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Description

Field grading layer

[0001] The present invention relates to a method for
applying a field grading layer to a cable, a cable compris-
ing said field grading layer, a crosslinkable field grading
tape, and the use of said method or said crosslinkable
field grading tape on a cable termination or a cable joint.
[0002] The present invention relates more particularly
to a field grading layer applicable for high voltage termi-
nations and factory joints for direct current (DC) applica-
tions. These field joints are applicable for instance in sub-
sea connections.

Background

[0003] Field grading layers are commonly used in al-
ternating current (AC) and direct current (DC) accesso-
ries including cables to control the electric field.
[0004] To obtain the field grading effect, the field grad-
ing layer is made of a material having a resistivity that
depends on the strength of the electric field, wherein this
dependence can be linear or non-linear.
[0005] The material of the field grading layer can com-
prise an insulating polymer matrix, non-linear or linear
conductive elements, and optionally additional conduc-
tive elements which do not have field grading properties.
[0006] At cable joints/terminations, not only the con-
ductors must be connected but also the field grading lay-
ers must be terminated and connected to ground and to
the high voltage conductor.

Prior art

[0007] US2010/0147556 describes a field grading ma-
terial comprising a dielectric polymer matrix such as EP-
DM rubber (ethylene propylene diene monomer), a plu-
rality of micro varistor particles, and a plurality of other
conductive particles referred to as bridging particles. The
resistivity of the varistor particles strongly depend on the
strength of the electric field, whereas the bridging parti-
cles do not have this field dependency but influences the
general conductivity of the field grading material. The
varistor particles accordingly provide the non-linear prop-
erties, whereas the bridging particles provide electrical
"bridges" between the varistor particles. The exemplified
varistor particles are inorganic particles of SiC and ZnO.
Examples of bridging particles include carbon black, and
inorganic oxides such as TiO2, antimony doped SnO2.
However, US2010/0147556 does not describe the meth-
od to prepare the field grading material and apply it to a
power cable.
[0008] WO 2004/038735 describes a field grading ma-
terial consisting of a polymeric matrix and an inorganic
filler such as ZnO, SiC, Al2O3, TiO2 or BaTiO3. The pol-
ymeric matrix of the field grading material consists of
polyolefin rubber or thermoplastic polyolefin elas-

tomer/plastomer, preferably including EPDM rubber or
silicone rubber. However, the application method is not
disclosed in details.
[0009] In the cable industry, a common method to pre-
pare a termination or a premolded joint including a resis-
tive control system (i.e. field grading system) is to com-
pound a field grading material comprising at least one
elastomer matrix and a conductive filler having field grad-
ing properties and then, to mold said field grading mate-
rial into a premolded joint or termination. The field grading
material can also be molded as a tube which can be
slipped onto the cable end or joint area. Indeed, low and
medium voltage accessories generally include a resistive
control system either as separate resistive control tubing,
or integrated as resistive control coating in an insulating
tubing. However, said methods include at least one mold-
ing step which is generally performed at high temperature
(e.g. above 200°C for several hours) and therefore, give
rise to thermal stress on the conductive filler and reduce
its field grading properties.
[0010] Moreover, the adhesion between the field grad-
ing layer and the insulation of the power cable relies on
pressure and involves the presence of air at the interface
between the field grading layer and the insulation, and
therefore of partial discharges. To avoid said partial dis-
charges and to enable the field grading layer to slide eas-
ily on the power cable, a sliding oil may be used to fill the
voids of air at the interface which reduces the adhesion.
Further, adhesion and electrical contact have a strong
relation and it is wished to have a good electrical contact
between the insulation layer and a field grading layer.
[0011] Accordingly, it still exists a need for an alterna-
tive field grading layer application method which induces
less thermal stress on the conductive filler having field
grading properties, thereby increasing the assortment of
fillers applicable. There is also a need for a field grading
layer application method which improves adhesion and
electrical contact to the insulation of the power cable.
Indeed, the application of a field grading layer to a cable
termination or joint by ensuring physical contact between
the insulation of said cable and said field grading layer
is of high importance for the transfer of surface charge.

