
EP 0 559 226 B1 Description FIELD OF THE INVENTION 5      The present
invention relates to an insulated electric wire for high-voltage direct
current which Is used, for example, as high-voltage wiring for television
receivers or high-voltage wiring for electronic Instruments and devices.
BACKGROUND OF THE INVENTION 10 Conventional insulated electric wire for
high-voltage direct current used in such applications as high- voltage
wiring for television receivers and the like include those disclosed In
JP-B-51-8465, JP-B-U-56-55859, and JP-B-60-38805. (The terms "JP-B" and
"JP-B-U" as used herein mean an examined Japanese patent pub- llcation" and
an examined Japanese utility model publication", respectively.) 15
JP-B-51-8465 discloses an insulated electric wire which comprises a
conductor, a polyethylene insulation layerformed thereon, and a sheath
layerformed on the outer periphery of the insulation layer. The sheath
layer comprises a resin composition containing an
ethylene-vinylacetate-vinylchloride terpolymer as the major com- ponent.
The electric wire is excellent in flame retardation and high-temperature
electrical characteristics. JP-B-U-56-55859 discloses a high-voltage wiring
for television receivers, which comprises a conductor 20  having thereon a
covering of a three-layer structure. The covering is composed of a
polyethylene Insulation formed on the conductor, a flame retardant resin
layer composed of electron beam-irradiated polyvinyichloride formed on the
outer periphery of the Insulation, and a crosslinked polyethylene sheath
layer formed on the outer periphery of the flame retardant resin layer.
JP-B-60-38805 discloses an insulated electric wire comprising a conductor,
an Insulation layer composed 25  of a resin composition containing
polyethylene as the major component formed on the conductor, and a flame
retardant protective layer formed on the outer periphery of the Insulation
layer. It is apparent from the above that all the conventional Insulated
electric wires for high-voltage direct current have such a structure in
that an Insulation layer composed of a polyethylene-based resin composition
is pro- vided on the conductor, and a flame retardant protective layer is
further provided on the outer periphery of the 30  Insulation layer. The
conventional insulated electricwires forhigh-voltage directcurrentas
described above have a problem In thatthe breakdown voltages of thesewires
drop significantlyduring long-term use, although the Initial break- down
voltages thereof are as extremely high as about 300 kV. Use of these
conventional insulated electric wires under relatively mild electrical
conditions as in conven- 35  tional applications has notposed any problem.
However, the electrical conditions underwhich insulated electric wires are
used become severe. For example, in television receivers, the voltage
applied to the conductor of the. electric wire becomes higher due to the
recent trend of Increasing the size of television receiver screens, i.e.,
the size of cathode ray tubes. Further, because of the trend toward
Increase In the number of functions for users to be possessed by a single
television receiver, the wiring space within the receiver is becoming
small, 40 resulting in, for example, a construction in which the
high-voltage wire is very close to the grounded circuit. Because of the
above, the decrease in breakdown voltage during the long-term use of the
conventional Insulated electric wires Is in considerable danger of leading
to electrical breakdown. Hence, an improvement In this respect has become
necessary. 45  SUMMARY OF THE INVENTION An object of the present invention
is to provide an insulated electric wire for high-voltage direct current
which Is prevented from suffering decrease in breakdown voltage during
long-term use, thereby to eliminate 



