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ELECTRICAL CABLE FOR HIGH VOLTAGE DIRECT CURRENT
TRANSMISSION, AND INSULATING COMPOSITION

The present 1invention relates to a cable for high

voltage direct current transmission, and to the

insulating composition used therein.

More particularly, the present invention relates to a

cable for high voltage direct current transmission,

sultable for elther terrestrial or submarine

installations, comprising a conductor and an extruded

insulating layer consisting of a polymer composition
comprising a polyethylene and at least one

unsaturated fatty acid.

)

The present 1nvention also relates to an

insulating composition comprising a polyethylene and

at least one unsaturated fatty acid.

In the present description and in the claims,

the term “high voltage” denotes a voltage 1in excess
of 35 kV.

For high wvoltage direct current transmission,

either along terrestrial 1lines or, in particular,

along submarine lines, use 1is generally made of

y

bles commonly known in the art as mass-impregnated

Ca

cables, in which the conductor, covered with a first

semiconducting layer, 1is electrically insulated by

taping with an insulating material, generally paper

Tt

or paper—-polypropylene-paper multi-layer laminates,

which 1s then thoroughly impregnated with a mixture
having high electrical resistivity and high

viscosity, generally a hydrocarbon oil to which a

viscosity-lncreasing agent has been added. The cable

additionally comprises a further semiconducting lavyer
and a metal screen, generally made from lead, which

1n turn 1s surrounded by at least one metal armouring
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structure and by one or more protective sheaths o:

plastic material.

Mass 1mpregnated cables, although characterized

by high reliability in operation even with very high

voltages (Ln excess of 150 kV) have certain

drawbacks, principally related to the migration of

—

insulating fluid within the cable. In particular,

when 1n use the «cable is subjected, owing to

varilations in the intensity of the current carried,

Lo thermal cycles which cause migrations of the fluid

in the radial direction. This is because, when the

current carried increases and the cable heats up, the

viscosity of the insulating fluid decreases and the

fluid 1is subjected to a thermal expansion greater

than that of all the other elements of the cable.

F

This results 1n a migration of the fluid from the

insulating lavyer towards the exterior, and

F

consequently an increase of the pressure exerted on

the metal screen which 1is deformed in the radial

direction. When the current carried decreases and the

cable cools, the impregnating fluid contracts, while
the metal screen, being constituted by a plastic

material (usually lead), . remains permanently

P

deformed. Thus a decrease of the pressure within the

cable 1s caused, and this leads to the formation of

micro-cavities 1in the insulating layer, with a

F

consequent risk of electrical discharges and

therefore of perforation of the insulation. The risk

of perforation increases with an increase in the

thickness of the insulating laver, and therefore with

an 1ncrease 1n the maximum voltage for which the

cable has been designed.

Another solution for high voltage direct current

1)

transmission consists in the use of fluid oil cables,

in which the 1insulation is provided by a pressurized
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oil with low vViscosity and high electrical
resistivity which is (under  hydrostatic  head).

Although this solution is  highly effective in

preventing the formation of micro-cavities in the

cable i
related

nsulation, 1t has various drawbacks, mainly

s

to the complexity of construction and, in

particular, it imposes a limitation on the maximum

permissible length of the cable. This limitation on

the maximum length is a major draowback,. particularly

in the case of use in submarine installations, where

the lengths required are usually very great.

For many years, research has been directed

towards the possibility of using cross-linked
polyolefins, and, particularly, cross-linked
polyethylene (XLPE), to produce insulating materials
for cables for direct current transmission.

used 1in

The use

P

Insulating materials of this type are already widely

cables for alternating current transmission.

of said insulating materials also in the case

of cables for direct current transmission would allow

the said cables to be used at higher temperatures,

for example at 90°C instead of 50°C, than those at

which the previously described mass impregnated

cables

can be used (higher operating temperatures

allow the quantity of current transported to be

increased), and would also remove the limitations on

the maximum permissible length of the cable, by

contrast with the case of the fluid o1l cables

described above.

However, 1t has not yet been possible to make

adeguate and complete use of sald insulating

materials, particularly for direct current

F

transmission. The common view is that one of the main

reasons

accumule

for this limitation is the development and

tion of what are called space charges in the
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dielectric insulating material when the said material

1s subjected to direct current. It is considered that

the space charges alter the distribution of the

electrical field and persist for long periods because

—~ —

of the high resistivity of the polymers used. The

P

accumulation of the space charges leads to a local

r—

increase of the electrical field which consequently

comes To be greater than that which would be expected

on the basis of the geometrical dimensions and

dielectric characteristics of the insulating

material.

