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EP 2 184 316 B1
Description

[0001] The invention relates to compositions comprising certain propylene-olefin-copolymer waxes and carbon black
(CB), the compositions being in the form of masterbatches, and their use for producing conductive polymers and articles
made of conductive polymers.

[0002] In the plastics industry it is customary to use additives in the form of compounds or masterbatches.

[0003] Forthepurposesofthe invention, masterbatches are compositions comprising a carrier polymerand the additive,
in which the additive is present in the masterbatch in higher concentrations than in the final application and the carrier
polymer is often not the polymer of the final application. Preferred concentrations of the additives in a masterbatch range
of from 0.1 to 90% by weight, more preferably of from 1 to 80% by weight, even more preferably of from 6 to 80% by
weight, the % by weight each time based on the total weight of the masterbatch.

[0004] For the purposes of the invention, compounds are compositions comprising a polymer and the additive, in
which the additive is present in the compound in the desired final concentration of the final application or final article,
and the polymer is the desired polymer of the final application or final article, so that the compound is merely brought
to the desired shape of the final application or final article by means of a physical shaping process.

[0005] Conductive compounds and final products made of conductive compounds are, for the purposes of the invention,
characterized by an electrical surface resistance of from 10-6 chm to 10" ohm, preferably of from 10> chm to 101! chm,
more preferably of from 0.1 ohm to 10° chm.

[0006] The electrical surface resistance is defined in accordance with DIN EN 61340-5-1 and measured in accordance
with DIN EN 61340-2-3 in those cases, where the testing sample shows a dimension of at least 80 mm x 120 mm or a
diameter of at least 110 mm.

[0007] Inthose cases, where the testing sample shows neither a dimension of at least 80 mm x 120 mm nor a diameter
of at least 110 mm, the electrical surface resistance is determined in accordance with IEC 93 with a flat sample of the
size of 60 mm X 40 mm and rectangle electrode size a=40 mm, b =3 mm and g = 10 mm directly painted with conductive
silver paint on the surface of the sample.

[0008] Masterbatches and/or compounds which contain CB as additive and which are used for producing conductive
polyolefins have to satisfy demanding requirements: the compositions should have a very low viscosity in order to give
a good processability, they should have a high loading, i.e. a high concentration of the CB, which is characterized in %
by weight of CB, the % by weight based on the weight of the total composition, if not otherwise stated, and it should be
possible to set the desired conductivity in the final article. Further requirements are: high thermal conductivity, in the
case of a masterbatch good miscibility and compatibility with the polymer of the final application or the final article, also
good dispersion of the CB in the masterbatch and/or compound, very small adverse effects on the mechanical and
thermal properties of the final article, in particular in respect of impact strength, tensile strength or heat distortion resist-
ance.

[0009] Conductive polyolefins are used for producing articles which are used in regions, areas or applications in which
there is a high risk of explosion; these will for the purposes of the invention be summarized in the interest of brevity as
articles for use in explosion protection.

[0010] Furthermore, only conductive polyolefins can be coloured by means of electrostatic powder coatings. This field
of use will, for the purposes of the invention, be referred to as electrostatic powder coating.

[0011] Furthermore, conductive polyolefins are used to produce packaging which displays little if any electrostatic
charging and is used, for example, in the packaging of electronic components.

[0012] Conductive polyolefins are also used as bipolar plates in fuel cells.

[0013] EP 244 626 A1 discloses CB in a polymer.

[0014] The known compositions do not satisfy all present-day requirements of industry, as have been mentioned
above. There is a need for masterbatches containing CB which satisfy present-day requirements and, in particular, have
the required viscosity and loading and by means of which the required conductivity of the polyolefins can be set.
[0015] Masterbatches comprising certain propylene-olefin-copolymer waxes and CB surprisingly display improved
properties.

[0016] Subject of the invention is a composition Z, as defined in claim 1, comprising a component A and a component
B, wherein

the component A is a propylene-olefin-copolymer wax, and
the component B is a carbon black (CB),

with the propylene-olefin-copolymer wax being made of the monomers propylene and of from 0.1 to 50% by weight of
at least one compound of formula (Il),
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H
.~ e (D)
R 2
with R2 being selected from the group consisting of H and of unbranched or branched C,_4g-alkyl;
with the % by weight being based on the total weight of the monomers.
[0017] Preferably, the propylene-olefin-copolymer wax is made of propylene and of from 0.1 to 50% by weight, more
preferably of from 1 to 40% by weight, even more preferably of from 2 to 30% by weight, especially of from 2 to 20% by
weight, with the % by weight being based in each case on the total weight (100%) of the monomers, of at least one,
preferably of 1, 2 or 3, more preferably of 1, compound of formula (I1).
[0018] Preferably, R2is H, i.e. the propylene-olefin-copolymer wax is a propylene-ethylene-copolymer wax.
Therefore, the combined amounts of the monomers propylene and of the compound of formula (IlI) add up to 100 % by
weight, with the % by weight being based in each case on the total weight (100%) of the monomers.
[0019] The composition Z is a masterbatch MB.
[0020] For the purposes of the invention, a conductive polymer CP has a loading-specific surface resistance LSSR of
preferably less than or equal to 130, particularly preferably less than or equal to 120, measured on a compression
moulded plate produced from the conductive polymer CP; the lower limit at each preferred upper limit for the LSSR is
preferably -15 000, particularly preferably -10 000, in particular -1000, especially -100, very especially -10.
[0021] Furthermore, for the purposes of the invention, a conductive polymer CP based on a ethylene-vinyl acetate
copolymer preferably has an LSSR of less than or equal to 650, particularly preferably less than or equal to 450, in
particular less than or equal to 400, especially less than or equal to 300, measured on a flat film produced from the
conductive polymer CP; the lower limit at each preferred upper limit for the LSSR is preferably -15 000, particularly
preferably -10 000, in particular -1000, especially -100, very especially -10.
[0022] Furthermore, for the purposes of the invention, a conductive polymer CP based on a linear low density poly-
ethylene preferably has an LSSR of less than or equal to 650, more preferably less than or equal to 385, even more
preferably less than or equal to 300, measured on a flat film produced from the conductive polymer CP; the lower limit
at each preferred upper limit for the LSSR is preferably -15 000, particularly preferably -10 000, in particular -1000,
especially -100, very especially -10.
[0023] Furthermore, for the purposes of the invention, a conductive polymer CP based on a polypropylene preferably
has an LSSR of less than or equal to 250, more preferably less than or equal to 200, measured on a flat film produced
from the conductive polymer CP; the lower limit at each preferred upper limit for the LSSR is preferably -15 000, particularly
preferably -10 000, in particular -1000, especially -100, very especially -10.
[0024] The LSSR is calculated by multiplication of the logarithm to the base ten of the absolute value of the surface
resistance, measured in ohm, by the second power of the absolute value of the loading of the conductive polymer CP
by the CB in % by weight, with the % by weight being based on the total weight of the conductive polymer CP. Thus, for
example, a pressed (compression moulded) plate having a CB loading of 3% by weight based on the total weight of the
pressed (compression moulded) plate and a surface resistance of 1.0*1015 ohm has an LSSR of 135.
[0025] Furthermore, for the purposes of the invention, a conductive polymer CP based on a ethylene-vinyl acetate
copolymer or on a linear low density polyethylene preferably has an electrical surface resistance of less than or equal
to 9*108, more preferably less than or equal to 9105, even more preferably less than or equal to 9104, especially less
than or equal to 9103, measured on aflat film produced from the conductive polymer CP; the lower limit at each preferred
upper limit for the electrical surface resistance is preferably 1*10-%, more preferably 1104, very especially 17103,
[0026] Furthermore, for the purposes of the invention, a conductive polymer CP based on a polypropylene preferably
has an electrical surface resistance of less than or equal to 9*108, more preferably less than or equal to 9*107, even
more preferably less than or equal to 9*108, especially less than or equal to 9105 measured on a flat film produced
from the conductive polymer CP; the lower limit at each preferred upper limit for the electrical surface resistance is
preferably 1*10-5, more preferably 1104, very especially 1103,
[0027] Preferably, the propylene-olefin-copolymer waxes are characterized by a narrower molar mass distribution
especially, when they have been synthesized with metallocene catalysis. The molar mass distribution is characterized
by the weight average molar mass (Mw value [g/mol]) and the number average molar mass (Mn value [g/mol]).
[0028] Preferably, Mn is of from 500 to 50 000 g/mol, more preferably of from 1000 to 35 000 g/mol, even more
preferably of from 1100 to 25 000 g/mol.
Preferably, Mw is of from 1000 to 14 0000 g/mol, more preferably of from 1900 to 100 000 g/mol, even more preferably
of from 2100 to 70 000 g/mol.
Preferably, Mw divided by Mn, in the following called the Mw/Mn value, is preferably of from 1.0 to 3.0, more preferably
of from 1.5 to 2.9, even more preferably of from 1.7 to 2.8; especially of from 2.1 to 2.7; more especially of from 2.2 to
2.5; whereas in case of conventional, non-metallocene catalysed waxes, the Mw/Mn value is at least 3.1 and can go up
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to 7 or 8.

[0029] Possible catalysts, which can be used for the production of the propylene-olefin-copolymer waxes, are preferably
Ziegler-Natta-catalysts and metallocene catalysts, e.g. those mentioned in Ullmann’s Encyclopedia of Industrial Chem-
istry, Vol. A 28, Weinheim 1996, S. 151-152.

[0030] Propylene-olefin-copolymer waxes, preferably propylene-ethylen-copolymer waxes, can also be manufactured
by thermal degradation of suitable high molecular weight propylene-olefin copolymers, preferably propylene-ethylene
copolymers.

