density polymer (c) contains a polymer (c-1)
having no polar functional group.

[11]

The metal-resin composite according to [3] or [4],
wherein the high-density polymer (c) contains a polymer (c-2)
having a polar functional group.

[12]

The metal-resin composite according to any one of [1] to
[11], wherein the number of carbodiimide groups in one
molecule of the carbodiimide group-containing compound (b) is
5 or more.

[13]

The metal-resin composite according to any one of [1l] to
[12], wherein the metal material (A) is aluminum.

[14]

A method for producing the metal-resin composite
according to [7] or [8], comprising the steps of bringing a
molten product of a polymer composition (B) into contact with
a surface of a layer (AL) composed of a metal material (A4),

and cooling a molten product of the layer (BL) composed of
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the polymer composition (B) brought into contact with the
surface of the layer (AL) composed of the metal material (A),
the polymer composition (B) satisfying the following
requirements (i) and (ii):

(i) a carbodiimide-modified polyolefin formed by reaction of
a polyolefin (a) having a group reactive with a carbodiimide
group and a carbodiimide group-containing compound (b) is
contained; and

(ii) carbodiimide groups are contained in an amount of 0.1 to

50 mmol per 100 g of the polymer composition (B).

Advantageous Effects of Invention
[0008]

According to the present invention, by using a specific
polymer composition containing a carbodiimide group,
sufficient adhesive strength with a metal material can be
obtained, and a metal-resin composite having sufficient
adhesive strength between a metal material and a polymer

composition in a wide temperature range can be provided.

Description of Embodiments
[0009]
Hereafter, the present invention will be described in

more detail.
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In the present disclosure, a numerical range expressed
with "to" means a range including numerical values placed
before and after "to" as a lower limit value and an upper
limit value, respectively.

The upper limit value or the lower limit wvalue of a
numerical range, among numerical ranges that are serially
described in the present disclosure, may be replaced by the
upper limit value or the lower limit value of another of the
serially described numerical ranges. The upper limit value
or the lower limit value of a numerical range, among
numerical ranges described in the present disclosure, may be
replaced by a value shown in Example.

In the present disclosure, the amount of each component
means, when there are a plurality of substances corresponding
to the component in the composition, the total amount of the
substances present in the composition, unless otherwise
specified.

[0010]
(Metal-resin composite)

A metal-resin composite of the present invention
comprises a layer (AL) composed of a metal material (A), and
a layer (BL) composed of a polymer composition (B) described
later. In the metal-resin composite of the present invention,

it is preferred that the layer (AL) and the layer (BL) be at
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least partially heat-sealed. In the metal-resin composite of
the present invention, it is preferred that the layer (AL)
and the layer (BL) be at least partially in contact with each
other.

[0011]

Metal-resin composites may be deformed in a high-
temperature environment (for example, 100°C) for easily
processing the metal, and may be required to exhibit adhesive
strength that is high enough to prevent sudden peeling during
the deformation. On the other hand, metal-resin composites
are extensively recycled, and may be required to have
adhesive strength which ensures that at around room
temperature, the metal and the resin are easily peeled while
the adhesive strength is maintained. That is, metal-resin
composites may be required to have higher adhesive strength
at high temperature of, for example, 100°C than the adhesive
strength at room temperature. A metal-resin composite
according to an embodiment of the present invention not only
is excellent in adhesive strength, but also allows the metal
and the resin to be relatively easily peeled at room
temperature, and can exhibit higher adhesive strength at high
temperature of, for example, 100°C than the adhesive strength
at room temperature.

[0012]
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<Metal material (A)>

The metal material (A) forming the metal-resin composite
is not limited as long as it is a material made from metal.
For example, alloys and oxides of any of various metals such
as iron, nickel, chromium, cobalt, gold, silver, copper, tin,
lead and aluminum can be used. Iron and aluminum are
preferred because they exhibit better adhesiveness to the
layer (BL) composed of the polymer composition (B). Aluminum
is preferred because it exhibits particularly good
adhesiveness to the layer (BL) composed of the polymer
composition (B).

[0013]

The shape of the metal material (A) is not limited, and
may vary depending on a use purpose of the metal-resin
composite. A surface of the metal material (A) according to
the present invention may be corona-treated or ozone-treated.
[0014]

<Polymer composition (B)>

The polymer composition (B) forming the layer (BL)
forming the metal-resin composite of the present invention
satisfies the following requirements (i) and (ii).

[0015]

<Requirement (i)>
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The polymer composition (B) according to the present
invention contains a carbodiimide-modified polyolefin formed
by reaction of a polyolefin (a) having a group reactive with
a carbodiimide group and a carbodiimide group-containing
compound (b) .

[0016]

The content of the carbodiimide-modified polyolefin in
the polymer composition (B) is preferably 1% by mass to 40%
by mass, more preferably 3% by mass to 35% by mass, and even
more preferably 5% by mass to 30% by mass. When the content
of the carbodiimide-modified polyolefin is in the above-
described range, the balance between adhesive strength at
room temperature and adhesive strength in a high-temperature
environment (for example, 100°C) tends to be improved.

[0017]

The density of the carbodiimide-modified polyolefin
(measured according to JIS K7112) is preferably 0.890 to
0.970 g/cm3, more preferably 0.890 to 0.950 g/cm3, and even
more preferably 0.890 to 0.940 g/cm3. When the density of the
carbodiimide-modified polyolefin is in the above-described
range, the balance between adhesive strength at room
temperature and adhesive strength in a high-temperature

environment (for example, 100°C) tends to be improved. This
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is presumed to be because components hardly melt in a high-
temperature environment.
[0018]

[Polyolefin (a)]

The polyolefin (a) can be obtained by introducing a
compound (m) having a group reactive with a carbodiimide
group into a polyolefin. The polyolefins (a) may be used
alone, or used in combination of two or more thereof.

[0019]

Examples of the compound (m) having a group reactive
with a carbodiimide group include compounds having active
hydrogen that is reactive with a carbodiimide group.

Specific examples thereof include compounds having a group
derived from, for example, carboxylic acid, amine, alcohol or
thiol. Of these, compounds having a group derived from
carboxylic acid are preferably used, and particularly
preferred are unsaturated carboxylic acids and/or derivatives
thereof. 1In addition to compounds having a group having
active hydrogen, compounds having a group that is easily
converted into a group having active hydrogen by, for example,
water are preferably used. Specific examples thereof include
compounds having an epoxy group or a glycidyl group.

[0020]
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The compounds (m) having a group reactive with a
carbodiimide group may be used alone, or two or more thereof
may be used.

