A conposition conprising a conductive polyner in
colloidal formand carbon [Technical Field to which
woOheoslovgat i on Pertains] The present inventi onPCEIERL@®S/002889
to conductive materials conprising (intrinsically)
conductive polynmers and carbon materials, nethods for
their manufacture and use for high-capacity electrica
doubl e | ayer capacitors to be utilized in various
el ectroni ¢ apparatuses, power supplies and the |ike.
[Prior Art] Conductive Materials are known and used in
many different forns and applications. Conductive
materi al s based on carbon are available in severa
di fferent physical and chem cal norphol ogi es, forns
and conpositions. Pure or mainly pure carbon is
avail able in the formof carbon black (which contains
al so nmainly oxygen based inpurities, graphite (pure
C), carbon nanotubes and fullerenes and the Iike.
Anot her group of conductive materials are
(intrinsically) conductive polyners which have found
some first applications. These two groups of
conductive materials have at |east one property in
common, the conductivity. Qher properties my be
exclusive to the one or the other group of nmaterials,
or may vary widely within the respective group. For
exanpl e, the particle size of graphite is in the range
of several to several tens of microns, while that of
fullerenes is in the range of angstroms. The specific
surfaces of carbon bl ack and carbon nant ot ubes exhi bit
hi gh val ues up to about 1000 n2/g while that of
graphite is in the range of a few n2/g. Polyaniline,
one of the representatives of conductive polyners, is
characterized by a rich redox chem stry, PEDOT
(pol yet hyl enedi oxyt hi ophene), also terned PEDT, has a
noderately or poorly

A composition comprising a conductive polymer in colloidal form and carbon

[Technical Field to which the Invention Pertains] .
The present invention relates to conductive materials comprising (intrinsically)
conductive polymers and carbon materials, methods for their manufacture and use for
high-capacity electrical double layer capacitors to be utilized in various electronic

apparatuses, power supplies and the like.

[Prior Art]

Conductive Materials are known and used in many different forms and applications.
‘Conductive materials based on carbon are available in several different physical and
chemical morphologies, forms and compositions. Pure or mainly pure carbon is
available in the form of carbon black (which contains also mainly oxygen based

impurities, graphite (pure C), carbon nanotubes and fullerenes and the like. Another



reproduci bl e redox chem stry, while graphite or carbon

bl ack show no reversi ble redox chem stry. The
woandsioetss on of conductive polynmers |ike pol yaRCIiER2005/002889

pol yet hyl enedi oxyt hi ophene, polypyrroles or their

derivatives wth carbonaceous?materials (carbon bl ack,

graphite, carbon nanotubes and full erenes) has been

tried in the past. Wile sinple m xtures of said

materials do not offer any significant or reproducible
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echnol ogi cal applications, chem'cal processes for the

foond sorat fiow apflicetipiuct i ve pol yners and carbon bl-ack or
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wi dely studi ed. For instance, the conpany Eeonyx has
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pol yners have been m xed or )
mpoadudide iredofkochennstnyg wihilet ugrephifeopr chiiben gilagkoghew no reversible
%ri nc'bgall two m xi ng procedures have been used:
dﬁi‘)lc S¥¥ng of powders of carbon bl ack and
pol yani | i ne by one day of ball mlling (US-Patent

plication Publication No. 2002/0114128), or_in oth?r o
§s combination of conductive polymers like po yamlme,.

polyethylenedioxythiophene, polypyrroles or their derivatives with carbonaceous
materials (carbon black, graphite, carbon nanotubes and fullerenes) has been tried in
the past. While simple mixtures of said materials do not offer any significant or
reproducible advantage, and hence did not -find any commercial or technological
applications, chemical processes for the combination of conductive polymers and
carbon black or conductive polymers and carbon nanotubes have been widely studied.
For instance, the company Eeonyx has offered carbon black on which surface
polyaniline was polymerised as a developmental product in the market ("Eeonomer"),
of. G. Du, A. Epstein, K. Reimer, presentation on the March 1996 Meeting of the
American Physical Society, Session M23, presentation M 23.09. The laboratory
chemicals supplier Aldrich has advertised such a chemically produced mixture in their

catalogue. However, such a product did not offer interesting advantages.