[0031] Preferably, propylene-olefin-copolymer waxes are waxes which have been prepared in the presence of met-
allocenes as catalyst. The special abilities of metallocene catalysts are used to synthesize propylene-olefin-copolymer
waxes with selective and completely new property profiles. The use of metallocene catalysts provides for special com-
binations of melting point, viscosity and molecular weight of a propylene-olefin-copolymer wax.

[0032] The propylene-olefin-copolymer waxes, preferably the metallocene propylene-olefin-copolymer waxes, are
preferably largely or completely amorphous and can additionally be modified so as to make them polar if required. For
the purposes of the invention, largely means more than 80% by weight, preferably more than 90% by weight, in particular
more than 95% by weight, especially more than 99% by weight, the % by weight in each case based on the total weight
of the wax.

[0033] The metallocene propylene-olefin-copolymer waxes are prepared using metallocene compounds of the formula

().

R! R:
N /
M!
7N\
R? R*

)

[0034] This formula encompasses compounds of the formula (la),

R6
R R7
RS RS

R!

T M! RS (Ia)

/
R2
R3 R 10
R® R®

the formula (Ib)
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R6
R6
(CR] 1 Rl Z)m
RS R R13 (Ib)
Rl
\ M! RS
R
R8 (CR] lRl 2)n
R® R?
and the formula (lc)
RS
R4
RS
M2
N RI5
RS R° (Ic)
R!
e
R2 N

R24

[0035] In the formulae (1), (Ia) and (Ib), M' is a metal of Group IVb, Vb or VIb of the Periodic Table, preferably titanium,
zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, particularly preferably titanium,
zirconium, hafnium.

R' and R? are identical or different and are each, independently of one another, a hydrogen atom, a C-Cyq-,
preferably C4-Cs-alkyl group, in particular methyl, a C-Cq-, preferably C-Cz-alkoxy group, a C4-Cq-, preferably
Cg-Cg-aryl group, a C4-C-, preferably Cg-Cg-aryloxy group, a C,-Cyq-, preferably C,-Cy-alkenyl group, a C;-Cyq-,
preferably C,-Cq-arylalkyl group, a C;-C -, preferably C,-Cy,-alkylaryl group, a Cg-C 4, preferably Cg-C,-aryla-
Ilkenyl group or a halogen atom, preferably a chlorine atom.

R3 and R# are identical or different and are each, independently of one another, a monocyclic or polycyclic hydro-
carbon radical which together with the central atom M' can form a sandwich structure. R3 and R# are preferably
cyclopentadienyl, indenyl, tetrahydroindenyl, benzindenyl or fluorenyl, with the basic skeletons being able to bear
additional substituents or be bridged to one another. In addition, one of the radicals R3 and R4 can be a substituted
nitrogen atom, where R24 has one of the meanings of R'7 and is preferably methyl, tert-butyl or cyclohexyl.

R5 R6, R7, R8, R and R0 are identical or different and are each, independently of one another, a hydrogen atom,
a halogen atom, preferably a fluorine, chlorine or bromine atom, a C4-C4q-, preferably C4-C,4-alkyl group, a Cg-C1q-,
preferably Cg-Cg-aryl group, a C4-C4q-, preferably C4-Cs-alkoxy group, an -NR16,, -SR16, -OSiR16,, -SiR16, or
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-PR16, radical, where R16 is a C4-C-, preferably C;-Cs-alkyl group or a C4-C4q-, preferably Cq4-Cg-aryl group or in
the case of Si- or P-containing radicals can also be a halogen atom, preferably a chlorine atom, or two adjacent
radicals R5, R6, R7, R8, R% or R0 together with the carbon atoms connecting them form a ring. Particularly preferred
ligands are the substituted compounds of the basic skeletons cyclopentadienyl, indenyl, tetrahydroindenyl, ben-
zindenyl or fluorenyl.

R13is

R17 R17 R17 R17

R17
| | | |
_llvlz_ , _l\l/lz_ l\l/lz —, —Mz_CR192— , —O0—M2—Q— ,
R18 RIS RIS 1L18 1|{18
T17 T17 RV R17
|
_T — 0 1\|/12 , M2 0O 1\|/12 ,
RI8 R18 LIS 1|{18

=BR', =AIR"7, -Ge-, -Sn-, -O-, -S-, =S0, =S0,, =NR"?, =CO, =PR"7 or =P(O)R'7, where R'7, R18 and R19 are
identical or different and are each, independently of one another, a hydrogen atom, a halogen atom, preferably a
fluorine, chlorine or bromine atom, a C4-Csg-, preferably C4-C4-alkyl group, in particular a methyl group, a
C-C,gflucroalkyl group, preferably a CF5 group, a Cg-C4p-fluoroaryl group, preferably a pentaflucrophenyl group,
a C4z-Cyq-, preferably Cg-Cg-aryl group, a C4-Cyq-, preferably C4-Cy-alkoxy group, in particular a methoxy group, a
C,-Cyq-, preferably C,-Cy-alkenyl group, aC,-Cyq-, preferably C,-Cqg-aralkyl group, a Cg-Cy4qo-, preferably Cg-C45-ar-
ylalkenyl group or a C;-Cyq-, preferably C,-Cyp-alkylaryl group, or R'7 and R'8 or R17 and R'9 together with the
atoms connecting them form a ring.

M2 is silicon, germanium or tin, preferably silicon or germanium.

R13 is preferably =CR'7R '8, =SiR17"R18, =GeR17R'8, -O-, -S-, =50, =PR17 or =P(O)R17.

R and R'2 are identical or different and independently have one of the meanings of R17.

m and n are identical or differentand are each 0, 1 or 2, preferably O or 1, with m plus n being 0, 1 or 2, preferably O or 1.

R'4 and R'% are identical or different and independently have one of the meanings of R'” and R18,

[0036] Preferred metallocenes are:

bis(1,2,3-trimethylcyclopentadienyl)zirconium dichloride,
bis(1,2,4-trimethylcyclopentadienyl)zirconium dichloride,
bis(1,2-dimethylcyclopentadienyl)zirconium dichloride,
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride,
bis(1-methylindenyl)zirconium dichloride,
bis(1-n-butyl-3-methylcyclopentadienyl)zirconium dichloride,
bis(2-methyl-4,6-di-i-propylindenyl)zirconium dichloride,
bis(2-methylindenyl)zirconium dichloride,
bis(4-methylindenyl)zirconium dichloride,
bis(5-methylindenyl)zirconium dichloride,
bis(alkylcyclopentadienyl)zirconium dichloride,
bis(alkylindenyl)zirconium dichloride,
bis(cyclopentadienyl)zirconium dichloride,
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*  bis(indenyl)zirconium dichloride,

*  bis(methylcyclopentadienyl)zirconium dichloride,

*  bis(n-butylcyclopentadienyl)zirconium dichloride,

* bis(octadecylcyclopentadienyl)zirconium dichloride,

* bis(pentamethylcyclopentadienyl)zirconium dichloride,

* bis(trimethylsilylcyclopentadienyl)zirconium dichloride,

* biscyclopentadienyldibenzylzirconium,

* biscyclopentadienyldimethylzirconium,

* Dbistetrahydroindenylzirconium dichloride,

¢ dimethylsilyl-9-fluorenylcyclopentadienylzirconium dichloride,

* dimethylsilylbis-1-(2,3,5-trimethylcyclopentadienyl)zirconium dichloride,
e dimethylsilylbis-1-(2,4-dimethylcyclopentadienyl)zirconium dichloride,
¢ dimethylsilylbis-1-(2-methyl-4,5-benzindenyl)zirconium dichloride,
¢ dimethylsilylbis-1-(2-methyl-4-ethylindenyl)zirconium dichloride,

e dimethylsilylbis-1 -(2-methyl-4-i-propylindenyl)zirconium dichloride,
¢ dimethylsilylbis-1-(2-methyl-4-phenylindenyl)zirconium dichloride,
¢ dimethylsilylbis-1-(2-methylindenyl)zirconium dichloride,

¢ dimethylsilylbis-1-(2-methyltetrahydroindenyl)zirconium dichloride,
¢ dimethylsilylbis-1-indenylzirconium dichloride,

¢ dimethylsilylbis-1-indenyldimethylzirconium,

¢ dimethylsilylbis-1-tetrahydroindenylzirconium dichloride,

¢ diphenylmethylene-9-fluorenylcyclopentadienylzirconium dichloride,
¢ diphenylsilylbis-1-indenylzirconium dichloride,

* ethylenebis-1-(2-methyl-4,5-benzindenyl)zirconium dichloride,

¢ ethylenebis-1-(2-methyl-4-phenylindenyl)zirconium dichloride,

* ethylenebis-1-(2-methyltetrahydroindenyl)zirconium dichloride,

* ethylenebis-1-(4,7-dimethylindenyl)zirconium dichloride,

¢ ethylenebis-1-indenylzirconium dichloride,

* ethylenebis-1-tetrahydroindenylzirconium dichloride,

* indenylcyclopentadienylzirconium dichloride,

* isopropylidene(1-indenyl)(cyclopentadienyl)zirconium dichloride,

¢ isopropylidene(9-fluorenyl)(cyclopentadienyl)zirconium dichloride,
*  phenylmethylsilylbis-1-(2-methylindenyl)zirconium dichloride,

and also the alkyl or aryl derivatives of these metallocene dichlorides.