The accumulation of the space charges is a slow

process: however, the problem is accentuated if the

direct current transported by the cable is reversed

(ln other words, if there is a reversal of polarity).

As a result of this reversal, a capacitive field is

superimposed on the overall electrical field and the
value of the maximum gradient can be localized within

the 1nsulating material.

It 1s known that a prolonged degassing treatment

which can be carried out, for example, by subjecting

the 1nsulating material based on a cross—linked

polymer to high temperatures and/or to a high vacuum

for a long period, <can be used to obtain an

insulating material capable of limiting the

accumulation of the space charges when the cable is

subjected to polarity reversal. In general, it 1is

pelieved that the said degassing treatment reduces

iy

the formation of the space charges as a result of the

P

removal of the decomposition products of the cross-—

linking agent (for example, dicumyl peroxide, which

decomposes to form acetophenone and cumyl alcohol)

from the 1insulating material. However, a prolonged

degassing treatment evidently leads to an 1increase in

production times and costs.
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There is a known way of attempting to reduce the

accumulation of space charges by modifying the cross-

linked polyethylene (XLPE) by introducing small
quantities of polar groups.

For example, Japanese patent application JP-A-

210610 describes a cross—-linked polyethylene,

modified by grafting maleic anhydride in a quantity

of between 0.02% and 0.5% by weight, which would be

usable as an insulating material for cables for

direct <current transmission, since 1t would |Dbe

—

capable of trapping the space charges and thus

reducing theilr accumulation.

Japanese patent application JP 10/283851

describes a cable for direct current transmission

with improved dielectric strength in the presence of

polarity reversals or following the applications of

electrical pulses, in which the insulating layer

consists of a polymeric composition comprising a

cross-linked polyolefin containing (i) a dicarboxylic

acld anhydride and (ii) at least one monomer

containing a polar group (chosen from at least one

carbonyl, nitrile or nitro group). However, this

requires the presence of a particular peroxide, more

precisely 2,5-dimethyl-2,5-di(t-butyl peroxy)hexane,

and of a particular antioxidant, more precisely an

ester of a thiocarboxylic acid.

Patent application EP 0O 4063 402 describes an

ethylene (co)polymer containing polar groups chosen

from Xketone, nitrile and nitro groups in quantities

ranging from 20 ppm to 8000 ppm, the said polar

F

groups having a dipole moment of more than 0.8 debvye.

The said (co)polymer would be usable as an insulating

material for high-voltage cables having an improved

dielectric strength.
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Patent application WO 99/405589 relates to a

cable for direct current transmission in which the

insulating layer consists of cross—linked

10

15

20

25

30

polyethylene comprising polar groups obtained by pre-

treatment of the polyethylene with molecular oxygen

before
P&

extrusion.

cable

tent application WO 99/44207 relates to a

for direct current transmission 1in which the

insulating layer consists of a polymeric composition

pased on cross-linked polyethylene modified by polar

groups.

formula:

The said polar groups, having the general

CH;=CR-CO~-X~- (CH2) n—N (CH3) 2 or CH;=CR-CO-0- (CH,-CH,0) ,—~H,

in which n is 2 or 3, m 1s a number ranging from 1 to

20, R i1is H or CH;, and X is O or NH, are introduced

into

the - cross-linked polyethylene by

copolymerization or grafting. Examples of the said

polar groups are dialkyl-aminopropyl-{(met)acrylamide

or {(oligo)-ethyleneglycol-methacrylate.

Ja

panese patent application JP 06/215645

describes a cable for high voltage direct current

grity.

transmission with reduced accumulation of space

charges. The insulating layer is made by hot cross-

— p—

linking of a mixture of polyethylene, an organic

peroxide having a half-life time of more than 5 hours

at 130°C, and an acid chosen from itaconic acid and

crotonic acid in a quantity of less than 5 parts by

welght
P&

per 100 parts by weight of polyethylene.

cable

tent application WO 00/08655 relates to a

for direct current transmission 1in which the

insulating layer consists of a polymeric composition

based

on polyethylene to which an esterified

(poly)glycerol having at least two free OH groups is

added.
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The Applicant has now found that it is possible

to decrease the local accumulation of space charges

in the insulating layer of a cable for high voltage

direct current transmission by using as the

insulating layer a polymeric composition comprising a

polyethylene and at least one unsaturated fatty acid.