One of the areas in which carbon black/polyaniline mixtures could offer an interesting

technological advantage, could be the area of so the called ‘supercépacitors’, also



as disclosed in Journal of Power Sources 11, 2003,

185-190, and Journal of the Electrochem cal Society,

w028)5/000446 2001, A1130- A1134, where a pol yani | i ReT®P2005/002889

pol yt hi ophene derivative was m xed wi th carbon bl ack

powders. However, the specifté&-means of mixing are not

di scl osed. - Chem cal or electrochemca

pol ymeri sation of different conductive polymers on the

carbon bl ack surface. The latter method has been :

BREL NN VESIDIIMRE bh feldBx RAPSMor@NAhEC hRAL prbvides the highest

literature. European Patent- Application EP 1 329 918

maspbertaf pabbicatioas frehich\erbohaod coutbictiverpolyntess kfvedweonixed or

and.pal.yani | ine_or pol ypyrrole in which the conductive

BariR e fele o Sebiwlhem cal |y pol ymori sed. The

positive el ectrode was made from | ead. The conductive

ﬁgé mer content was found to be optimal at 10- 15% by
éwtpurm’ﬁ@, pigraRdlydromigmgmyoessinrrg heve beanatsed:i al

conpri sed an el ectrode conbi nation including a

positive non-pol ari sable and a negative pol ari zabl e

el esimpbdenivihgrod gdwelepost tirben btawckalndr pelpdilineeby one atdg of ball .

was nade fromlead. US Patent Application. 2002/ 0039807

di deilpge U3 Ratent Application W%Qﬁﬁ ?-@%&%&8 dP¥ @c?tB? ways

po'a)é.rfﬁ&i s&d iR QOH}HQPB%PW&O SurE& PO PL 2¢Ks 1B edrn.ﬁajbuméll of the

chem cal or electrochem cal neans.” The el ectrochem ca .
polBleerichamicah Sotiepn! ta8Nnil0,i 2@0 1o\ 1d 362k HGH, adergelpolyaniline or

generated fro ol.yacrylonitrile is discl.osed.in

o OBheRp T GtV EviRe AR SRS Erpo Plackg Bouder. Bapsver, the
ThageAfi0 $R28s bEmBORP aledbt 8isti8sddhe el ectrochemi cal
pogérerlsatlon of pol yaniline on active porous carbon
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Cortfie PEREADIBPK 8368 4 of ANTEC ' 98, Vol . 2, 1197ff,

1998, the authors report the polynerisation of

ol¥ethylenedroxythiqphene on high surface area filns
he latter method has been widely investigated in the patent and scientific literature.

European Patent Application EP 1 329 918 reports about a negative electrode
composite of carbon and polyaniline or polypyrrole in which the conductive polymer
was electrochemically polymerised. The positive electrode was made from lead. The
conductive polymer content was found to be optimal at 10-15% by weight. The
capacitor made by using this material comprised an electrode combination including a
positive non-polarisable and a negative polarizable electrode where the positive non-

polarisable electrode was made from lead.

US Patent Application 2002/0089807 discloses an intrinsically conductive polymer
directly polymerised on highly porous carbon black material by chemical or
electrochemical means. The electrochemical polymerisation of polyaniline on a
carbon aerogel generated from polyacrylonitrile is disclosed in Journal of Applied
Electrochemistry 33, 465-473, 2003. That process is comparable to the
electrochemical polymerisation of polyaniline on active porous carbon disclosed in

Journal of Power Sources 117, 273-282, 2003 and lit. 10, Carbon 41, 2865-2871,



of carbon on a platinumcurrent collector support. In

the sane publication it was reported that polyaniline
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same type of carbon filns. Electrochimca Acta Vol

41, No. 1, 21-26, 1996 disclo$es various redox
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of the electrodes, and energy can be taken out
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2P%s T'clou%fe ?ayer capacitors”, ~ "electrochemical" or "electrical couble layer

capacitors” or "redox capacitors" as well as sometimes "pseudo-capacity capacitors".