[0021]

Examples of the unsaturated carboxylic acids and/or
derivatives thereof used as the compound (m) having a group
reactive with a carbodiimide group include unsaturated
compounds having one or more carboxylic groups, preferably
unsaturated compounds having one or more anhydrous carboxylic
group. Examples of the unsaturated groups include a vinyl
group, a vinylene group, and an unsaturated cyclic
hydrocarbon group. The specific compounds include
unsaturated carboxylic acids such as acrylic acid,
methacrylic acid, maleic acid, fumaric acid,
tetrahydrophthalic acid, itaconic acid, citraconic acid,
crotonic acid, isocrotonic acid, norbornene dicarboxylic acid,
and bicyclo[2,2,1]hept-2-ene-5, 6-dicarboxylic acid, acid
anhydrides thereof, and derivatives thereof (for example,
acid halides, amides, imides, and esters). Examples of the
specific compounds include malonyl chloride, malenylimide,
maleic anhydride, itaconic anhydride, citraconic anhydride,
tetrahydrophthalic anhydride, bicyclo[2,2,1]lhept-2-ene-5, 6-
dicarboxylic anhydride, dimethyl maleate, monomethyl maleate,

diethyl maleate, diethyl fumarate, dimethyl itaconate,
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diethyl citraconate, dimethyl tetrahydrophthalate, dimethyl
bicyclo[2,2,1]hept-2-ene-5, 6-dicarboxylate, hydroxyethyl
(meth)acrylate, hydroxypropyl (meth)acrylate, glycidyl
(meth)acrylate, aminocethyl methacrylate and aminopropyl
methacrylate.
[0022]

When an unsaturated carboxylic acid and/or a derivative
thereof are used as the compound (m) having a group reactive
with a carbodiimide group, the compounds (m) may be used
alone, or used in combination of two or more thereof. Of
these, maleic anhydride, (meth)acrylic acid, itaconic
anhydride, citraconic anhydride, tetrahydrophthalic anhydride,
bicyclo[2,2,1]hept-2-ene-5, 6,-dicarboxylic anhydride,
hydroxyethyl (meth)acrylate, glycidyl methacrylate, and
aminopropyl methacrylate are preferred. Dicarboxylic acid
anhydrides such as maleic anhydride, itaconic anhydride,
citraconic anhydride, tetrahydrophthalic anhydride, and
bicyclo[2,2,1]lhept-2-ene-5, 6, -dicarboxylic anhydride are
particularly preferred.

[0023]

As a method for introducing the compound (m) having a
group reactive with a carbodiimide group into a polyolefin, a
well-known method can be utilized, and examples thereof

include a method in which graft copolymerization of the
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compound (m) having a group reactive with a carbodiimide
group is performed on a polyolefin backbone, and a method in
which radical copolymerization of an olefin and the compound
(m) having a group reactive with a carbodiimide group is
5 performed.

[0024]

Hereinafter, the case of graft copolymerization and the

case of radical copolymerization will be separately described

in detail.
10 [0025]
<Graft copolymerization>
The polyolefin (a) having a group reactive with a
carbodiimide group can be obtained by performing graft
copolymerization of the compound (m) having a group reactive
15 with a carbodiimide group, on a polyolefin backbone.
[0026]
(Polyolefin backbone)
The polyolefin used as the polyolefin backbone is a
polymer containing, as a main component, an aliphatic o-
20 olefin, a cyclic olefin or a non-conjugated diene having 2 to
20 carbon atoms, preferably an aliphatic a-olefin having 2 to
10 carbon atoms, and more preferably an aliphatic a-olefin
having 2 to 8 carbon atoms. These a-olefins may be used

alone, or two or more thereof may be used. In the case of a
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copolymer, the content of an olefin used as a comonomer is
not limited as long as the effects of the present invention
are obtained, with the content being typically 50 mol% or
less, preferably 40 mol% or less, even more preferably 30
mol% or less. Of this range of polyolefins, crystalline
polyolefins such as polyethylene, polypropylene, poly-1-
butene, poly-4-methyl-1l-pentene and a-olefin copolymers
thereof are preferred, with polyethylene, polypropylene or
propylene/ethylene copolymers being more preferred. These
polyolefins may have an isotactic structure or a syndiotactic
structure, and any stereoregularity without limitation.
[0027]

The polyolefin for use in the present invention may be a
polymer obtained using only a fossil fuel-derived olefin such
as fossil fuel-derived propylene as a raw material, a polymer
obtained using only a biomass-derived olefin such as biomass-
derived propylene as a raw material, or a polymer obtained
using a mixture of a fossil fuel-derived olefin and a
biomass-derived olefin as a raw material, or may be a mixture
of two or more of these polymers.

[0028]

Here, the term "fossil fuel", which includes petroleum,

coal, natural gas and shale gas, refers to dead animals and

plants fossilized by, for example, deposition/pressurization



10

15

20

16
over hundreds of millions of years. The fossil fuel-derived
olefin is an olefin obtained from the fossil fuel. Because
of the passage of time much longer than 5,730 years, the
half-life of 14C isotope, !'%C is not detected from fossil-
derived carbon.
[0029]

The term "biomass" refers to all recyclable natural raw
materials such as those derived from plants and animals
including fungi, yeast, algae and bacteria, and residues
thereof. The biomass-derived olefin is an olefin obtained
from the biomass. The biomass-derived carbon contains a
certain amount of 1%C isotope as carbon (at a concentration of
about 10-12).

[0030]

The density of a polyolefin for use in graft
modification (measured according to JIS K7112) is not limited
as long as the effects of the present invention are obtained,
with the density being typically 0.8 to 1.10 g/cm3,
preferably 0.8 to 1.05 g/cm3, and even more preferably 0.8 to
1.00 g/cm3®. The melt flow rate (MFR) under a load of 2.16 kg
at 230°C as measured according to ASTM D1238 is not limited
as long as the effects of the present invention are obtained,
with the MFR being typically 0.01 to 500 g/10 min, preferably

0.05 to 200 g/10 min, and even more preferably 0.1 to 100
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g/10 min. When the density and MFR are in these ranges, the
graft copolymer after modification has an equivalent density
and MFR, and thus is easily handled.
[0031]

The crystallinity degree of the polyolefin for use in
graft modification is not limited as long as the effects of
the present invention are obtained, with the crystallinity
degree being typically 2% or more, preferably 5% or more, and
even more preferably 10% or more. When the crystallinity
degree is in this range, handling of the graft copolymer
after modification is improved.