Objectives of the invention

[0012] An aim of the present invention is to provide an
alternative method for preparation and application of a
field grading layer.
[0013] Further, the method should be applicable for
applying one or more field grading layers at cable termi-
nations and joints.
[0014] The method of applying field grading layers
should provide means of fast, robust, and simple appli-
cation of a field grading layer to a cable termination or
joint.
[0015] A further objective is to provide improved adhe-
sion between the conductive filler and the polymer matrix.
[0016] It is also an objective to improve the adhesion
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between the insulation layer of the cable and the field
grading layer.
[0017] A first object of the present invention is a method
of applying a field grading layer to a power cable com-
prising the following steps:

i) preparing a polymer composition comprising a pol-
ymer matrix, at least one conductive filler different
from a non-linear conductive organic filler, and at
least one crosslinking agent, said conductive filler
being a linear or non-linear inorganic conductive filler
selected from metal oxides, ceramics, carbon nan-
otubes, SiC, graphene oxide and mixtures thereof,
or a linear organic conductive filler selected from in-
trinsically conducting polymers and said polymer
matrix being different from an elastomer matrix,
ii) extruding the polymer composition into a crosslink-
able field grading tape,
iii) winding the crosslinkable field grading tape onto
a section of power cable in need of field grading, and
iv) crosslinking the crosslinkable field grading tape
to obtain a field grading layer.

[0018] The conductive filler of the present invention
has field grading properties.
[0019] Examples of non-linear conductive organic fill-
ers (which are excluded from the present invention) are
polyaniline emeraldine base (PANI-EB), polyaniline em-
eraldine salt (PANI-ES) or a mixture thereof.
[0020] The conductive filler can be a linear or non-lin-
ear inorganic conductive filler, or a linear conductive or-
ganic filler.
[0021] The linear or non-linear inorganic conductive
filler may be selected from metal oxides, ceramics, car-
bon nanotubes, SiC, graphene oxide, and mixtures there-
of.
[0022] The linear or non-linear inorganic conductive
filler is preferably selected from metal oxides, ceramics,
SiC, and mixtures thereof.
[0023] Examples of metal oxides and/or ceramics are
ZnO, FeO2, TiO2, Al2O3, BaTiO3, SnO2, or mixtures
thereof.
[0024] In a particularly preferred embodiment, the lin-
ear or non-linear inorganic conductive filler is selected
from SiC, ZnO, FeO2, TiO2, Al2O3, BaTiO3, SnO2, and
mixtures thereof.
[0025] The linear organic conductive filler may be se-
lected from intrinsically conducting polymers such as
polyaniline, polyacetylene, polyphenylene vinylene,
polypyrrole, polythiophene, or polyphenylene sulfide.
[0026] The polymer matrix is non-conductive (i.e. in-
sulative).
[0027] The polymer composition prepared in step i) can
further comprise one or more passive conductive fillers
which influences the general conductivity but which do
not contribute to the linear or non-linear dependency,
that-is-to-say to the field grading properties of the field
grading layer.

