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(57) ABSTRACT

A crosslinkable halogen-free resin composition includes a
polymer blend, and a metal hydroxide mixed in an amount
of 120 to 200 parts by mass per 100 parts by mass of the
polymer blend. The polymer blend includes a maleic anhy-
dride-modified high-density polyethylene, 30 to 50 parts by
mass of an ethylene-acrylic ester-maleic anhydride terpoly-
mer, 5 to 20 parts by mass of a maleic anhydride modified
ethylene-ct-olefin copolymer and 10 to 30 parts by mass of
an ethylene-acrylic ester copolymer.
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1
CROSSLINKABLE HALOGEN-FREE RESIN
COMPOSITION, CROSS-LINKED
INSULATED WIRE AND CABLE

The present application is based on Japanese patent
application No. 2014-245103 filed on Dec. 3, 2014, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a crosslinkable halogen-free resin
composition as well as a cross-linked insulated wire and a
cable using the composition.

2. Description of the Related Art

Electric wires used in stock rolling, automobiles or elec-
trical equipment etc. may need a high abrasion resistance, a
low-temperature performance and flame retardancy etc. In
order to have a high abrasion resistance, a resin composition
is used for an insulation layer of wire which includes as a
base a highly crystalline polymer such as high-density
polyethylene (HDPE). In addition, a halogen-based flame
retardant or a phosphorus-based flame retardant such as red
phosphorus is used that allows flame retardancy even in
small additive amount since the high-density polyethylene is
low in filler acceptability.

However, since the halogen-based flame retardant may
generate a halogen gas upon being heated, a problem may
arise that they lack in concern for globally growing envi-
ronmental issues. Alternatively, a problem may arise that the
phosphorus-based flame retardant such as red phosphorus
may generate phosphine upon being heated or may cause a
groundwater contamination due to phosphoric acid gener-
ated upon being discarded.

In order to avoid the problems, flame-retardant resin
compositions are proposed which include a high-density
polyethylene as a base polymer and a metal hydroxide as a
flame retardant (e.g., JP-A-2002-60557 and JP-A-2004-
156026). JP-A-2002-60557 and JP-A-2004-156026 disclose
the flame-retardant resin compositions in which the metal
hydroxide is mixed with a polymer blend including the
high-density polyethylene and an ethylene-acrylic ester-
maleic anhydride terpolymer etc.

SUMMARY OF THE INVENTION

The flame-retardant resin compositions need to include a
large amount of the metal hydroxide to sufficiently have the
flame retardancy and thus may cause a decrease in mechani-
cal characteristics, low-temperature properties and electrical
characteristics.

It is an object of the invention to provide a crosslinkable
halogen-free resin composition that is excellent in flame
retardancy and exhibits excellent mechanical characteristics,
low-temperature properties and electrical characteristics, as
well as a cross-linked insulated wire and a cable using the
composition.

(1) According to an embodiment of the invention, a
crosslinkable halogen-free resin composition comprises:

a polymer blend; and

a metal hydroxide mixed in an amount of 120 to 200 parts
by mass per 100 parts by mass of the polymer blend,

wherein the polymer blend comprises a maleic anhydride-
modified high-density polyethylene, 30 to 50 parts by mass
of an ethylene-acrylic ester-maleic anhydride terpolymer, 5
to 20 parts by mass of a maleic anhydride modified ethylene-
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a-olefin copolymer and 10 to 30 parts by mass of an
ethylene-acrylic ester copolymer.

In the above embodiment (1) of the invention, the fol-
lowing modifications and changes can be made.

(1) A glass-transition temperature of the maleic anhydride
modified ethylene-a-olefin copolymer is not more than —55°
C.

(i1) An acrylic ester content in the ethylene-acrylic ester
copolymer is 10 to 30 mass %.

(i) The metal hydroxide comprises one or both of
magnesium hydroxide and aluminum hydroxide.

(2) According to another embodiment of the invention, a
cross-linked insulated wire comprises:

a conductor; and

a insulation layer comprising a single layer or multiple
layers and covering the periphery of the conductor,

wherein an outermost layer of the insulation layer com-
prises the crosslinkable halogen-free resin composition
according to the embodiment (1).

In the above embodiment (2) of the invention, the fol-
lowing modifications and changes can be made.

(iv) The insulation layer comprises multiple layers, and
wherein an innermost layer of the insulation layer in contact
with the conductor comprises a crosslinkable halogen-free
resin composition comprising a metal hydroxide mixed in an
amount of not more than 100 parts by mass with 100 parts
by mass of the polymer blend.

(v) The metal hydroxide included in the innermost layer
of the insulation layer comprises one or both of magnesium
hydroxide and aluminum hydroxide.