[0032]

The number-average molecular weight (Mn) of the
polyolefin for use in graft modification is preferably 5,000
to 500,000, and more preferably 10,000 to 100,000 as measured
by gel permeation chromatography (GPC). When the number-
average molecular weight (Mn) is in this range, handling is
improved. The number-average molecular weight of an
ethylene-based polyolefin can be determined in terms of
polyethylene when the comonomer amount is 10 mol% or less,
and in terms of ethylene-propylene (having an assumed
ethylene content of 70 mol%) when the comonomer amount is 10
mol% or more.

[0033]
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The above-described polyolefin can be produced by any of
known methods, and the polymerization can be performed using,
for example, a titanium-based catalyst, a vanadium-based
catalyst or a metallocene-based catalyst. The polyolefin for
use in graft modification may be in the form of any of a
resin and an elastomer, and may have an isotactic structure
or a syndiotactic structure, and any stereoregularity without
limitation. A commercially available polymer can also be
used as it is.

[0034]

(Graft copolymerization method)

When the polyolefin (a) having a group reactive with a
carbodiimide group is obtained by graft copolymerization,
graft copolymerization of the compound (m) having a group
reactive with a carbodiimide group, and other monomers such
as an ethylenically unsaturated monomer if necessary, is
performed on the graft backbone polyolefin in the presence of
a radical initiator.

[0035]

The method for grafting the compound (m) having a group
reactive with a carbodiimide group to a polyolefin backbone
is not limited. A heretofore known graft reaction method
such as a solution method or a melt kneading method can be

utilized.



10

15

20

19
[0036]

The graft amount of the compound (m) having a group
reactive with a carbodiimide group is typically 0.05 to 20%
by mass, preferably 0.05 to 10% by mass, more preferably 0.05
to 5% by mass, and even more preferably 0.05 to 3% by mass
when the amount of the polyolefin (a) is assumed to be 100%
by mass. The graft amount of the compound (m) is a net graft
amount which is measured after removal of a free compound (m)
from the polyolefin (a). The graft amount can be measured by
a known technique such as 1!3C-NMR or !H-NMR. When a monomer
having an acidic functional group, such as an unsaturated
carboxylic acid and an anhydride thereof is used as the
compound (m), it is also possible to use, for example, an
acid number as a rough indication of the amount of functional
groups introduced into the polyolefin (a). When maleic
anhydride is used, the graft amount can also be determined
from an absorption spectrum of a carbonyl group of maleic
anhydride detected typically around 1780 to 1790 cm™! using an
infrared spectrophotometer.

[0037]

<Radical copolymerization>

The polyolefin (a) having a group reactive with a
carbodiimide group can also be obtained by performing radical

copolymerization of an olefin and the compound (m) having a
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group reactive with a carbodiimide group. As the olefin, an
olefin which is identical to that for use in formation of the
graft backbone polyolefin can be utilized, and the compound
(m) having a group reactive with a carbodiimide group is as
described above.
[0038]

The method for copolymerization of an olefin and the
compound (m) having a group reactive with a carbodiimide
group is not limited. A heretofore known radical reaction
method can be utilized.

[0039]

(Configuration of polyolefin (a))

The content of residues of the compound (m) having a
group reactive with a carbodiimide group in the polyolefin
(a) having a group reactive with a carbodiimide group is
typically 0.1 to 10% by mass, preferably 0.1 to 8.0% by mass,
and more preferably 0.1 to 6.0% by mass. It is preferred
that the content of residues of the compound (m) having a
group reactive with a carbodiimide group be in the above-
described range because the polyolefin (a) can be
successfully crosslinked with the carbodiimide group-
containing compound (b) to produce the polymer composition
(B) .

[0040]
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The density of the polyolefin (a) having a group
reactive with a carbodiimide group (measured according to JIS
K7112) is preferably 0.890 to 0.970 g/cm3, more preferably
0.890 to 0.950 g/cm3, and even more preferably 0.890 to 0.940
g/cm3. When the density of the polyolefin (a) is in the
above-described range, the later-described density of the
polymer composition (B) is easily achieved, and the balance
between adhesive strength at room temperature and adhesive
strength in a high-temperature environment (for example,
100°C) tends to be improved. This is presumed to be because
reduction of adhesive strength due to melting of components
in a high-temperature environment hardly occurs.

[0041]

The melt flow rate of the polyolefin (a) having a group
reactive with a carbodiimide group (MFR, measured according
to ASTM D1238, 230°C, a load of 2.16 kg) is not limited as
long as the effects of the present invention are obtained,
with the melt flow rate being typically 0.01 to 500 g/10 min,
preferably 0.05 to 200 g/10 min, and even more preferably
0.01 to 150 g/10 min.

[0042]
(Carbodiimide group-containing compound (b))
The carbodiimide group-containing compound (b) is a

polycarbodiimide having repeat units each represented by the
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following general formula (l). The carbodiimide group-
containing compounds (b) may be used alone, or two or more
thereof may be used.
[0043]

-N=C=N-Rl- - - (1)

[wherein R! represents a divalent organic group having 2
to 40 carbon atoms]

The polycarbodiimide can be produced by decarboxylation
condensation reaction of an organic diisocyanate such as an
aliphatic diisocyanate, an aromatic diisocyanate or an
alicyclic diisocyanate in the presence of a condensation
catalyst in a solvent-free state or in an inert solvent. For
example, diisocyanates such as hexamethylenediisocyanate,
4,4-diphenylmethanediisocyanate, 1,4-phenylenediisocyanate,
2,4-tolylenediisocyanate, xylenediisocyanate, cyclohexane-
1,4-diisocyanate, dicyclohexylmethane-4,4'-diisocyanate and
isophoronediisocyanate are used alone, or in mixture of two
or more thereof. The polymerization degree of the
polycarbodiimide can be adjusted by selecting, for example, a
catalyst, a reaction temperature and a terminal blocking
agent in the decarboxylation condensation reaction. The
polymerization degree is typically 2 to 40, and preferably 4
to 20. As the terminal blocking agent, monoisocyanates such

as phenyl isocyanate, tolyl isocyanate and naphthyl



10

15

20

23
isocyanate, and active hydrogen compounds such as methanol,
ethanol, diethylamine, cyclohexylamine, succinic acid,
benzoic acid and ethyl mercaptan can be used. As the
condensation catalyst, alcoholates such as titanium, hafnium,
zirconium, sodium and calcium, and organophosphorus compounds
such as phosphorene oxide can be used.
[0044]

The number-average molecular weight (Mn) of the
carbodiimide group-containing compound (b) in terms of
polystyrene, which is determined by gel permeation
chromatography (GPC), 1is not limited as long as the effects
of the present invention are obtained, with the number-
average molecular weight (Mn) being typically 400 to 500,000,
preferably 700 to 10,000, and more preferably 1,000 to 8,000.
It is preferred that the number-average molecular weight (Mn)
be in this range because the polymer composition (B) is
excellent in adhesive strength.

