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ABSTRACT

The polymer compound contains a polymer matrix and é
filler embedded in the matrix. The filler comprises
two filler components with nonlinear current-voltage
characteristics deviating from one another. . By
selection of suitable amounts of these filler
components, a polymer compound. with a predetermined
nonlinear current-voltage characteristic deviating from

these two characteristics can be formed in this way.

(Figure 1)
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A polymer compound with a nonlinear current-voltage
characteristic comprising a polymer matrix and a
filler with a nonlinear current-voltage
characteristic embedded in the matrix,
characterized in that the filler contains at least
two filler components with nonlinear current-

voltage characteristics deviating from one another.

The polymer compound as claimed in claim 1,
characterized in that the two filler components are
formed in each case by particles ' containing a
doped, sintered metal oxide with grain boundaries
and differ from one another by deviating
stoichiometry of the dopants and/or by grain
boundary structures deviating from one another,

caused by different sintering conditions.

The polymer compound as claimed in either of claims
1 and 2, characterized in that the polymer compound
additionally contains electrically conducting or
electrically semiconducting material.

3
The polymer compound as claimed in claim 3,
characterized in that the electrically conducting

or electrically semiconducting material contains -

particles with a large 1length-to-diameter ratio,

such as in particular nanotubes.

The polymer compound as claimed in one of claims 1
to 4, characterized in that' the filler has an
additional component comprising a material with a

high relative permittivity.

The polymer compound as claimed in one of claims 1
to 5, characterized in that the polymer compound

additionally contains an additive which contains at
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12.

13.
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least one stabilizer, one flame retardant and/or

one processing aid.

The polymer compound as claimed in claim 6,
characterized in that the proportion of additive -
amounts to 0.01 to 5 percent by volume of the

polymer compound.

The polymer compound as claimed in one of claims 1
to 7, characterized in that the polymer compound
additionally contains aluminum hydroxide and/or

magnesium hydroxide, acting as a flame retardant.

The polymer compound as claimed in one of claims 1
to 8, characterized in that the polymer compound
additionally contains a coupling agent, increasing

the adhesion between the polymer and the filler.

The polymer compound as claimed in claim 9,
characterized in that the proportion of coupling
agent amounts to 0.01 to 5 percent by volume of the

polymer compound.

The polymer compound as claimed in one of claims 1
to 10, characterized in that the polymer matrix

contains a single polymer or a mixture of polymers.

The polymer compound as claimed in claim 11,
characterized in that the single polymer or at
least one of the polymers of the mixture contains
polar groups and/or is an intrinsically

electrically conductive polymer.

The polymer compound as claimed in claim 12,
characterized in that the proportion of polymer
containing polar groups and/or intrinsically
electrically conductive polymer amounts to 0.01 to

50 percent by volume of the polymer matrix.
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A process for preparing a polymer compound with a
predetermined nonlinear current-voltage
characteristic by mixing a polymer and a filler
with a nonlinear current-voltage characteristic,
characterized in that the filler is mixed from a
basic set of at least two filler components with
nonlinear current-voltage characteristics deviating
from one another, the mixing ratio of the
components being selected such that the polymer
compound has the predetermined characteristic.

The process as claimed in claim 14, characterized
in that the mixing ratio is <chosen from a
predetermined family of characteristics of at least
three polymer compounds, of which two in each case
contain at most one of the at least two filler
components and a third one contains the at least
two filler components mixed with a prescribed

ratio.

DATED THIS 24th DAY OF JUNE 2002

K]

ABB SCHWEIZ AG

PATENT ATTORNEY FOR THE APPLICANT
F.B. RICE & CO.
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COMPLETE SPECIFICATION
STANDARD PATENT

Invention Title:

Polymer compound with nonlinear current-voltage
characteristic and process for producing a polymer compound

The following statement is a full description of this invention
including the best method of performing it known to us:-




10

15

20

25

30

35

1/1

DESCRIPTION

TECHNICAL AREA

The invention is based on a polymer compound according
to the preamble of patent claim 1 and on a process for
preparing a polymer compound according to the preamble
of patent claim 14. The polymer compound contains a
polymer matrix, in which electrically conducting
particles, such as conductive carbon black, and/or
metal powder and/or electrically semiconducting

particles, such as SiC or 2ZnO for instance, are
embedded as a filler. This polymer compound has a
nonlinear current-voltage characteristic, which is

influenced by the filler content and the dispersion of
the filler. The resistivity determined by the current-
voltage characteristic and other electrical properties
can generally be influenced on the basis of the
strength of an electric field applied to the polymer
compound only by means of the filler content and the

degree of dispersion.

