
EP 0167 239 B1 Description This invention relates to a DC electric power
cable. Polyethylene and cross-linked polyethylene have heretofore been
extensively used as an insulation for 5  a DC power cable since they are
superior in dielectric strength and other dielectric characteristics.
However, in the case where such a cable having an insulation of either
polyethylene or cross-linked polyethylene is used as a high-voltage power
transmission line, some difficulties are encountered. The most serious of
these is that when the cable is supplied with a high DC voltage,
long-lasting space charge tends to be produced in the insulation. It is
generally considered that this space charge has the nature of electron,
hole 10 or ion and that such space charge results from the charge entrapped
in those portions of the polyethylene insulation contributing to the
formation of a crystal structure thereof. Polyethylene has good insulating
properties and is non-polar, so that the entrapped charge can not easily
escape from said portions to form the long-lasting space charge. When such
space charge is accumulated in the insulation of polyethylene upon
application of DC voltage to the cable, the electric field intensity is
increased adjacent to the 15 conductor of the cable, so that the breakdown
voltage of the cable is disadvantageously lowered. DE-A-1694559 discloses
an A-C cable having a conductor surrounded by an insulation layer
comprising a thermoplastics resin containing 100 parts by weight of
polyethylene. The electric and thermal properties of the polyethylene are
improved by adding 2 points by weight of 1,3-Ditert-butylperoxy-
diisopropylbenzol 0.5 parts by weight of polymerised
trimethyidihydroxyquinoline and 2.5 parts by weight 20 of FEF carbon black.
With the above deficiencies in view, it is an object of this invention to
provide a DC power cable of the type in which the accumulation of space
charge in the insulation is reduced to enhance the dielectric strength of
the insulation to thereby eliminate adverse effects on the insulation. 25
According to the present invention there is provided a DC power cable
comprising a conductor and an insulation of a thermoplastic resin formed
around said conductor, said insulation containing carbon black forming
about 0.2 to about 5% of the total weight of the resin and carbon black
together, the ratio of mineral oil absorption (cc/1 00 g) to specific
surface [err] in said carbon black being not less than 0,7, and said carbon
black having a hydrogen content of not more than 0.6% by weight. With this
construction, the 30 accumulation of the space charge in the insulation can
be reduced to a satisfactory level to eliminate undue irregularities in
electric field exerted on the insulation, so that DC breakdown voltage of
the cable can be increased, thereby improving dielectric resistance of the
cable. In a preferred form of the invention, the DC power cable comprises a
conductor, an insulation layer formed on the inner semi-conductive layer,
an outer semiconductive layer formed on the insulation layer, 35 and a
sheath formed on the outer semi-conductive layer, the insulation layer
comprising a thermoplastic resin and carbon black as defined above. The
specific surface is measured by BET equation. The specific surface of the
carbon black represents an amount of absorption of a specified substance
(for example, N2 or Ar) per gram of carbon black, and is expressed in terms
of [err]/g. This procedure is used since it is difficult to measure the
surface area of each 40 particle of the carbon black. The oil absorption
merely implies the amount of absorption of oil in the carbon black, and the
particle structure of the carbon black, and the particle structure of the
carbon black can be realized from the oil absorption. The thermoplastic
resin of which the insulation layer is made includes polyethylene such as
45 low-density polyethylene and high-density polyethylene, polypropylene,
ethylene vinyl acetate copolymer (EVA), ethylene ethyl acrylate copolymer
(EEA), ethylene propylene rubber (EPR) and a mixture of at least two of
these substances. Also, these substances can be used in the cross-linked
form. Examples of the carbon black contained in the thermoplastic resin
include SAF carbon, acetylene carbon; ISAF carbon, I-ISAF carbon, CF
carbon, SCF carbon and HAF carbon. so     With the above-mentioned
construction, leakage of space charge in the insulation layer is enhanced.
