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) Power cable.

@ A power cable is disclosed, which comprises a conductor having thereon an insulating layer which
comprises a composition comprising from 25 o 35% by weight based on the total amount of the composition of
an ethylene-vinyl acetate copolymer resin having a vinyl acetate content of from 25 to 33% by weight, and from
65 to 75% by weight based on the total amount of the composition of polyethylene, the polyethylene containing
in the molecule thereof vinylirimethoxysilane by copolymerization or graft polymerization, the composition
containing an organo heavy metal compound as a cross-linking catalyst, the insulating layer is cross-linked by
the cross-linking reaction of trimethoxysilane groups in the polyethylene in the presence of water.

Rank Xerox (UK) Business Services



10

15

20

25

30

35

40

45

50

55

EP 0 491 066 A1

FIELD OF THE INVENTION

The present invention relates to a solid insulated power cable, such as a cross-linked polyethylene
insulated power cable, to be used for underground power transmission.

BACKGROUND OF THE INVENTION

Solid insulated power cables, particularly cross-linked polyethylene insulated power cables have been
widely used as power transmission cables in place of the conventional OF cables because of ease of
construction and maintenance thereof.

It is known that when solid insulated power cables are used in an atmosphere containing water, a
deterioration phenomenon called water tree occurs, and they are subject to insulation breakage.

In order to prevent the above deterioration phenomenon, various methods have been proposed.

For example, JP-A-51-17588 (the term "JP-A" refers to an "unexamined published Japanese patent
application") proposes the use of a composition comprising polyolefin and an ethylene-vinyl acetate
copolymer added thereto as a cable insulator. JP-A-54-60346 proposes a method in which from 0.01 to 5
parts by weight of a metal salt of carboxylic acid having a carbon-carbon double bond and having not more
than 24 carbon atoms is added to a cross-linked polyethylene composition.

In fact, however, no satisfactory method for preventing the deterioration phenomenon has not been
obtained.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a power cable which prevents formation of the water
tree very effectively.

Other objects and effects of the present invention will be apparent from the following description.

It has now been found that if a composition comprising from 25 to 35% by weight of an ethylene-vinyl
acetate copolymer resin containing from 25 to 33% by weight of vinyl acetate, and from 65 to 75% by
weight of polyethylene, in which the polyethylene contains vinylirimethoxy silane in the molecular chain
thereof by copolymerization or graft polymerization, and the composition contains an organo heavy metal
compound as a cross-linking catalyst is used as a cable insulating layer, there can be obtained a markedly
long service life under power fransmission in a water-dipped condition as compared with the case that a
composition comprising the conventional polyethylene and the same ethylene-vinyl acetate copolymer resin
as above is used.

The present invention relates to a power cable comprising a conductor having thereon an insulating
layer which comprises a composition comprising from 25 to 35% by weight based on the total amount of
the composition of an ethylene-vinyl acetate copolymer resin having a vinyl acetate content of from 25 to
33% by weight, and from 65 to 75% by weight based on the fotal amount of the composition of
polyethylene, the polyethylene containing in the molecule thereof vinyltrimethoxysilane by copolymerization
or graft polymerization, the composition containing an organo heavy metal compound as a cross-linking
catalyst, the insulating layer is cross-linked by the cross-linking reaction of frimethoxysilane groups in the
polyethylene in the presence of water.

DETAILED DESCRIPTION OF THE INVENTION

The content of vinylirimethoxysilane in the polyethylene is preferably from 0.1 to 5% by weight, and
more preferably from 0.5 to 3% by weight, based on the total amount of the polyethylene.

The melt flow rate (MFR) of the ethylene-vinyl acetate copolymer is preferably from 0.1 fo 30, and more
preferably from 0.3 to 5. The MFR of the polyethylene is preferably from 0.1 to 30, and more preferably
from 0.3 to 5.

The ethylene-vinyl acetate copolymer and the polyethylene used in the present invention can be
produced by conventional methods. For example, the ethylene-vinyl acetate copolymer can be produced by
the methods described, e.g., in Stamicarbon: Neth., 6,614,767 (April 19, 1968); Monsanto: B.P, 979,522
(Jan. 6, 1965); National Distillers & Chem. Corp.: Fr.P., 1,381,859 (Dec. 11, 1964); ditto: Neth., 6,605,948
(nov. 7, 1966); ditto: Fr.P., 1,477,186 (April 14, 1967); and ICI: B.P, 497,648 (1938). The polyethylene can be
produced by the methods described, e.g., in JP-B-62-23777 (the term "JP-B" refers to an "examined
Japanese patent publication") and JP-A-28-48540.