The polymer compound can be used with advantage as a
base material in voltage-limiting resistors (varistors)
or as a field-controlling material in power engineering
installations and apparatuses, such as in particular in

cable potheads or in cable-jointing sleeves.
PRIOR ART

A polymer compound of the type stated at the beginning
and a process of the type stated at the beginning are
described in an article by R. Strimpler et al. "Smart
Varistor Composites" Proc. of the 8th CIMTEC Ceramic
Congress, June 1994 and in EP 875 087 Bl and
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WO 99/56290 Al. Doped and sintered particles of =zinc
oxide are provided as the filler in this polymer

compound.

Typical dopants are metals, as are used in the
production of metal oxide varistors and typically
comprise Bi, Cr, Co, Mn and Sb. Doped ZnO powder is
sintered at 800 to 1300°C. Desired -electrical
properties of the filler are achieved by "suitable
sintering temperatures and times. After the sintering,
each particle has an electrical conductivity which
changes as a nonlinear function on the basis of the
applied electric field. Each particle therefore acts
as a small varistor. The nonlinear behavior of the
filler can be set within certain limits by the suitable
sintering conditions. The nonlinear electrical
properties of the polymer compound can therefore be set
during the preparation of the compound not only by
means of the filler content and the deggee of
dispersion but also by means of the sintering

conditions of the filler.

BRIEF SUMMARY OF THE INVENTION

]
The invention, as it is specified in the patent claims,
is based on the object of providing a polymer compound
of the type stated at the beginning, of which the
nonlinear electrical properties can be set in an easy.
way during the preparation process, and a procéss for .
preparing such a polymer compound with which polymer
compounds with prescribed nonlinear electrical

properties can be produced in a cost-effective way.

In the case of the polymer compound according to the
invention, the filler contains at least two filler
components with nonlinear current-voltage
characteristics deviating from one another. By
selecting suitable amounts of these filler components,
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a polymer compound with a nonlinear current-voltage
characteristic deviating from these two characteristics
can consequentlyi be achieved. The polymer compound
according to the invention is therefore distinguished
by the fact that, in spite of precisely defined
nonlinear electrical properties, it can be prepared
with little expenditure. A small basic set of filler
components, each with a defined nonlinear current-
voltage characteristic, can be used to produce polymer
compounds with wvirtually any desired current-voltage

characteristics.

By combining the two filler components, the polymer
compound can not only be imparted predetermined
electrical properties, but its thermal conductivity can
also be influenced decisively in this way. When using
polymer compounds as a field-control material, for
instance in cable harnesses, this 1is particularly
important, since the cable harness is strongly heated
because of dielectric losses in the polymer compound
and because of electrical 1losses 1in the metallic
conductor. The generally low thermal conductivity of
the polymer is neutralized by suitably selected filler
components, which, along with the good electrical
behavior, also give the polymer compound adequately

good thermal conductivity.

In applications of the polymer compound in which, as in
the case of surge arresters or field-control material,
nonlinear electrical behavior is of primary importance,
it 1is particularly advantageous if the two filler
components are formed in each case by a doped, sintered
metal oxide with particles containing grain boundaries
and differ from one another by deviating stoichiometry
of the dopants and/or by having grain boundary
structures which deviate from one another, have
different grain sizes and are caused by different

sintering conditions. The metal oxide 1is generally
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zinc oxide, but may also advantageously be tin dioxide
or titanium dioxide. The current-voltage
characteristics deviating from one another <can be
achieved by different proportions by weight of the
dopants, i.e. by different formulations of the two
filler components, or by different conditions during
the sintering of the filler components. The sintering
conditions comprise, in particular, the sintering
temperature, the residence time, the gas composition of
the sintering atmosphere and the heating-up and
cooling-down rates. Generally speaking, with a given
electric field strength, the conductivity of powdered
zinc oxide doped with a number of metals can be

increased by increasing the sintering temperature.