[0045]

The carbodiimide group-containing compound (b) may
contain a monocarbodiimide in a polycarbodiimide, and the
compounds can be used alone, or in mixture of two or more
thereof.

[0046]
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As the carbodiimide group-containing compound (b), a
commercially available carbodiimide group-containing compound
can also be used as it is. Examples of the commercially
available carbodiimide group-containing compound include
CARBODILITE (registered trademark) HMV-8CA and HMV-15CA and
CARBODILITE (registered trademark) LAl manufactured by
Nisshinbo Chemical Inc.

[0047]

The increased number of carbodiimide groups in one
molecule of the carbodiimide compound increases the number of
sites of reaction with the polyolefin (a), and thus enables
adhering to the metal layer more strongly. Accordingly, the
number of carbodiimide groups in one molecule of the
carbodiimide group-containing compound (b) is preferably 5 or
more, and more preferably 10 or more. The upper limit of the
number of carbodiimide groups in one molecule of the
carbodiimide group-containing compound (b) is not limited as
long as the effects of the present invention are obtained,
but the increased number of carbodiimide groups in one
molecule increases the amount of the carbodiimide compound
added, leading to an increase in raw material cost. Thus,
the upper limit of the number of carbodiimide groups is
typically 30 from the viewpoint of cost.

[0048]
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The carbodiimide group content in the carbodiimide
group-containing compound (b) can be measured by, for example,
13C-NMR, IR or titration, and can be known as a carbodiimide
group equivalent. A peak attributed to a carbodiimide group
can be observed at 130 to 142 ppm in the case of 3C-NMR, and
at 2130 to 2140 cm! in the case of IR.

[0049]

13C-NMR measurement is performed in the following manner,
for example. That is, 0.35 g of a sample is dissolved in 2.0
ml of hexachlorobutadiene by heating. The solution is
filtered through a glass filter (G2), 0.5 ml of deuterated
benzene is then added, and the mixture is put in an NMR tube
having an inner diameter of 10 mm. !3C-NMR measurement is
performed at 120°C using an NMR measurement apparatus model
GX-500 manufactured by JEOL Ltd. The number of scans 1is
10,000 or more.

[0050]

(Reaction of polyolefin (a) having group reactive with
carbodiimide group and carbodiimide group-containing group
(b))

The polyolefin having a carbodiimide group and contained
in the polymer composition (B) is obtained by reacting the
polyolefin (a) having a group reactive with a carbodiimide

group and the carbodiimide group-containing compound (b)
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preferably at 230°C or higher. Specifically, the polymer
composition (B) can be obtained by performing melt kneading
as in, for example, melt modification, but the present
invention is not limited to this method.
[0051]

The case of melt kneading is shown below. The method for
reacting the polyolefin (a) having a group reactive with a
carbodiimide group and the carbodiimide group-containing
compound (b) preferably at 230°C or higher is not limited,
and examples thereof include a method in which the polyolefin
(a) having a group reactive with a carbodiimide group and the
carbodiimide group-containing compound (b) are put in, for
example, a Henschel mixer, a V-type blender, a tumbler
blender or a ribbon blender, kneaded, and then melt-kneaded
with, for example, a single screw extruder, a multi-screw
extruder, a kneader or a Banbury mixer. Of these, an
apparatus having excellent kneading performance, such as a
multi-screw extruder, a kneader or a Banbury mixer is
preferably used because it is possible to obtain an adhesive
polymer composition (B) in which the components are more
uniformly dispersed and reacted.

[0052]
For supplying the polyolefin (a) having a group reactive

with a carbodiimide group and the carbodiimide group-
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containing compound (b), it is possible to use any of a
method in which mixing is followed by supply from a hopper,
and a method in which some components are supplied from the
hopper, and other components are supplied from a supply port
provided in an arbitrary portion between the vicinity of the
hopper section and the tip of the extruder.
[0053]

The temperature at which the components are melt-kneaded
can be set to a temperature equal to or higher than the
highest of the melting points of the components mixed.
Specifically, the temperature at which the melt kneading is
performed is in a range of typically 180 to 320°C, preferably
230 to 300°C, and more preferably 235 to 280°C.

[0054]

The ratio of reaction between the polyolefin (a) and the
carbodiimide group-containing compound (b) can be evaluated
by the following method.

[0055]

From each of the polyolefin (a) having a group reactive
with a carbodiimide group (reference) and a polymer
composition containing a polyolefin having a carbodiimide
group, a hot-pressed sheet is prepared, followed by
measurement of an infrared absorption with an infrared

absorption analyzer. With the obtained chart, an absorbance



10

15

20

28
derived from a group reactive with a carbodiimide group in
the polyolefin (a) is compared with a difference between the
absorbance derived from a group reactive with a carbodiimide
group in the polyolefin (a) and an absorbance derived from a
group reactive with a carbodiimide group in the polymer
composition. The ratio of reaction can be calculated using
the following expression (2). When maleic anhydride is used
as the group reactive with a carbodiimide group, an
absorbance around 1790 cm ! can be used.
[0056]

Ratio of reaction (%) = (X/Y) x 100---(2)

X: a difference between an absorbance derived from a
group reactive with a carbodiimide group in the polyolefin
(a) and an absorbance derived from a group reactive with a
carbodiimide group in the polymer composition

Y: an absorbance derived from a group reactive with a
carbodiimide group in the polyolefin (a)

The ratio of reaction determined by the above-described
method for the polymer composition (B) is in a range of
typically 40 to 100%, preferably 60 to 100%, and more
preferably 80 to 100%.

[0057]

<Requirement (ii)>



10

15

20

29

Carbodiimide groups are contained in an amount of 0.1 to
50 mmol per 100 g of the polymer composition (B).

[0058]

The polymer composition (B) according to the present
invention contains a carbodiimide-modified polyolefin having
a carbodiimide group, and the amount of the carbodiimide
group is 0.1 to 50 mmol, preferably 0.2 to 40 mmol, and more
preferably 0.5 to 30 mmol, per 100 g of the polymer
composition (B). It is preferred that the amount of the
carbodiimide group in the polymer composition (B) be in the
above-described range because the polymer composition (B) is
excellent in adhesive strength with the metal material (A) at
room temperature and in a high-temperature environment (for
example, 100°C), and crosslinking of the polyolefin (a) can
be suppressed.