(3) According to another embodiment of the invention, a
cable comprises:

an insulated wire; and

a sheath covering a periphery of the insulated wire,

wherein the sheath comprises the crosslinkable halogen-
free resin composition according to the embodiment (1).

Effects of the Invention

According to an embodiment of the invention, a cross-
linkable halogen-free resin composition can be provided that
is excellent in flame retardancy and exhibits excellent
mechanical characteristics, low-temperature properties and
electrical characteristics, as well as a cross-linked insulated
wire and a cable using the composition.

BRIEF DESCRIPTION OF THE DRAWINGS

Next, the present invention will be explained in more
detail in conjunction with appended drawings, wherein:

FIG. 1 is a radial cross sectional view showing a single
insulated wire as a cross-linked insulated wire in a second
embodiment;

FIG. 2 is a radial cross sectional view showing a double
insulated wire as a cross-linked insulated wire in a third
embodiment; and

FIG. 3 is a radial cross sectional view showing a cable in
a fourth embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the invention will be described below in
reference to the drawings. Constituent elements having
substantially the same functions are denoted by the same
reference numerals in each drawing and the overlapping
explanation thereof will be omitted.
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First Embodiment

Crosslinkable Halogen-free Resin Composition

A crosslinkable halogen-free resin composition in the first
embodiment of the invention includes a metal hydroxide (B)
mixed in an amount of 120 to 200 parts by mass with 100
parts by mass of a polymer blend (A) which is composed of
a maleic anhydride-modified high-density polyethylene
(A1), 30 to 50 parts by mass of an ethylene-acrylic ester-
maleic anhydride terpolymer (A2), 5 to 20 parts by mass of
a maleic anhydride modified ethylene-ci-olefin copolymer
(A3) and 10 to 30 parts by mass of an ethylene-acrylic ester
copolymer (A4).

That is, the crosslinkable halogen-free resin composition
includes the polymer blend (A) and the metal hydroxide (B)
mixed in the amount of 120 to 200 parts by mass per 100
parts by mass of the polymer blend (A).

The polymer blend (A) includes the maleic anhydride-
modified high-density polyethylene (Al), the ethylene-
acrylic ester-maleic anhydride terpolymer (A2), the maleic
anhydride modified ethylene-a-olefin copolymer (A3) and
the ethylene-acrylic ester copolymer (A4).

Then, 30 to 50 parts by mass of the ethylene-acrylic
ester-maleic anhydride terpolymer (A2), 5 to 20 parts by
mass of the maleic anhydride modified ethylene-c-olefin
copolymer (A3) and 10 to 30 parts by mass of the ethylene-
acrylic ester copolymer (A4) are included in 100 parts by
mass of the polymer blend (A) (in terms of percent concen-
tration by mass, the polymer blend (A) includes 30 to 50
mass % of the ethylene-acrylic ester-maleic anhydride ter-
polymer (A2), 5 to 20 mass % of the maleic anhydride
modified ethylene-ai-olefin copolymer (A3) and 10 to 30
mass % of the ethylene-acrylic ester copolymer (A4)).

In the crosslinkable halogen-free resin composition, a
polymer component other than the polymer blend (A) may
be included as a base polymer as long as the effect of the
resin composition is exerted. However, the polymer blend
(A) included in the base polymer is exemplarily not less than
90 mass %, more exemplarily not less than 95 mass %,
further exemplarily 100 mass % (the base polymer consists
of only the polymer blend (A)).

In addition, it is possible, if necessary, to add a cross-
linking agent, a crosslinking aid, a flame-retardant aid, an
ultraviolet absorber, a light stabilizer, a softener, a lubricant,
a colorant, a reinforcing agent, a surface active agent, an
inorganic filler, a plasticizer, a metal chelator, a foaming
agent, a compatibilizing agent, a processing aid and a
stabilizer, etc., to the crosslinkable halogen-free resin com-
position.

Filler acceptability is different between the maleic anhy-
dride-modified high-density polyethylene (A1) and the eth-
ylene-acrylic ester copolymer (A4), while adhesion at poly-
mer/filler interface and low-temperature properties are
different between the ethylene-acrylic ester-maleic anhy-
dride terpolymer (A2) and the maleic anhydride modified
ethylene-c-olefin copolymer (A3).

It is considered that, in the polymer blend (A), the maleic
anhydride-modified high-density polyethylene (Al) can
have higher filler acceptability by compatibilizing with the
maleic anhydride modified ethylene-a-olefin copolymer
(A3), and also, abrasion resistance and low-temperature
properties are improved. Meanwhile, it is considered that the
ethylene-acrylic ester copolymer (A4) provides improved
elongation characteristics by compatibilizing with the eth-
ylene-acrylic ester-maleic anhydride terpolymer (A2), and
also, the polymer/filler interface is strengthened and elec-
trical characteristics are improved. Therefore, although the
crosslinkable halogen-free resin composition in the first
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embodiment includes the metal hydroxide in an amount that
allows sufficient flame retardancy to be obtained, mechani-
cal characteristics, low-temperature properties and electrical
characteristics are sufficient, and also mechanical character-
istics, electrical characteristics and flame retardancy are in
very good balance. Mechanical characteristics, electrical
characteristics low-temperature properties and flame retar-
dancy of the crosslinkable halogen-free resin composition
described herein are the properties after cross-linking.