The reason for this will now be described. Resistivity (specific
resistance) p [err] of the insulation layer is represented by the following
formula (1): [err] wherein a is a temperature coefficient [err] of the
insulation layer, [err] is a coefficient of electric field (a stress
coefficient of the insulation layer) (mm/kV), and E is the electric field
(kV/mm) exerted on the insulation layer. 60     The addition of carbon
black to the insulation increases the electric field coefficient [err]
while the temperature coefficient a is decreased, thereby promoting the
leakage of the space charge from the 



insulation layer. The reason is that when the electric field coefficient
[err] is increased, the resistivity p is decreased, so that the electric
field at the high stress portion of the insulation layer on which a high
electric field is exerted is reduced in intensity, and also when the
temperature coefficient [err] is decreased, the 65 maximum electric field
Emax, appearing on the side of the cable sheath when the temperature of the
3    EP  0167 239  B1 conductor is high, is decreased. Thus, the electric
field profile in the insulation layer is inclined toward a uniformity, so
that the accumulation of the space charge in the insulation is reduced. (1)
The carbon black content should be in the range of about 0.2 to about 5% by
weight. If the carbon black content is below 0.2%, the above-mentioned
advantages can not fully be achieved. On the other 5  hand, if the carbon
black content is above 5%, the reduction of the resistivity p and the
increase of the electric field coefficient [err] are excessive, so that a
thermal breakdown of the insulation may occur. (2) The ratio of oil
absorption to specific surface should be not less than 0.7. When the amount
of addition of carbon black is increased, the distance between adjacent
particles thereof becomes shorter so that electric current flows between
the particles under a high electric field due to a tunnel effect. As a
result, 10  the electric field coefficient [err] becomes unduly high,
thereby inviting a thermal breakdown of the insulation. Therefore, it is of
absolute necessity that the resistivity p represented by the formula (1)
should be kept to a low level with a reasonably low content of the carbon
black. Also, in the case where the carbon black is a furnace black, the
ratio of oil absorption to specific surface should be not more than 3.5. If
the ratio exceeds this level, the apparent particle size of the carbon
black is increased, so that the carbon black can not be 15  efficiently
mixed with the polyethylene. Particularly, in the case of acetylene carbon,
this tendency is marked, since the particles are linked in a chain-like
manner. When one of SAF carbon, ISAF carbon, I-ISAF carbon, CF carbon, SCF
carbon and HAF carbon is used as the carbon black, the above ratio is in
the range of between 0.7 and 1.5. The carbon black having a higher ratio of
oil absorption to specific surface can decrease the resistivity p 20  in
smaller amount. When this ratio is not less than 0.7, satisfactory results
can be achieved. (3) The carbon black should have the hydrogen content of
not more than 0.6% by weight. If the hydrogen content is too great, too
many [err] electrons are present in the insulation, so that the electrons
can not be smoothly moved. As a result, much carbon black must be added to
the thermoplastic insulation material so as to achieve the desired
resistivity p. This is not desirable for the reasons mentioned in the 25
above Item (2). Therefore, the lower the hydrogen content is the better.
And, the hydrogen content of not more than 0.6% achieved satisfactory
results. (4) The carbon black should preferably have a particle size of 10
to 100 nm. Within this range, the crystalline structure of the polyethylene
is not disturbed, and when the crystalline structure is disturbed,
electrical characteristics of the cable are adversely affected. If the
particle size exceeds this range, the 30  carbon is not dispersed in the
thermoplastic resin efficiently. The use of the carbon black having a
particle size below this range is not practical. (5) Preferably the carbon
black should contain not less than 97% by weight of carbon. The higher the
carbon content is, the better. The carbon black may contain as impurities
ash, [err] and [err] and if the content of such impurities is increased,
electrical characteristics are adversely affected. 35     The invention
will now be illustrated by way of Example. Sample DC power cables 1 to 12
of this invention and comparative DC power cables 13 and 14 were prepared
by the steps of simultaneously forming an inner semi-conductive layer, an
insulation layer and an outer semi-conductive layer on a conductor by
extrusion. The insulation layer interposed between the inner and outer
semi-conductive layers had a thickness of 3 mm, and the conductor had a
circular cross-sectional 40  area of 200 mm2. Each of the insulation layers