[0028] Examples of such passive conductive fillers in-
clude carbon black or antimony doped SnO2.
[0029] In one aspect of the invention, the polymer ma-
trix is selected from polyolefins, copolymers thereof,
polymethyl(methacrylate) (PMMA), and mixtures there-
of.
[0030] The polyolefins are preferably selected from the
group consisting of polypropylene (PP), polyethylene
(PE), low density polyethylene (LDPE), cross-linked pol-
yethylene (XLPE), and mixtures thereof, and more pref-
erably selected from the group consisting of PE, LDPE,
XLPE, and mixtures thereof.
[0031] In a preferred embodiment, the polymer matrix
does not contain any elastomer. In other words, the pol-
ymer matrix is different from an elastomer matrix.
[0032] In a preferred embodiment, the polymer matrix
is LDPE and the outer surface of the section of the power
cable in need of field grading is made of XLPE. Here, the
XLPE is applied to the power cable as an insulation layer.
[0033] In one preferred aspect of the method of the
present invention, the at least one conductive filler is a
linear or non-linear inorganic conductive filler selected
from metal oxides, ceramics, carbon nanotubes, SiC,
graphene oxide, and mixtures thereof, and more prefer-
ably selected from SiC, ZnO, FeO2, TiO2, Al2O3, BaTiO3,
SnO2, and mixtures thereof.
[0034] The polymer composition can comprise from
10% to 50%, and preferably from 20% to 40% by volume
of conductive filler.
[0035] The polymer composition can comprise from
20% to 70% by weight of polymer matrix.
[0036] In yet another aspect of the method, the at least
one crosslinking agent is an organic peroxide, and pref-
erably a dialkyl peroxide.
[0037] Examples of dialkyl peroxides include dicumyl
peroxide, tert-butyl cumyl peroxide, di(tert-butylperox-
yisopropyl)benzene, di-tert-butyl peroxide, and mixtures
thereof.
[0038] Dicumyl peroxide is preferred.
[0039] In a further aspect, a first section of the power
cable comprises an insulation layer, and the crosslinking
of the crosslinkable field grading tape results in crosslink-
age to the insulation layer.
[0040] In one aspect of the method according to the
present invention, the crosslinking step iv) is performed
by heating, where the heating time necessary to obtain
the crosslinking is significantly reduced compared to
crosslinking a traditional applied elastomer matrix-based
field grading layer.
[0041] Thanks to the method of the present invention,
the field grading layer has good electrical contact with
the entire length of the termination or the joint, due to the
improved adhesion to the insulation layer of the cable.
[0042] The field grading layer applied thanks to the
method of the invention can be considered as a fine tun-
ing of the surface resistance of the cable insulation to a
desirable level, which then controls the tangential field
and reduce charge that builds up on the surface over the
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termination or the joint.
[0043] A second object of the present invention is a
power cable comprising a central conductor, an insula-
tion layer surrounding the central conductor, an inner
semiconducting layer arranged in between the central
conductor and the insulation layer, and on a first section
of the power cable a field grading layer on the outer sur-
face of the insulation layer, wherein the field grading layer
comprises a polymer matrix and at least one conductive
filler different from a non-linear conductive organic filler,
wherein said field grading layer is crosslinked internally
and crosslinked to the insulation layer.
[0044] The conductive filler and the polymer matrix are
as defined in the first object of the present invention.
[0045] In another aspect of the power cable according
to the present invention, the power cable on a second
section comprises an outer semiconducting layer ar-
ranged radially outside the insulation layer, and wherein
the field grading layer is in electrical contact with the outer
semiconducting layer and in electrical contact with the
central conductor.
[0046] As it is well known for a person skilled in the art,
the field grading layer needs to be in electrical contact
with a grounded outer semiconducting layer arranged
radially outside the insulation layer on the part of the cable
not supplied with the field grading layer. Further, the field
grading layer is in electrical contact with the high voltage
potential conductor. This allows the field grading layer to
evenly distribute the electric field.
[0047] A third object of the present invention is a
crosslinkable field grading tape comprising a polymer
matrix, at least one conductive filler different from a non-
linear conductive organic filler, and at least one crosslink-
ing agent.
[0048] The conductive filler and the polymer matrix are
as defined in the first object of the present invention.
[0049] In one aspect of the invention, the polymer ma-
trix is selected from the group comprising polyolefins, co-
polymers thereof, polymethyl(methacrylate) (PMMA),
and mixtures thereof, and more preferably selected from
the group comprising polypropylene (PP), polyethylene
(PE), low density polyethylene (LDPE), cross-linked pol-
yethylene (XLPE), and mixtures thereof.
[0050] The crosslinking agent can be an organic per-
oxide, and preferably a dialkyl peroxide.
[0051] Examples of dialkyl peroxides include dicumyl
peroxide, tert-butyl cumyl peroxide, di(tert-butylperox-
yisopropyl)benzene, di-tert-butyl peroxide, and mixtures
thereof.
[0052] Dicumyl peroxide is preferred.
[0053] A fourth object of the present invention is the
use of the method according to the present invention or
the crosslinkable field grading tape according to the
present invention to provide a field grading layer on a
subsea cable termination and /or a subsea cable joint.
[0054] The term "field grading" as used here in the
terms "field grading tape" and "field grading layer" refers
to the field grading properties of the tape or layer. The

"field grading" has a non-linear or a linear conductivity
which provides active control of the electrical field.
[0055] Accordingly, the term "field grading layer" de-
scribes the use of a layer with non-linear or linear field
dependent conductivity to actively control the electric
field.
[0056] The terms "non-linear conductive inorganic fill-
er", "linear conductive inorganic filler", and "linear con-
ductive organic filler" as used here refers to an organic
or an inorganic compound with a non-linear or a linear
conductivity. Accordingly, the non-linear conductive in-
organic filler, and/or the linear conductive inorganic filler,
and/or the linear conductive organic filler is(are) the ac-
tive(s) compound(s) in the polymer composition of step
i) providing the field grading properties. As an example,
the conductivity of the conductive filler of the invention
depends on an electric field and may in a simplified way
be written as follows: 

[0057] in which σ is the conductivity at an electric field
E, σ0 is the conductivity at a low electric field E0, Eth is
the electric field threshold, and α is the coefficient of lin-
earity or non-linearity. If the coefficient α is equal to 1,
then the dependence of the conductivity is linear with
respect to the electric field, and if the coefficient α is dif-
ferent from 1, the dependence is non-linear.
[0058] The term "passive conductive filler" as used
here refers to a compound which can be either organic
or inorganic and which provides conductivity but which
does not contribute to the field grading properties of the
polymer composition.
[0059] The term "tape" as employed here refers to a
flat band of material which can be applied to a cable with
a generally circular circumference by winding the tape
onto the surface of the cable or a part thereof.