[0037] To activate the single-site catalyst systems, suitable cocatalysts are used. Suitable cocatalysts for metallocenes
of the formula (I) are organoaluminium compounds, in particular aluminoxanes, or aluminium-free systems such as
R20, NH, ,BR?1,, R?0 PH, BR2!, R20,CBR?1, or BR2!;. In these formulae, x is of from 1 to 4, the radicals R20 are
identical or different, preferably identical, and are each, independently of one another, C4-C4g-alkyl or Cg-C4g-aryl or
two radicals R20 together with the atom connecting them form a ring and the radicals R2! are identical or different,
preferably identical, and are each, independently of one another, Cg-C4g-aryl which may be substituted by alkyl, haloalkyl
or fluorine. In particular, R20 is ethyl, propyl, butyl or phenyl and R21is phenyl, pentaflucrophenyl, 3,5-bistriflucrometh-
ylphenyl, mesityl, xylyl or tolyl.

[0038] In addition, a third component is frequently necessary in order to maintain protection against polar catalyst
poisons. Organoaluminium compounds such as triethylaluminium, tributylaluminium and others, and also mixtures of
these compounds, are suitable for this purpose.

[0039] Depending on the process, supported single-site catalysts can also be used. Preference is given to catalyst
systems in which the residual contents of support material and cocatalyst do not exceed a concentration of 100 ppm in
the product.

[0040] The metallocene propylene-olefin-copolymer waxes are known substances, they can be prepared according
to EP 321 852 A1 or EP 384 264 A1.

[0041] Preferred metallocene propylene-olefin-copolymer waxes are propylene-ethylene-copolymer waxes and are
prepared by copolymerization of propylene with ethylene using the metallocene catalyst dimethylsilylbisindenylzirconium
dichloride by the process reported in EP 384 264 A, in particular by of in analogy to the method of Examples 1 to 16.
[0042] They are used in a finely particulate state, preferably sprayed or milled, or else in granular form.

[0043] Further preference is given to grafted propylene-olefin-copolymer waxes. Preferred grafted propylene-olefin-
copolymer waxes are propylene-olefin-copolymer waxes modified with of from 0.5 to 10% by weight of maleic anhydride,
the % by weight based on the sum of the weights of the starting materials propylene-olefin-copolymer wax and maleic
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anhydride.

[0044] Preferably, component A comprises 1, 2, 3, or 4, more preferably 1 or 2, even more preferably 1, propylene-
olefin-copolymer waxes.

[0045] Unless indicated otherwise, a mass-specific surface area is determined by Brunauer Emmet Teller (BET)
adsorption surface area, measured using nitrogen in accordance with ASTM D3037; this surface area will hereinafter
be referred to as BET surface area.

[0046] CBs usually show anintrinsic conductivity, but CBs also have negative effects on the polymerresin, e.g. reduced
mechanical properties. By the use of a special range of CBs, a high conductivity can be reached with low loading, for
the purposes of the invention these CBs are called conductive carbon blacks (CCB). CCBs have an oil absorption number
in a specific range and a BET surface in a specific range, by which they are distinguished from conventional CB.
[0047] Preferred CCB have an oil absorption number (OAN) measured in accordance with ASTM D2414 of from 100
to 500 ml/100 g, more preferably of from 150 to 400 ml/100 g, even more preferably of from 170 to 350 ml/100 g.
[0048] Preferred CCB have a BET surface area of from 30 to 2000 m2/g, more preferably of from 50 to 1500 m2/g,
even more preferably of from 60 to 1250 m2/g, especially of from 65 to 200 mZ2/g.

[0049] CBs and CCBs can preferably be procured from the companies Cabot, Phelps Dodge, Timcal, Degussa and
Akzo.

[0050] As component B, preferably 1 type of CB is used, but it is also possible to use more than 1 CB, preferably 1,
2 or 3, in particular 1 or 2, different CB.

[0051] The composition Z may comprise further substances.

[0052] Further substances are preferably selected from the group consisting of carbon nanotubes (CNT) and graphite.
[0053] Preferred CNTs are single-wall carbon nanotubes (SWCNTs) or multiwall carbon nanotubes (MWCNTS), with
MWCNTSs being preferred.

[0054] Preferred CNTs have a BET surface area of from 50 to 1000 m2/g, particularly preferably of from 200 to 600
m2/g, in particular of from 250 to 560 m2/g.

[0055] Preference is given to MWCNTSs having a wall structure made up of from 2 to 50 carbon layers, in particular of
from 3 to 15 carbon layers.

[0056] Preferred MWCNTSs have an average external diameter (defined as the median of the number distribution) of
from 1 to 500 nm, particularly preferably of from 2 to 100 nm, in particular of from 3 to 60 nm, especially of from 3 to 20 nm.
[0057] There are various techniques and processes for producing CNTs which differ in terms of different methods of
production or different catalyst particles. This leads, inter alia, to a differing residual content of catalyst in the CNTs.
[0058] Preference is given to CNTs having a residual catalyst content of 20% by weight or less, particularly preferably
8% by weight or less, in particular 5% by weight or less, especially 3% by weight or less, with the % by weight being
based in each case on the total weight of the CNTs.

[0059] Preference is given to CNTs as are disclosed in W0O2006/050903 A and can be obtained by the process
disclosed in this document. The disclosure of this document, in particular Claims 1 to 10 in which the technical features
of the disclosed process for producing carbon nanotubes and the carbon nanotubes which can be obtained by this
process are described, is therefore expressly incorporated by reference at this point.

[0060] Particular preference is therefore given to CNTs which can be obtained by decomposition of a gaseous hydro-
carbon over a heterogeneous catalyst comprising Mn, Co and a support material, with Co and Mn being present in
amounts of from 2 to 98 mol% based on the total content of active components in metallic form, and optionally additionally
contains Mo; particular preference is also given to carbon nanotubes which have a principal diameter of from 3 nm to
150 nm and have been produced using this catalyst; where light hydrocarbons such as aliphatics and olefins, either
individually or in admixture, are preferably employed as starting materials and the process is preferably carried out
continuously or batchwise, based on the introduction of the catalyst and the discharge of the carbon nanotubes formed
with the exhausted catalyst; and the catalyst is preferably introduced into the reaction space in a form in which the main
catalytically active components are present as oxides, partially or fully reduced, or as hydroxide. Further details of this
process may be found in the description of W0O2006/050903 A. In particular, these carbon nanotubes produced in this
way surprisingly make it possible to produce compositions Z having a low viscosity and at the same time a high loading;
the desired conductivities in the polyolefins can be set; and the surface resistance of the polyolefins is low.

[0061] Preference is given to using CNTs which are coated with polyolefins or ethylene-vinyl acetate copolymers. The
coating is preferably applied by in-situ polymerization. Particular preference is given to MWCNTs coated with polyethylene
and with polypropylene, in particular with polyethylene.

[0062] Preference is given to using CNTs which have been made easier to disperse by modification or activation of
their surface. Particularly preferred surface treatments of the CNTs are by means of plasma or gamma radiation, with
very particular preference being given to plasma-treated MWCNTSs.

[0063] CNTs can preferably be procured from the companies Mitsui, Arkema, Nanocyl, Thomas Swan & Co Ltd., CNI
and in particular Bayer Material Science AG.

[0064] Preferably, 1 type of CNTs is used, but it is also possible to use more than 1 CNT, more preferably 1, 2 or 3,
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in particular 1 or 2, different CNTs.

[0065] Preferred graphites have an oil absorption of dibutyl phthalate (DBP) measured in accordance with DIN 53601
of from 30 to 300 g of DBP/100 g, particularly preferably of from 40 to 170 g of DBP/100 g, in particular of from 50 to
150 g of DBP/100 g.

[0066] Preferred graphites have a BET surface area of from 0.1 to 50 m2/g, particularly preferably of from 1 to 40 m2/g,
in particular of from 1.5 to 30 m2/g.

[0067] Itis possible to use both naturally occurring graphites and synthetically produced graphites.

[0068] Graphite can preferably be procured from the companies Timcal, SGL Carbon or Nationale de Graphite.
[0069] The weight ratio of CNTs to CB is preferably of from 1:99 to 99:1, particularly preferably of from 1:19 to 19:1,
in particular of from 1:9 to 1:1.

[0070] The weight ratio of CNTs to graphite is preferably of from 1:99 to 99:1, particularly preferably of from 1:90 to
90:1, in particular of from 1:85 to 1:1.

[0071] The weight ratio of graphite to CB is preferably of from 1:99 to 99:1, particularly preferably of from 19:1 to 1:19,
in particular of from 10:1 to 1:1.

[0072] Preferably, the composition Z contains of from 50 to 90 % by weight, more preferably of from 60 to 85 % by
weight, even more preferably of from 65 to 80 % by weight, of graphite, the % by weight based in each case on the
weight of the total composition Z.

[0073] When CNTs, CB and graphite are simultaneously used, the weight ratio of CB to graphite is preferably of from
1:99t0 99:1, more preferably of from 1:40t0 40:1, even more preferably of from 1:20to 1:1, in particular of from 1:10to 1:1.
[0074] In one embodiment of the invention, the component B particular preferably contains both CB and graphite.
[0075] Inanother embodiment of the invention, the component B particular preferably contains only CB and no graphite
and no CNT.

[0076] The weightratio of the component A to the component B in the composition Z is preferably of from 1:99 to 99:1,
particularly preferably of from 1:90 to 90:1, in particular of from 1:85 to 85:1.

[0077] Whenthe component B contains no graphite and no CNTs, the weight ratio of the component A to the component
B in the composition Z is preferably of from 1:1 to 1:50, more preferably of from 1:1 to 1:40, even more preferably of
from 1:1 to 1:35, especially of from 1:1 to 1:20, more especially of from 1:1 to 1:10.