the above-described prior art problem. 50      Other objects and effects of
the present Invention will be apparent from the following description. The
present Invention provides an Insulated electric wire for high-voltage
direct current comprising a con- ductor having thereon an insulation
layercomprising a polyethylene resin composition, and a sheath layer pro-
vided on the outer periphery of the insulation layer, the sheath layer
comprising a flame retardant resin com- position comprising a
polyvinylchloride grafted polyolefin resin, the flame retardant resin
composition contain- 55  ing either (i) a lead compound stabilizer and a
hydrotal cite or (ii) a lead compound stabilizer and a phosphorous ester
compound. In a preferred embodiment of the present invention, the lead
compound stabilizer is a dibasic lead phosphite. 2    EP 0 559 226 B1 BRIEF
DESCRIPTION OF THE DRAWING Fig. l is a schematic cross-sectional view of
one embodiment of the insulated electric wire for high-voltage direct
current according to the present invention. 5 DETAILED DESCRIPTION OF THE
INVENTION In Fig. 1, numeral 1 denotes a conductor, 2 an insulation layer
comprising a polyethylene resin composition containing polyethylene as the
majorcomponent and 3a sheath layer comprising aflame retardant resin com-
10  position. Sheath layer 3 comprises a flame retardant resin composition
which comprises a polyvinylchloride grafted polyolefin resin as a main
component. The flame retardant resin composition further contains either
(i) the com- bination of a lead compound stabilizer and a hydrotalcite or
(ii) the combination of a lead compound stabilizer and a phosphorous ester
compound. 15      The conductor used in the electric wire according to the
present invention is not particularly limited in ma- terial, constitution,
outer diameter and the like. The diameter of the conductor is generally
from O.40 to 1.40 mm, and preferably from 0.51 to 1.02 mm. Examples of the
conductor include a solid wire such as that made of a softened copper which
may have a tin or nickel plated layer, and a twisted wire such as that made
of soft copper which may have a tin or nickel plated layer. 20
Examples of the polyethylene resin composition containing polyethylene used
in the insulation layer in- clude high-density polyethylene, low-density
polyethylene, linear low-density polyethylene, and [err]-olefin co-
polymers such as ethylene-propylene copolymers and ethylene-1-butene
copolymers. These resins may be used alone or as a mixture of two or more
thereof. If desired, such ingredients as an antioxidant and a proc- essing
stability improver may be incorporated in the insulation layer. 25
Examples of the polyvinylchloride grafted polyolefin resin constituting the
sheath layer Include polyvinyl- chloride grafted ethylene-vinyl acetate
copolymers, polyvinylchloride grafted ethylene-methyl methacrylate
copolymers, polyvinylchloride grafted chlorinated polyethylene and
polyvinylchloride grafted ethylene-ethyl acrylate copolymers. In the
polyvinyl chloride-grafted polyolefin resin, the amount of grafted
polyvinylchloride is not particularly 30  limited as long as desired flame
retardation is obtained. In general, the amount of grafted
polyvinylchloride Is preferably about from 30 to 80% by weight, more
preferably from 50 to 70% by weight, based on the total amount of the
grafted polyolefin resin. Amounts of grafted polyvinylchloride of smaller
than 30% by weight are 



not preferred since sufficient flame retardation may not be imparted, while
grafted amounts exceeding 80% by weight tend to lessen the advantages of
the use of the polyolefin resin with respect to the electrical and 35
physical properties of the sheath layer. The polyolefin resin to which
polyvinyichloride is grafted is preferably an ethylene copolymer. The
ethylene content in the ethylene copolymer constituting the backbone of the
graft polymer is not par- ticularly limited. In general, the ethylene
content is preferably from 30 to 75% by weight, based on the total amount
of ethylene copolymer. if the ethylene content is outside this range, there
arises possibility in that the 40  inherent properties of the ethylene
copolymers may not be exhibited. Other olefin monomers may be further
copolymerized with the ethylene copolymer. In. the polyvinylohloride
grafted polyolefin resin, various kinds of additives may be Incorporated,
such as a processing stabilizer, an organic or inorganic flame retardant,
an auxiliary flame-retardant, a colorant, a lu- bricant, an antioxidant,
and a crosslinking agent, e.g., a polyfunctional monomer. 45      The
hydrotaicite used in the present invention Is a composite basic carbonate
composed of both a divalent metallic ion such as magnesium ion and a
trivalent metallic Ion such as aluminum. The hydrotacite Is generally used
in a powder form having a particle size of from 0.1 to 3 [err]m. Specific
examples thereof Include [err] Examples of the phosphorous ester compound
used in the present invention include alkyl esters of phos- 50  phorous
acid and alkylaryl esters of phosphorous acid. Many of the phosphorous
ester compound used in the present Invention are In a liquid state, but if
the phosphorous ester compound is solid, it is generally used In a
powderform having a particle size of from 0.1 to 3 [err]. Specific examples
thereof include the following com- pounds: 55 3    [err] [err] 5 (tBu:
tert-butyl group) 15 [err] 20 The amount of the hydrotalcite or the
phosphorous ester compound to be incorporated Is preferably from 1 to 20
parts by weight, more preferably from 3 to 10 parts by weight, per 100
parts by weight of the polyvi- nylchloride grafted polyolefin resin,
especiallyfrom the standpoint of breakdown voltage after heat aging. Even
if the amount of the hydrotalcite or the phosphorous ester compound to be
incorporated is increased beyond 26  the upper limit it Is not preferred
since the effect of the incorporation cannot be heightened to a
satisfactory degree corresponding to the large added amount, resulting In
disadvantage in cost. As the lead compound stabilizer used in the present
Invention, any conventional lead compound stabilizers can be used, while a
dibasic lead phosphate is especially preferred from the standpoint of
maintaining the mechanical properties of the sheath layer after heat aging.
Better results are obtained when a dibasic lead 30  phosphite is used in
combination with the hydrotalcite or the phosphorous ester compound. The
use of a dibasic lead phosphite as the lead compound stabilizer thus
enables the high-voltage electric wire for direct current 