In addition to being graftable onto the polyethylene

VN

chain, the unsaturated fatty acid 1S highly

compatible with polyethylene and easily dispersible

in it: consequently, the cable insulated in this way

P
—

is capable of providing better electrical

perrormances when used for high voltage direct

current transmission, particularly in the presence of

polarity reversals.

In a first aspect, the present invention

therefore relates to a cable for high voltage direct

current transmission, comprising at least one

conductor and at least one extruded insulating lavyer

g

consisting of a polymeric composition comprising a

polyethylene and at least one unsaturated fatty acid.

In a second aspect, the present invention

relates to an insulating composition comprising a

polyethylene and at least one unsaturated fatty acid.

In a further aspect, the present invention

relates to a method for reducing the accumulation of

space charges 1in an electrical cable for high voltage

direct current transmission, comprising at least one

conductor and at least one extruded insulating layer

consisting of a polymeric composition comprising a

polyethylene, characterized in that at least one

unsaturated fatty acid 1s added to said polymeric

composition.

In a preferred embodiment, the polyethylene (PE)

k)

1s a homopolymer of ethylene or a copolymer o:

SRy

ethylene with at least one a-olefin having a density
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in the range from 0.860 g/cm’ to 0.970 g/cm®, and
preferably from 0.865 g/cm’® to 0.940 g/cm’.

In the present description and in the claims,

the term “a-olefin” denotes an olefin having the

general formula CH;=CH-R, 1in which R represents an

alkyl group having 1 to 10 carbon atoms, linear or

branched. The oa-olefin can be chosen, for example,

from: propylene, 1l-butene, l-pentene, d-methyl-1-

pentene, 1-hexene, 1—-octene, l-dodecene, and the

like. Of these, 1l-butene, 1l-hexene and l-octene are

preferred.

Preferably, the polyethylene is chosen from the
following: high-density polyethylene (HDPE) having a

F

density of at least 0.940 g/cm’, preferably a density
in the range from 0.940 g/cm’

to 0.960 g/cm’; medium-

density polyethylene (MDPE) having a density in the
range from 0.926 g/cm® to 0.940 g/cm’; low-density
polyethylene (LDPE) and linear low-density
polyethylene (LLDPE) having a density in the range
from 0.910 g/cm’® to 0.926 g/cm’.

In a preferred embodiment, the unsaturated fatty

acid has from 10 to 26, preferably from 14 to 22,
carbon atoms. ]

Examples of unsaturated fatty acids which can be

used according to  the present invention are:

myristoleic acid, palmitoleic acid, oleic acid,

gadoleic acid, erucic acid, ricinoleic acid, linoleic

acld, linolenic acid, arachidonic acid, and the like,

e
-

or mixtures thereof. Oleic acid 1is particularly

preferred.

The unsaturated fatty acids usable according to

the present invention can be used in mixtures with

yr—m
p—

saturated fatty acids. Examples o:

saturated fatty

acids which may be present in the mixture are: lauric




CA 02417877 2003-01-30

WO 02/11154 PCT/EP01/08084

10

15

20

25

30

33

acid, myristic acid, palmitic acid, stearic acid,

behenic acid, and the like, or mixtures thereof.

The 1nsulating composition which can be used

according to the present invention is not cross-

linked, or, preferably, is cross-linked.

L Y

f cross-linking is carried out, said cross-

linking  takes place via radicals by  thermal

F
p—

decomposition of a radical initiator, usually an

organic peroxide such as dicumyl peroxide, t-butyl
cumy 1 peroxide, 2,o—~dimethyl-2,5-di (t-butyl
peroxy)hexane, or di-t-butyl peroxide, which is made
to be absorbed by the polyethylene before extrusion

or 1injected directly into the extruder. The quantity

.

of radical initiator used is

generally 1in the range

from 0.1 to 5 parts per 100 parts by weight of the

composition.

In this case, the temperature of extrusion of

the material which forms the insulating layer is kept

pelow the decomposition temperature of the peroxide

used. For example, when dicumyl peroxide is used, the

temperature of the extruder is kept at approximately

130°C to prevent pre-crosslinking of the insulating

material, and the cross-linking process is carried

out at a temperature in the range from 180°C to 280°C.

o

If cross-linking is carried out, at least part

pa—

of the wunsaturated fatty acid is grafted onto the

polyethylene. It should be noted that the presence of

unsaturated fatty acid not grafted onto the

polyethylene, by contrast with other graftable

monomers whose ungrafted excess 1is usually eliminated

by degassing, does not adversely affect the final

performance of the cable.

The addition of the unsaturated fatty acid can

pe carried out either by its absorption on

polyethylene granules or powder before the extrusion
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or, preferably, by i1ts injection and mixing with the

melted polyethylene during the extrusion.