Maleic Anhydride-modified High-density Polyethylene
(AD)

The density of the maleic anhydride-modified high-den-
sity polyethylene (A1) is not less than 0.942, and melting
point and molecular weight thereof are not specifically
limited. In addition, a non-modified high-density polyeth-
ylene may be mixed to the maleic anhydride-modified
high-density polyethylene (Al).

The amount of the maleic anhydride-modified high-den-
sity polyethylene (A1) included in 100 parts by mass of the
polymer blend (A) is not more than 55 parts by mass,
exemplarily 25 to 45 parts by mass.

Ethylene-acrylic Ester-maleic Anhydride Terpolymer
(A2)

The ethylene-acrylic ester-maleic anhydride terpolymer
(A2) has high adhesion to fillers due to including a larger
amount of maleic anhydride than maleic anhydride grafted
copolymer and improves mechanical strength of the cross-
linkable halogen-free resin composition. The ethylene-
acrylic ester-maleic anhydride terpolymer (A2) is particu-
larly effective to improve abrasion resistance.

The amount of the ethylene-acrylic ester-maleic anhy-
dride terpolymer (A2) included in 100 parts by mass of the
polymer blend (A) is 30 to 50 parts by mass, as described
above. When the amount of the ethylene-acrylic ester-maleic
anhydride terpolymer (A2) is less than 30 parts by mass,
abrasion resistance of the crosslinkable halogen-free resin
composition is not sufficient. On the other hand, when more
than 50 parts by mass, elongation characteristics of the
crosslinkable halogen-free resin composition are not suffi-
cient.

Examples of the ethylene-acrylic ester-maleic anhydride
terpolymer (A2) include ethylene-methyl acrylate-maleic
anhydride terpolymer, ethylene-ethyl acrylate-maleic anhy-
dride terpolymer and ethylene-butyl acrylate-maleic anhy-
dride terpolymer, etc., which can be used alone or in
combination of two or more.

Although the acrylic ester content and the maleic anhy-
dride content in the ethylene-acrylic ester-maleic anhydride
terpolymer (A2) are not specifically limited, the ethylene-
acrylic ester-maleic anhydride terpolymer (A2) exemplarily
include 5 to 30 mass % of acrylic ester and 2.8 to 3.6 mass
% of maleic anhydride from the viewpoint of adhesion to
filler.

Maleic Anhydride Modified Ethylene-ci-olefin Copoly-
mer (A3)

Ethylene-a-olefin copolymer is excellent in flexibility in
a low-temperature environment and can have stronger adhe-
sion to filler such as magnesium hydroxide when modified
with maleic anhydride. Therefore, low-temperature proper-
ties of the crosslinkable halogen-free resin composition can
be improved by the maleic anhydride modified ethylene-c.-
olefin copolymer (A3).

The amount of the maleic anhydride modified ethylene-
a-olefin copolymer (A3) included in 100 parts by mass of
the polymer blend (A) is 5 to 20 parts by mass, as described
above. When the amount of the maleic anhydride modified
ethylene-c-olefin copolymer (A3) is less than 5 parts by
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mass, low-temperature properties of the crosslinkable halo-
gen-free resin composition are not sufficient. On the other
hand, when more than 20 parts by mass, abrasion resistance
of the crosslinkable halogen-free resin composition is not
sufficient.

As the ethylene-ci-olefin copolymer, it is possible to use,
e.g., a copolymer of ethylene and a-olefin having 3 to 12
carbon atoms. Examples of the copolymer of ethylene and
a-olefin having 3 to 12 carbon atoms include propylene,
1-butene, 1-pentene, 1-hexene, 4-methyl-pentene, 1-heptene
and 1-octene, etc., which can be used alone or in combina-
tion of two or more. It is particularly exemplary to use
1-butene.

To further improve low-temperature properties of the
crosslinkable halogen-free resin composition, the maleic
anhydride modified ethylene-a-olefin copolymer (A3)
exemplarily has a glass-transition temperature of not more
than -55° C.

Ethylene-acrylic Ester Copolymer (A4)

The ethylene-acrylic ester copolymer (A4) has high filler
acceptability and forms a char layer when burnt. In addition,
the ethylene-acrylic ester copolymer (A4) improves dispers-
ibility of the metal hydroxide (B) in the maleic anhydride-
modified high-density polyethylene (Al).