Brief description of the drawings

[0060] The enclosed figures illustrate one embodiment
of the present invention.

Figure 1a illustrates a cable termination prior to the
application of a crosslinkable field grading tape ac-
cording to one embodiment of the present invention.

Figure 1b illustrates the same cable termination as
figure 1a but after a crosslinkable field grading tape
according to the present invention has been applied
to the cable termination.

Figure 2 represents a longitudinal cross sectional
view of a power cable comprising a field grading layer
according to the invention, and a termination.
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Figure 3 represents a longitudinal cross sectional
view of a power cable comprising a field grading layer
according to the invention, and a junction.

[0061] For reasons of clarity, the same elements are
designed by identical references. Similarly, only those
elements that are essential for understanding the inven-
tion are shown in diagrammatic manner, and scale is not
complied with.

Principal description of the invention

[0062] The present invention will now be described in
further details. Compounding and especially crosslinking
of a conductive filler having field grading properties in an
elastomer matrix according to the prior art method for
preparing premolded joints or stress cones, induces
stress to the conductive filler and reduces the field grad-
ing properties of the conductive filler. When molding the
elastomer matrix containing the conductive filler, a high
temperature has to be maintained for a long time (often
more than one hour) to achieve crosslinking. One reason
for this is that premolded joints are quite large and the
thermal inertia of the system causes the temperature to
be maintained for an extended time.
[0063] According to one aspect of the present inven-
tion, a crosslinkable field grading tape is produced by
preparing a polymer composition comprising at least one
conductive filler different from a non-linear conductive
organic filler, a polymer matrix such as low density pol-
yethylene (LDPE) matrix, and at least one crosslinking
agent, said polymer composition being then extruded into
said tape.
[0064] Thus, the crosslinkable field grading tape is
formed of an extruded polymer composition comprising
a polymer matrix, at least one conductive filler different
from a non-linear conductive organic filler, and at least
one crosslinking agent.
[0065] This crosslinkable field grading tape is accord-
ing to this aspect of the present invention applied to an
element, such as a power cable, in need of a field grading
layer and then, crosslinked. The thin crosslinkable field
grading tape can be crosslinked with in a considerable
shorter time period (5-20 minutes) which induces less
thermal stress on the conductive filler than the molding
of a conductive filler in an elastomer matrix or a polymer
matrix according to the prior art.
[0066] In one aspect of the present invention, the pol-
ymer matrix used for the crosslinkable field grading tape
is of the same type or equivalent to the polymer employed
in the insulation layer of the power cable or the joint,
thereby improving the compatibility and the adhesion of
the different parts. The insulation layer is preferably made
of crosslinked polyethylene (XLPE) or low density poly-
ethylene (LDPE).
[0067] The polymer of the insulation layer may further
comprise a peroxide to facilitate the crosslinking.
[0068] Making a crosslinkable field grading tape in-