The ethylene-vinyl acetate copolymer used in the present invention has a vinyl acetate content of from
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25 t0 33% by weight, and preferably from 25 to 30% by weight.

The content of the organo heavy metal compound is preferably from 0.005 to 1% by weight, more
preferably from 0.02 to 0.2% by weight, based on the fotal amount of the composition. Examples of the
organo heavy metal compound include salts of carboxylic acids, e.g., dibutyltin dilaurate, dibutyltin
diacetate, dibutyltin dioctanate, stannous acetate, stannous octanate, lead naphthenate, zinc caprylate, iron
2-ethylhexanate, cobalt naphthenate; and chelate compounds, e.g., titanic acid tetrabuty! ester, titanic acid
tetranonyl ester, bis(acetylacetonitrile) diisopropyl! titanate. Among these, organo tin compounds are prefer-
ably used in the present invention, and dibutyltin dilaurate, dibutyltin diacetate and dibutyltin dioctanate are
more preferably used in the present invention.

It is preferred that the silane-cross-linked polyethylene contain antioxidants, from a viewpoint of
mechanical characteristics for a long term use. Examples of the antioxidant include 4,4'-thiobis(6-tert-butyl-
3-methylphenol), 2,2'-methylenebis(6-teri-butyl-4-methylphenol), dilauryl-3,3'-thiodipropionate, disteary!-3,3'-
dipropionate, tetrakis(methylene-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate)methane,
pentaerythritoltetrakis(8-laurylthiopropionate), n-octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate.

In addition, the silane-cross-linked polyethylene may contain slipping agents, such as stearic acid, zinc
stearate, calcium stearate, magnesium stearate and oleic amide in an amount of from 0.01 to 1% by weight
based on the total amount of the polyethylene; and carbon black in an amount of from 0.1 to 5% by weight
based on the total amount of the polyethylene. Carbon black may be added as a pigment for coloring.
Other pigments for coloring may also be added.

The other features of the power cable according fo the present invention such as a conductor, an inner
semiconductor layer, an outer semiconductor layer, an outer sheath and the like is not particularly limited,
and may be produced in accordance with conventional procedures as described, e.g., in T. Hayami, CV
keburu (CV Cable), published by Korona-sha, Japan, on September 30, 1986. T

The present invention will be described in more detail by refering to the following Example, but the
present invention is not construed as being limited thereto.

EXAMPLE

Polyethylene, silane cross-linked polyethylene, an ethylene-vinyl acetate copolymer resin (abbreviated
fo "EVA resin"), an antioxidant (4,4'-thiobis-(6-tert-butyl 3-methylphenol)), and an organic peroxide (dicumyl
peroxide) were mixed in a Banvury mixer in the formulation shown in Table 1, and pelletized.

On a copper twisted wire conductor having a cross sectional area of 38 mm?, a 1 mm thick inner
semiconductor layer ("NUCV-9561", ethylene-ethyl acrylate copolymer containing carbon black, organic
peroxide and antioxidant, produced by Nippon Unicar Co., Ltd.), a 3 mm thick insulating layer (compositions
shown in Table 1), and a 1 mm thick outer semiconductor layer ("NUCV-9561", produced by Nippon Unicar
Co., Ltd.) were extruded in this order.

Then, in Comparative Examples 1 and 2, cross-linking was effected by heating with an infrared ray
heater in nitrogen gas atmosphere, whereas for the other cases, crosslinking was effected by dipping for
100 hours in hot water maintained at 60° C.

For these 14 types of cables obtained, an electric voltage of AC 60 Hz and 30 kV was applied in water
maintained at 60° C, and a period until insulation break down was caused was measured. The results are
shown in Table 1 as relative values with the break down time of Comparative Example 1 as 1.0.