The amount of the ethylene-acrylic ester copolymer (A4)
included in 100 parts by mass of the polymer blend (A) is 10
to 30 parts by mass, as described above. When the amount
of the ethylene-acrylic ester copolymer (A4) is less than 10
parts by mass, elongation characteristics of the crosslinkable
halogen-free resin composition are not sufficient. On the
other hand, when more than 30 parts by mass, abrasion
resistance of the crosslinkable halogen-free resin composi-
tion is not sufficient.

In addition, the acrylic ester content in the ethylene-
acrylic ester copolymer (A4) is exemplarily larger and is
exemplarily 10 to 30 mass %.

Examples of the ethylene-acrylic ester copolymer (A4)
include ethylene-methyl acrylate copolymer, ethylene-ethyl
acrylate copolymer and ethylene-butyl acrylate copolymer,
etc., which can be used alone or in combination of two or
more. An exemplary acrylic ester species is methyl acrylate.
In this case, ethylene-vinyl acetate copolymer cannot be
used in place of the ethylene-acrylic ester copolymer (A4)
since deacetylation reaction occurs in a high temperature
environment, causing a significant decrease in physical
properties.

Metal Hydroxide (B)

The amount of the metal hydroxide (B) included in the
crosslinkable halogen-free resin composition is 120 to 200
parts by mass per 100 parts by mass of the polymer blend
(A), as described above. When the amount of the metal
hydroxide (B) is less than 120 parts by mass, flame retar-
dancy of the crosslinkable halogen-free resin composition is
not sufficient. On the other hand, when more than 200 parts
by mass, elongation characteristics of the crosslinkable
halogen-free resin composition are not sufficient.

Examples of the metal hydroxide (B) include aluminum
hydroxide, magnesium hydroxide and calcium hydroxide,
etc., which can be used alone or in combination of two or
more. Of those, magnesium hydroxide is exemplary as the
metal hydroxide (B) since a temperature at which main
dehydration reaction proceeds is as high as 350° C. and
excellent flame retardancy is obtained.

In view of dispersibility, etc., the metal hydroxide (B)
may be surface-treated with fatty acid, etc. Examples of the
fatty acid include silane coupling agent, titanate coupling
agent and stearic acid, etc., which can be used alone or in
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combination of two or more. It is exemplary to treat the
surface with a silane coupling agent particularly when high
heat resistance is required.

Cross-linking Method

A method of cross-linking the crosslinkable halogen-free
resin composition in the first embodiment can be a conven-
tionally known treatment method such as chemical cross-
linking using an organic peroxide or a silane compound, etc.,
radiation-crosslinking performed by exposure to electron
beam or radiation, or cross-linking using other chemical
reactions, etc., and any cross-linking method can be used.

Second Embodiment

The second embodiment of the invention is a cross-linked
insulated wire having an insulation layer formed of the
crosslinkable halogen-free resin composition in the first
embodiment.

FIG. 1 is a radial cross sectional view showing a single
insulated wire 10 as a cross-linked insulated wire in the
second embodiment.

The single insulated wire 10 has a linear conductor 11 and
an insulation layer 12 covering the periphery of the conduc-
tor 11. The insulation layer of the single insulated wire 10 is
a single layer consisting of only the insulation layer 12.
Therefore, the insulation layer 12 is the outermost layer of
the single insulated wire 10.

As a material of the conductor 11, it is possible to use a
known material such as copper, soft copper, silver or alu-
minum. The surface of such materials can be plated with tin,
nickel, silver or gold to improve heat resistance.

The insulation layer 12 is formed of the crosslinkable
halogen-free resin composition in the first embodiment.
Therefore, the single insulated wire 10 is excellent in
mechanical characteristics such as elongation characteristics
or abrasion resistance, low-temperature properties such as
low-temperature bending properties, electrical characteris-
tics such as DC stability and flame retardancy. The insula-
tion layer 12 is, e.g., extruded on the conductor 11 and is
then cross-linked.

Third Embodiment

The cross-linked insulated wire in the third embodiment
is a double insulated wire and is different from the single
insulated wire as a cross-linked insulated wire in the second
embodiment in that the insulation layer is composed of
multiple layers.

FIG. 2 is a radial cross sectional view showing a double
insulated wire 20 as a cross-linked insulated wire in the third
embodiment.

The double insulated wire 20 has the linear conductor 11,
an inner insulation layer 21 covering the periphery of the
conductor 11, and an outer insulation layer 22 covering the
periphery of the inner insulation layer 21. The insulation
layer of the double insulated wire 20 is composed of two
layers, the inner insulation layer 21 and the outer insulation
layer 22. Therefore, the inner insulation layer 21 is the
innermost layer of the double insulated wire 20 and the outer
insulation layer 22 is the outermost layer of the double
insulated wire 20.