The quantity of fatty acid present in the

lnsulating composition is generally in the range from
0.01% to 0.5%, preferably from 0.05% to 0.3%, said

quantity being expressed as the content by weight of

-COOH groups with respect to the overall weight of
the polymeric composition.

The insulating composition described above can

optionally comprise an efficacious quantity of one or

more conventional additives, such as antioxidants,

processing adjuvants, lubricants, pigments, water-

tree retardants, voltage stabilizers, antiscorching

agents, and the like.

Antioxidants generally useful for this purpose

“are: 4,4’ -thio-bis (6-t-butyl-m-cresol) (known

commercially wunder the tradename Santonox® TBMC,
produced by Flexsys), tetrakis[3—(3,5—di“t~butyl—4—
hydroxyphenyl)propionyloxymethyl]methane (known

commercially under the tradename Irganox® 1010,
produced by CIBA), 2,2"-thio-bis(4-methyl-6-t-
butylphenol) (known commercially under the tradename
Irganox® 1081, produced by CIBA), 2,2"-thiodiethylene
bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]

(known commercially under the tradename Irganox®

1035, produced by CIBA), and thiocarboxylic acids

esters, or mixtures of thereof.

The attached Figure 1 shows an embodiment of the

cable according to the present invention, and, in

F
p—

particular, shows in a perspective view a section of

cable with portions partially removed to show its

structure.

With reference to Figure 1, the cable 1

according to the present invention comprises, in

-

sequence from the centre to the exterior: a conductor
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2, an inner semiconducting layer 3, an insulating

layer 4, an outer semiconducting layer 5, a metal

screen o0, and an outer sheath 7.

——

T'he conductor 2 generally consists of metal

wires, preferably made from copper or aluminium,

stranded together by conventional methods. The inner

and outer semiconducting layers 3 and 5, generally

consisting of a polyolefin-based polymeric

composition containing a conductive filler (carbon

black for example), are extruded onto the conductor

2, separately or simultaneously with the insulating

layer 4 according to the present invention. A screen

F
p—

f spirally wound

6, generally consisting O

electrically conducting wires or tapes, 1is usually

positioned around the outer semiconducting layer 5.

This screen 1is then covered with a sheath 7,

consisting of a thermoplastic material, for example

non-cross-linked polyethylene (PE), or, preferably, a

F

homopolymer or copolymer of propylene.

The cable can also be provided with an outer

protective structure (not shown in Figure 1) whose

principal function 1s to mechanically protect the

cable against impact and/or  compression. This

protective structure can be, for example, a metal

—
—

armour or a layer of expanded polymeric material as
described in patent application WO 98/52197.

Figure 1 shows only one possible embodiment of a

cable according to the present invention: clearly,

modifications known in the art can be made to this

embodiment without thereby departing from the scope

_

of the present invention.

T'he cable according to the present invention can

be made according to known techniques for the

P —

deposition of layers of thermoplastic material, for

F
P

example Dby means of extrusion. Advantageously, the
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-

extrusion 1s carried out in a single pass, for

example by means of a “tandem” technique, in which
individual extruders arranged in series are used, or

py co-extrusion by means of a multiple extrusion
o head.

The present 1invention will now be described

further 1n the following example which is provided

-

solely for the purpose of illustration and is not to

be considered as limiting the invention in any way.
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EXAMPLE 1

39.5 g of low-density polyethylene (LDPE LE 4210
S, produced by Borealis), containing 2.1% by weight

F

of dicumyl peroxide (99% purity), and 0.7 g of oleic

acid (Aldrich) were placed in a 200 ml flask, and the

whole was stirred continuously.

T'he temperature was then raised to 50°C and the

mixture was kept at this temperature, with stirring,

for three hours, until the oleic acid had Dbeen

completely absorbed.
Films by press moulding at 130°C and subsequent

cross~linking at 180°C were prepared from the mixture

SO oObtained.

The moulding conditions were as follows:

- press dimensions: 20 x 20 cm;

— pressure: 170 bar;

— quantity of material: 4.5 g;

- thermoforming temperature: 130°C;
= duration of thermoforming: 5 mins.;
= cross—-linking temperature: 180°C;

= duration of cross-linking: 30 mins.;

~ cooling time: 30 mins.
The films produced as described above had
dimensions of 20 x 20 cm and a thickness of

approximately 120 pum.

H

Test specimens having dimensions of 7 x 7 cm

were cut from the aforesaid films and were subjected

to an electrical ageing test in the presence of
polarity reversal: the results are shown in Table 1.