Conventionally, a double layer capacitor is an energy device in which two electrodes -
at least one of which being obtained by coating a collector plate with a porous
carbonaceous material having a high specific surface area between and above about
100 and 1000 m*/g to a collector plate - are disposed opposite to each other with a
separétor disposed therebetween. A voltage is impressed on the electrodes in the
presence of an electrolyte solution, to generate an electrical double layer on at least
one of the electrodes, and energy can be taken out therefrom. The structure of one
kind of double layer capacitbr using porous carbonaceous material as electrode
material is, as disclosed in the specification and drawings of US Patent No. 5,150,283,
classified into a type in which a pair of electrical double layer electrodes (each
comprising - a polarizable electrode joined to a collector plate) are wound and
contained in a container, and a button type in which a pair of electrical double layer

electrodes are laminated.



classified into a type in which a pair of electrica
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On the other hand, the button type has a structure in which a polarizable electrode
composed of an active carbon layer is formed on a disk-shaped sheet of a valve metal
to obtain an electrical double layer electrode. A pair of such electrical double layer
electrodes is disposed opposite to each other §vith an insulating separator
therebetween, and this assembly is housed in a metallic container composed of two
members. The two electrical double layer electrodes have their disk-shaped form
sheets (or foils) of valve metal joined respectively to the inner sides of a bottom
portion and a top cover portion of the metallic container, the bottom portion and the
top cover portion are joined to each other while being hermetically sealed with an
insulating ring packing at a circumferential edge portion thereof, and the inside of the
container is filled with a nonaqueous electrolytic solution which is supplied

sufficiently to the electrical double layer electrodes and the separator. As the
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density of 30 kW/kg.

In recent years, capacitors using other inorganic oxide mixture systems as electrode

material have been investigated (J. Power Sources, vol. 29, p.355 (1990)).

Also, electrochemical capacitors using as electrode material (intrinsically) conductive
polymers utilizing the oxidation-reduction characteristic of a m-conjugated system
organic substance, other than the above-mentioned inorganic metal oxides, have been

actively studied in recent years.
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electrode materials have been evaluated in some cases, to achieve much higher
capacities, as compared to the conventional capacitors using only the porous

carbonaceous material as an electrode material.
[Problems to be Solved by the Invention]

In spite of intensive research, no mixtures of carbonaceous materials and
(intrinsically) conductive polymers are in industrial use. The reasons for this can
mainly be found in a poor homogeneity of the mixture on the nanoscopic scale and a
poor reproducibility of the properties due to the manufacturing processes (as described

above) used.

On the other hand, the above-mentioned conventional electrical double layer -
capacitors using a porous carbonaceous material for polarizable electrodes are limited
in capacity, though they are good in quick charge-discharge characteristics. For

example, as described in Japanese Patent Laid-open No. 2003-338437, a capacitor



capacities, as conpared to the conventional capacitors
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Japanese Patent Laid-open Nos. 2003-2179
particularly in use for automobiles and the like.

Besides, when using only the porous carbonaceous material for electrodes, it is
necessary to add acetylene black or the like to the binder for the purpose of enhancing
conductivity, but, even with such an addition, the interface resistance is very high,

which constitutes a serious problem.