To change the current-voltage characteristic, the
polymer compound may contain electrically conducting or
electrically semiconducting material, such as
conductive carbon black or metal powder for instance.
However, this material achieves in particular the
effect of better contacting of the individual particles
of the filler components having nonlinear electrical
behavior. In this way, the energy absorption of the
polymer compound is increased signpificantly. A surge
arrester containing a polymer compound according to the
invention 1is then distinguished by a high surge
resistance. To achieve an adequate effect, the
proportion of the additional component sbould amount to
0.01 to 15 percent by volume of the polymer compound. .

To perform field-controlling tasks, it is of particular
advantage if the additional component contains
particles with a large length-to-diameter ratio, such
as in particular nanotubes. If the polymer matrix is
aligned in a ©preferential direction during the
preparation of the polymer compound, for instance by
injection molding, these particles can be oriented in

the preferential direction because of the large length-
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to-diameter ratio, and consequently a polymer compound
with anisotropic electrical properties can be achieved
in an easy way. Such a material can be used with
advantage for performing field-controlling tasks in

cable-jointing sleeves or in cable potheads.

If doped metal oxide, such as doped zinc oxide for
instance, is used as the filler, the polymer compound
has a high relative permittivity. The polymer compound
according to the invention can then control an electric
field in an easy way. Such field control may concern,
for example, the homogenization of the distribution of
electric fields of power engineering installations or
apparatuses during normal operation. The field-
controlling function of the polymer according to the
invention can be improved by the filler having an
additional component of a material with a high relative
permittivity. Such additional components are, for

example, BaTiO; or TiO,.

The polymer matrix typically contains a single polymer
or a mixture of polymers. The dielectric behavior of
the polymer compound can be further improved as a
result, if the single polymer or at least one of the
polymers of the mixture contains polar groups and/or is
an intrinsically electrically conductive polymer. A

typical polymer with polar groups is, for example, a

"polyamide. The proportion of polymer containing polar

groups and/or intrinsically electrically conductive
polymer advantageously amounts to 0.01 to 50 percent by

volume of the polymer matrix.

An additive which contains at least one stabilizer, one
flame retardant and/or one processing aid may be
additionally provided in the polymer compound. The
proportion of this additive may amount to between 0.01

and 5 percent by volume of the polymer compound.
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A flameproofed polymer compound can be produced
particularly cost-effectively if it contains aluminum
hydroxide and/or magnesium hydroxide, acting as the
flame retardant. Since, for flameproofing reasons, in
many cases the polymer matrix must not go below a
prescribed LOI (Limited Oxygen 1Index) value (the
smaller the LOI value, the easier the polymer compound
can burn), the LOI value can be increased in an
extremely low-cost way by using the inexpensively

available hydroxides.

The polymer compound has good mechanical strength if a
coupling agent, increasing the adhesion between the
polymer and the filler, is additionally provided. The
proportion of coupling agent should amount to between
0.01 and 5 percent by volume of the polymer compound.
The coupling agent, which preferably takes the form of
silane, couples the polymer matrix firmly to the
filler. Cracking in the polymer compound on account of
inadequate adhesion of the polymer matrix to the
filler, and ensuing material rupture, is consequently
avoided with great certainty. At the same time, the
coupling agent improves the electrical properties of
the polymer compound according to the invention quite
significantly. This is, in particular, because the
formation of small voids in the polymer compound 1is
avoided by the improved adhesion, and consequently the
risk of undesired partial discharges .occurring during
the action of a strong electric field is reduced quite
significantly. This effect is particularly
advantageous in the case of a polymer compound based on
an elastomeric polymer, as is used for instance as a
field-control element for cable potheads or cable-
jointing sleeves, since the compound can then be
greatly deformed without undesired cavity formation or

cracking occurring.
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In the case of the process according to the invention
for preparing a polymer compound, the filler is mixed
from a basic set of at least two filler components with

nonlinear current-voltage characteristics deviating

from one another. In this case, the mixing ratio of
the components 1is selected such that the polymer
compound has the predetermined characteristic. The