stead of molding an elastomer matrix-based composition
makes it possible to use application techniques well
known from the manufacturing of factory joints using for
example crosslinked polyethylene (XLPE) tape. This re-
duces the time during which the conductive filler is sub-
jected to high temperature during application, allowing a
higher degree of non-linearity or linearity to remain
through crosslinking (step iv)) and compounding (i.e. step
i)). Crosslinking also ensures good adhesion between
the cable insulation layer and the crosslinkable field grad-
ing tape and some amount of crosslinking will also occur
between the crosslinkable field grading tape and the pre-
viously extruded and eventually crosslinked insulation
layer. Thus, the crosslinking of the crosslinkable field
grading tape induces chemical bonding with great adhe-
sion of the field grading layer to the insulation layer of
the power cable.
[0069] In one embodiment of the present invention, a
crosslinkable field grading tape is prepared by preparing
a polymer composition comprising LDPE, at least one
peroxide, and one or more conductive fillers different
from a non-linear conductive organic filler, and extruding
said polymer composition.
[0070] Applicable peroxides include but are not limited
to organic peroxides, more specifically dialkyl peroxides.
[0071] Examples of dialkyl peroxides include, but not
limited to, dicumyl peroxide, tert-butyl cumyl peroxide,
di(tert-butylperoxyisopropyl)benzene, di-tert-butyl per-
oxide, and mixtures thereof.
[0072] In the manufacturing process of factory joints
used in subsea high voltage cables, an extruded
crosslinkable field grading tape in which the polymer ma-
trix is polyethylene, is used. This polyethylene with per-
oxides for crosslinking is modified into a field grading
layer by adding at least one conductive filler having field
grading properties in the form of metal oxides, ceramics,
carbon nanotubes, SiC, graphene oxide, and mixtures
thereof, and more preferably in the form of SiC, ZnO,
FeO2, TiO2, Al2O3, BaTiO3, SnO2, and mixtures thereof.
This crosslinkable field grading tape is then applied to
the cable, heated to initiate crosslinking.
[0073] The crosslinking step i) can be performed at a
temperature ranging from about 150°C to about 250°C,
and preferably from about 170°C to about 210°C, and
optionally during from about 5 min to about 60 min, and
preferably from about 10 to about 30 min.
[0074] After application, conventional terminations,
premolded joints or factory joints can be applied on top
of the insulation layer of the cable.
[0075] Figures 1a and 1b illustrates schematically a
cable termination making use of the present invention.
Figure 1a illustrates a power cable PC1 comprising a cen-
tral conductor (1a), radially surrounded by an inner sem-
iconducting layer (2a), surrounded radially by and insu-
lation layer (3a) which initially is surrounded radially with
an outer semiconducting layer (4a). To allow for termi-
nation of the cable, the outer semiconducting layer (4a)
has been removed from a part of the illustrated end sec-
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tion of the cable. At the termination end also, a section
of the insulation layer (3a) and the inner semiconducting
layer (2a) have been removed providing a section of the
conductor (1a) for electrical connection.
[0076] As an example, a polymer composition com-
prising LDPE, an organic peroxide, and a conductive filler
having field grading properties is prepared so as to obtain
a crosslinkable field grading tape. In the termination, the
crosslinkable field grading tape would be applied as in-
dicated below in figure 1b, forming the field grading layer
(5a). A conventional stress cone for AC terminations can
then be mounted on top of the field grading tape layer
(5a). As illustrated, the field grading layer (5a) is in elec-
trical contact with the outer semiconducting layer (4a) at
the end (6a) of the outer semiconducting layer (4a).
[0077] The conductor (1a) can consist of a multitude
of individual copper or aluminum conductors.
[0078] The outer semiconducting layer (4a) and/or the
inner semiconducting layer (2a) can be made of a poly-
mer filled with carbon particles.
[0079] Application of a field grading material as a
cross-bonded tape as compared with elastomer matrix
has the following advantages:

- excellent adhesion between the insulation layer (3a)
and the field grading layer (5a),

- simpler application process as there is no need to
mold a separate accessory, and

- less thermal stress on the conductive filler during
preparation of the crosslinkable field grading tape as
compared with preparing a premolded accessory

[0080] The present invention is especially a feasible
technique for joints and terminations for subsea cables,
which benefit from the improved field grading properties.
[0081] Figure 2 represents a power cable PC2 posi-
tioned in a termination (7), the termination (7) surround-
ing the power cable PC2.
[0082] The power cable comprises a central conductor
(1b), surrounded successively by an inner semiconduct-
ing layer (2b), an insulation layer (3b), and an outer sem-
iconducting layer (4b).
[0083] At the end (8b) of the power cable, a field grad-
ing layer (5b) replaces a part of the outer semiconducting
layer (4b) of the power cable, so that the layer (5b) lon-
gitudinally extends in the prolongation from the outer
semiconducting layer (4b) to said end (8b).
[0084] Hence, said layer (5b) surrounds and is physi-
cally in contact with the insulation layer (3b) of the power
cable PC2.
[0085] In addition, the field grading layer (5b) is elec-
trically connected to the central conductor (1b) by a con-
ducting connection (9).
[0086] The termination (7) includes:

- a stress cone body (10), and

- a deflector (11).