On the other hand, there are electrochemical capacitors using a conductive metal
oxide as described above. Although such electrochemical capacitors have very high
capacities as compared to the cases of using the above-mentioned porous
carbonaceous material, the electrochemical capacitors are disadvantageous on the
basis of production cost, since the metal of the metal oxide generally belongs to noble
metals. For example, pseudo-capacity capacitors using a thin film of ruthenium oxide -
or indium oxide as electrode material have been reported to have an electrostatic
capacity of 160 F/cc in an aqueous system, in the 5th International Seminar on-Double

Layer Capacitors and Similar Energy Storage Device held in Florida, USA, in 1995.
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The method of synthesizing a conductive polymer by chemical oxidation
polymerization and preparing a composite material from the conductive polymer and
other conductive inorganic material is an apparently relatively simple technology for
forming electrodes, and many examples of this technology have been made publicly
available in recent years. However, its reproducibility is poor and therefore, no such
mixtures are in practical use. Also, the problems to be overcome when trying to scale

up and develop a reproducible process are huge.

For example, Japanese Patent Laid-open No. 2002-265598 discloses the use of a
composite material of an organic conductive oligomer and an inorganic material as
electrode material. In this case, however, the organic conductive oligomer cannot be
expected to have a high conductivity, so that the inorganic material is required to have

a very high conductivity in order to lower the internal resistance.



resistance of 13.9 W and the formation of el ectrodes

by the electrolytic polynerization nmethod generally
wOonwlwesica serious problemas to productivityPChaEP2®s/002889

Therefore, many proposals have been nade to use

conbi nati ons of carbonaceous Weaterials (mainly carbon

bl ack) and intrinsically conductive polyners. As
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[Detailed description of the invention]

Most surprisingly, a mixture of (intrinsically) conductive polymer(s) with carbon
materials like carbon black, graphite, carbon nanotubes or fullerenes, can reproducibly
be manufactured, if the conductive polymer(s) is (are) provided in colloidal form and

the colloidal form of the conductive polymer is mixed with the carbon material.

Thus, in a first aspect, the present invention relates to composition capable of forming a

coating and comprising a mixture of a conductive polymer in colloidal form and carbon.

In a second aspect, the present invention relates to a method for the manufacture ofa
composition according to the first aspect, said method comprising dispersing the conducx—
tive polymer and carbon, and optionally additives in a liquid dispersion medium and

optionally drying the liquid dispersion after application on a substrate,



conductivity but leads to an increase in the interna
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reproducibility, resulting in that the capacitors
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aRbEIngbshd thice agredon bl ack, graphite, carbon
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e conductive polynmer s mxed wth the carbon
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15 % for carbon black post-treated with oxygen. Further, condensed aromatics may be-

present at the surfaces of the material.

The term “(intrinsically) conductive polymers” (ICP) refers to organic polymers
which have (poly)-conjugated m-electron systems (e.g. double bonds, aromatic or
heteroaromatic rings or triple bonds). They can exist in various states, each described
by different empirical formulae, which can generally be converted essentially
reversibly into one another by (electro)chemical reactions such as oxidation,
reduction, acid/alkali reaction or complexing. These reactions are also occasionally
known as “doping” or “compensation” in the literature, or can be regarded as
“charging” and “discharging” in analogy with the electrochemical processes in
batteries. At least one of the possible states is a very good conductor of electricity, e.g.

has a conductivity of more than 1 S/cm (in pure form), so one can speak of



t he second aspect in the formof a coating on a

substrate. In a fourth aspect, the present invention
woebmtioest460 an el ectrical or electronic articl CT/EP2005/002889

conprising the conposition according to the first

aspect or the conposite materlat according to the

third aspect. Preferred enbodi nents of the present

i nvention are disclosed in the dependent cl ai ms.

Preferably, the carbon materials of the present
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Rrivatives (formed for examplé from monomers substituted with side chains or

groups), their copolymers and their physical compounds. The method for
polymerizing the conductive polymers is not particularly limited, and the usable
methods include electrolytic oxidation polymerization, chemical oxidation
polymerization, and catalytic polymerization. The polymer obtained by the
polymerizing method as mentioned is neutral and is not conductive per se. Therefore,
the polymer is subjected to p-doping or n-doping to be transformed into a conductive
polymer. The substance used for the doping is not particularly limited; generally; a
substance capable of accepting an electron pair, such as a Lewis acid, is used.
Examples include hydrochloric acid, sulfuric acid, organic sulfonic acid derivatives
such as parasulfonic acid, polystyrenesulfonic acid, alkylbenzenesulfonic acid,
camphorsulfonic acid, alkylsulfonic acid, sulfosalycilic acid, etc., ferric chloride,

copper chloride, and iron sulfate.