polymer compound can then be produced in an easy -and
cost-effective way without extensive preliminary
investigations. - For particularly easy production, it
is recommendable for the mixing ratio to be selected
from a predetermined family of characteristics of
polymer compounds, of which two in each case contain at
most one of the at least two filler components and at
least one further one contains the at least two filler

components mixed with a prescribed ratio.
BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are explained
with reference to drawings. In these, all the figures
show DC current-voltage characteristics of polymer
compounds according to the prior art and according to

the invention (families of characteristic curves).
WAYS OF IMPLEMENTING THE INVENTION

According to known processes, described for example in
the prior art cited at the beginning, varistor powders
R1l, R2, S1 and S2 were prepared. The powders contained
as the main constituent (more than 90 mole percent)
sintered zinc oxide, which was doped with additives,
predominantly Sb, Bi, Co, Mn and Cr (altogether less
than 10 mole percent). The varistor powder R1 had a
smaller proportion of bismuth than the varistor powder
R2. The powders Rl and R2 were prepared under the same
sintering conditions, that is by sintering at

approximately 1100°C in a ceramic tube of a rotary
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kiln. The powders S1 and S2 had the same composition,
but were prepared under different sintering conditions.
The powder S1 was prepared by a continuous sintering
process 1in a rotary kiln at a maximum sintering
temperature of approximately 1070°C; the powder S2 was
prepared in a batch furnace at a maximum sintering
temperature of approximately 1200°C and for a residence
time of the batches in the furnace of approximately 18
hours. By screening, possibly preceded by grinding,
the particle sizes of the powders were restricted to
values which typically lay between 32 and 125 um.

The varistor powders were used to prepare mixtures, the
compositions of which can be seen from the following

table:

Filler Filler component in % by
weight
R1 R2 S1 S2
R1 A 100 | - - -
R82 80 20
R55 50 50 - -
R28 20 80 - -
R2 1 - 100 - -
S1 - - 100 -
S73 - - 70 30
S37 ‘ - - 30 70
S2 . - - - 1100

A mold made of"plastic, formed as an electrically
insulating tube, with an inside diameter of 1 to 2
centimeters, was filled ‘with fillef to a height of 2 to
5 millimeters. To have a basis for comparison, the
same amounts of filler, for example 50% by volume of
the compound to be prepared, were always introduced.
The filler was impregnated with o0il, for example a

silicone o0il or ester o0il, under vacuum conditions and
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specimens comparable with a polymer compound were
formed in this way. These specimens were electrically
connected up to electrodes at the top and bottom in the
vertically held tube and sealed liquid-tight.

011l was used as the matrix material, since it allowed

specimens to be produced in a -particularly easy way.
Instead of o0il, however, a thermoset, an elastomer, a
thermoplastic, a copolymer, a thermoplastic elastomer
or a gel or a mixture of at least two of these

substances can also be used.

A variable DC voltage source was applied to the two
electrodes. By changing the level of the DC voltage,
the electric field E [V/mm] acting in the assigned
specimen was set and the current flowing in the
specimen was measured. The DC current-voltage
characteristics which can be seen in figures 1 and 2
were thus obtained from the current density J [A/cm?)

ascertained from this.

It can be seen from figure 1 that the fillers R82, R55
and R28 formed by mixing the two filler components R1
and R2 having different stoichiometry lead to specimens
whose DC current-voltage characteristics belong to a
family of characteristics which is bounded by the
characteristics of the specimens filled with Rl and R2.
By changing the mixing ratio of the two filler
components, specimens with characteristics which 1lie
between the two limiting characteristics were

consequently obtained in an easy way.

It can correspondingly be seen from figure 3 that the
fillers S73 and S37 formed by mixing the two filler
components S1 and S2 produced under different sintering
conditions lead to specimens whose DC current-voltage
characteristics belong to a family of characteristics
which is bounded by the two characteristics of the
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specimens filled with S1 and S2. By changing the
mixing ratio of the two filler components, specimens
with characteristics which lie between the two limiting

characteristics were also obtained with these fillers .

in an easy way.