[0078] When the component B contains graphite and/or CNT in addition to CB, the weight ratio of the component A
to the component B in the composition Z is preferably of from 1:1 to 1:99, more preferably of from 1:1 to 1:90, even more
preferably of from 1:1 to 1:85, especially of from 1:1 to 1:50, more especially of from 1:1 to 1:40, even more especially
of from 1:1 to 1:35,.

[0079] The composition Z preferably contains as a further substance a component C, which is 1 or more, preferably
1,2 0or 3, more preferably 1, dispersant. Preferred dispersants are polar acid esters of C,q_3q alcohols, in particular C4q.39
alkylsulphonates, neoalkoxytitanates, neoalkoxyzirconates, monoalkoxytitanates or monoalkoxyzirconates. More pref-
erably, component C is a sodium alkylsulphonate, even more preferably sodium C,_4g-alkylsulphonate.

Component C provides for an improved dispersion of the CNT.

[0080] The composition Z preferably contains as a further component F one or more, preferably 1 or 2, more preferably
1, metal stearates, more preferably the metal stearate is selected from the group consisting of calcium stearates and
zinc stearates. The weight ratio of the component B to component F is preferably of from 1:1 to 1:100, more preferably
of from 1:10 to 1:80, even more preferably of from 1:30 to 1:70.

[0081] The composition Z preferably contains as a further substance a component D, the component D being at least
one, preferably 1, 2, 3, 4 or 5, more preferably 1 or 2, even more preferably 1, polar or non-polar wax other than a
propylene-olefin-copolymer wax.

[0082] Preferably, componentD is selected from the group consisting of polyethylene waxes, propylene homopolymer
waxes, homopolymers of C4_¢q 1-olefins and copolymers of ethylene and C,4_4¢ 1-olefins.

More preferably, component D is a polyethylene wax or a propylene homopolymeric wax.

[0083] More preferably, component D is selected from the group consisting of polyethylene waxes made by a high
pressure polymerization or with a Ziegler-Natta catalyst or with a metallocene catalyst, and propylene homopolymeric
waxes made with a Ziegler-Natta or a metallocene catalyst; even more preferably these types of waxes have a dropping
point or softening point above 100°C, more preferably of from 110 to 170°C, even more preferably of from 115 to 166°C.
[0084] The waxes of component D may also be oxidized or grafted. Preferred are oxidized polyethylene waxes,
preferably with acid numbers between 5 and 30 mg KOH/g. Preferably, the grafting is done with of from 0.5 to 10 % by
weight of maleic anhydride, the % by weight based on the sum of the weights of the starting materials wax and maleic
anhydride; more preferably, the grafting is done on metallocene polyethylene waxes or on metallocene propylene
homopolymeric waxes.

[0085] Preferably, in case of metallocene polyolefin waxes as component D, Mn is of from 500 to 50000 g/mol, more
preferably of from 1000 to 35000 g/mol, even more preferably of from 1100 to 25000 g/mol.

Preferably, in case of metallocene polyolefin waxes as component D, Mw is of from 1000 to 140000 g/mol, more preferably
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of from 1900 to 100000 g/mol, even more preferably of from 2100 to 70000 g/mol.

[0086] Preferably, in case of metallocene polyolefin waxes as component D, the Mw/Mn value is preferably of from
1.0 to 3.0, more preferably of from 1.5 to 2.9, even more preferably of from 1.7 to 2.8; especially of from 2.1 to 2.7; more
especially of from 2.2 to 2.5.

[0087] Preferably, in case of non-metallocene polyolefin waxes as component D, the weight average molar mass Mw
is in the range of from 1000 to 20 000 g/mol and/or the number average molar mass Mn is in the range of from 500 to
15 000 g/mol.

[0088] The weight ratio of component A to component D is preferably of from 10:1 to 1:10, particularly preferably of
from 4:1 to 1:4, in particular of from 3:1 to 1:3.

[0089] Further subject of the invention is a composition Z comprising the components A and B and a component P,
the component P being an organic polymer.

[0090] Preferably, the component P is selected from the group consisting of thermoplastic polycondensates, styrene
polymers, polyamides, polyesters, polycarbonates, polyacrylates, polyacrylate copolymers, polyacetals, polyadducts,
polyolefins, polyolefin copolymers and mixtures of these substances.

[0091] The component P is preferably selected from the group consisting of thermoplastic polycondensates, more
preferably thermoplastic polyesters, even more preferably polycarbonate (PC), polybutylene terephthalate (PBT) and
polyethylene terephthalate (PET).

[0092] The component P is preferably selected from the group consisting of styrene polymers, more preferably poly-
styrene (PS), styrene-acrylonitrile copolymer (SAN), acrylonitrile-polybutadiene-styrene graft polymer (ABS) and styrene-
ethylene-butadiene-styrene block copolymers (SEBS).

[0093] The component P is preferably selected from the group consisting of polyamides, more preferably polyamide
46 (PA46, polyamide 6/6t (PA6/6T), polyamide 6 (PAB), polyamide 12 (PA12) and polyamide 6.6 (PA6.6).

[0094] ThecomponentP is preferably selected from the group consisting of polyacrylates and polyacrylate copolymers,
more preferably polymethyl methacrylate (PMMA) and copolymer of ethylene and methyl acrylate, even more preferably
polymethyl methacrylate (PMMA).

[0095] ThecomponentP is preferably selected from the group consisting of polyacetals, more preferably polyoxymeth-
ylene (POM).

[0096] The component P and the organic polymer OP are identical or different and independently from each other
preferably selected from the group consisting of polyadducts, more preferably polyurethanes, even more preferably
thermoplastic polyurethane elastomer (TPU).

[0097] The component P is preferably selected from the group consisting of polyolefins and polyolefin copolymers.
[0098] More preferably, the component P is selected from the group consisting of polyolefins, polyolefins copolymers
and polyacrylate copolymers, even more preferably polyolefin or a polyolefin copolymer.

[0099] When the composition Z is a conductive polymer CP, the component P is preferably a polyolefin or a polyolefin
copolymer.

[0100] More preferred polyolefins or polyolefin copolymers as component P are selected from the group consisting of

¢ polyethylene (PE), preferably high density polyethylene (HDPE), medium density polyethylene (MDPE), low density
polyethylene (LDPE), linear low density polyethylene (LLDPE), metallocene low density polyethylene (mLDPE) and
metallocene linear low density polyethylene (mLLDPE),

¢ polypropylene (PP), preferably polypropylene homopolymer (PPH), polypropylene random copolymer (PP-R) and
polypropylene block copolymers (PP-block-COPO),

¢ polyolefin plastomers, preferably polymers of 1-octene with ethylene, and

* PE copolymers, preferably ethylene-vinyl acetate copolymers (EVA), copolymers of ethylene and methyl acrylate
(EMA), copolymers of ethylene and butyl acrylate (EBA), copolymers of ethylene and ethyl acrylate (EEA), cycloolefin
copolymers (COC);

even more preferably from the group consisting of

¢ PE, preferably HDPE, LDPE and LLDPE,

¢ PP, preferably PPH, PP-R and PP-block-COPO,

¢ polyolefin plastomers, preferably polymers of 1-octene with ethylene, and
¢ PE copolymers, preferably EVA and EMA.

[0101] The composition Z preferably comprises a component E, the component E being a copolymer of ethylene and
methyl acrylate. The component E is preferably used when a composition Z, which contains a polymer selected from
the group consisting of PC, PBT, PET, PS, SAN, ABS, PAG or PAB.6 as component P, is to be produced. Component
E provides for a better compatibility of the composition Z with the component P.
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[0102] The composition Z preferably contains

of from 0.1 to 100 % by weight of the sum of the components A and B,

with the % by weight being based in each case on the total weight of the composition Z.
[0103] Preferably, the composition Z comprises

0.05 to 99.95% by weight of component A,
0.05 to 99.95% by weight of component B;

more preferably, the composition Z comprises

0.1 to 99.9% by weight of component A,
0.1 to 99.9% by weight of component B;

even more preferably, the composition Z comprises

1 to 99% by weight of component A,
1 to 99% by weight of component B;

the % by weight being in each case based on the weight of the total composition.

[0104] the composition Z is a masterbatch MB, the composition Z contains of from 50 to 100% by weight, more
preferably of from 70 to 100% by weight, especially of from 95 to 100% by weight, with the % by weight in each case
being based on the total weight of the composition Z, of the sum of the components A and B; more especially the
composition Z consists of component A and B.