to have better long-term reliability. The amount of the lead compound
stabilizer to be incorporated is generally from 1 to 10 parts by weight,
preferablyfrom 3 to 10 parts byweight per 100 parts by weightof the
polyvinylchloride grafted polyolefin resin. 35      Forproducing the
electricwire according to the present invention, the insulation layerand
the sheath layer, which have been described above, are formed on a
conductor by a conventional technique such as, for exam- ple, extrusion
coating. The resulting Insulation layer and the sheath layer may be
crosslinked by irradiating it with ionizing radiation such as electron
beams. An chemical crosslinking agent such as an organic peroxide may be
incorporated into 40  the Insulation layer and the sheath layer before the
layers are provided, so as to crosslink the polymers. The thickness of the
Insulation layer Is generally from 0.30 to 1.40 mm, and preferably from OAO
to 1.20 mm. The thickness of the sheath layer is generally from 0.20 to
1.50 mm, and preferably from 0.30 to 1.20 mm. However, the thicness of
these layer are not particularly limited. The high-voltage electric wire
for direct current of the present invention can be used for applications
such 45  as high-voltage wiring for television receivers, high-voltage
wires having a shield layer, high-voltage wiring In various electronic
Instruments and devices, and the like. The present invention will be
explained in more detail with reference to the following examples, which
should not be construed to be limiting the scope of the invention. In the
following examples and comparative examples, the parts, percents and the
like are by weight unless otherwise indicated. 50 EXAMPLES 1 TO 12 AND
COMPARATiVE EXAMPLES 1 TO 7 A twisted conductor wire (outer diameter 0.78
mm) was used as a conductor, which consists of seven tin- plated softed
copper wires (thickness of tin plating: about 0.5 [err]; outer diameter
0.26 mm). A composition 55  obtained by mixing 100 parts byweight of
high-density polyethylene (density: 0.954; melt flow rate: 0.8; ASTM D1238)
with 0.3 part by weight of pentaerythrityl
tetrakis(3-(3,5-di-t-butyl-hydroxyphenyl)proplonate) was extruded by a
meltextrusion method on the conductorto result In an outerdiameterof 2.98
mm, therebyforming an insulation layer. 4    EP 0 559 226 B1 Resin
compositions fora sheath layer were prepared by the following manner A
mixture of 100 parts by weight of a polyvinyichloride grafted
ethylene-vinylacetate copolymer (PVC-grafted EVA) (EVA content 55%
byweight; polymerization degree of polyvinyl chloride: 1,400; produced by
Sumitomo Chemical Industries, Ltd., Japan), 0.5 part by weight of stearic
acid, 25 parts by weight of "Dechloran Plus 25" (perchloropentacyclode. 5
cane, produced by Hooker Chem.), 15 parts by weight of antimony trioxide,
25 parts by weight of clay, and 0.5 part by weight of
4,4'-thiobis(6-t-butyl-3-methylphenol), along with lead compound
stabilizers, hydrotalcite and/or phosphorous ester compounds as shown in
Tables 1 to 7 below was kneaded in an open roll mixer heated at 140[err]C,
and was then formed into pellets. Each of the thus-obtained resin
compositons for the sheath layerwas melt-extruded on the insulation layer
10 formed above to result in an outerdiameterof 5.20 mm. The resulting
coating (insulation layerand sheath layer) was Irradiated with electron
beams having an accelerating voltage of 2 MV to a dose of 10 Mrad, thereby
ob- taining an insulated electric wire.for high-voltage direct current.
Each sample were measured for an Initial breakdown voltage in water at room
temperature, an initial tensile 



strength of the sheath layer(according to the UL Standards), an initial
elongation of the sheath layer (according 15  to the UL Standards), and a
volume resistivity of the sheath layer. Further, each sample was heat-aged
in a constant temperature oven at [err] for 7 days, and then measured for a
breakdown voltage value in water at room temperature, a retention of
tensile strength of the sheath layer, a retention of elongation for the
sheath layer, and a volume resistivity of the sheath layer. The retention
of tensile strength and elongation was defined by the following formula:
Retention(%) = [err] The breakdown voltage measurement in water was
conducted by the following manner Each electric wire sample was set In a
water tank in such a mannerthat the length of the water-immersed part of
the sample was about 10 m. A positive electric potential was then applied
to the conductor of the sample, with the water being 25  kept grounded, and
the potential was increased at a rate of 10 kV/sec to measure the breakdown
voltage. The number of examined samples for each example or comparative
example was 5. In the case where breakdown did notoccuruntil the potential
reached 300 KV, the potential application was continued foranotherone
minute. If this still did not cause breakdown, the breakdown voltage of the
sample was regarded as more than 300 kV. The results obtained in Examples
and Comparative Examples are summarized in Tables 1 to 7 below. In 30
Tables 1 to 7, the amounts of the ingredients, i.e., PVC-grafted EVA, lead
compound stabilizers, hydrotalcite, and phosphorous ester compounds are
represented in terms of parts by weight. 35 40 45 50 55 5    EP 0559 226 B1
TABLE 1 5                              Example 1  Example 2   Example 3
Ingredients PVC-grafted EVA              100          100         100 10
Tribasic lead sulfate          10          10          10 Hydrotalcite
3           10          - Phosphorous ester                   -
5 15  compound (1) Properties of Wire Initial breakdown voltage    >300
>300        >300 20  (kV) Break down voltage in        >300        >300
>300 water after aging (kV) Properties of Sheath Layer 25 Initial volume
4.58        2.66        1.98 resistivity (err) 