The outer insulation layer 22 is formed of the crosslink-
able halogen-free resin composition in the same manner as
the insulation layer 12 in the second embodiment. Therefore,
the double insulated wire 20 is excellent in mechanical
characteristics such as elongation characteristics or abrasion
resistance, low-temperature properties such as low-tempera-
ture bending properties, electrical characteristics such as DC
stability and flame retardancy.

The inner insulation layer 21 is exemplarily formed of a
material not including halogen. In case that electrical char-
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acteristics are important, the inner insulation layer 21 is
exemplarily formed of a resin composition in which not
more than 100 parts by mass of metal hydroxide is mixed
with 100 parts by mass of polymer component. More than
100 parts by mass of metal hydroxide may cause a decrease
in electrical characteristics of the inner insulation layer 21.

As the polymer component in the inner insulation layer
21, it is possible to use, e.g., polyolefin. Examples of the
polyolefin include high-density polyethylene, medium-den-
sity polyethylene, low-density polyethylene, very low-den-
sity polyethylene and ethylene-acrylic ester copolymer, etc.,
which can be used alone or in combination of two or more.

When good mechanical characteristics are required, it is
exemplary that the polymer blend (A) in the first embodi-
ment be used as the polymer component in the inner
insulation layer 21. In other words, the inner insulation layer
21 is exemplarily formed of a resin composition in which not
more than 100 parts by mass of metal hydroxide is mixed
with 100 parts by mass of the polymer blend (A).

The inner insulation layer 21 and the outer insulation
layer 22 are, e.g., simultaneously extruded on the conductor
11 and are then cross-linked.

The double insulated wire 20 may include another layer
between the inner insulation layer 21 and the outer insula-
tion layer 22.

Fourth Embodiment

The fourth embodiment of the invention is a cable having
a sheath formed of the crosslinkable halogen-free resin
composition in the first embodiment.

FIG. 3 is a radial cross sectional view showing a cable 30
in the fourth embodiment. The cable 30 has insulated wires
31 and a sheath 32 covering the periphery of the insulated
wires 31.

The insulated wire 31 has a conductor 33 and an insula-
tion layer 34 covering the periphery of the conductor 33.
Materials of the conductor 33 and the insulation layer 34 are
not specifically limited, and the conductor 33 and the
insulation layer 34 can be respectively formed of known
materials. The single insulated wire 10 in the second
embodiment or the double insulated wire 20 in the third
embodiment may be used as the insulated wire 31. Although
the cable 30 in the example shown in FIG. 3 has three
insulated wires 31, the number of the insulated wires 31 used
in the cable 30 is not specifically limited.

The sheath 32 is formed of the crosslinkable halogen-free
resin composition in the first embodiment. Therefore, the
cable 30 is excellent in mechanical characteristics such as
elongation characteristics or abrasion resistance, low-tem-
perature properties such as low-temperature bending prop-
erties, electrical characteristics such as DC stability and
flame retardancy. The sheath 32 is molded and is then
cross-linked

The cable 30 may have, if necessary, other members such
as braided wire.

Effects of the Embodiments

According to the first to fourth embodiments, it is possible
to provide a crosslinkable halogen-free resin composition, a
cross-linked insulated wire and a cable which are excellent
in flame retardancy and at the same time exhibit excellent
mechanical characteristics, low-temperature properties and
electrical characteristics.

EXAMPLES

Examples of the invention will be described below in
more detail. However, the following examples are not
intended to limit the invention in any way.
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Examples 1 to 14 and Comparative Examples 1 to
10

The cross-linked insulated wires shown in FIGS. 1 and 2
were made as follows.

(1) A tin-plated conductor (37 strandsx0.18 mm diameter)
was used as the conductor 11.

(2) Resin compositions were formed by mixing and
kneading components shown in Tables 1 and 2 using a
14-inch open roll mill and were then pelletized using a
granulator, thereby obtaining an outer layer material and an
inner layer material.

(3) For making the single insulated wire 10 in FIG. 1, the
insulation layer 12 was formed by extruding the obtained
outer layer material on the conductor 11 using a 40-mm
extruder so as to have a thickness of 0.26 mm.

(4) For making the double insulated wire 20 in FIG. 2, the
inner insulation layer 21 and the outer insulation layer 22
were formed by simultaneously extruding the obtained inner
and outer layer materials on the conductor 11 using a 40-mm
extruder so as to respectively have thicknesses of 0.1 mm
and 0.16 mm.

(5) An electron beam (radiation dose of 15 Mrad) was
irradiated on the obtained insulated wires to cross-link each
insulation layer.

The obtained cross-linked insulated wires were evaluated
by the following various evaluation tests. Tables 1 and 2
show the evaluation results.