[0105] When the composition Z is a masterbatch MB and comprises no graphite and no CNT, the composition Z
preferably comprises

of from 6 to 97% by weight of component A,
of from 3 to 94% by weight of component B;

more preferably

of from 7.5 to 95% by weight of component A,
of from 5 to 50% by weight of component B;

even more preferably

of from 25 to 90% by weight of component A,
of from 10 to 40% by weight of component B;

especially

of from 55 to 90% by weight of component A,
of from 10 to 35% by weight of component B;

more especially

of from 55 to 90% by weight of component A,
of from 13 to 35% by weight of component B;

[0106] withthe % by weightin each case being based on the total weight of the composition Z. In case that composition
Z comprises components A, B and P, the composition Z preferably comprises

of from 5 to 99.9% by weight of component P,
of from 0.1 to 95% by weight of the sum of component A and component B; more preferably
of from 10 to 90% by weight of component P,

of from 10 to 90% by weight of the sum of component A and component B,

even more preferably

11
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of from 12.5 to 90% by weight of component P,
of from 10 to 87.5% by weight of the sum of component A and component B,

with the % by weight being based in each case on the total weight of the composition Z; especially preferably, the % by
weight of the components A, B and P add up the 100%.
[0107] When the composition Z is a conductive polymer CP and the component B contains no graphite and no CNT,
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the composition Z preferably comprises

of from 1.0 to 45% by weight of component A,
of from 0.1 to 15% by weight of component B,
of from 5 to 98.9% by weight of component P;

more preferably
of from 2 to 40% by weight of component A,
of from 0.5 to 12.5% by weight of component B,
of from 5 to 97.5% by weight of component P;
even more preferably
of from 2.5 to 35% by weight of component A,
of from 1 to 12.5% by weight of component B,
of from 5 to 96.5% by weight of component P;
in particular
of from 2.5 to 30% by weight of component A,

of from 2 to 12.5% by weight of component B,
of from 5 to 95.5% by weight of component P;

with the % by weight being based in each case on the total weight of the composition Z.
[0108] When the composition Z is a conductive polymer CP and contains graphite, the

comprises

of from 1 to 83.9% by weight of component A,
of from 0.1 to 15% by weight of component B,
of from 10 to 90% by weight of graphite,

of from 5 to 88.9% by weight of component P;

more preferably

of from 3 to 80% by weight of component A,

of from 0.5 to 12.5% by weight of component B,
of from 15 to 85% by weight of graphite,

of from 5 to 81.5% by weight of component P;

even more preferably

of from 3 to 80% by weight of component A,
of from 1 to 12.5% by weight of component B,
of from 15 to 85% by weight of graphite,

of from 5 to 81 % by weight of component P;

in particular
of from 3 to 80% by weight of component A,

of from 2 to 12.5% by weight of component B,
of from 15 to 85% by weight of graphite,

12
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of from 5 to 80% by weight of component P;

with the % by weight being based in each case on the total weight of the composition Z.

[0109] The composition Z preferably contains of from 0.1 to 10% by weight, more preferably of from 0.1 to 5% by
weight, even more preferably of from 0.5 to 3% by weight, with the % by weight being based in each case on the total
weight of the composition Z, of component C.

[0110] The composition Z preferably contains of from 0.1 to 70 % by weight, more preferably of from 0.5 to 60 % by
weight, even more preferably of from 12 to 25% by weight, with the % by weight being based in each case on the total
weight of the composition Z, of component D.

[0111] When the composition Z is a masterbatch MB, the composition Z preferably contains of from 0.5 to 70% by
weight, more preferably of from 5 to 60% by weight, even more preferably of from 12 to 25 % by weight, with the % by
weight being based in each case on the total weight of the composition Z, of component D

[0112] When the composition Z is a compound CO, the composition Z preferably contains of from 0.1 to 15% by weight,
more preferably of from 0.5 to 10% by weight, even more preferably of from 1 to 6% by weight, with the % by weight
being based in each case on the total weight of the composition Z, of component D.

[0113] The composition Z preferably contains of from 0.1 to 50% by weight, more preferably of from 10 to 40% by
weight, even more preferably of from 15 to 35% by weight, with the % by weight being based in each case on the total
weight of the composition Z, of component E.

[0114] The invention further provides a process for producing a composition Z, characterized in that the component
A and the component B and any further components are physically mixed with one another.

[0115] The mixing of the components can occur in one step or in a plurality of steps.

[0116] As mixing apparatuses for physical mixing, it is possible to use the mixing apparatuses customary in the plastics
industry, preferably an apparatus selected from the group consisting of extruders, kneaders, presses, injection-moulding
machines and blade mixers. When the composition Z is a masterbatch MB, the mixing apparatuses are preferably
extruders, kneaders and/or blade mixers. When the composition Z is a conductive polymer CP, the mixing apparatuses
are preferably extruders, presses and injection-moulding machines, particularly preferably extruders.

[0117] Mixing preferably occurs continuously or batchwise, particularly preferably continuously, in the case of a mas-
terbatch MB preferably by extrusion or kneading, particularly preferably by extrusion, and in the case of a conductive
polymer CP preferably by extrusion or injection moulding or pressing, particularly preferably by extrusion.

[0118] Mixing is preferably carried out at a temperature of from 80 to 300°C.

[0119] Inthe case of a masterbatch MB, mixing is preferably carried out at a temperature of from 80t0 200°C, particularly
preferably of from 100 to 180°C, in particular of from 110 to 150°C; in the case of a conductive polymer CP, mixing is
preferably carried out at a temperature of from 80 to 300°C, particularly preferably of from 100 to 280°C.

[0120] The mixing time is preferably of from 5 sec to 36 h, more preferably of from 5 sec to 25 h, even more preferably
of from 5 sec to 10 h.

[0121] The mixing time in the case of continuous mixing is preferably of from 5 sec to 1 h, particularly preferably of
from 10 sec to 15 min.

[0122] The mixing time in the case of batchwise mixing is preferably of from 1 min to 10 h, particularly preferably of
from 2 minto 8 h, in particular of from 2 min to 5 h, especially of from 2 min to 1 h, particularly preferably of from 2 to 15 min.
[0123] In the case of a conductive polymer CP, the component A and the component B are preferably mixed in the
form of a masterbatch MB with the component P. Furthermore, a premix of the masterbatch MB with pelletized component
P is preferably used for physical mixing.

[0124] The invention further provides for the use of the composition Z for the production of a conductive polymer CP
or as conductive polymer CP.

[0125] When the composition Z is a masterbatch MB, the composition Z is preferably used for producing a conductive
polymer CP, in particular for producing a conductive polyolefin.

[0126] When the composition Z is a conductive polymer CP, the composition Z is preferably used for producing a
conductive polyolefin or as conductive polyolefin.

[0127] When the composition Z contains a component E, the composition Z is preferably used for producing a con-
ductive nonpolyolefin polymer or as conductive nonpolyolefin polymer.

[0128] The production of a conductive polyolefin from a composition Z, in particular from a conductive polymer CP, is
carried out by processes analogous to those described above for the production of a composition Z, in particular a
conductive polymer CP, with the analogous process steps and process parameters.

[0129] Forthe purposes of the invention, conductive polymers are polymers which have a surface resistance of from
10% ohm to 10"! ohm, preferably of from 105 ohm to 10"" ohm, in particular of from 0.1 ohm to 10° ohm.

[0130] The compositions Z are preferably used for the production of or as conductive polymers and/or articles made
of conductive polymers for use in explosion protection.

[0131] The compositions Z are preferably used for the production of or as conductive polymers and/or articles made
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of conductive polymers which can be coloured by electrostatic powder coating.

[0132] The compositions Z are preferably used for the production of or as conductive polymers from which packaging
which displays little if any electrostatic chargeability is produced. For the purposes of the invention, little if any electric
chargeability preferably means a surface resistance of from 106 ohm to 1011 ohm, preferably of from 10 ohm to 1011
ohm, in particular of from 0.1 ohm to 109 ohm, and an electrostatic discharge time to 10% of the original charge of less
than or equal to 2 seconds.

[0133] The electric chargeability is defined in accordance with DIN EN 61340-5-1 and is measured in accordance with
DIN EN 61340-2-1.

[0134] The compositions Z are preferably used for the production of or as conductive polymers, preferably conductive
polyolefins, which are used as bipolar plates in fuel cells.

[0135] Furthermore, the compositions Z are suitable for use as additives in polymers or as polymers, in particular for
mechanical reinforcement and for increasing the electrical conductivity, also as material for use in gas and energy
storage, for colouring and as flame retardant, as electrode material or for producing conductor tracks and conductive
structures and as emitter in displays. The compositions Z are preferably used in or as polymer, ceramic or metal composite
materials for improving the electrical or thermal conductivity and mechanical properties, for the production of or as
conductive coatings and composite materials, as colorant, in batteries, condensers, displays (e.g. flat screen displays)
or phosphors, as field effect transistor, as storage medium for, for example, hydrogen or lithium, in membranes, e.g. for
the purification of gases, as catalyst or as support material for, for example, catalytically active components in chemical
reactions, in fuel cells, in the medical sector, e.g. as framework for growth control of cell tissues, in the diagnostic field,
e.g. as markers, and also in chemical and physical analysis (e.g. in atomic force microscopes);

for the production of or as conductive polymers and/or articles made of conductive polymers for use in explosion protection,
for the production of or as conductive polymers and/or articles made of conductive polymers which can be coloured by
electrostatic powder coating,

for the production of or as conductive polymers from which packaging which displays little if any electrostatic chargeability
is produced,

for the production of or as conductive polymers, preferably conductive polyolefins, which are used as bipolar plates in
fuel cells.

[0136] The composition Z can contain further components, preferably

¢ colorants, with organic and inorganicdyes and pigments being possible as colorants; as organic pigments, preference
is given to using azo or diazo pigments, coated azo or diazo pigments or polycyclic pigments; preferred polycyclic
pigments are diketopyrrolopyrrole, phthalocyanine, quinacridone, perylene, dioxazine, anthraquinone, thioindigo,
diaryl or quinophthalone pigments; as inorganic pigments, preference is given to using metal oxides, mixed oxides,
aluminium sulphates, chromates, metal powders, pearl-effect pigments (mica), luminous pigments, titanium oxides,
cadmium-lead pigments, iron oxides, silicates, nickel titanates, cobalt pigments or chromium oxides suitable for
pigmentation;

* fillers such as silica, zeolites, silicates such as aluminium silicates, sodium silicate, calcium silicates, chalk, talc;

¢ auxiliaries, preferably blowing agents, nucleating agents, peroxides, antioxidants;

¢ antistatics, preferably glyceryl stearate, glyceryl monostearate, alkylamines, ethoxylated alkylamines, alkylsulpho-
nates, glyceryl esters or mixtures (blends) thereof;

e UV absorbers and hindered amine light stabilizer (HALS) compounds, slip agents, antifogging agents, anticonden-
sation agents and/or suspension stabilizers, flame retardants; antioxidants or other customary plastics additives;

*  or mixtures of these.