Volume resistivity           3.62        4.04         3.07 30  after aging
(errm) Initial tensile              1.25        1.32        1.27 strength
(kg/mm2) 35  Initial elongation (%)       263          256        288
Retention of tensile          96          107         82 strength after
aging (%) Retention of elongation. .  68            69          68 after
aging (%) 45 60    EP 0559226 B1 TABLE 2 5
Comparative Comparative Example 4   Example 1  Example 2 Ingredients 10
PVC-grafted EVA               100         100         100 Tribasic lead
sulfate          10          10          20 Phosphorous ester
5          -           - 15   compound (2) Properties of Wire Initial
breakdown voltage    >300        >300         >300 20    (kV) Break down
voltage in        >300         187 .       166 water after aging (kV)
Properties of Sheath Layer 25 Initial volume               2.39        5.12
3.31 resistivity [err] Volume resistivity           3.58         3.75
4.14 so   after aging [err] Initial tensile              1.17        1.28
1.19 strength (kg/[err] 35   Initial elongation (%)        241         254
240 Retention of tensile          86           91         105 strength
after aging (%) Retention of elongation       66           68          67
40   after aging (%) 45 50 



55 7    EP 0 559 226 B1 TABLE 3 Example  5   Example 6   Example 7 5
Ingredients PVC-grafted EVA               100          100       100 10
Dibasic lead phosphite         10           10.         10 Hydrotalcite
3           10 15  Phosphorous ester
2 compound (1) Properties of Wire Initial breakdown voltage    >300
>300         >300 Break down voltage in.       >300         >300
>300 water after aging (kV) 25  Properties of Sheath Layer Initial volume
7.06        5.54         4.97 resistivity [err] 30  Volume resistivity
4.89       5.01         6.28 after aging [err] Initial tensile
1.29        1.22         1.16 strength (kg/[err] 35 Initial elongation (%)
234          251         267 Retention of tensile          115          103
strength after aging (%) 40   Retention of elongation       96          94
90 after aging (%) 45 50 55 8    EP O 559 226 B1 TABLE 4 Comparative
Example 8      Example 3 



Ingredients 10   PVC-grafted EVA                  100                 100
Dibasic lead phosphite            10                 10 Phosphorous ester
5                 - 15   compound (1) Properties of Wire Initial breakdown
voltage       >300                >300 20   (kV) Break down voltage in
water     >300                176 after aging (kV) 25  Properties of Sheath
Layer Initial volume                                      6.28 resistivity
[err]           3.56 Volume resistivity               3.66
7.21 30   after aging [err] Initial tensile                 1.20
1.28 strength (kg/[err] 35  Initial elongation (%)            253
262 Retention of tensile             97                  102 strength after
aging (%) 40   Retention of elongation           89                 69
after aging (%) 45 50 55    EP 0 559 226 B1 TABLE 5 5 Comparative Example 9
Example 10  Example 4 Inaredients 10 PVC-grafted EVA               100
100         100 Tribasic lead phthalate        10          10          10
15  Hydrotalcite                    5 Phosphorous ester
- compound (2) 20 Properties of Wire Initial breakdown voltage    >300
>300        >300 (kV) Break down voltage in        >300        >300
186 



25  water after aging (kv) ProDerties of Sheath Layer Initial volume
5.42       3.54        4.47 30   resistivity [err] Volume resistivity
3.18        4.76         5.72 after aging [err] Initial tensile
1.27        1.25        1.26 35 strength (kg/[err] Initial elongation (%)
264          248         246 Retention of tensile         95          83
91 40  strength after aging (%) Retention of elongation        67
69          68 after aging (%) 45 55 10    EP O 559 226 B1 TABLE 6 5
Comparative Example 11  Example 12  Example 5 Ingredients 10  PVC-grafted
EVA               100         100          100 Tribasic lead maleate
10          10           10 Hydrotalcite                    5          _
_ 15 Phosphorous ester              - compound (1) Properties of Wire 20
Initial breakdown voltage    >300        >300     . >300 (kV) Break down
voltage in        >300         >300         173 25  water after aging (kV)
Properties of Sheath Layer Initial volume               2.05    .  3.33
3.10 resistivity (err) Volume resistivity           2.68         2.47
4.18 after aging (err) Initial tensile              1.26        .1.17   .
1.30 35  strength (kg/[err] 