was made of polyethylene having the carbon black content shown in Table
below. The carbon black added to the polyethylene had a particle size of 10
to 100 nm. Particularly, the carbon black contained in the insulation of
each of the sample cables 9 and 10 was SAF carbon, and the carbon black
contained in the insulation of each of the sample cables 11 and 12 was
acetylene carbon. 45    Each of the sample cables were subjected to a DC
breakdown test. The results obtained are also shown in Table. As can be
seen from Table, the sample cables 1 to 12 of this invention exhibited much
improved DC breakdown voltage. 50 



55 60 65 4    EP 0167239 B1 TABLE CB Oil absorption      Hydrogen     DC
breakdown 5                          PE+CB                          content
of CB      voltage Sample No.      (%)        specific surface        (%)
(KV/mm) 1           0.8            0.99              0.33            112 10
2           1.5              , 3           3.0             ,
,96 4           5.0                                             72 15 5
0.2            4.16              0.08 6           0.4
112 20               7            0.8
104 8           1.5                                               96 9
0.8            0.99              0.33 25 10           1.5 11           0.4
4.16              0.08            92 30               12           0.8
84 13           0                                                72 14
8.0            0.99              0.33            48 35 * CB mans carbon
black Claims 40 1. A DC power cable comprising a conductor and an
insulation of a thermoplastic resin formed around said conductor, said
insulation containing carbon black forming about 0.2 to about 5% of the
total weight of the resin and carbon black together, the ratio of mineral
oil absorption (cc/100 g) to specific surface [err] in said carbon black
being not less than 0.7, and said carbon black having a hydrogen content of
not more 45  than 0.6% by weight. 2. A DC power cable according to Claim 1,
in which said carbon black has a particle size of 10 to 100 nm. 3. A DC
power cable according to Claim 1 or 2, in which said thermoplastic resin of
which said insulation layer is made is at least polyethylene such as
low-density polyethylene and high-density polyethylene, polypropylene,
ethylene vinyl acetate copolymer (EVA), ethylene ethyl acrylate copolymer
so  (EEA), ethylene propylene rubber (EPR). 4. A DC power cable according
to Claim 1, 2 or 3 in which said thermoplastic resin is in the crosslinked
form. 5. A DC power cable according to Claim 1, 2,3 or 4 in which an inner
semi-conductive layer is formed --on the conductor, said insulation layer
being formed on the inner semi-conductive layer, an outer 55
semi-conductive layer being formed on the insulating layer, and a sheath
formed on the outer- semi-conductive layer. 6. A DC power cable according
to any preceding claim in which said carbon black contains not less than
97% by weight of carbon. 7. A DC power cable according to any preceding
claim in which said carbon black is a furnace black and 60 said ratio of
oil absorption to specific surface is not more than 3.5. 8. A DC power
cable according to any of Claims 1 to 6, in which said carbon black is one
of SAF carbon, ISAF carbon, I-ISAF carbon, CF carbon, SCF carbon and HAF
carbon and said ratio of oil absorption to specific surface is not more
than 1.5. 65 5 



EP 0167 239 B1 TABLE CB Oil absorption      Hydrogen     DC breakdown 5
PE+CB                          content of CB     voltage Sample No.
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CB mans carbon black Claims 40 1. A DC power cable comprising a conductor
and an insulation of a thermoplastic resin formed around said conductor,
said insulation containing carbon black forming about 0.2 to about 5% of
the total weight of the resin and carbon black together, the ratio of
mineral oil absorption (cc/100 g) to specific surface ([err]/g) in said
carbon black being not less than 0.7, and said carbon black having a
hydrogen content of not more 45  than 0.6% by weight. 2. A DC power cable
according to Claim 1, in which said carbon black has a particle size of 10
to 100 nm. 3. A DC power cable according to Claim 1 or 2, in which said
thermoplastic resin of which said insulation layer is made is at least
polyethylene such as low-density polyethylene and high-density
polyethylene, polypropylene, ethylene vinyl acetate copolymer (EVA),
ethylene ethyl acrylate copolymer 50 (EEA), ethylene propylene rubber
(EPR). 4. A DC power cable according to Claim 1, 2 or 3 in which said
thermoplastic resin is in the crosslinked form. 5. A DC power cable
according to Claim 1, 2, 3 or 4 in which an inner semi-conductive layer is
formed --on-the conductor, said insulation layer being formed on the inner
semi-conductive layer, an outer 55 semi-conductive layer being formed on
the insulating layer, and a sheath formed on the outer- semi-conductive
layer. 6. A DC power cable according to any preceding claim in which said