[0087] The stress cone body (10) surrounds a part of
the field grading layer (5b), the stress cone body (10)
being an electrically insulating body. The deflector (11)
is a semiconducting cone surrounding a part of the outer
semiconducting layer (4b) and a part of the field grading
layer (5b). The deflector (11) is physically in contact with
the outer semiconducting layer (4b) of the power cable,
and in physically in contact with the field grading layer
(5b). Hence, at least inside the termination (7), the field
grading layer (5b) separates the insulation layer (3b) from
the deflector (11).
[0088] Figure 3 represents a first power cable PC3 and
a second power cable PC4, positioned in a junction (12),
the junction (12) surrounding each power cable (PC3,
PC4).
[0089] Both power cables (PC3, PC4) respectively
comprise a central conductor (1c, 1d), surrounded suc-
cessively by an inner semiconducting layer (2c, 2d), an
insulation layer (3c, 3d), and an outer semiconducting
layer (4c, 4d).
[0090] At the end (8c, 8b) of each power cable (PC3,
PC4), a field grading layer (5c, 5d) replaces a part of the
outer semiconducting layer (4c, 4d) of the power cable
(PC3, PC4), so that the layer (5c) longitudinally extends
in the prolongation from the outer semiconducting layer
(4c) to the end (8c) of the first power cable, and the layer
(5d) longitudinally extends in the prolongation from the
outer semiconducting layer (4d) to the end (8d) of the
second power cable.
[0091] Hence, said layer (5c, 5d) surrounds and is
physically in contact with the insulation layer (3c, 3d) of
each power cable (PC3, PC4).
[0092] The junction (12) includes:

- an insulation of premolded joint (13),

- an outer semiconducting screen (14), and

- a connector (15) surrounded by a conducting screen
(16), to electrically connect the first power cable and
the second power cable together in the junction (12).

[0093] The insulation (13) surrounds all the field grad-
ing layers (5c) and (5d), the premoulded joint being an
electrically insulating joint.
[0094] The outer semiconducting screen (14) sur-
rounds a part of the outer semiconducting layers (4c, 4d)
of said power cables, and a part of the field grading layers
(5c, 5d). The outer semiconducting screen (14) is phys-
ically in contact with the outer semiconducting layers (4c,
4d) of the power cables (PC3, PC4), and in physically in
contact with the field grading layers (5c, 5d). Hence, at
least inside the junction (12), the field grading layer (5c)
separates the insulation layer (3c) from the outer semi-
conducting screen (14), and the field grading layer (5d)
separates the insulation layer (3d) from the semiconduct-
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ing screen (14).
[0095] The connector (15) allows to electrically con-
nect the central conductor (1c) of the first power cable
PC3 with the central electrical conductor (1d) of the sec-
ond power cable PC4.
[0096] In addition, the field grading layers (5c, 5d) are
electrically connected to the central conductors (1c, 1d)
by the intermediate of the connector (15) surrounded by
its conducting screen (16).

Claims

1. Method of applying a field grading layer to a power
cable, wherein it comprises the following steps:

i) preparing a polymer composition comprising
a polymer matrix, at least one conductive filler
different from a non-linear conductive organic
filler, and at least one crosslinking agent,

* said conductive filler being a linear or non-
linear inorganic conductive filler selected
from metal oxides, ceramics, carbon nano-
tubes, SiC, graphene oxide and mixtures
thereof, or a linear organic conductive filler
selected from intrinsically conducting poly-
mers, and
* said polymer matrix being different from
an elastomer matrix,

ii) extruding the polymer composition into a
crosslinkable field grading tape,
iii) winding the crosslinkable field grading tape
onto a section of power cable in need of field
grading, and
iv) crosslinking the crosslinkable tape to obtain
a field grading layer.

2. Method according to claim 1, wherein the polymer
matrix is selected from polyolefins, copolymers
thereof, polymethyl(methacrylate), and mixtures
thereof.

3. Method according to claim 2, wherein the polyolefins
are selected from the group consisting of polypro-
pylene (PP), polyethylene (PE), low density polyeth-
ylene (LDPE), cross-linked polyethylene (XLPE),
and mixtures thereof.

4. Method according to any one of the preceding
claims, wherein the at least one conductive filler is
selected from metal oxides, ceramics, carbon nan-
otubes, SiC, graphene oxide, and mixtures thereof.

5. Method according to any one of the preceding
claims, wherein the polymer composition further
comprises at least one passive conductive filler.

6. Method according to claim 5, wherein the at least
one passive conductive filler is selected from carbon
black and antimony doped SnO2.