(1) Tensile Test

The insulation layers after pulling out the conductors 11
were subjected to the tensile test at a tension rate of 200
mm/min. The samples passed the tensile test (O) when
elongation at break in the test was not less than 50%, and the
samples failed the test (X) when elongation at break was less
than 50%.

(2) Low-temperature Bend Test

Each cross-linked insulated wire was left in a cryostat at
-40° C. for not less than 4 hours and was then wound 6 turns
around a 1.75 mm-diameter mandrel and a 7.0 mm-diameter
mandrel. The wires of which insulation layer did not crack
when wound around the 1.75 mm-diameter and 7.0 mm-
diameter mandrels were regarded as “® (excellent)”, those
of which insulation layer did not crack when wound around
the 7.0 mm-diameter mandrel but cracked when wound
around thel.75 mm-diameter mandrel were regarded as “O
(good)”, and those of which insulation layer cracked when
wound around the 1.75 mm-diameter mandrel as well as
when wound around and the 7.0 mm-diameter mandrel were
regarded as “X (bad)”.

(3) Flame-retardant Test

600 mm-long cross-linked insulated wires were held
vertical and a flame was applied thereto for 60 seconds. The
wires passed the test (O) when the flame was extinguished
within 60 seconds after removing the flame, and the wires
failed the test (X) when the flame was not extinguished
within 60 seconds.

(4) Abrasion Resistance Test

An abrasion resistance test in accordance with EN
50305.5.2 was conducted on each cross-linked insulated
wire. The insulation layer was worn away by reciprocating
a steel blade while applying a load on the insulated layer.
The wires passed the test (O) when reciprocating frequency
of the blade (the number of cycles of abrasion) until the
blade reached the conductor 11 was not less than 200 cycles,
and the wires failed the test (X) when less than 200 cycles.
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(5) Electrical Characteristic Test
A 300V DC stability test in accordance with EN
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“good (O)”, and those short-circuited in less than 100 hours

50305.6.7 was conducted on each cross-linked insulated

wire. The wires with no short-circuit for 240 hours were
regarded as “excellent (@), those short-circuited in not less
than 100 hours and less than 240 hours were regarded as

TABLE 1

were regarded as “acceptable (A)”.
(6) Overall Evaluation

The overall evaluation was rated as “Passed (®)” when all

5 evaluation results in the above-mentioned tests were “®” or

“O~, rated as “Passed (O)” when “A” was included, and

rated as “Failed (X)” when “X” was included.

Examples (proportions are indicated in parts by mass based on 100 parts by mass of the entire polymer component)

Examples
Examples
Items 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Outer Maleic anhydride-modified HDPEY 30 35 30 30 25 30 45 30 30 30 30 30 30 30
layer HDPE? 10
material ~ Ethylene-ethyl acrylate-maleic 35 30 50 40 40 35 35 30 30 30 30 30 30 30
anhydride terpolymer®
Maleic anhydride modified 10 10 10 5 5 20 10 10 10 10 10 10 10 10
ethylene-a-olefin copolymer®
Ethylene-ethyl acrylate copolymer™ 25 25 10 25 25 15 10 30 30 30 30 30 30 30
Magnesium hydroxide® 170 170 170 170 170 170 170 170 200 120 200 200 120
Aluminum hydroxide” 120
Inner HDPE? 30 30 30 30 30 30 30 30 30 30 30 30
layer Ethylene-ethyl acrylate-maleic 30 30 30 30 30 30 30 30 30 30 30 30
material  anhydride terpolymer™
Maleic anhydride modified 20 20 20 20 20 20 20 20 20 20 20 20
ethylene-a-olefin copolymer®
Ethylene-ethyl acrylate-copolymer> 30 30 30 30 30 30 30 30 30 30 30 30
Magnesium hydroxide® 30 30 30 30 30 30 30 30 30 30 100 150
Radiation dose (Mrad) 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Evaluation Elongation at break (%) 75 70 50 70 70 65 50 85 50 110 50 50 110 105
Judgement O O O O O O O O O O O O O O
Low-temperature bend test ® ® O O ® ® O ® O ® O O ® ®
Flame retardant test O O O O O O O O O O O O O O
Cycles of abrasion 250 302 353 332 302 212 543 225 219 220 218 215 215 220
Judgement O O O O O O O O O O O O O O
DC stability: time to short circuit (h) 240 240 240 240 240 240 240 240 240 240 120 50 110 115
Judgement ® ® ® ® ® ® ® ® ® ® O A O O
Overall evaluation © © ® © © ® © © ® ® © O ® ©
DFusabond E265 from DuPont,
DHI-ZEX 5305E from Prime Polymer,
YBONDINE LX4110 from Arkema (maleic anhydride content: 3 wt %, acrylic ester content: 5 wt %),
YTAFMER MAS510 from Mitsui Chemicals (glass-transition temperature: —55° C.),
5>Rexpearl A1150 from Japan Polyethylene Corporation (acrylic ester content: 15 wt %),
9Kisuma 5L from Kyowa Chemical Industry,
DBFO13STV from Nippon Light Metal
TABLE 2
Comparative Examples (proportions are indicated in parts by mass
based on 100 parts by mass of the entire polymer component)
Examples
Comparative Examples
Items 1 2 3 4 5 6 7 8 9 10
Outer Maleic anhydride-modified HDPE" 30 30 3 3 S0 30 30 30
layer HDPE? 25
material ~ LDPE® 25
Ethylene-ethyl acrylate-maleic 40 40 25 55 45 35 35 30 30 30
anhydride terpolymer®
Maleic anhydride modified 10 10 20 5 0 25 10 5 10 10
ethylene-a-olefin copolymer™
Ethylene-ethyl acrylate-copolymer® 25 25 25 10 25 10 5 35 30 30
Magnesium hydroxide” 170 170 170 170 170 170 170 170 210 110
Inner HDPE® 30 3 30 30 30 30 30 30
layer Ethylene-ethyl acrylate-maleic 30 30 30 30 30 30 30 30
material  anhydride terpolymer™®
Maleic anhydride modified 20 20 20 20 20 20 20 20