So, if a polymer compound with a prescribed
characteristic is to be prepared, the mixing ratio can
be determined from a .family of characteristics
ascertained in a corresponding way for polymer
compounds. By mixing the filler components according
to this mixing ratio, the filler is created and the
desired polymer compound produced by mixing the filler

with polymer, for example silicone.

The same also applies correspondingly to polymer
compounds with fillers which are achieved by mixing the
filler components Rl or R2 and S1 or S2 or by mixing

three or four of these filler components.

The filler components do not necessarily have to be
formed from ZnO powder. They may also contain a
different powdered material with a nonlinear current-
voltage characteristic, such as doped silicon carbide,

tin dioxide or titanium dioxide for instance.

By suitable addition of electrically conducting or
electrically semiconducting material, for example Si,
the electrical conductivity of the polymer compound in
the range of small electric field strengths can be
increased by several orders of magnitude, and
consequently a polymer with a flat DC current-voltage

characteristic can be achieved.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A polymer compound with a nonlinear current-voltage
characteristic comprising a polymer matrix and a
filler with a nonlinear current-voltage
characteristic embedded in the matrix,
characterized in that the filler contains at least
two filler components with nonlinear current-

voltage characteristics deviating from one another.

The polymer compound as claimed in claim 1,
characterized in that the two filler components are
formed in each case by particles containing a
doped, sintered metal oxide with grain boundaries
and differ from one another by deviating
stoichiometry of the dopants and/or by grain
boundary structures deviating from one another,

caused by different sintering conditions.

The polymer compound as claimed in either of claims
1 and 2, characterized in that the polymer compound
additionally contains electrically conducting or
electrically semiconducting material.
il

The polymer compound as claimed in claim 3,
characterized in that the electrically conducting
or electrically semiconducting material contains -
particles with a large 1length-to-diameter ratio,

such as in particular nanotubes.

The polymer compound as claimed in one of claims 1
to 4, characterized in that' the filler has an
additional component comprising a material with a

high relative permittivity.

The polymer compound as claimed in one of claims 1
to 5, characterized in that the polymer compound

additionally contains an additive which contains at
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least one stabilizer, one flame retardant and/or

one processing aid.

The polymer compound as claimed in claim 6,
characterized in that the proportion of additive -
amounts to 0.01 to 5 percent by volume of the

polymer compound.

The polymer compound as claimed in one of claims 1
to 7, characterized in that the polymer compound
additionally contains aluminum hydroxide and/or

magnesium hydroxide, acting as a flame retardant.

The polymer compound as claimed in one of claims 1
to 8, characterized in that the polymer compound
additionally contains a coupling agent, increasing

the adhesion between the polymer and the filler.

The polymer compound as claimed in claim 9,
characterized in that the proportion of coupling
agent amounts to 0.01 to 5 percent by volume of the

polymer compound.

The polymer compound as claimed in one of claims 1
to 10, characterized in that the polymer matrix

contains a single polymer or a mixture of polymers.

The polymer compound as claimed in claim 11,
characterized in that the single polymer or at
least one of the polymers of the mixture contains
polar groups and/or is an intrinsically

electrically conductive polymer.

The polymer compound as claimed in claim 12,
characterized in that the proportion of polymer
containing polar groups and/or intrinsically
electrically conductive polymer amounts to 0.01 to

50 percent by volume of the polymer matrix.
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A process for preparing a polymer compound with a
predetermined nonlinear current-voltage
characteristic by mixing a polymer and a filler
with a nonlinear current-voltage characteristic,
characterized in that the filler is mixed from a
basic set of at least two filler components with
nonlinear current-voltage characteristics deviating
from one another, the mixing ratio of the
components being selected such that the polymer
compound has the predetermined characteristic.

The process as claimed in claim 14, characterized
in that the mixing ratio is <chosen from a
predetermined family of characteristics of at least
three polymer compounds, of which two in each case
contain at most one of the at least two filler
components and a third one contains the at least
two filler components mixed with a prescribed

ratio.

DATED THIS 24th DAY OF JUNE 2002

Kl

ABB SCHWEIZ AG

PATENT ATTORNEY FOR THE APPLICANT
F.B. RICE & CO.
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