7. Method according to any one of the preceding
claims, wherein the at least one crosslinking agent
is an organic peroxide.

8. Method according to any one of the preceding
claims, wherein a first section of the power cable
comprises an insulation layer, and the crosslinking
of the crosslinkable field grading tape results in
crosslinkage to the insulation layer.

9. Method according to any one of the preceding
claims, wherein the power cable comprises a central
conductor, an insulation layer surrounding the cen-
tral conductor, an inner semiconducting layer ar-
ranged in between the central conductor and the in-
sulation layer, and on a first section of the power
cable said field grading layer on the outer surface of
the insulation layer, wherein the field grading layer
comprises said polymer matrix and said at least one
conductive filler different from a non-linear conduc-
tive organic filler, and wherein said field grading layer
is crosslinked internally and crosslinked to the insu-
lation layer.

10. Method according to claim 9, wherein the power ca-
ble on a second section comprises an outer semi-
conducting layer, and wherein the field grading layer
is in electrical contact with the outer semiconducting
layer (and in electrical contact with the central con-
ductor.

11. Use of the method according to one of the claims
1-10 to provide a field grading layer on a subsea
cable termination or a subsea cable joint.

Patentansprüche

1. Verfahren zum Auftragen einer Feldabstufungs-
schicht auf ein Stromkabel, wobei es die folgenden
Schritte umfasst:

i) Herstellen einer Polymerzusammensetzung,
die eine Polymermatrix, zumindest einen leitfä-
higen Füllstoff, der sich von einem nichtlinearen
leitfähigen organischen Füllstoff unterscheidet,
und zumindest ein Vernetzungsmittel umfasst,

* wobei der leitfähige Füllstoff ein linearer
oder nichtlinearer anorganischer leitfähiger
Füllstoff ist, der aus Metalloxiden, Keramik,
Carbonnanoröhrchen, SiC, Graphenoxid
und Mischungen davon ausgewählt ist,
oder ein linearer organischer leitfähiger

11 12 



EP 2 963 654 B1

8

5

10

15

20

25

30

35

40

45

50

55

Füllstoff ist, der aus intrinsisch leitenden Po-
lymeren ausgewählt ist, und
* die Polymermatrix sich von einer Elasto-
mermatrix unterscheidet,

ii) Extrudieren der Polymerzusammensetzung
in ein vernetzbares Feldabstufungsband,
iii) Wickeln des vernetzbaren Feldabstufungs-
bands auf einen Abschnitt eines Stromkabels,
das einer Feldabstufung bedarf, und
iv) Vernetzen des vernetzbaren Bands, um eine
Feldabstufungsschicht zu erhalten.

2. Verfahren nach Anspruch 1, wobei die Polymerma-
trix aus Polyolefinen, Copolymeren davon, Polyme-
thyl(methacrylat) und Mischungen davon ausge-
wählt ist.

3. Verfahren nach Anspruch 2, wobei die Polyolefine
aus der Gruppe ausgewählt sind, bestehend aus Po-
lypropylen (PP), Polyethylen (PE), niedrigdichtem
Polyethylen (LDPE), vernetztem Polyethylen (XL-
PE) und Mischungen davon.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei der zumindest eine leitfähige Füllstoff aus Me-
talloxiden, Keramik, Carbonnanoröhren, SiC, Gra-
phenoxid und Mischungen davon ausgewählt ist.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Polymerzusammensetzung ferner zumin-
dest einen passiven leitfähigen Füllstoff umfasst.

6. Verfahren nach Anspruch 5, wobei der zumindest
eine passive leitfähige Füllstoff aus Industrieruß und
antimondotiertem SnO2 ausgewählt ist.

7. Verfahren nach einem der vorstehenden Ansprüche,
wobei das zumindest eine Vernetzungsmittel ein or-
ganisches Peroxid ist.

8. Verfahren nach einem der vorstehenden Ansprüche,
wobei ein erster Abschnitt des Stromkabels eine Iso-
lierschicht umfasst und das Vernetzen des vernetz-
baren Feldabstufungsbands zu einer Vernetzung mit
der Isolierschicht führt.

9. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Stromkabel einen zentralen Leiter, eine
den zentralen Leiter umgebende Isolierschicht, eine
zwischen dem zentralen Leiter und der Isolierschicht
angeordnete innere halbleitende Schicht, und auf ei-
nem ersten Abschnitt des Stromkabels die Feldab-
stufungsschicht auf der Außenfläche der Isolier-
schicht, wobei die Feldabstufungsschicht die Poly-
mermatrix und den zumindest einen leitfähigen Füll-
stoff umfasst, der sich von einem nichtlinearen leit-
fähigen organischen Füllstoff unterscheidet, und wo-

bei die Feldabstufungsschicht intern vernetzt und mit
der Isolierschicht vernetzt wird.

10. Verfahren nach Anspruch 9, wobei das Stromkabel
auf einem zweiten Abschnitt eine äußere Halbleiter-
schicht umfasst, und wobei die Feldabstufungs-
schicht in elektrischem Kontakt mit der äußeren
halbleitenden Schicht (und in elektrischem Kontakt
mit dem zentralen Leiter) steht.

11. Verwendung des Verfahrens nach einem der An-
sprüche 1 bis 10, um eine Feldabstufungsschicht auf
einem untermeerischen Kabelabschluss oder einem
untermeerischen Kabelspleiß bereitzustellen.

Revendications

1. Procédé d’application d’une couche de calibrage de
champs sur un câble d’alimentation, dans lequel il
comprend les étapes suivantes :

i) préparation d’une composition de polymère
comprenant une matrice de polymère, au moins
une charge conductrice différente d’une charge
organique conductrice non linéaire, et au moins
un agent de réticulation,

* ladite charge conductrice étant une charge
conductrice inorganique linéaire ou non li-
néaire choisie parmi les oxydes de métaux,
les céramiques, les nanotubes de carbone,
le SiC, l’oxyde de graphène et les mélanges
de ceux-ci, ou une charge conductrice or-
ganique linéaire choisie parmi les polymè-
res intrinsèquement conducteurs, et
* ladite matrice de polymère étant différente
d’une matrice d’élastomère,

ii) extrusion de la composition de polymère en
une bande de calibrage de champs réticulable,
iii) enroulement de la bande de calibrage de
champs réticulable sur une section de câble
d’alimentation nécessitant un calibrage de
champs, et
iv) réticulation de la bande réticulable pour ob-
tenir une couche de calibrage de champs.

2. Procédé selon la revendication 1, dans lequel la ma-
trice de polymère est choisie parmi les polyoléfines,
les copolymères de celles-ci, le polyméthyl(métha-
crylate), et les mélanges de ceux-ci.

3. Procédé selon la revendication 2, dans lequel les
polyoléfines sont choisies dans le groupe constitué
du polypropylène (PP), du polyéthylène (PE), du po-
lyéthylène basse densité (LDPE), du polyéthylène
réticulé (XLPE), et des mélanges de ceux-ci.
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4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’au moins une charge con-
ductrice est choisie parmi les oxydes de métaux, les
céramiques, les nanotubes de carbone, le SiC, l’oxy-
de de graphène, et les mélanges de ceux-ci.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la composition de polymè-
re comprend en outre au moins une charge conduc-
trice passive.

6. Procédé selon la revendication 5, dans lequel l’au
moins une charge conductrice passive est choisie
parmi le noir de carbone et le SnO2 dopé à l’antimoi-
ne.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’au moins un agent de ré-
ticulation est un peroxyde organique.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel une première section du
câble d’alimentation comprend une couche d’isola-
tion, et la réticulation de la bande de calibrage de
champs réticulable conduit à une réticulation de la
couche d’isolation.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le câble d’alimentation
comprend un conducteur central, une couche d’iso-
lation entourant le conducteur central, une couche
semi-conductrice interne agencée entre le conduc-
teur central et la couche d’isolation, et sur une pre-
mière section du câble d’alimentation ladite couche
de calibrage de champs sur la surface externe de la
couche d’isolation, dans lequel la couche de calibra-
ge de champs comprend ladite matrice de polymère
et ladite au moins une charge conductrice différente
d’une charge organique conductrice non linéaire, et
dans lequel ladite couche de calibrage de champs
est réticulée intérieurement et réticulée sur la couche
d’isolation.

10. Procédé selon la revendication 9, dans lequel le câ-
ble d’alimentation sur une seconde section com-
prend une couche semi-conductrice externe, et dans
lequel la couche de calibrage de champs est en con-
tact électrique avec la couche semi-conductrice ex-
terne (et en contact électrique avec le conducteur
central.

11. Utilisation du procédé selon l’une des revendications
1 à 10 pour fournir une couche de calibrage de
champs sur une extrémité de câble sous-marin ou
une jonction de câble sous-marin.
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