ethylene-a-olefin copolymer™
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TABLE 2-continued
Comparative Examples (proportions are indicated in parts by mass
based on 100 parts by mass of the entire polymer component)
Examples
Comparative Examples
Ttems 1 2 3 4 5 6 7 8 9 10
Ethylene-ethyl acrylate copolyme® 30 30 30 30 30 30 30 30
Magnesium hydroxide” 30 30 30 30 30 30 30 30
Radiation dose (Mrad) 15 15 15 15 15 15 15 15 15 15
Evaluation Elongation at break (%) 70 70 20 40 65 60 20 90 40 120
Judgement O O O X O O X O X O
Low-temperature bend test ® ® ® O X ® X O O ®
Flame retardant test O O O O O O O O O X
Cycles of abrasion 143 173 195 305 350 172 570 183 210 213
Judgement X X X O O X O X O O
DC stability: time to short circuit (h) 240 240 240 240 240 240 240 240 5 20
Judgement ® © © ® ® © ® ® A A
Overall evaluation X X X X X X X X X X

DFusabond E265 from DuPont,
2DHI-ZEX 5305E from Prime Polymer,
HMIRASON 3530 from Prime Polymer,

YBONDINE LX4110 from Arkema (maleic anhydride content: 3 wt %, acrylic ester content: 5 wt %),

JTAFMER MAS8510 from Mitsui Chemicals (glass-transition temperature: —55° C.),
G)Elvaloy 1209AC from DuPont-Mitsui Polychemicals (acrylic ester content: 9 wt %),
DKisuma 5L from Kyowa Chemical Industry

In Examples 1 to 11, 13 and 14, all evaluation results were
“©” or “O” as shown in Table 1 and the overall evaluation
was thus rated as “Passed (@)”.

In Example 12, the result in the electrical characteristic
test (DC stability test) was “A” since the sample short-
circuited in 50 hours but the results in the other tests were
“(O”. Therefore, the overall evaluation was rated as “Passed
Oy

In Comparative Example 1, since a low-density polyeth-
ylene was used in the outer layer material instead of using
the maleic anhydride-modified high-density polyethylene as
shown in Table 2, the number of cycles of abrasion was as
small as 143 and the result was “Failed (X)”. Therefore, the
overall evaluation was rated as “Failed (X)”.

In Comparative Example 2, since a high-density polyeth-
ylene was used in the outer layer material instead of using
the maleic anhydride-modified high-density polyethylene,
the number of cycles of abrasion was as small as 173 and the
result was “Failed (X)”. Therefore, the overall evaluation
was rated as “Failed (X)”.

In Comparative Example 3, since the amount of the
ethylene-ethyl acrylate-maleic anhydride terpolymer
included in the outer layer material was too small, the
number of cycles of abrasion was as small as 195 and the
result was “Failed (X)”. Therefore, the overall evaluation
was rated as “Failed (X)”.

In Comparative Example 4, since the amount of the
ethylene-ethyl acrylate-maleic anhydride terpolymer
included in the outer layer material was too large, elongation
at break was as low as 40% and the result was “Failed (X)”.
Therefore, the overall evaluation was rated as “Failed (X)”.

In Comparative Example 5, since the maleic anhydride
modified ethylene-ai-olefin copolymer was not added to the
outer layer material, cracks were generated in the low-
temperature bend test when wound around the 1.75 mm-
diameter and 7.0 mm-diameter mandrels and the result was
“Failed (X)”. Therefore, the overall evaluation was rated as
“Failed (X)”.