[0059]

The content of the carbodiimide group in the polymer
composition can be measured by, for example, 13C-NMR, IR or
titration, and can be known as a carbodiimide group
equivalent. A peak attributed to a carbodiimide group can be
observed at 130 to 142 ppm in the case of !3C-NMR, and at 2130
to 2140 cm! in the case of IR. The I3C-NMR measurement is
performed by, for example, the measurement method described

above for the carbodiimide group-containing content in the
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carbodiimide group-containing compound (b) and a measurement
method described in Examples.
[0060]

The polymer composition (B) according to the present
invention is produced by reaction of a carbodiimide group of
polycarbodiimide (NCN) with the compound (m) having a group
reactive with a carbodiimide group. The carbodiimide group
is consumed to some extent during the reaction, and
carbodiimide group residues connected to the polyolefin group
on the same molecular chain contribute to adhesiveness with a
polymer (o) having a NH group at a molecular terminal. If
the content of the carbodiimide group exceeds the above-
described range, an excessive amount of free carbodiimide
groups are present with respect to the polyolefin (a) having
a group reactive with a carbodiimide group, resulting in
deterioration of adhesion performance with the metal material
(A) and moldability.

[0061]

The carbodiimide group is changed into a urea group by
absorption of water, but the urea group also exhibits high
reactivity with a semi-aromatic polyamide. Therefore, the
polymer composition (B) according to the present invention
may contain a polyolefin in which the carbodiimide group is

converted into a urea group by, for example, water in the air,
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and such a configuration is one of preferred aspects of the
present invention.
[0062]

Preferably, the polymer composition (B) further contains
a high-density polymer (c) having a density of 0.890 g/cm?® or
more.

The density of the polymer composition (B) is preferably
0.900 g/cm?® or more.

It is desirable that the content of a low-density
polymer (d) having a density of less than 0.890 g/cm3, in the
polymer composition (B), be 10% by mass or less.

[0063]

The content of the high-density polymer (c) in the
polymer composition (B) is preferably 60% by mass to 99% by
mass.

[0064]

The high-density polymer (c) preferably contains a
polymer (c-1) having no polar functional group, and
preferably contains a polymer (c-2) having a polar functional
group.

[0065]

Examples of the polymer (c-2) having a polar functional

group include polymers exemplified in "Other layers"

described later (except for polyolefins), and polymers in
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which a monomer such as a polar group (for example, a

carbonyl group, a hydroxyl group or an ether bond group) used

for a "polyolefin layer (Z-1)" is copolymerized with a
polyolefin.
[0066]

Examples of the polymer (c-1) having no polar functional
group include polyolefins, which include polymers (1) to (12)
listed as "specific examples of polyolefin" described later.
[0067]

To the polymer composition (B) according to the present
invention, known additives used in the field of polyolefin,
for example, a tackifier, a process stabilizer, a heat
stabilizer, an anti-heat aging agent and a filler can be
added.

[0068]

In the present invention, a tackifier is preferably
blended for imparting stickiness. Examples of the tackifier
include rosin derivatives, terpene rosins, petroleum resins,
and hydrogenated products thereof, with hydrogenated terpene
resins and hydrogenated petroleum resins being preferred.

The tackifier is not limited as long as the effects of the
present invention are exhibited. For example, the tackifier
is preferably blended in a ratio of 0 to 30% by mass relative

to 100% by mass of the polymer composition (B).
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[0069]

<<Metal-resin composite>>

The metal-resin composite of the present invention
comprises the layer (AL) composed of the metal material (A),

5 and the layer (BL) composed of the polymer composition (B).
[0070]

In a certain embodiment of the present invention, the
metal-resin composite has higher adhesive strength at 100°C
between the metal material (A) and the polymer composition

10 (B) than the adhesive strength at 23°C.
[0071]

The metal-resin composite of the present invention may
comprise, in addition to the layer (AL) composed of the metal
material (A), and the layer (BL) composed of the polymer

15 composition (B), another layer (X) on a surface of the layer
(BL) composed of the polymer composition (B).
[0072]
<Other layer (X)>
The other layer (X) which may form the metal-resin
20 composite according to the present invention is a layer
differing from the layer (BL) of the polymer composition (B).
The polymer forming the other layer (X) is not limited as
long as the effects of the present invention are exhibited,

and examples thereof include polyolefin, polyketone,
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polyester, aliphatic polyamide, semi-aromatic polyamide,
liquid crystal polymers, polysaccharide derivatives,
polyether, polyurethane, ethylene/vinyl alcohol copolymers,
polyvinyl alcohol, ionomers, ethylene-acrylic acid copolymers,
ethylene vinyl acetate copolymers, polycarbonate,
polyphenylene sulfide, polyphenylene ether, polyacetal,
polysulfone, polyarylate, polyaryl ether ketone, polyimide,
and modified fluororesin. The polymers may be used alone, or
two or more thereof may be used. The polymer may have an
acidic functional group such as a carbonyl group, a carboxy
group or a sulfone group.
[0073]

(Polyolefin layer (Z-1))

Having a polyolefin layer (Z-1) as a layer (Z) forming
the metal-resin composite according to the present invention
is one of preferred examples.

[0074]

The polyolefin layer (Z-1) contains a polyolefin.
Examples of the polyolefin include homopolymers and
copolymers of an o-olefin having 2 to 20 carbon atoms. The
polyolefins may be used alone, or two or more thereof may be
used. Specific examples of the o-olefin include ethylene,
propylene, l-butene, 4-methyl-l-pentene, 1l-hexene, and 1-

octene. In the polyolefin, a monomer other than an o-olefin
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may be copolymerized in a small amount of, for example, 10
mol% or less. The other monomer is not limited, and examples
thereof include monomers having a polar group (for example, a
carbonyl group, a hydroxide group or an ether bond group) and
a polymerizable carbon-carbon double bond in the molecule.
[0075]

Specific examples of the polyolefin include homopolymers
and copolymers such as
(1) an ethylene homopolymer (which may be produced either by
a low-pressure method or by a high-pressure method),
(2) an ethylene/propylene copolymer of 99 to 80 mol% of
ethylene and 1 to 20 mol% of propylene, preferably an
ethylene/propylene copolymer of 95 to 85 mol% of ethylene and
5 to 15 mol% of propylene,
(3) an ethylene/l-butene copolymer of 99 to 80 mol% of
ethylene and 1 to 20 mol% of l-butene, preferably an
ethylene/l-butene copolymer of 95 to 85 mol% of ethylene and
5 to 15 mol% of 1l-butene,
(4) an ethylene/l-butene copolymer of 99 to 80 mol% of
ethylene and 1 to 20 mol% of l-octene, preferably an
ethylene/l-octene copolymer of 97 to 85 mol% of ethylene and
3 to 15 mol% of l-octene,
(5) an ethylene-based copolymer such as a copolymer of

ethylene and 10 mol% or less of another o-olefin (excluding
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propylene, l-butene and l-octene) or a vinyl monomer (for
example, vinyl acetate or ethyl acrylate),
(6) a propylene homopolymer,
(7) a random copolymer of propylene and 30 mol% or less of
another a-olefin, preferably a random copolymer of propylene
and 20 mol% or less of another ao-olefin,
(8) a block copolymer of propylene and 40 mol% or less of
another o-olefin,
(9) a l-butene homopolymer,
(10) a random copolymer of l-butene and 10 mol% or less of
another a-olefin,
(11) a 4-methyl-1-pentene homopolymer, and
(12) a random copolymer of 4-methyl-l-pentene and 20 mol% or
less of another a-olefin.
[0076]