Initial elongation (%)        265         239          236 Retention of
tensile          85           83.         91 40   strength after aging (%)
Retention of elongation       67           71          69 after aging (%)
45 50 55    EP0 559 226 B1 TABLE 7 Comparative   Comparative Example 6
Example 7 Ingredients pvc-grafted EVA 100 Hydrotalcite
5 Phosphorous ester 15 compound (1) Properties of Wire Initial breakdown
voltage 20 (kV;) Break down voltage in water- after aging (kV) properties
of Sheath Layer Initial volume                                        9.43
resistivity [err] Volume resistivity 30 after aging [err] initial tensile
0.94 strength (kg/mm2) 35  Initial elongation   (%)
108 Retention of tensile strength after aging (%) 40  Retention Of
elongation- after aging (%) Note:   The composition Of Comparative Example
6 was scorched during kneading. Hydrotalcite: 50
[err] (average particle diameter [err] Phosphorous ester compound(1) 55
specific gravity. 0.98 



viscosity: 1,000 CPS manufactured by Adeka Argus Chemical Co., Ltd. 12
[err] 5                                                     OR [err] 10
Phosphorous ester compound (2): melting point: 183[err]C manufactured by
Adeka Argus Chemical Co., Ltd. 15 tBu 20 In Examples 1 to 4, tribasic lead
sulfate was employed as a lead compound stabilizer in the resin compo-
sitions for sheath layer. In combination with this lead compound
stabilizer, hydrotalcite was used In amounts of 3 parts byweightand 10
parts byweightin Examples l and 2, respectively. Both the initial breakdown
voltage and that after heat aging of the electric wires of Examples 1 and 2
were more than 300 KV, showing no decrease 25  In breakdown voltage through
the heat aging. In Examples 3 and 4, tribasic lead sulfate was used in
combination with a phosphorous ester. Both the initial breakdown voltage
and that after heat aging were more than 300 kV, showing no decrease In
breakdown voltage through the heat aging. In Comparative Examples 1 and 2,
tribasic lead sulfate was used alone. Although the initial breakdown 3o
voltages of both electric wires were more than 300 kV, the breakdown
voltages after heat aging were decreased independently of the amount of
tribasic lead sulfate added. In Examples 5 to 8, dibasic lead phosphite was
employed as a lead compound stabilizer In the resin com- positions for
sheath layer. In Examples 5 and 6, dibasic lead phosphite was used in
combination with hydro- talcite. Both the initial breakdown voltage and
that after heat aging of the electric wires of Examples 5 and 6 35  were
more than 300 kV, showing no decrease In breakdown voltage through the heat
aging. In Examples 7 and 8, the lead compound stabilizer was used in
combination with a phosphorous ester. Both the initial breakdown voltage
and that after heat aging were more than 300 kV, showing no decrease in
breakdown voltage through the heat aging. Further, In Examples 5 to 8, the
retention of tensile strength of the sheath and the retention of elongation
40  of the sheath afterheat aging were both as high as around 90%, showing
that the retention of the mechanical properties of the sheath was high.
This means that the electric wires of Examples 5 to 8 not only show no de-
crease in breakdown voltage but show higher reliability in long-term use.
In Comparative Example 3, dibasic lead phosphite was used alone. Although
the Initial breakdown voltage was more than 300 kV the breakdown voltage
after heat aging was low. The retention of elongation after heat 45  aging
was also as low as 69%, which was Inferior to those In Examples 5 to 8. In
Examples 9 and 10, tribasic lead phthalate was employed as a lead compound
stabilizer In the resin compositions for sheath layer. In Example 9,
dibasic lead phthalate was used in combination with hydrotalcite. Both the
initial breakdown voltage and that after heat aging were more than 300 kV,
showing no. decrease in breakdown voltage through 