[0137] The compositions Z, both in the form of a masterbatch MB or in the form of a conductive polymer CP, are
surprisingly characterized by a low viscosity which can be obtained at the same time as a high loading with CB; in
particular, a loading of the masterbatch MB with up to 20% by weight, even up to 25% by weight, in many cases even
up to 30% by weight and sometimes even more, of CB can be achieved, with the % by weight being based on the total
weight of the masterbatch MB, without the viscosity becoming so poor thatthe masterbatch MB can no longer be produced
and processed, or a masterbatch not being formed at all; furthermore, the desired conductivities and the desired low
surface resistances can be set in the conductive polyolefins. The high solids content combined with a low viscosity
makes inexpensive introduction of additives into the polymer possible; also, the wear on the moulds is minimized and
rapid homogenization and uniform distribution of the CB is possible.

[0138] In the compositions Z, the CBs are well dispersed and/or distributed in the masterbatch and/or composition.
The quality of dispersion and/or distribution is determined qualitatively by optical means on pressed (compression
moulded) plates or films, e.g. with microtome slices, further, a high quality of dispersion and/or distribution leads to a
low standard deviation of the surface resistance measured at various places on the sample, often 10 places are chosen
to determine this standard deviation. The flowability, the impact toughness, the heat distortion temperature (i.e. the
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temperature of deflection under load) and the tensile strength also satisfy requirements. The viscosity or the flowability
is determined in accordance with DIN ISO 1133 and expressed as the melt flow rate MFR, the impact toughness is
determined in accordance with DIN EN ISO 179, the heat distortion temperature (i.e. the temperature of deflection under
load) is determined in accordance with DIN EN ISO 75-1 and the tensile strength is determined in accordance with DIN
EN ISO 527-1.

Further test methods:
[0139] The product properties are determined by the following methods, unless indicated otherwise:

Determination of the molar masses and molar mass distribution, i.e. the Mw and the Mn values, is done by gelper-
meation chromatography (GPC) according to DIN 55672, but at a temperature of 135°C and in the solvent 1,2-
dichlorobenzene, where the waxes are completely dissolved; for calibration commercially available PE standards
are used.

Determination of the dropping point is carried out using an Ubbelohde dropping point instrument in accordance with
DIN 51801/2 (°C).

Determination of the ring/ball softening point is done in accordance with DIN EN 1427 (°C). For the purpose of
accuracy, if the softening point is given as an integer number in the description or in the claims, it stands for ".0 C",
for example "130 C" stands for "130.0 C"; if not otherwise stated.

Determination of the viscosity of the waxes in accordance with DIN 53018 (mPa*s)

Determination of the density in accordance with ISO 1183 (g/cm?3)

Determination of the bulk density by DIN EN ISO 60 (kg/m3)

Determination of the saponification number by ISO 3681 (mg KOH/g)

Determination of the acid number by ISO 2114 (mg KOH/g)

Determination of modulus of elasticity by DIN EN ISO 527-1 (MPa).

Determination of the content of vinyl acetate with Fourier-Transformations-IR-Spectroscopy (FTIR), for calibration
commercially available EVA-Standards are used.

Determination of the metal content by atomic absorption spectroscopy (AAS), for calibration commercially available
metal standards are used

Determination of the ash content by annealing residue at 900°C in a muffle furnace for 60min.

Determination of the d50 value by a Laser Diffraction Mastersizer 2000, Fa. Malvern. Sample preparation: a small
amount (ca. of from 0.5 to 3 g) of the sample is suspended with ultrasonic treatment for 5 min in a solution of 0.5
ml Arkopal N 090, 3 drops of isopropanol and 20 ml of water.

The method SR-1 of determining the electrical surface resistance is in accordance with DIN EN 61340-2-3.

The method SR-2 of determining the electrical surface resistance is in accordance with IEC 93.

Measurement method for melting point; differential scanning calorimetry (DSC) in accordance with ISO 3146.

[0140] The torque [Nm] of the extruder and the melt pressure at the extruder head [bar] were read off on the machine
and are a measure of the viscosity or the flowability of the melt in the extruder.

Examples
[0141] Substances used:

Component A1: propylene-ethylene-copolymer wax having an ethylene content of from 8 % to 10% by weight based
on the total weight of monomers, a Mn value of 6700 g/mol, a Mw value of 15500 g/mol, a Mw/Mn value of 2.3 and
a density of from 0.86 to 0.89 g/cm3.

Component A2: propylene-ethylene-copolymer wax having an ethylene content of from 11% to 13% by weight based
on the total weight of monomers, a Mn value of 2900, a Mw value of 6400 g/mol, a Mw/Mn value of 2.2 g/mol and
a density of from 0.86 to 0.89 g/cm?3.

Component B1: CB having an oil absorption number (OAN) of 320 ml/100 g and a BET surface area of > 700 m?%/g.
Component B2: MWCNTSs which have been produced by decomposition of a gaseous hydrocarbon over a hetero-
geneous catalyst containing Mn, Co and a support material, with Co and Mn being present in metallic form in amounts
of from 2 to 98 mol%, based on the content of active components, and optionally, in addition, Mo and have an
average external diameter (defined as the median of the number distribution) of from 10 to 16 nm, a wall structure
made up of from 3 to 15 carbon layers, a residual catalyst content of less than 6% by weight, a length of from 1 to
10 microns and a bulk density of from 150 to 350 kg/m3.

Component B3: synthetic graphite having an oil absorption of dibutyl phthalate (DBP) measured in accordance with
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DIN 53601 of 52 g of DBP/100 g and a BET surface area of 3 m2/g

Component B4: CB having an oil absorption number (OAN) of 70 ml/100 g.

Component C1: sodium C4,-Cqg-alkylsulphonate having an active substance content of at least 90% by weight,
based on the total weight

Component D 1: nonpolar polyethylene wax homopolymers, produced using by Ziegler-Natta catalysts, having a
viscosity of from 640 to 660 mPa*s, measured at 140°C, a dropping point in the range of from 117 to 122°C, a
density of from 0.92 to 0.94 g/cm3 (measured at 20°C), an acid number of 0 mg KOH/g, a Mn value of 1800 g/mol,
a Mw value of 5600 g/mol, a Mw/Mn value of 3.1 and a saponification number of 0 mg KOH/g.

Component D2: nonpolar polyethylene wax homopolymers, produced using by Ziegler-Natta catalysts, having a
viscosity of from 280 to 320 mPa*s, measured at 140°C, a dropping point in the range of from 127 to 132°C, a
density of from 0.96 to 0.98 g/cm3 (measured at 20°C), an acid number of 0 mg KOH/g, a Mn value of 1600 g/mol,
a Mw value of 4800 g/mol, a Mw/Mn value of 3.0 and a d50 value of from 7.0 to 9.8 micrometer.

Component D3: maleic anhydride-modified polyethylene metallocene polyolefin wax having a viscosity of from 130
to 150 mPa*s, measured at 140°C, a dropping point of from 122 to 125°C, a density of from 0.97 to 1.00 g/cm3, a
Mn value of 1200 g/mol, a Mw value of 3000 g/mol, a Mw/Mn value of 2.5 and an acid number of from 17 to 19 mg
KOH/g.

Component D4: montanic ester wachs, partly saponified, having a viscosity of from 280 to 340 mPa*s, measured
at 120°C, a dropping point in the range of from 96 to 104°C, a density of from 0.99 to 1.04 g/cm3 (measured at
20°C), an acid number of from 9 to 14 mg KOH/g and a saponification number of from 108 to 115 mg KOH/g
Component F1: zincstearate having a metal content of 11% and a melting point of 120°C.

Component F2: calciumstearate having an ash content of 10% and a melting point of 155°C.

Component P1: polypropylene block copolymer (PP-block-COPO) having adensity of 0.90 g/cm3an MFR of 4g/10min
and a modulus of elasticity of 1200MPa

Component P3: ethylene-vinyl acetate copolymer (EVA) having a density of 0.952 g/cm3 an MFR of 7g/10min
(measured at 190°C/2,16kg) and a vinyl acetate content of 27,5% by weight based of the EVA.

Component P4: linear low density polyethylene (LLDPE) having a density of 0,90 g/cm3, an MFR of 1,0 g/10min
(measured at 190°C/2,16kg) and a modulus of elasticity of 80MPa

Component P5: PPH having a density of 0.91 g/cm3, an MFR of 120 g/10 min (measured at 230°C/2.16 kg) and a
modulus of elasticity of 1450 MPa.

[0142] % by weight mentioned in the following are based on the total weight of the mixture or the article; parts are
parts by weight; "ex" means example, "cpex" means comparative example; "T-Extr" shows the temperature of the extruder
in °C; "CB-L" means "loading with carbon black" and is the content of CB in % by weight, with the % by weight being
based on the total weight of the composition; unless indicated otherwise.

ex or cpex 1to 15

[0143] The various components in the examples are homogenized together on a twin-screw extruder, respective
masterbatches are obtained, details and results are given in tables A and B. For ex 15, resulting in MB15, was used:
25 parts of component A1, 50 parts of component B4, 12.5 parts of component D4 and 12.5 parts of component F2, T-
Extr was 100 to 160°C.