"chargi ng" and "di scharging” in analogy with the

el ectrochem cal processes in batteries. At |east one
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ditleeent gvays miichare besielly faoyierr state ehihe aHenpeier example EP-A-
B AP PRI Lo A 80, K RS g 7o Aconi o
present invention, polymer particles having a size of smaller than 500 mm are
considered to be colloidal. The size of the particles can be determined by scanning or
transmission electron miscroscopy, or by using laser Doppler technology. Another
method of manufacture of the polymer is its polymerisation in the presence of surface
active agents so that the resulting polymer remains in colloidal form in the reaction
medium. For the subsequent use as colloidal dispersion, one would purify the

dispersion by ion exchange and / or membrane filtration.

Alternative methods are procedures by which the conductive polymer is polymerised,
then neutralised (compensated) to the non-conductive form and mixed with solvents
resulting in a fine colloidal dispersion (often considered to be a “solution”). This
colloidal dispersion of the non-conductive form of the conductive polymer can be

mixed with the carbon based material and the resulting mixture can be rendered



pol yneri zing nmethod as nentioned is neutral and is not
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conductive pol ymer. The substance used for the doping

is not particularly limted;-Yenerally, a substance
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acid, is used. Exanples include hydrochloric acid,
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BRbtEBr prefemtet eayCiR It @olyaasiee th@do@au@ivel polyah@vdoodsk it -ﬂ‘t@lpltates
col l oidal formof the conductive polynmer can be-m X

fipmnthe FeactignyBedines can pat fdiqred, weshod dad aftervendy déﬁpersed This
%ﬁﬁﬁer Q)?p’gﬁfﬁnefrﬁ%tfgn is Qie%c?fbga ?11 EP }?%r%ﬁcﬁ !Pp]gﬂ{ I3 ob obtamed by that -

orm of a col
ﬁihem ardammaciable apaﬁbﬂeﬁbmobl(neecgn ChybiaGErnmnky| Seseg1)1,part1cular
ed i, n water, org oIv

ﬁ%ﬁvﬁlgnpgﬁl §1F%\%f‘é8“1?t1‘f’“f36lpﬁ$eo F’FB @2 0 %ﬁ%ﬁfq @boi&efl | s

or porous shapes or nenbranes. The col |l oidal form of
t he conductive pol yner nmay be added to the carbon
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aeserhien e the nohenerization method of EP-B-0 329 768 so that the primary
particles have a diameter of less than 500 nm, and the resulting powder is dispersible.

According to one embodiment, this powder is then dispersed in a first dispersion step,
followed by a conditioning step and a second dispersion step. Finally, the dispersion is
formulated so that the colloidal dispersion meets the various following processing and
applications requirements (viscosity, stability, drying time and temperature, and
others). Suitable dispersion techniques are described in German patent application No.

10 2004 003 784 and include, for example, the use of an ordinary ball mill, a planetary

ball mill, a homogenizer, or an ultrasonic dispersing apparatus .

The conductive polymer can be mixed with the carbon based material after the second
dispersion step (which usually results in a highly viscous paste form) or after the final

formulation step (which usually results in a less viscous liquid).
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scanning or transm ssion electron m scroscopy, or by
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afterwards di spersed. This manner of polynerisationis

described in EP-B-O 329 768. Pol yners obtai ned by that
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The nost preferred way is to use conductive pol yner

di spersi ons manuf actured as described in German patent
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dispersion apparatuses, 2- or 3-roll mills or other state-of-the-art dispersion machines.