(1 se 1
aTdurexg saTlexedwo) Jo eyl
yaTm) uotatpuo) peddrg-iejem

EP 0 491 066 A1

S°9 S'y 8°0 0°6< Z°1 L°E 0°T UT 83T 90TAXSS aATIeTaY
- - - - - 0°¢z 0°¢ apTxoaadg otuebio
0 z°0 Z°0 Z°0 (A A1) ANV JURPTXOTIUY

- - - - - - - d UTS®Y VAZ
- - - - - - - a uTsey VAZ

- - - - - - - O uTsey vAZ

0€ - = - = - - g UTsayd VAH
uot3
= 0€ - o€ - o€ - ¥ uTsey vAd -T1sodwo)
g auaTdAyasidyod
- 0L 001 - - - - PO UTI-SSOI) BURTTS
v auatdyzaitod
oL - - oL 00T - - PO UTTI-SSOI) BUBTTS
- - - - - 0L 00T auatdyisirod
y oTdwexg ¢ o7dwexy gz a1dwexy 1 a@Tdwexyg
¢ o1dwexy gz oy1dwexy aaTy 1 orTdwexy 9ATY 9ATY 9ATY
—-exedwo) ~exedwo)y -exedwo) -exedwo)d
T s1qeL

50

55



EP 0 491 066 A1

[ANA

(1 se

1 s1dwexy aaTievaedwo) Jo 3eyl
yats) uotaztpuo) paddrg-aaaem

uT 9T 90TAISS dATIRTAY

Sy

SS

ST

S8

St Y4

59 SL

oL

0L

0L

apTx0oaad otuebxo

d

pPayUTTI-

Y

paUTTI-

JUEPTXOTIUY
d UTse¥ YAZ
a utsey VAd
D uTsey VAZ
g uTsed VAX

¥ uTsayd VAd

auatAylzeldtod
SSOIX) |UueTTS

auaTAyaeAtod
ssox) ®ueTTs

auaT1iy3zaAtod

uoTl
-1sodwo)

g ordwexy
2AT3
—-exedwo)

L oT1dwexg

oaAT3 9 opdwexy g aijdwexy

~exeduo)

9 atdwex3
aATY
—exedwo)d

G oy1dwexg
aATY
—exedwo)

p ordwexyg

10

15
20

(p,3uod) T oTqel

25

30

35

40

45

50

55



10

15

20

25

30

35

40

45

50

55

EP 0 491 066 A1

Note:

1) Silane cross-linked polyethylene A was obtained by
copolymerizing ethylene and vinyltrimethoxysilane
(density = 0.924, MFR = 0.7).

Silane cross-linked polyethylene B was obtained by graft
adding vinyltrimethoxysilane to polyethylene with dicumyl
peroxide as a catalyst (density = 0.924, MFR = 0.7).

In both cases, dibutyltin dilaurate was added as a cross-
linking agent at the time of silane cross-linking.

2) Polyethylene
MFR = 1.0, density = 0.92 g/cc

3) The EVA resins were as follows:

EVA resin A: vinyl acetate content = 28 wt%, MFR = 20
EVA resin B: vinyl acetate content = 25 wt%, MFR = 3

EVA resin C: vinyl acetate content = 33 wt%, MFR = 30
EVA resin D: vinyl acetate content = 19 wt%, MFR = 15
EVA resin E: vinyl acetate content = 41 wt%, MFR = 65

4) Water dipping conditions:
Hot water maintained at 60°C.
AC 60 Hz

30 kV (10 kv/mm)

It can be seen from the results of Comparative Examples 1 to 4 and Examples 1 to 2 that the power
cables of the present invention have longer service lives in water-dipped conditions than those of cables
with an insulating layer of a cross-linked polyethylene comprising the conventional polyethylene and EVA
resin, or a silane cross-linked polyethylene alone.

Moreover, the service lives of the power cables of the present invention are obviously longer than those
expected from combination of the cross-linked polyethylene with EVA resin blended thereto, and a silane
cross-linked polyethylene alone. Thus, it can be understood that an unexpected result can be obtained by
the present invention.

It can be seen from the results of Comparative Examples 3 and 4, and Examples 1 and 2 that the silane
cross-linked polyethylene obtained by copolymerizing ethylene and vinylirimethoxy silane and the silane
cross-linked polyethylene obtained by graft polymerizing vinyltrimethoxysilane onto polyethylene with
dicumyl peroxide as a catalyst both attain superior effect of the present invention similarly to each other.

It can be seen from the results of Examples 1, 3, and 4, and Comparative Examples 5 and 6 that the
markedly significant effect can be obtained by using an EVA resin having a vinyl acetate content of 25 fo
33% by weight.