Of these, preferred are homopolymers and copolymers such
as
(2) an ethylene/propylene copolymer of 95 to 85 mol% of
ethylene and 5 to 15 mol% of propylene,
(3) an ethylene/l-butene copolymer of 95 to 85 mol% of
ethylene and 5 to 15 mol% of l-butene,
(4) an ethylene/l-octene copolymer of 97 to 85 mol% of

ethylene and 3 to 15 mol% of l-octene,
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(5) an ethylene-based copolymer such as a copolymer of
ethylene and 10 mol% or less of another o-olefin (excluding
propylene, l-butene and l-octene) or a vinyl monomer (for
example, vinyl acetate or ethyl acrylate),
(6) a propylene homopolymer,
(7) a random copolymer of propylene and 20 mol% or less of
another a-olefin, and
(8) a block copolymer of propylene and 40 mol% or less of
another o-olefin.
[0077]

<Configuration of laminate>

The metal-resin composite of the present invention may
be a laminate. The laminate of the present invention
comprises the layer (AL) composed of the metal material (A),
and the layer (BL) composed of the polymer composition (B),
which is at least partially in contact with the layer (AL)
composed of the metal material (A). A first laminate is
preferably a laminate in which the layer (Z), preferably the
polyolefin layer (Z-1), and the layer (AL) are laminated with
the layer (BL) interposed therebetween, and more preferably
any of a laminate having a three-type three-layer structure
of Z/BL/AL and a laminate having a three-type five-layer

structure of AL/BL/Z/BL/AL or Z/BL/AL/BL/Z, where the word
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"layer" is omitted, but the first laminate is not limited
thereto.
[0078]

The thickness of the layer (AL) composed of the metal
material (A) is typically 0.005 to 3 mm, and preferably 0.01
to 0.5 mm. The thickness of the layer (BL) composed of the
polymer composition (B) is typically 0.005 to 3 mm, and
preferably 0.01 to 0.5 mm. The thickness of the layer (Z) is
typically 0.01 to 100 mm, and preferably 0.03 to 2 mm. The
thickness of the laminate having a three-type three-layer
structure of X/Y/Z is typically 0.02 to 106 mm, and
preferably 0.05 to 3 mm. When there are a plurality of
layers (AL) composed of the metal material (A), a plurality
of layers (BL) composed of the polymer composition (B) and a
plurality of layers (Z), it is possible to refer to the above
for the thickness of each layer.

[0079]

<<Method for producing metal-resin composite>>

As a method for producing the metal-resin composite of
the present invention, any of various known methods can be
used, and one of the production methods is a method
comprising the steps of bringing a molten product of the
polymer composition (B) into contact with a surface of the

layer (AL) composed of the metal material (A), and cooling
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the layer (BL) composed of the molten product of the polymer
composition (B) brought into contact with the surface of the
layer (AL) composed of the metal material (A). An aspect of
the method is, for example, a method in which the polymer
composition (B) is layered in advance, specifically, the
layer composed of the metal material (A) and the layer (BL)
composed of the polymer composition (B) and obtained by
molding in advance are bonded to each other, and the layer
(BL) composed of the polymer composition (B) is then melted
by heating, and then cooled to produce a metal-resin
composite.
[0080]

As the method for contact of a molten product of the
polymer composition (B), in the method for producing the
metal-resin composite of the present invention, various known
methods can be used. Specific examples thereof include a
method in which a molten product of the polymer composition
(B) is injection-molded on a surface of the layer (AL)
composed of the metal material (A), a method in which the
layer (AL) composed of the metal material (A) 1is mounted in a
mold, and the mold is then closed, followed by injection of
the polymer composition (B), a method in which the polymer
composition (B) is extruded to cover a surface of the layer

(AL) composed of the metal material (A), and a method in
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which a film of the polymer composition (B) is heat-pressed
to a surface of the layer (AL) composed of the metal material
(A) .
[0081]

5 <Applications of metal-resin composite>

The metal-resin composite of the present invention can

be used for, for example, food packaging materials such as
food containers and beverage containers, chemical packaging
materials such as cosmetic bottles and shampoo bottles,

10 industrial materials such as automobile parts, fuel pipes,
gas pipes, hot water pipes, ink tubes and liquid
transportation tubes, and building materials such as

decorative sheets, without limitation.

15 Examples
[0082]

Hereinafter, the present invention will be more
specifically described by way of Examples and Comparative
Examples, but these Examples should not be construed as any

20 limitation to the present invention without departing the
gist of the present invention.
[0083]

[Various methods for measurement]
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In Examples, measurements were performed according to
the following methods.
[0084]

[Melt flow rate (MFR)]

Measurement was performed at 230°C under a load of 2.16
kg according to ASTM D1238.

[0085]

[Density]

The density was measured according to JIS K7112.
[0086]

[Number-average molecular weight of carbodiimide group-
containing compound]

The number-average molecular weight of the carbodiimide
group-containing compound was measured by GPC (gel permeation
chromatography) at a column temperature of 40°C using a
tetrahydrofuran solvent (mobile phase) (in terms of
polystyrene, Mw: weight-average molecular weight, Mn: number-
average molecular weight). As the standard polystyrene,
Polystyrene PS-1 manufactured by Agilent Technologies, Inc.
(formerly Polymer Laboratories, Ltd.) was used when the
molecular weight met 580 < Mw < 7 x 1069,

[0087]

[Carbodiimide group content]
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The carbodiimide group content was calculated from a
charged amount.
[0088]

[Graft amount of maleic anhydride]

The graft amount of maleic anhydride was measured in the
following manner by FT-IR.

[0089]

In the FT-IR measurement, a heat-pressed sheet was
prepared from the sample under conditions of 250°C for 3
minutes, and an infrared absorption spectrum around 1790 cm™!
was then measured by a transmission method using an infrared
spectrophotometer (model FT-IR410 manufactured by JASCO
Corporation). For the measurement conditions, the resolution
was 2 cm™!, and the number of scans was 32.