In order to attain a highly dispersed state, the dispersing process can be carried out by
use of an ordinary ball mill, a planetary ball mill, a homogenizer, or an ultrasonic
dispersing apparatus. Where the planetary ball mill is used, stirring is preferably
carried out for at least 30 min. Stirring for a long time may be associated with
processing problems such as a rise in the temperature of the solvent. Therefore,

cooling is needed in the case of stirring for more than 1 hour.

It is preferred to produce a paste of the carbon based material which can be mixed
with the conductive polymer colloid without, before, during or after further dilution

and formulation.



having a conductivity of above 100 S/cmwhich is
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Carbon / conductive polymers according to this invention can be used in conductors,
energy stores, sensors, switches, condensers, capacitors and supercapacitors, double layer

capacitors and redox capacitors

For the application of carbon / conductive polymers according to this invention for the
storage of (electrical) energy, e.g. in capacitors, active carbon black and polyanilines
or polythiophenes and their derivatives are preferred. Conductive carbon black may be

used as an additional component as well.

A preferred application of the compositions according to the invention is their use as
electrode material in high-capacity capacitors. Such capacitors are often called “super-

capacitors” or “double layer capacitor” (“DLC”), also sometimes (referring to some
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carbon based materials, |jke active ack a
according to the invention can easily impregnated w1tﬁ ah qectrolyte solu{}on

Although it is not critical for the scope of this invention, usually, for the use as
electrode material, the mixture contains a higher amount of (active) carbon than

conductive polymer.

The conductivity of the conductive polymer contributes particularly to a reduction in
the equivalent series resistance of the capacitors. While it is a general practice to add
acetylene black or the like as a conductivity-imparting material in the case of an
electrode for a capacitor which uses a porous carbonaceous material, the material
according to the invention is characterized in that, by providing a conductive polymer
with conductivity of 100 S/cm or more, the conductive polymer by itself has the
function as a conductivity-imparting material, making it unnecessary to especially add
a conductivity-imparting material. Since it is unnecessary to add a conductivity-
imparting material, it is possible to enlarge the capacity of the actual product. In this

case, the conductivity of the conductive polymer is at least 100 S/cm, preferably 200



conductive carbon bl ack may be advantageous in certain

applications. The sane applies to the conductive
woabosmes446 Al t hough it is not critical to the pPOTEP0061002889

application requirenents of this invention,

avai l ability and price may liHt the selection of

conductive polyners. Cenerally, all of the above

descri bed conductive polyners are useful in the

practice of the present invention. Preferred are
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in partlcuiar pol yaniline and its ¢ ymers and

plisferskly jag bigh asnopible/ sigemid hes p\asead mfgwe?% op gheortarig) registance

L hven n be used in conductors, energy

Bﬁ%@é sg%égggrﬁggntches condensers, capacitors and

super capaci tors, double Iayer capacitors and redox

capacitors For the applicatiaon of carbon / coqguct
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ca?‘é §ag1§ L idnt. qfh i@ arlyE -tHe cbfﬁp&%@f}g 1%] {ffod @&Idﬁt‘i’cﬁlaﬂy can be

and ol yaniTines o I ophenes and
tideeli sepmwelwﬁt mhmsamemrthé elecidlyteGorible capavitorciavinger and for the

bl ack b d ddi t
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I'gh-capacity capacitors. Suc capacitors are o ten
edianegetssup drecsagalitytodtise elestradd¢oubl e | ayer capacitor™”
("DLC"), also sonetines (referring to sonespecifc
mechanismin certain forns of such capacitors) "redox

CRRAGhEOESodimeRt dheefialémitnnan cditrdd@pehpedtion forva Ichpacitor is
be referred to as "DLC'. One preferred enbodi nent of

proyvidedy evwhérein |tlge tdpadvetivef @ebymarngispersioat efqmagns pejtains solid

ectrodes for h
SuPBATTh e B PO APT b EAPRCM OB SRR 28 cime of
ﬁﬁﬁﬁﬁg geeeledtrddbe thd ecidendatonbef thg sbhid renhpbnans greatly influences

nposi tion contalnlng an electrochen1call¥ active
dirtipavetionty apd pits iHRyTSyer. Bhe slidhramnagentsdn the Conductive polymer

dispersion element influences the stability of the dispersion, too. Therefore, the
concentration of the solid components is not more than 20 wt% where production cost
is taken into account, and the concentration is not more than 10 wt%, preferably not

more than 5 wt%, where the stability of the dispersion is also taken into account.