50  the heat aging. In Example 10, the lead compound stabilizer was used In
combination with a phosphorous ester. Both the initial breakdown voltage
and that after heat aging were more than 300 kV showing no decrease in
breakdown voltage through the heat aging. in Comparative Example 4,
tribasic lead phthalate was used alone. Although the initial breakdown
voltage 55   was more than 300 kV, the breakdown voltage after heat aging
was low. In Examples 11 and 12, tribasic lead maleate was employed as a
lead compound stabilizer in the resin compositions for sheath layer. in
Example 11, tribasic lead maleate was used in combination with
hydrotalcite. Both the initial breakdown 13    EP0559226B1 voltage and that
after heat aging were more than 300 kV, showing no decrease in breakdown
voltage through the heat aging. In Example 12, the lead compound stabilizer
was used in combination with a phosphorous ester. Both the initial
breakdown voltage and that after heat aging were more than 300 kV, showing
no decrease in breakdown 5   voltage through the heat aging. In Comparative
Example 5, tribasic lead maleate was used alone. Although the initial
breakdown voltage was more than 300 kV, the breakdown voltage after heat
aging was low. In Comparative Example 6, hydrotalcite was used alone
without using any lead compound stabilizer. This formulation had a problem
that the composition was scorched during kneading. 10    In Comparative
Example 7, a phosphorous ester compound was used alone without using any
lead com- pound stabilizer. The initial tensile strength and elongation
were both poor and the initial breakdown voltage value was also low. It is
understood from the above results thatonly the electricwire samples in
which the sheath layer Is made of a resin composition employing a lead
compound stabilizer in combination with eithera hydrotalcite ora phos- 15
phorous ester compound show no decrease in breakdown voltage value through
heat aging. It is further understood that the electric wires in which the
sheath layer is made of a resin composition employing dibasic lead
phosphite, as a lead compound stabilizer, in combination with either a
hydrotalcite or a phosphorous ester compound are more advantageous in that
the retention of mechanical properties of the sheath layer after heat aging
is high and, hence, these electric wires have higher reliability In
long-term use. 20      According to the present invention, an insulated
electric wire for high voltage direct current can be obtained which shows
no decrease in breakdown voltage through heat aging and undergoes little
decrease in the mech- anical properties of the sheath layer through heat
aging and which hence has excellent long-term reliability Therefore, the
electric wire of the present invention is of much value when utilized as a
high-voltage lead wire for various kinds of electronic machines and devices
including television receivers. 25      While the invention has been
described in detail and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the scope thereof
as defined in the claims. 30   Claims 1. An insulated electric wire for
high-voltage direct current comprising a conductor having thereon an insu-
lation layer comprising a polyethylene resin composition, and a sheath
layer provided on the outer per- 



iphery of said insulation layer, said sheath layer comprising a flame
retardant resin composition compris- 36      ing a polyvinyichloride
grafted polyolefin resin, said flame retardant resin composition containing
either (i) a lead compound stabilizer and a hydrotalcite or (ii) a lead
compound stabilizer and a phosphorous ester compound. 2. An insulated
electricwire forhigh-voltage direct current as claimed in claim 1, wherein
said lead compound 40      stabilizer is a dibasic lead phosphite. 3. An
insulated electric wire for high-voltage direct current as claimed in claim
1, wherein the amount of said lead compound stabilizer Is from 1 to 10
parts by weight per 100 parts by weight of said polyvinylchloride grafted
polyolefin resin. 45 4. An insulated electric wire for high-voltage direct
current as claimed in claim 1, wherein said hydrotalcite is selected from
the group consisting of [err] [err] 50  5. An Insulated electric wire for
high-voltage direct current as claimed in claim 1, wherein said phosphorous
ester compound is selected from the group consisting of alkyl esters of
phosphorous acid and alkylaryl esters of phosphorous acid. 6. An Insulated
electric wire for high-voltage direct current as claimed in claim 1,
wherein the amount of said 55       hydrotalcite or said phosphorous ester
compound Is from 1 to 20 parts by weight per 100 parts by weight of said
polyvinylchloride grafted polyolefin resin. 7. An insulated electric wire
for high-voltage direct current as claimed in claim 1, wherein the amount
of graft- 14    EP 0 559 226 B1 voltage and that after heat aging were more
than 300 kV, showing no decrease in breakdown voltage through the heat
aging. In Example 12, the lead compound stabilizer was used in combination
with a phosphorous ester. Both the initial breakdown voltage and that after
heat aging were more than 300 kV, showing no decrease in breakdown 5
voltage through the heat aging. In Comparative Example 5, tribasic lead
maleate was used alone. Although the initial breakdown voltage was more
than 300 kV. the breakdown voltage after heat aging was low. In Comparative
Example 6, hydrotalcite was used alone without using any lead compound
stabilizer. This formulation had a problem that the composition was
scorched during kneading. 10     In Comparative Example 7, a phosphorous
ester compound was used alone without using any lead com- pound stabilizer.
The initial tensile strength and elongation were both poor and the initial
breakdown voltage value was also low. It is understood from the above
results that only the electric wire samples in which the sheath layer Is
made of a resin composition employing a lead compound stabilizer in
combination with either a hydrotalcite or a phos- 15  phorous ester
compound show no decrease in breakdown voltage value through heat aging. It
Is further understood that the electric wires in which the sheath layer is
made of a resin composition employing dibasic lead phosphite, as a lead
compound stabilizer, in combination with either a hydrotalcite or a
phosphorous ester compound are more advantageous in that the retention of
mechanical properties of the sheath layer after heat aging is high and,
hence, these electric wires have higher reliability in long-term use. 