For  comparison, test specimens with the same

polyethylene without the addition of oleic acid were

produced as stated above.

The test was conducted as follows.

The aforesaid test specimens were placed between

two steel electrodes having a Rogowski profiles.
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The electrodes were immersed in a silicone oil

in order to prevent external discharges during the

" .

t

est, and a direct current electrical field of 20 kV

with positive polarity was applied. After 1 hour, the

polarity was reversed,

this way for 6 hours.

and the test was continued

in

The test was repeated with the electrical field

increased to 25 kV and with the polarity reversed

every hour, for 6 hours,

iy

C

s described above.

The lifetimes equivalent to a voltage gradient

of 216 kV/mm were calculated from the data obtained

from the tests conducted on 8 test specimens, by

carrying out a Weibull calculs

assuming a life n equal to 12:

tion on the said data,

the results are shown

in Table 1.
TABLE 1 o
MATERIAL LIFETIME AT 216 kV/mm
(hours)
XLPE L 1.20
| XLPE-g—-0A* | 35.00

*QA: oleic acid.
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CLAIMS

1. Cable for high voltage direct current transmission,
comprising at least one conductor and at least one extruded

insulating layer <consisting of a ©polymeric composition

O comprising a polyethylene and at least one unsaturated fatty

aclid.

2 . Cable according to Claim 1, 1n which the polyethylene 1is
a homopolymer of ethylene or a copolymer of ethylene with at
least one o«o-olefin having a density 1in the range from

10 0.860 g/cm’ to 0.970 g/cm’.

3. Cable according to Claim 2, in which the oa-olefin is an

r~ 1

olefin having the general formula CH,=CH-R, 1in which R

represents an alkyl group having 1 to 10 carbon atoms, linear

Or branched.

15 4. Cable according to Claim 2 or 3, 1n which the o-olefin
1S chosen from: propylene, l-butene, l-pentene,
4-methyl-1-pentene, 1-hexene, 1l-octene, l-dodecene, and the

like.

5. Cable according to any one of claims 1 to 4, in which the

20 polyethylene 1s chosen from the following:

P

high-density polyethylene having a density of at least
0.940 g/cm’;

medium-density polyethylene having a density in the range

from 0.926 g/cm’ to 0.940 g/cm’;
25 low-density polyethylene and linear low-density

polyethylene having a density in the range from 0.910 g/cm’ to
0.926 g/cm’.
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0. Cable according to any one of claims 1 to 5, 1in which the

polymeric composition 1s not cross-linked.

7. Cable according to any one of Claims 1 to 5, 1n which the

polymeric composition 1s cross—linked.

r—

8 . Cable according to any one of claims 1 to 7, 1n which the

unsaturated fatty acid is a fatty acid having from 10 to 26

carbon atoms.

F

9. Cable according to any one of claims 1 to 8, 1n which the

unsaturated fatty acid is chosen from the following:

myristoleic acid, palmitoleic acid, oleic acid, gadoleic acid,

erucic acid, ricinoleic acid, 1linoleic acid, linolenic acid,

F

arachidonic acid, and the like, or mixtures of thereof.

10. Cable according to Claim 9, 1in which the unsaturated

g
—
e

fatty acid 1s oleic acid.

ﬁ

11. Cable according to any one of claims 1 to 10, 1n which

the unsaturated fatty acid 1s 1n mixture wilith at least one

saturated fatty acid.

12. Cable according to Claim 11, in which the saturated fatty

acid 1s chosen from the following: lauric acid, myristic

acid, palmitic acid, stearic acid, behenic acid, and the like,

or mixtures of these.

13. Insulating composition comprising a polyethylene and at

least one unsaturated fatty acaid.

14. Insulating composition according to Claim 13, 1in which

the polyethylene is specified according to Claims 2 to o.



10

CA 02417877 2006-09-22

_17_..

15. Insulating composition according to Claim 13 or 14, 1in

which the unsaturated fatty acid 1s specified according to

Claims 8 to 12.

H

16. Method for reducing the accumulation of space charges 1n

an electrical cable for high voltage direct current

transmission, comprising at least one conductor and at least

one extruded 1insulating layer consisting of a polymeric

composition comprising a polyethylene, characterized 1n that

at least one unsaturated fatty acid 1s added to saild polymeric

composition.

17. Method according to Claim 16, 1n which the polyethylene

1s specified 1n Claims 2 to 5.

18. Method according to Claim 16 or 17, 1n which the

unsaturated fatty acid 1s specified 1in Claims 8 to 12.
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