Table A
ex masterbatch T-Extr components used [parts]

[°C] A1 B1 D1 D2 | F1 P1 P3 P4
1 MB1 100 to 160 50 25 15 85 | 15 | - - -
2 MB2 140 to 190 54 20 16 85 | 15 | - - -
3 MB3 140to 190 | 36.5 | 15 75 4 05| — | 365 -
4 MB4 140 to 190 6.5 15 75 4 05| — | 665 -
cpex5 MB5 200 to 230 - 15 - - - - 85 -
cpexB MB6 200 to 230 - 25 - - - - - 75
cpex? MB7 200 to 230 - 25 9.0 50| 10 [ - - 60
cpex8 MB8 200 to 230 75 25 9,0 50| 10 [ - - 52.5
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(continued)

Table A

ex masterbatch T-Extr components used [parts]

cpex9 MB9 200t0 230 | 125 | 30 - - - - - 57.5

cpex10 | MB10 220 to 230 - 15 - - - 85 - -

11 MB11 100 to 160 75 25 - - - - - -

cpex12 | MB12 - - 25 75 - - - - -

cpex13 | MB13 200 to 230 - 30 | 125 | - - - - 57.5

cpex14 | MB14 200t0230 | 6.25 | 30 [ 625 [ - - - - 57.5
Table B
ex CB-L MFR parameters MFR result

masterbatch [% by weight] [°C/kyg] [9/10min]

1 MB1 25 190/10 16
2 MB2 20 190/10 >100
3 MB3 15 190/10 >100
4 MB4 15 190/10 40
cpex5 MB5 15 190/10 8
cpexB MB6 25 230/21.6 55
cpex? MB7 25 230/21.6 6.0
cpex8 MB8 25 230/21.6 8
cpex9 MB9 30 230/21.6 0.2
cpex10 MB10 15 - -
15 MB15 50 190/21.6 28
11 MB11 25 230/21.6 >100
cpex12 MB12 25 - -
cpex13 MB13 30 230/21.6 1.96
cpex14 MB14 30 230/21.6 1.6

MBS5 is very hard and difficult to distribute in the polymer. MB 10 and MB 12 are either very brittle and difficult to
pelletize or cannot be produced on conventional masterbatch equipment, because no granules are being formed. A
conventional premix was used.

ex or cpex 51 to 55, 63 to 65 and 71 to 75

[0144] The various components in the examples were premixed with the component P3 in a tumble mixer and mixed
and homogenized in a Brabender single-screw extruder having a mixing section, T-Extr was of form 130 to 150°C, details
are given in table C. A flat film with a thickness of 1 mm was obtained by extrusion through a flat film die.

[0145] The flat film was conditioned at 23°C and 50% relative humidity for at least 24 hours. The measured values
are given in table C.
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Table C
Ex components used [parts] CB-L SR-1 LSSR
MB1 | MB2 | MB3 | MB4 | MB5 P3 [% by weight] | [Ohm]
51 30 - - - - 70 7.5 11011 619
52 - 375 - - - 62.5 7.5 7*10% 329
53 - - 50 - - 50 7.5 3*106 364
54 - - - 50 - 50 7.5 51011 658
cpex55 - - - - 50 50 7.5 5*1012 714
63 - - 58.3 - - 41.7 8.75 5*103 283
64 - - - 58.3 - 41.7 8.75 8*103 299
cpex65 - - - - 58.3 | 41.7 8.75 2*109 712
71 40 - - - - 60 10.0 2*104 430
73 - - 66.7 - - 333 10.0 5103 370
74 - - - 66.7 - 333 10.0 2*103 330
cpex75 - - - - 66.7 | 33.3 10.0 1*107 700
ex or cpex 81 to 85,91 to 95

[0146] The various components in the examples were premixed with the component P4 in a tumble mixer and mixed
and homogenized in a Brabender single-screw extruder having a mixing section, T-Extr was of from 190 to 200°C, details

are given in table D. A flat film with a thickness of 1 mm was obtained by extrusion through a flat film die.

[0147] The flat film was conditioned at 23°C and 50% relative humidity for at least 24 hours. The measured values

are given in table D.

Table D
Ex components used [parts] CB-L SR-1 LSSR
MB6 | MB7 | MB8 | MB9 | MB11 P4 [% by weight] [Ohm]

cpex81 30 - - - - 70 75 >1*1013 | >730
cpex82 - 30 - - - 70 75 1%107 394
83 - - 30 - - 70 75 17105 281
84 — - - 25 - 75 75 54104 264
85 - - - - 30 70 75 2*106 354
cpex91 40 - - - - 60 10 1*107 700
93 - - 40 - - 60 10 6103 378
94 - - - 333 | - 66.7 10 5103 370
95 - - - - 40 60 10 1*104 400
ex or cpex 101, 102 and 103

[0148] The various components in the examples were premixed with the component P1 in a tumble mixer and mixed
and homogenized in a Brabender single-screw extruder having a mixing section, T-Extr was of from 240 to 250°C, details

are given in table E. A flat film with a thickness of 1 mm was obtained by extrusion through a flat film die.
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[0149] The flat film was conditioned at 23°C and 50% relative humidity for at least 24 hours. The measured values
are given in table E.

Table E

Ex components used [parts] CB-L SR-1 LSSR
MB1 | MB10 | MB15 P1 [% by weight] | [Ohm]

101 20 - - 80 5.0 4*107 190

cpex 102 - 33.3 - 66.7 5.0 3*10™1 287

103 - - 30 70 15 1200 693

cpex 121 and 122

[0150] The various components in the examples are homogenized together on a twin-screw extruder and master-
batches are obtained; details are given in table F

Table F
ex masterbatch T-Extr components used [parts]

[°C] A2 B1 B2 B3 C1 D3 P5
cpex121 MB121 230 to 260 - 5 - 78 - - 17
cpex122 MB 122 100 to 130 78 - 20 - 2 - -

The masterbatch MB 121 are very brittle and difficult to pelletize.

The masterbatch MB 122 is not brittle and can be pelletized easily. ex or cpex 133, 134 and 135

[0151] The various components in the examples were mixed and homogenized in a Brabender single-screw extruder
having a mixing section, T-Extr was of from 260 to 275°C, the speed of rotation of the Brabender single-screw extruder
was a constant 80 revolutions per minute in all experiments; plates of 1.5 mm thickness were obtained by extrusion
through a flat film die; details are given in table G

Table G

Ex plates | components used [parts] | Torque Melt pressure SR-2
MB121 MB 122 [Nm] [bar] [Ohm]

cpex133 | EP133 100 - 440 185 0.99

134 EP134 95 5 29.0 101 0.70

135 EP135 20 10 25.0 20 0.59

Claims

1. composition Z which is a masterbatch, the composition Z containing of from 50 to 100% by weight, with the % by
weight being based on the total weight of the composition Z, of the sum of a component A and a component B, wherein
the component A is a propylene-olefin-copolymer wax, and
the component B is a carbon black,
with the propylene-olefin-copolymer wax being made of the monomers propylene and
of from 0.1 to 50% by weight of at least one compound of formula (lI),

¢
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with R@ being selected from the group consisting of H and of unbranched or branched C,_;g-alkyl;
with the % by weight being based on the total weight of the monomers.

Composition according to claim 1, wherein R2 is H.

Composition Z according to claim 1 or 2, characterized in that the carbon black has a BET surface area, the BET
surface area measured using nitrogen in accordance with ASTM D3037, of from 30 to 2000 m2/g.

Composition Zaccording to one or more of claims 1 to 3, characterized in that the carbon black has an oil absorption
number, measured in accordance with ASTM D2414, of from 100 to 500 ml/100 g,

Composition Z according to one or more of claims 1 to 4, characterized in that the composition Z contains an
organic polymer as further component P.

Composition Z according to claim 5, characterized in that the component P is selected from the group consisting
of thermoplastic polycondensates, styrene polymers, polyamides, polyesters, polycarbonates, polyacrylates, poly-
acrylate copolymers, polyacetals, polyadducts, polyolefins, polyolefin copolymers and mixtures of these substances.

Composition Z according to one or more of claims 1 to 6, characterized in that the composition Z contains a
dispersant as further component C.

Composition Z according to one or more of claims 1 to 7, characterized in that the composition Z contains at least
one wax other than a propylene-olefin-copolymer wax as component D.

Composition Z according to one or more of claims 1 to 8, characterized in that the composition Z contains a
copolymer of ethylene and methyl acrylate as further component E.

Process for producing a composition Z as defined in one or more of claims 1 to 9, characterized in that the
component A and the component B and any further components are physically mixed with one another.

Use of the composition Z as defined in one or more of claims 1 to 9 for the production of a conductive polymer CP.

Use of the composition Z as defined in one or more of Claims 1 to 9 as additive in polymers or as polymers, in
particular for mechanical reinforcement and for increasing the electrical conductivity, also as material for use in gas
and energy storage, for colouring and as flame retardant, as electrode material or for producing conductor tracks
and conductive structures and as emitter in displays, in or as polymer, ceramic or metal composite materials for
improving the electrical or thermal conductivity and mechanical properties, for the production of or as conductive
coatings and composite materials, as colorant, in batteries, condensers, displays (e.g. flat screen displays) or phos-
phors, as field effect transistor, as storage medium, in membranes, as catalyst or as support material, in fuel cells,
in the medical sector, in the diagnostic field, and also in chemical and physical analysis, for the production of
conductive polymers and/or articles made of conductive polymers for use in explosion protection, for the production
of conductive polymers and/or articles made of conductive polymers which can be coloured by electrostatic powder
coating, for the production of conductive polymers from which packaging which displays little if any electrostatic
chargeability is produced, for the production of conductive polymers, preferably conductive polyolefins, which are
used as bipolar plates in fuel cells.