carbon black contains not less than 97% by weight of carbon. 7. A DC power
cable according to any preceding claim in which said carbon black is a
furnace black and 60 said ratio of oil absorption to specific surface is
not more than 3.5. 8. A DC power cable according to any of Claims 1 to 6,
in which said carbon black is one of SAF carbon, ISAF carbon, I-ISAF
carbon, CF carbon, SCF carbon and HAF carbon and said ratio of oil
absorption to specific surface is not more than 1.5. 65    EP 0167 239 B1
Patentanspruche 1. Gleichstromkabel aus einem Leiter und einer den Leiter
umhullenden Isolierung aus einem 



thermoplastischen Harz mit etwa 0,2 bis etwa 5% Ru13, bezogen auf das
Gesamtgewicht Harz und Rul, 5 wobei das Verhaltnis Mineralolabsorption
(ml/100 g)/spezifische Oberflache (m2/g) in dem Rug nicht weniger als 0,7
betr~gt und der Ru1 einem Wasserstoffgehalt von nicht mehr als 0,6 Gew.-%
aufweist. 2. Gleichstromkabel nach Anspruch 1, dadurch gekennzeichnet, dal3
der Ru1 eine Teilchengrol3e von 1-100 nm aufweist. 3. Gleichstromkabel nach
Anspruchen 1 oder 2, dadurch gekennzeichnet, daI3 das thermoplastische 10
Harz, aus dem die Isolierschicht gefertigt ist, aus mindestens einem der
folgenden Harze: Polyethylen, z.B.. niedrigdichtes  Polyethylen  und
hochdichtes  Polyethylen,  Polypropylen,  EthylenNinylacetat-
Mischpolymerisat (EVA), Ethylen/-Ethylacrylate-Mischpolymerisaten (EEA) und
Ethylen/-Propylen- Kautschuk (EPR) besteht. 4. Gleichstromkabel nach
Anspruchen 1, 2 oder 3, dadurch gekennzeichnet, daB das thermoplastische 15
Harz in vernetzter Form vorliegt. 5. Gleichstromkabel nach Anspruchen 1, 2,
3 oder 4, dadurch gekennzeichnet, daG auf dem Leiter sine innere
halbleitende Schicht, auf dieser die Isolierschicht, auf der Isolierschicht
sine Augere halbleitende Schicht und auf dieser ein Mantel ausgebildet
sind. 6. Gleichstromkabel nach einem der vorhergehenden Anspruche, dadurch
gekennzeichnet, daB der 20 RuB nicht weniger als 97 Gew.-% Kohlenstoff
enthalt. 7. Gleichstromkabel nach einem der vorhergqhenden Anspruche,
dadurch gekennzeichnet, daB es sich bei dem Ru1 um OfenruB handelt und daB
das Verhaltnis Olabsorption/spezifische Oberflache nicht mehr als 3,5
betragt. 8. Gleichstromkabel nach einem der Anspruche 1 bis 6, dadurch
gekennzeichnet, daB es sich bei dem 25 RuB um SAF-Kohlenstoff,
ISAF-Kohlenstoff, I-ISAF-Kohlenstoff, CF-Kohlenstoff, SCF-Kohlenstoff oder
HAF-Kohlenstoff handel und daB das Verhaltnis 1labsorption/spezifische
Oberflache nicht mehr als 1,5 betragt. Revendications 30 1. CAble de
transport d'energie en courant continu, comprenant un cnducteur et une
isolation en resine thermoplastique form6 autour dudit conducteur, ladite
isolation contenat du noir de carbone formant environ 0,2 a environ 5% du
poids total de la resine et du noir de carbons ensemble, le rapport entre
I'absorption d'huile minerale (cm3/100 g) et la surface specifique (m2/g)
dans ledit noir de carbone 6tant non 35 inferieur A 0,7, et ledit noir de
carbone ayant une teneur en hydrogene ne d6passant pas 0,6% en poids. 2.
CAble de transport d'6nergie en courant continu selon la revendication 1,
dans lequel ledit noir de carbons a une taille de particules de 10 a 100
nm. 3. CAble de transport d'6nergie en courant continu selon la
revendication 1 ou 2, dans Iequel ladite r6sine thermoplastique dont est
fait ladite couche d'isolation est au moins du polyethylene tel qua le 40
polyethylene a basse densite et le polyethylene a haute densite, le
polypropylene, le copolymere d'ethylene et d'ac6tate de vinyls {EVA), le
copolymere d'ethylene et d'acrylate d'6thyle (EEA), le caoutchouc
d'ethylene-propylene (EPR). 4. CAble de transport d'6nergie en courant
continu selon la revendication 1, 2 ou 3 dans lequel ladite resine
thermoplastique est sous la forms reticul6e. 45    5. CAble de transport
d'energie en courant continu salon la revendication 1, 2, 3 ou 4, dans
lequel une couche interne semi-conductrice est formee sur le conducteur,
ladite couche d'isolation etant formee sur la couche interne
semi-conductrice, une couche externe semi-conductrice etant form6e sur la
couche d'isolation, et une gains form6e sur la couche semi-conductrice
externe. 6. CAble de transport d'energie en courant continu selon l'une
quelconque des revendications 50 prec6dentes, dans lequel ledit noir de
carbons contient pas moins de 97% de carbons, en poids. 7. CAble de
transport d'energie en courant continu salon l'une quelconque des
revendications -pr!cedentes, dans lequel ledit noir de carbon eest un noir
du type d'un noir produit dans un four at ledit rapport entre l'absorption
d'huile et la surface specifique ne depasse pas 3,5. 8. CAble de transport
d'energie en courant continu selon l'une quelconquedes revendications 1 A
6, 55 dans lequel ledit noir de carbons est un des carbones SAF, ISAF,
I-ISAF, CF, SCF et HAF, et ledit rapport entre I'absorption d'huile et la
surface specifique ne depasse pas 1,5. 60    