Moreover it can be seen from the results of Examples 1, 5 and 6, and Comparative Examples 7 and 8



10

15

20

25

30

35

40

45

50

55

EP 0 491 066 A1

that the amount of the EVA resin used is preferred to be 25 to 35% by weight based on the total amount of
the composition. That is, if the EVA resin content is less than 25% by weight, or more than 35% by weight,
the effect of increasing the water dipped electric application effect is decreased.

In the power cables of the present invention, the service life when electricity is passed in a water
dipped condition, that is, the time until insulation break down is reached is markedly lengthened.
Accordingly, the power cables of the present invention can be markedly effectively used as power cables
for underground power fransmission, which are often used in such conditions that there are moisture
around.

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

Claims

1. A power cable comprising a conductor having thereon an insulating layer which comprises a composi-
tion comprising from 25 to 35% by weight based on the total amount of said composition of an
ethylene-vinyl acetate copolymer resin having a vinyl acetate content of from 25 to 33% by weight, and
from 65 to 75% by weight based on the fotal amount of said composition of polyethylene, said
polyethylene containing in the molecule thereof vinylirimethoxysilane by copolymerization or graft
polymerization, said composition containing an organo heavy metal compound as a cross-linking
catalyst, said insulating layer is cross-linked by the cross-linking reaction of trimethoxysilane groups in
said polyethylene in the presence of water.

2. A power cable as claimed in claim 1, wherein said polyethylene contains said vinyltrimethoxysilane in
an amount of from 0.1 to 5% by weight based on the total amount of said polyethylene.

3. A power cable as claimed in claim 2, wherein said polyethylene contains said vinyltrimethoxysilane in
an amount of from 0.5 to 3% by weight based on the total amount of said polyethylene.

4. A power cable as claimed in claim 1, wherein said ethylene-vinyl acetate copolymer has a melt flow
rate of from 0.1 to 30, and said polyethylene has a melt flow rate of from 0.1 to 30.

5. A power cable as claimed in claim 4, wherein said ethylene-vinyl acetate copolymer has a melt flow
rate of from 0.3 to 5, and said polyethylene has a melt flow rate of from 0.3 to 5.

6. A power cable as claimed in claim 1, wherein said ethylene-viny! acetate copolymer has a vinyl acetate
content of from 25 to 30% by weight.

7. A power cable as claimed in claim 1, wherein said organo heavy metal compound is an organo tin
compound.

8. A power cable as claimed in claim 7, wherein said organo heavy metal compound is selected from the
group consisting of dibutyltin dilaurate, dibutyltin diacetate and dibutyltin dioctanate.

9. A power cable as claimed in claim 1, wherein said composition contains said organo heavy metal
compound in an amount of from 0.005 to 1% by weight based on the total amount of said composition.

10. A power cable as claimed in claim 9, wherein said composition contains said organo heavy metal
compound in an amount of from 0.02 to 0.2% by weight based on the total amount of said composition.



Office

o>) European Patent EUROPEAN SEARCH REPORT Application Number

EPO FORM 1500 03.82 (P0401)

EP 90 12 4479

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document with indication, where appropriate,

Relevant CLASSIFICATION OF THE

Category of relevant passages to claim APPLICATION (int. CL.5)
A |CHEMICAL ABSTRACTS, vol. 91, no. 10,
3rd September 1979, page 34, abstract g 8; E 2353;
no. 75355g, Columbus, Ohio, US; & C 08 L 51/06
JP-A-79 052 155 (SHOWA ELECTRIC)
24-04-1979
A |WPIL, FILE SUPPLIER, AN=89-282044/39,
Derwent Publications Ltd, London, GB; &
JP-A-1 206 509 (HITACHI) 18-08-1989
A EP-A-0 025 091 (KABEL-, UND
METALLWERKE)
A |DE-A-3 633 056 (KABELMETAL)
A |US-A-4 514 539 (G.A. HATTRICH et al.)
TECHNICAL FIELDS
SEARCHED (Int. CL.5)
. HOlB
cosL
C 08K
The present search report has been drawn up for all claims
Place of sessch Date of completion of the search Examiner
THE HAGUE 14-08-1991 KLIER E.K.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
© document of the same category L : document cited for other reasons
A : technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	search report