In Comparative Example 6, since the amount of the
maleic anhydride modified ethylene-a-olefin copolymer
included in the outer layer material was too large, the
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number of cycles of abrasion was as small as 172 and the
result was “Failed (X)”. Therefore, the overall evaluation
was rated as “Failed (X)”.

In Comparative Example 7, since the amount of the
ethylene-ethyl acrylate copolymer included in the outer
layer material was too small, elongation at break was as very
low as 20% and the result was “Failed (X)”. In addition,
cracks were generated in the low-temperature bend test
when wound around the 1.75 mm-diameter and 7.0 mm-
diameter mandrels and the result was “Failed (X)”. There-
fore, the overall evaluation was rated as “Failed (X)”.

In Comparative Example 8, since the amount of the
ethylene-ethyl acrylate copolymer included in the outer
layer material was too large, the number of cycles of
abrasion was as small as 183 and the result was “Failed (X)”.
Therefore, the overall evaluation was rated as “Failed (X)”.

In Comparative Example 9, since the amount of the
magnesium hydroxide included in the outer layer material
was too large, elongation at break was as low as 40% and the
result was “Failed (X)”. In addition, the sample short-
circuited in 5 hours in the electrical characteristic test (DC
stability test) and the result was “acceptable A”. Therefore,
the overall evaluation was rated as “Failed (X)”.

In Comparative Example 10, since the amount of the
magnesium hydroxide included in the outer layer material
was too small, the sample was completely burnt and the
result was “Failed (X)”. In addition, the sample short-
circuited in 90 hours in the electrical characteristic test (DC
stability test) and the result was “acceptable A”. Therefore,
the overall evaluation was rated as “Failed (X)”.

The above results demonstrate that, in order to obtain a
cross-linked insulated wire and a cable which are excellent
in mechanical characteristics, low-temperature perfor-
mance, electrical characteristics and flame retardancy, a
resin composition constituting the outermost layer of an
insulation layer or a sheath needs to be a crosslinkable
halogen-free resin composition in which a metal hydroxide
is mixed in an amount of 120 to 200 parts by mass with 100
parts by mass of a polymer blend composed of a maleic
anhydride-modified high-density polyethylene, 30 to 50
parts by mass of an ethylene-acrylic ester-maleic anhydride
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terpolymer, 5 to 20 parts by mass of a maleic anhydride
modified ethylene-c-olefin copolymer and 10 to 30 parts by
mass of an ethylene-acrylic ester copolymer.
Although the embodiments and Examples of the inven-
tion have been described, the invention is not intended to be
limited to the embodiments and Examples, and the various
kinds of modifications can be implemented without depart-
ing from the gist of the invention.
In addition, the invention according to claims is not to be
limited to the embodiments and Examples. Further, please
note that all combinations of the features described in the
embodiments and Examples are not necessary to solve the
problem of the invention.
What is claimed is:
1. A cross-linked insulated wire, comprising:
a conductor; and
an insulation layer comprising a single layer or multiple
layers and covering the periphery of the conductor,

wherein an outermost layer of the insulation layer com-
prises the crosslinkable halogen-free resin composi-
tion, the crosslinkable halogen-free resin composition
comprising:

a polymer blend; and

a metal hydroxide mixed in an amount of 120 to 200 parts

by mass per 100 parts by mass of the polymer blend,
wherein the polymer blend comprises a maleic anhydride-
modified high-density polyethylene, 30 to 50 parts by
mass of an ethylene-acrylic ester-maleic anhydride
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terpolymer, 5 to 20 parts by mass of a maleic anhydride
modified ethylene-a-olefin copolymer and 10 to 30
parts by mass of an ethylene-acrylic ester copolymer,

wherein the insulation layer comprises multiple layers,
and

wherein an innermost layer of the insulation layer in

contact with the conductor comprises a crosslinkable
halogen-free resin composition comprising a metal
hydroxide mixed in an amount of not more than 100
parts by mass with 100 parts by mass of the polymer
blend.

2. The cross-linked insulated wire according to claim 1,
wherein a glass-transition temperature of the maleic anhy-
dride modified ethylene-c-olefin copolymer is not more than
-55° C.

3. The cross-linked insulated wire according to claim 1,
wherein an acrylic ester content in the ethylene-acrylic ester
copolymer is 10 to 30 mass %.

4. The cross-linked insulated wire according to claim 1,
wherein the metal hydroxide of the outermost layer com-
prises one or both of magnesium hydroxide and aluminum
hydroxide.

5. The cross-linked insulated wire according to claim 1,
wherein the metal hydroxide included in the innermost layer
of the insulation layer comprises one or both of magnesium
hydroxide and aluminum hydroxide.
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