[0090]

[Ratio of reaction between polyolefin (a) and
carbodiimide group-containing compound (b) (%)]

The ratio of reaction (%) was calculated from the above
expression (2) using the graft amounts of maleic anhydride
measured with respect to the adhesive polymer composition and
the polyolefin (a) (the absorbance (1790 cm™l) derived from
maleic anhydride in the polymer composition and the
absorbance derived from maleic anhydride in the polyolefin

(a)) by FT-IR.
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[0091]

[Metal materiall]

In Examples and Comparative Examples, the following an
aluminum sheet was used.

[0092]

An aluminum sheet having a thickness of 200 um and a
width of 15 mm

[Resin material]

In Comparative Examples, the following resins were used.
[0093]

EVOH having a thickness of 200 pym and a width of 15 mm
(EVAL F101A manufactured by Kuraray Co., Ltd.)

Polyamide 6 having a thickness of 200 upm and a width of
15 mm (AMILAN CM1021XF manufactured by Toray Industries,
Inc.)

PET having a thickness of 200 pm and a width of 15 mm
(Mitsui PET J125 manufactured by Mitsui Chemicals, Inc.)

[Production of resin composite]

A metal material or a resin material and a polymer
composition were stacked in a layer configuration of metal
material or resin material/resin composition/metal material
or resin material, and a press molding machine set at a
temperature of 200°C was then applied under conditions of

preheating for 6 minutes, pressurization at a pressure of 3.9
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MPa for 4 minutes and cooling for 3 minutes to produce a
resin composite (laminate) having a three-layer structure.
[0094]

[Adhesive strength of resin composite]

The obtained resin composite was cut into a width of 15
mm, and the adhesive strength (unit: N/15 mm) at an interface
between the material and a polymer composition (containing,
for example, carbodiimide-modified polypropylene) was
measured in an atmosphere at a room temperature of 23°C and
an atmosphere at 100°C by a 180° peeling method. The
obtained resin composite was subjected to retort treatment in
hot water at 121°C for 30 minutes, and the adhesive strength
in an atmosphere at room temperature was measured in the same
manner as described above. The crosshead speed was 300
mm/min.

[0095]

[Polyolefins used]

The polyolefins used in Examples and Comparative
Examples are shown below. Unless otherwise specified, all of
the polyolefins used were commercially available products.
[0096]

(1) PP-1: Polypropylene (random PP, MFR: 7 g/10 min,
density: 0.910 g/cm3®, manufactured by Prime Polymer Co.,

Ltd.)
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(2) MAH-PP-2: maleic anhydride-modified polypropylene
(MFR: 6 g/10 min, density: 0.890 g/cm3, graft amount of
maleic anhydride: 0.15%, manufactured by Mitsui Chemicals,
Inc.)

[Example 1]

<Production of polyolefin (a) having group reactive with
carbodiimide group>

100 parts by weight of PP-1, 1 part by weight of maleic
anhydride (manufactured by Wako Pure Chemical Industries,
Ltd., hereinafter abbreviated as MAH) and 0.25 parts by
weight of 2,5-dimethyl-2,5-bis(tert-butylperoxy)hexyne-3
(manufactured by NOF CORPORATION, trade name: PERHEXYNE
(registered trademark) 25B) were mixed, and extruded at a
cylinder temperature of 220°C, a screw rotation speed of 200
rpm and a discharge rate of 80 g/min using a twin-screw
kneader (TEX-30 manufactured by The Japan Steel Works, Ltd.,

L/D: 40, with a vacuum vent), thereby obtaining maleic acid-

modified polypropylene (hereinafter, abbreviated as MAH-PP-1).

The density of MAH-PP-1 was 0.915 g/cm3.
[0097]

The obtained MAH-PP-1 was dissolved in xylene, and the
obtained xylene solution was poured to acetone to re-
precipitate and purify the MAH-PP-1. The graft amount of

maleic anhydride was 0.7% by weight as measured by FT-IR.
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[0098]

<Production of polymer composition (B-1)>

90 parts by weight of PP-1, 10 parts by weight of MAH-
PP-1 produced as described above, and 1.7 parts by weight of
a carbodiimide group-containing compound (manufactured by
Nisshinbo Chemical Inc., trade name: CARBODILITE (registered
trademark) HMV-8CA, carbodiimide group equivalent: 278,
number-average molecular weight: 2,100, the number of
carbodiimide groups in one molecule is 9) were mixed, and
extruded at a cylinder temperature of 250°C, a screw rotation
speed of 200 rpm and a discharge rate of 80 g/min using a
twin-screw kneader (TEX-30 manufactured by The Japan Steel
Works, Ltd., L/D = 40, with a vacuum vent), thereby producing
a polymer composition (B-1) containing carbodiimide-modified
polypropylene (CDI-PP-1).

[0099]

The obtained olefin resin composition (B-1) had an MFR
(230°C, 2.16 kg load) of 3 g/10 min and a density of 0.910
g/cm?. The FT-IR analysis showed that a peak for maleic
anhydride (1790 cm™!) disappeared from CDI-PP-1, which means
that the ratio between the difference (X) between the
absorbance derived from a group reactive with a carbodiimide
group in MAH-PP-1 and the absorbance derived from a group

reactive with a carbodiimide group in CDI-PP-1 and the



10

15

20

47

absorbance (Y) derived from a group reactive with a
carbodiimide group in MAH-PP-1 was 1, and therefore the ratio
of reaction between MAH-PP-1 and the carbodiimide group-
containing compound was 100%. The carbodiimide group content
was 6.01 mmol per 100 g of the polymer composition (B-1)
(calculated from the charged amount). The polymer
composition (B-1) contained 88.5% by mass of PP-1 and 11.5%
by mass of carbodiimide-modified polypropylene (CDI-PP-1).
The density of carbodiimide-modified polypropylene (CDI-PP-1)
was 0.909 g/cm3.
[0100]

<Production of metal-resin composite and measurement of
adhesive strength>

A metal-resin composite was produced by the above-
described method using the obtained polymer composition (B-1),
and the adhesive strength of the metal-resin composite was
then measured by the above-described method.
[0101]

The results are shown in Table 1.
[Example 2]

Except that the carbodiimide group content was changed
to 0.61 mmol per 100 g of the polymer composition (B-2)
(calculated from the charged amount) by adjusting the amount

of the carbodiimide group-containing compound added, the same
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procedure as in Example 1 was carried out to obtain a resin
composite. The results are shown in Table 1. The polymer
composition (B-2) contained 98.8% by mass of PP-1 and 1.2% by
mass of carbodiimide-modified polypropylene (CDI-PP-2). The
density of the polymer composition (B-2) was 0.910 g/cm3. The
density of carbodiimide-modified polypropylene (CDI-PP-2) was
0.909 g/cm3.
[Example 3]