20      According to the present invention, an insulated electric wire for
high-voltage directcurrentcan be obtained which shows no decrease in
breakdown voltage through heat aging and undergoes little decrease in the
mech- anical properties of the sheath layer through heat aging and which
hence has excellent long-term reliability Therefore, the electric wire of
the present invention is of much value when utilized as a high-voltage lead
wire for various kinds of electronic machines and devices Including
television receivers. 25      While the invention has been described in
detail and with reference to specific embodiments thereof, it will be
apparent to one skilled In the art that various changes and modifications
can be made therein without departing from the scope thereof as defined in
the claims. 30   Claims 1. An insulated electric wire for high-voltage
direct current comprising a conductor having thereon an insu- lation layer
comprising a polyethylene resin composition, and a sheath layer provided on
the outer per- iphery of said insulation layer, said sheath layer
comprising a flame retardant resin composition compris- 35      ing a
polyvinylchloride grafted polyolef in resin, said flame retardant resin
composition containing either (I) a lead compound stabilizer and a
hydrotalcite or (ii) a lead compound stabilizer and a phosphorous ester
compound. 2.  An Insulated electric wire for high-voltage direct current as
claimed in claim 1, wherein said lead compound 40      stabilizer is a
dibasic lead phosphite. 3. An insulated electric wire for high-voltage
direct current as claimed in claim 1, wherein the amount of said lead
compound stabilizer Is from 1 to 10 parts by weight per 100 parts by weight
of said polyvinylchloride grafted polyolefin resin. 45 4. An insulated
electric wire for high-voltage direct current as claimed in claim 1,
wherein said hydrotalcite is selected from the group consisting of [err]
[err] 50  5. An insulated electric wire for high-voltage direct current as
claimed in claim 1, wherein said phosphorous ester compound is selected
from the group consisting of alkyl esters of phosphorous acid and alkylaryl
esters of phosphorous acid. 6. An insulated electric wire for high-voltage
direct current as claimed in claim 1, wherein the amount of said 55
hydrotalcite or said phosphorous ester compound is from 1 to 20 parts by
weight per 100 parts by weight of said polyvinyichloride grafted polyolef
in resin. 7.  An insulated electric wire for high-voltage direct current as
claimed in claim 1, wherein the amount of graft- 14
1111111111111111111111111111111    EP 0 559 226 B1 ed polyvlnylchloride
Isfrom 30to 80% bywelght based on the amountof said polyolefin resin and
polyvinyl chloride having been grafted thereto. 8. An Insulated
electriewire forhigh-voltage direct currentas claimed In claim 1, wherein
said polyolefin resin 5       to which vinyl chloride is grafted is an
ethylene copolymer. Patentansprfche 1o  1.  Isolierter elektrischer Draht
fOr Hochspannungsgleichstrom, welcher eonen Loiter mit einer darauf aufge-
brachten lsolathonsschicht, umfassend eine Polyethylenharzzusammensetzung,
und elne Mantelschicht, 