In still another embodiment of the invention, it is preferred to focus on the specific
surface area of the porous carbonaceous material. A sufficient capacity of the DLC
can be obtained by use of a carbonaceous material with a specific surface area of not
less than 100 m?/g, preferably 500 m?/g, more preferably 1000 m?/g. Such a porous

carbonaceous material is dispersed in the conductive polymer dispersion element.

The amount of the porous carbonaceous material used can widely vary. It is necessary
to add the porous carbonaceous material in an amount of at least 5 wt%, in relation to

the weight of solid polyaniline.



car bonaceous material with the conductive polyner in
colloidal form it is possible to strongly bind the
woan@ueoaar bonaceous material and to form a st ROTAEP2005/002889
el ectrode or electrodes. Wile in the prior art a
non- conducti ve organi c bi nderl%ras been used as a
bi nder for binding the porous carbonaceous materi al,
the conductive material according to the invention
makes it possible to formthe el ectrode w thout using
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conductive polymer with conductivity of 100 S/cm or
more, the conductive polyner by itself has the
frustidt dnothea smhodioredtiof the itventiep ahe matsrigktaes pr fomglestipges for a

bl Sl B b PSHEPL B S e ot with the separtr
HRPERE $BREVetiBerd thefbit BOMAUSTIthy ty eliproddsnge pmhposedof the same
it"is possible to enlarge the capacity of the actu?
inddefceondpetivenpelymas e Thisheordighention; s ithe gerit (pf providing a very
conduct i v

SRR R i RS et o o 01
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In still another embodiment of the invention, the materials are used for electrodes for a
DLC, wherein the compositions used to form the two electrodes disposed opposite to
each other with the separator disposed therebetween comprise different kinds of
conductive polymers. This is based on the consideration that many of organic
conductive polymers show different activities under a positive voltage and under a
negative voltage. In other words, a method of obtaining a high-capacity devi‘ge
resides in using a conductive polymer material which shows the highest electrical

activity when the voltage is swept.

In still another embodiment of the invention, the materials are used for electrodes for a -
DLC, wherein one of the two electrodes comprises a porous carbonaceous material,

and the other comprises a porous carbonaceous material/conductive polymer



preferably as high as-possible, since it has a great
i nfluence on the internal resistance of the capacitor
woaois@dmade. In a further enbodi nent of the i nPEeMEP2IV5/002889
the conductive polyner is dispersed in water or an
organi c sol vent. Particularlyg)the conposi tion
specified conditionally can be used separately for the
case where the electrolyte in the capacitor is water
and for the case where the electrolyte is an organic
. ERhPORRE acdes@as itdlthy inMafih. tTHEs ebefduriont siovsl 4l8iugrikingly high
water, the use of the conductive polyner dispersed in
eapagiygani ¢ sol vent is advantageous to the stability of
the el ectrode. In another enodi nent of the invention,
an el ectrode conposition for a capacitor is provided,
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production cost aken I nto account, and
ooenems pside end insliviooxider e t han 10 wt % preferably not
nore than 5 wt% where the stability of the dispersion
is also taken into account. In still another

Rihafeefker®fithd IR rgamye Mat@ial/cdddutGvedp6llyief @Emb0sifeobatsy in the

on the specific surface area of the porous . | .
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1R, @s rdouiédr ably 500 n2/g, nore preferably 1000 n2/g.

Such a porous carbonaceous material is dispersed in

t he conductive pol ynmer di spersion el enent.