Except that the carbodiimide group content was changed
to 11.8 mmol per 100 g of the polymer composition (B-3)
(calculated from the charged amount) by adjusting the amount
of the carbodiimide group-containing compound added, the same
procedure as in Example 1 was carried out to obtain a resin
composite. The results are shown in Table 1. The polymer
composition (B-3) contained 77.5% by mass of PP-1 and 22.5%
by mass of carbodiimide-modified polypropylene (CDI-PP-3).
The density of the polymer composition (B-3) was 0.910 g/cm3.
The density of carbodiimide-modified polypropylene (CDI-PP-3)
was 0.909 g/cm3.
[Comparative Example 1]

Except that MAH-PP-2 was used instead of the polymer
composition (B-1) used in Example 1, the same procedure as in
Example 1 was carried out to obtain a resin composite. The

results are shown in Table 1.
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[Comparative Example 2]

Except that EVOH was used as an adherend, the same

49

procedure as in Example 1 was carried out to obtain a resin

composite.

The results are shown in Table 1.

[Comparative Example 3]

Except that polyamide 6 was used as an adherend,

the

same procedure as in Example 1 was carried out to obtain a

resin composite.

The results are shown in Table 1.

[Comparative Example 4]

Except that PET was used as an adherend, the same

procedure as in Example 1 was carried out to obtain a resin

composite. The results are shown in Table 1.
[0102]
[Table 1]
Examole Example | Example | Example |Comparative|Comparative| Comparative |Comparative
P 1 2 3 Example 1 | Example 2 | Example 3 | Example 4
Aluminum|Aluminum {Aluminum| Aluminum EVOH Polyamide 6 PET (Mitsui
Adherend sheet sheet sheet sheet (EVAL (AMILAN PET J125)
F101A) | CM1021XF)
| Room | nyismm | 133 162 230 100 45 45 34
Adhesive|temperature
stength | yogsc | Nsmm | 287 | 204 | 322 85 15 30 8
Carbodiimide group | o009 | 601 | 061 | 118 6.01 6.01 6.01

content

[0103]

As shown in Table 1,

the metal-resin composites with a

polymer composition which contains carbodiimide-modified
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polypropylene and in which the content of carbodiimide groups
is in a predetermined range, which were obtained in Examples
1 to 3, were excellent in adhesive strength at room
temperature and adhesive strength at a high temperature of
100°C, and had higher adhesive strength at a high temperature
of 100°C than the adhesive strength at room temperature. In
contrast, the metal-resin composite with a polymer
composition free of a carbodiimide group, which was obtained
in Comparative Example 1, has low adhesive strength at a high

temperature of 100°C.

Industrial Applicability
[0104]

According to the present invention, by using a
carbodiimide-modified polyolefin capable of adhering many
types of resins, a lightweight metal-resin composite having
sufficient adhesive strength between a metal material and a
polymer composition can be provided.

[0105]

The metal-resin composite of the present invention can
be used for various applications such as food packaging
materials such as food containers and beverage containers,
chemical packaging materials such as cosmetic bottles and

shampoo bottles, industrial packaging materials such as
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semiconductor trays, industrial materials such as automobile
parts, fuel pipes, gas pipes, hot water pipes, ink tubes and
liquid transportation tubes, and building materials such as

decorative sheets.
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CLAIMS
[Claim 1]

A metal-resin composite comprising a layer (AL) composed
of a metal material (A), and a layer (BL) composed of a
polymer composition (B) that satisfies the following
requirements (i) and (ii):

(i) a carbodiimide-modified polyolefin formed by reaction of
a polyolefin (a) having a group reactive with a carbodiimide
group and a carbodiimide group-containing compound (b) is
contained; and

(ii) carbodiimide groups are contained in an amount of 0.1 to
50 mmol per 100 g of the polymer composition (B).

[Claim 2]

The metal-resin composite according to claim 1, wherein
a content of the carbodiimide-modified polyolefin in the
polymer composition (B) is 1% by mass to 40% by mass.

[Claim 3]

The metal-resin composite according to claim 1, wherein
the polymer composition (B) further contains a high-density
polymer (c) having a density of 0.890 g/cm?® or more.

[Claim 4]

The metal-resin composite according to claim 3, wherein

a content of the high-density polymer (c) in the polymer

composition (B) is 60% by mass to 99% by mass.
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[Claim 5]
The metal-resin composite according to claim 1, wherein
a content of a low-density polymer (d) having a density of

less than 0.890 g/cm3, in the polymer composition (B), is 10%

5 by mass or less.

[Claim 6]

The metal-resin composite according to claim 1, wherein

a density of the polymer composition (B) is 0.900 g/cm?® or

more.

10 [Claim 7]

The metal-resin composite according to claim 1, wherein

the layer (AL) and the layer (BL) are at least partially

heat-sealed.

[Claim 8]

15 The metal-resin composite according to claim 7, wherein

the layer (AL) and the layer (BL) are at least partially in
contact with each other.

[Claim 9]

The metal-resin composite according to claim 7 or claim
20 8, wherein adhesive strength at 100°C between the layer (AL)
and the layer (BL) is higher than the adhesive strength at
room temperature.

[Claim 10]
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The metal-resin composite according to claim 3, wherein
the high-density polymer (c) contains a polymer (c-1) having
no polar functional group.

[Claim 11]

The metal-resin composite according to claim 3, wherein
the high-density polymer (c) contains a polymer (c-2) having
a polar functional group.

[Claim 12]

The metal-resin composite according to claim 1, wherein
the number of carbodiimide groups in one molecule of the
carbodiimide group-containing compound (b) is 5 or more.
[Claim 13]

The metal-resin composite according to claim 1, wherein
the metal material (A) is aluminum.

[Claim 14]

A method for producing the metal-resin composite
according to claim 7 or claim 8, comprising the steps of
bringing a molten product of a polymer composition (B) into
contact with a surface of a layer (AL) composed of a metal
material (A), and cooling a molten product of the layer (BL)
composed of the polymer composition (B) brought into contact
with the surface of the layer (AL) composed of the metal
material (A), the polymer composition (B) satisfying the

following requirements (i) and (ii):
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(1) a carbodiimide-modified polyolefin formed by reaction of
a polyolefin (a) having a group reactive with a carbodiimide
group and a carbodiimide group-containing compound (b) is
contained; and
(ii) carbodiimide groups are contained in an amount of 0.1 to

50 mmol per 100 g of the polymer composition (B).