Patentanspriiche

Zusammensetzung Z, die ein Masterbatch ist, wobei die Zusammensetzung Z 50 bis 100 Gew.-%, wobei sich die
Gew.-% auf das Gesamtgewicht der Zusammensetzung Z beziehen, an der Summe einer Komponente A und einer
Komponente B enthalt, wobei

die Komponente A ein Propylen-Olefin-Copolymerwachs ist und

die Komponente B ein RuR ist,

wobei das Propylen-Olefin-Copolymerwachs aus den Monomeren Propylen und 0,1 bis 50 Gew.-% mindestens
einer Verbindung der Formel (l1),
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besteht, wobei R? aus der Gruppe bestehend aus H und unverzweigtem oder verzweigtem C,_g-Alkyl ausgewahltist;
wobei sich die Gew.-% auf das Gesamtgewicht der Monomere beziehen.

Zusammensetzung nach Anspruch 1, wobei R fiir H steht.

Zusammensetzung Z nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass der Ruk eine BET-Oberflache von
30 bis 2000 m2/g aufweist, wobei die BET-Oberfléache mit Stickstoff nach ASTM D3037 gemessen wird.

Zusammensetzung Z nach einem oder mehreren der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass der Rul}
eine Olabsorptionszahl, gemessen nach ASTM D2414, von 100 bis 500 ml/100 g aufweist.

Zusammensetzung Z nach einem oder mehreren der Anspriiche 1 bis 4, dadurch gekennzeichnet, dass die
Zusammensetzung Z als weitere Komponente P ein organisches Polymer enthalt.

Zusammensetzung Z nach Anspruch 5, dadurch gekennzeichnet, dass die Komponente P aus der Gruppe be-
stehend aus thermoplastischen Polykondensaten, Styrolpolymeren, Polyamiden, Polyestern, Polycarbonaten, Po-
lyacrylaten, Polyacrylat-Copolymeren, Polyacetalen, Polyaddukten, Polyolefinen, Polyolefin-Copolymeren und Mi-
schungen dieser Substanzen ausgewahlt ist.

Zusammensetzung Z nach einem oder mehreren der Anspriiche 1 bis 6, dadurch gekennzeichnet, dass die
Zusammensetzung Z als weitere Komponente C ein Dispergiermittel enthalt.

Zusammensetzung Z nach einem oder mehreren der Anspriiche 1 bis 7, dadurch gekennzeichnet, dass die
Zusammensetzung Z als Komponente D mindestens ein Wachs, das von einem Propylen-Olefin-Copolymerwachs
verschieden ist, enthalt.

Zusammensetzung Z nach einem oder mehreren der Anspriiche 1 bis 8, dadurch gekennzeichnet, dass die
Zusammensetzung Z als weitere Komponente E ein Copolymer aus Ethylen und Methylacrylat enthalt.

Verfahren zur Herstellung einer Zusammensetzung Z gemaR einem oder mehreren der Anspriiche 1 bis 9, dadurch
gekennzeichnet, dass die Komponente A und die Komponente B und gegebenenfalls weitere Komponenten phy-
sikalisch miteinander gemischt werden.

Verwendung der Zusammensetzung Z gemal einem oder mehreren der Anspriiche 1 bis 9 zur Herstellung eines
leitfahigen Polymers LP.

Verwendung der Zusammensetzung Z gemaR einem oder mehreren der Anspriiche 1 bis 9 als Additiv in Polymeren
oder als Polymere, insbesondere zur mechanischen Verstarkung und zur Erhdhung der elektrischen Leitfahigkeit,
weiter als Material zum Einsatz in der Gas- und Energiespeicherung, zur Farbung und als Flammschutzmittel, als
Elektrodenmaterial oder zur Herstellung von Leiterbahnen und leitfahigen Strukturen, und als Emitter in Displays,
in oder als Polymer-, Keramik- oder Metallkompositmaterialien zur Verbesserung der elektrischen Leitfahigkeit oder
Warmeleitfahigkeit und mechanischen Eigenschaften, zur Herstellung von oder als leitfahige Beschichtungen und
Kompositmaterialien, als Farbmittel, in Batterien, Kondensatoren, Displays (z.B. Flat Screen Displays) oder Leucht-
stoff, als Feldeffekttransistor, als Speichermedium, in Membranen, als Katalysator oder als Tragermaterial, in Brenn-
stoffzellen, im medizinischen Bereich, im diagnostischen Bereich, sowie in der chemischen und physikalischen
Analytik, zur Herstellung von leitfahigen Polymeren und/oder Artikeln aus leitfahigen Polymeren flir den Einsatz im
Explosionsschutz, zur Herstellung von leitfahigen Polymeren und/oder Artikeln aus leitfahigen Polymeren, die durch
elektrostatische Pulverlackierung geféarbt werden kénnen, zur Herstellung von leitfahigen Polymeren, aus denen
Verpackungen hergestellt werden, die keine oder eine nur geringe elektrostatische Aufladbarkeit zeigen, zur Her-
stellung von leitfahigen Polymeren, bevorzugt leitfahigen Polyolefinen, die als bipolare Platten in Brennstoffzellen
eingesetzt werden.
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Revendications

10.

11.

12.

Composition Z qui est un mélange-maitre, la composition Z contenant de 50 a 100 % en poids, le pourcentage
pondéral se rapportant au poids total de la composition Z, de la somme d’un composant A et d’'un composant B,
le composant A étant une cire de copolymére propyléne-oléfine, et

le composant B étant un noir de carbone,

avec la cire de copolymére propyléne-oléfine étant constituée des monoméres de propyléne et de 0,1 2 50 % en
poids d’au moins un composé de formule (ll),

avec R2 étant choisi dans le groupe constitué par H et les groupes alkyle en C,_14 non ramifiés ou ramifiés ;
avec le pourcentage pondéral se rapportant au poids total des monomeéres.

Composition selon la revendication 1, dans laquelle R2 est H.

Composition Z selon la revendication 1 ou 2, caractérisée en ce que le noir de carbone a une surface spécifique
BET, la surface spécifique BET étant mesurée en utilisant de 'azote conformément a la norme ASTM D3037, de
30 & 2000 m2/g.

Composition Z selon une ou plusieurs des revendications 1 a 3, caractérisée en ce que le noir de carbone a un
indice d’absorption d’huile, mesuré conformément a la norme ASTM D2414, de 100 a 500 ml/100 g.

Composition Z selon une ou plusieurs des revendications 1 a 4, caractérisée en ce que la composition Z contient
un polymere organique comme composant supplémentaire P.

Composition Z selon larevendication 5, caractérisée en ce que le composant P est choisi dans le groupe constitué
par les polycondensats thermoplastiques, les polyméres de styréne, les polyamides, les polyesters, les polycarbo-
nates, les polyacrylates, les copolyméres de polyacrylate, les polyacétals, les produits de polyaddition, les polyo-
|éfines, les copolymeéres de polyoléfine et les mélanges de ces substances.

Composition Z selon une ou plusieurs des revendications 1 a 6, caractérisée en ce que la composition Z contient
un dispersant comme composant supplémentaire C.

Composition Z selon une ou plusieurs des revendications 1 a 7, caractérisée en ce que la composition Z contient
au moins une autre cire qu’une cire de copolymére propyléne-oléfine comme composant D.

Composition Z selon une ou plusieurs des revendications 1 a 8, caractérisée en ce que la composition Z contient
un copolymere d’éthyléne et d’acrylate de méthyle comme composant supplémentaire E.

Procédé de production d’une composition Z telle que définie dans une ou plusieurs des revendications 1 a 9,
caractérisé en ce que le composant A et le composant B et tous les composants supplémentaires sont mélangés
physiquement les uns avec les autres.

Utilisation de la composition Z telle que définie dans une ou plusieurs des revendications 1 a 9 pour la production
d’un polymeére conducteur CP.

Utilisation de la composition Z telle que définie dans une ou plusieurs des revendications 1 a2 9 comme additif dans
des polyméres ou sous forme de polymeéres, en particulier pour le renforcement mécanique et pour 'augmentation
de la conductivité électrique, également comme matériau a utiliser dans le stockage de gaz et d’énergie, pour la
coloration et comme ignifugeant, comme matériau d’électrode ou pour produire des pistes conductrices et des
structures conductrices et comme émetteur dans des écrans, dans ou sous forme de matériaux composites a base
de polymeére, céramique ou métal pour améliorer la conductivité électrique ou thermique et les propriétés mécani-
ques, pour la production ou sous forme de revétements et matériaux composites conducteurs, comme colorant,
dans des batteries, des condensateurs, des écrans (par ex. des écrans plats) ou des luminophores, comme transistor
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a effet de champ, comme support de stockage, dans des membranes, comme catalyseur ou comme matériau de
support, dans des piles a combustible, dans le secteur médical, dans le domaine du diagnostic, mais aussi dans
'analyse chimique et physique, pour la production de polyméres conducteurs et/ou d’articles faits de polyméres
conducteurs a utiliser dans la protection contre les explosions, pour la production de polymeéres conducteurs et/ou
d’articles faits de polyméres conducteurs qui peuvent étre colorés par un revétement en poudre électrostatique,
pour la production de polyméres conducteurs a partir desquels un emballage qui présente peu ou pas d’aptitude a
se charger électrostatiquement est produit, pour la production de polymeéres conducteurs, de préférence de polyo-
|éfines conductrices, qui sont utilisés comme plaques bipolaires dans des piles a combustible.
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