die auf der auleren Oberfl~che der Isolatlonsschicht aufgebracht ist,
umfailt wobel die Manteischicht el- no flammenhemmende Harzzusammensetzung
umfaBt die ein mit Polyvinylchlorid gepfropftes Polyole- finharz unfaelt,
wobed die flammenhemmende Harzzusammensetzung entweder (1) einen Bleiverbi-
15      dungsstabillsator und eln Hydrotalcit oder (ii) einen
Blelverbindungastabilisator und eine Phosphorigsau- reesterverbindung
enthilt. 2.  Isolerter elektrischer Draht fOr Hochspannungsglebchstrom nach
Anspruch 1, worin der Bleiverbindungs- stabilbsator ein zweibasiges
Bleiphosphit ist. 20 3.  Isollerter eleitrischer Draht fOr
Hochspannungsgielchatrom nach Anspruch 1, worin die Menge des Bel.-
verbindungsstabilisators I bis 10 Gewichtsteile pro 100 Gewichtsteile des
mit Polyvinylchlorid gepfropf- ten Polyolefinharzes betragt. 25  4.
Isoliertereledtrischer Draht fOr Hochspannungsglelchstrom nach Anspruch 1,
worin das Hyarotalcitaus- gewAhit let aus der Gruppe, bestshend aus
Mg46A1(OH)13CO3r3.5H2O, MgO.WAIGM(OH)2(CO3)0.17-0-5H2O und
Mgo.67AI.m(OH)2(CO3)o0lrO-0.3H2O. 5.  Isolierter eloktrischer Draht fOr
Hochspannungsgleichstrom nach Anspruch 1, worin die Phosphorgseau- 30
reesterverbindung ausgewihit ist aus der Gruppe, bestehend aus Alkylestern
von Phosphorigsaure und Alkylarylestern von Phosphorigsaure. 6.  Isolierter
elektrlscher Draht fOr Hochspannungsgleichstrom nach Anspruch 1, worin die
Menge des Hydrotalcits oder der Phosphorigsfureesterverbindung I bis 20
Gewichtstelle pro 100 Gewichtsteile des. 36      mit Polyvinylchlorid
gepfropften Polyolefinharzes betrfgt. 7.  Isolierter elektrischer Draht fOr
Hochspannungsgleichstrom nach Anspruch 1, worin die Menge des go- pfropften
Polyvinylchlorids 30 bis 80 Gew.-% betrigt, bezogen auf die Menge des
Polyolefinharzes und des Polyvinylchorlds, das dazugepfropft worden ist. 40
6.  Isollerter elektrischer Draht fOr Hochspannungsgleichstrom nach
Anspruch 1, wormn das Polyolefinharz, zu dem Vinyichlorid gepfropft wird,
ein Ethylen-Copolymer ist 45   Revendlcatlons 1.  Fil 6lectrique isoI6 pour
courant continu haute tension comprenant un conducteur portant une couche
iso- lante compronant une composition de r6sine de poly6thyline, ainsl
qu'une couche de gaine prvue stur la p6riph6rie ext6rieure de ladite couche
isolante, ladite couche de gaine comprenant une composition 60
Ignifuge de resinh contenant une resine de polyol6fine groffee par du
poly(chlorure de vinyl.), ladite composition Ignifuge de resine contenant
soit (i) un stabilisant de type compose de piomb et une hydro- taicitb,
soit (ii) un stabilisant de type compos6 de piomb et un compose.
phosphoreux de type ester. 2.  Fil electrique Isol6 pour courantcontinu
haute tension selon la revendication 1, pourlequel ledit stabilisant 65
de type compose de plomb est un phosphite de piomb dvalent. 3.  Fil
61ectrique isole pour courant continu haute tension solon la revendication
1, pour lequel la quantit6 dudit stabilisant de type compos6 de plomb est
comprise entre I et 10 parties en masse pour 100 parties 15
S Il!I! 11111111111111111111111I1111    EP 0 559 226 B1 en masse de ladite
r6sine de polyodffine greffee par du poly(chlorure de vinyle). 



4. Fil 6lectrique Isole pour courant continu haute tension selon la
revendicathon 1, pour lequel on choisit ladite hydrotalcitb dane le groups
constitu6 de Mg4JA(OH)13C03.3,5H20, MgofpAloWss(OH)2(CO3)o*17.0,5H20 et 5
Mgow(OH)2(CO3)0,17.0-0-3H2O- 5. Fil 6lectrique isole pour courant continu
haute tension selon la revendication 1, pour loquel on cholsit ledit
compos6 phosphoroux de type ester dans le groups constitu6 d'esters
alkyliques d'adde phosphoreux et d'esters alkylaryliques d'acide
phosphoreux. 10 6.  Fil electrique 1soI6 pour courant continu haute tension
selon la revendication 1, pour lequel la quantit6 de ladite hydrotalcite ou
dudit compos6 phosphoreux de type ester est comprise entre I et 20 parties
en mas- se pour 100 parties en masse de ladite resine de polyol6fine
greff6e par du poly(chlorure de vinyle). 15  7.  Fil electrique isolI pour
courant continu haute tension selon la revendication 1, pour lequel la
quantite du poly(chlorure de vinyli) greffe est comprise entre 30 et 80% en
masse par rapport a la quantitM de ladWit r6sine de polyolefine et du
poly(chlorure de vinyle) lul ayant et6 greff6. 8.  Fil 6lectrique isolI
pour courant continu haute tension selon Ia revendication 1, pour lequel
ladite r6sine 20      de polyol6f ine A laquelle du chlorure de vinyl est
greff6 est un copolymbre d'ethylbne. 26 30 35 40 45 50 56 16 8 ll~xilQ 1 II
1 1ll 11 fll *  .. ... .. .... .... . . . L    