The effects of using. carbon / colloidal conductive polymer mixtures as electrode
materials in DLC are quite surprising. Compared with such types of capacitors .
“manufactured by polymerising a conductive polymer in presence or on the surface of
(active) carbon black used in DLC, the capacitors manufactured using the mixtures
according to this invention exhibit significantly better properties. However, it is noted
that the scope of this invention is not limited by the specific properties of the DLC
manufactured according to the invention. In other words, DLCs which may show a

lower performance are also considered to be within the scope of this invention.
The capacity may range from, for example, over 50 to well over 200 F/g, the power
density may range, for example, from about 1,000 to several 1,000 W/kg, and the

energy density ranges, for example, from about 10 and well over 100 Wh/kg.

As can be seen in Figure 6 and Figure 11 (Ragon plots), this set of characteristics

positions the DLC according to the invention outside of the presently accessible range



The amount of the porous carbonaceous material used

can widely vary. It is necessary to add the porous
woaodmaeeous material in an anount of at | easPCH/ERRMFH/002889

inrelation to the weight of solid polyaniline. The

addi tion amount is closely redlat ed to the

charge-di scharge rate of the capacitor. It is

desirable to add the porous carbonaceous material in a

| arger anmount in the case of devices for quick
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wherein both of the two el ectrodes are conposed of the

g for Tdrgfngt@idbetnivugidad! ymer . This configuration
has the merit of providing a very inexpensive device,

|n consi deration of the productivity thereof. In stil
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use or el ectrodes for a DLC, V\,herel n the
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pposijte to each other wt he separat or sed
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Pulverized coconut shell active carbon (not yet activated) in an amount of 18 g was
dispersed in 90.9 g of a conductive polymer dispersion (ORMECON 7301-026-002, a
dispersion of conductive polyaniline in xylene; solid components: 2.2%), and the
mixture was stirred by a planetary ball mill for 60 min. To the porous carbonaceous
material/conductive polymer slurry, 57.3 g of xylene was further added, and the
mixture was stirred by a stirring motor for 30 min, to prepare a porous carbonaceous

material/conductive polymer dispersion.

Electrodes for a capacitor need collector plates adapted to the electrolytic solution
used in the capacitor. In this example, platinum plates were used for electrodes when
using aqueous sulfuric acid solution (I mol/l) as the electrolytic solution, and
aluminum was used for the electrodes when using propylene carbonate as the

electrolytic solution. Where platinum is used for the collector plates in the actual



conductive polynmers show different activities under a
positive voltage and under a negative voltage. In
wothesrosemas ds, a net hod of obtai ni ng a hi gh- capaCiEy2005/002889
device resides in using a conductive polynmer materi al
whi ch shows the highest elect?2cal activity when the
voltage is swept. In still another enbodi nent of the
invention, the materials are used for electrodes for a
DLC, wherein one of the two el ectrodes conprises a
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thecorgenip splyent. oThe plsaisodes thigmivsmed gvere subjected to weighing of the
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I'nventi on. I's contiguration I's effective
particularly in the case of obtaining a high capacity
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are rut oxi de and i ndi um-oxi de. Nbreover,  where
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co%g%%i \r/eemc?v%lr}{(r)rietqlrm xtures as electrode materials in
ok arequ € suPpr?‘si ng. Conpared with such types of
capaci tors manufactured by polymerising a conductive

%plyner in presence_or on the_ surface, of
he” components of the dispersion used for forming the porous carbonaceous
material/conductive polymer composite electrodes are shown in the following Table 1.

Table 1

Specific Solid
Conductive Dispersion surface area | component
polymer medium of active | ratio
carbon (m%/g) | C:ICP
Experiment 1 Polyaniline Xylene 1100 9:1
Experiment 2 - Polyaniline Xylene 1100 8:2
Experiment 3 Polyaniline Xylene 1100 1:9
Experiment 4 Polyaniline Xylene 1600 9:1
Experiment 5 Polyaniline Xylene 1600 8:2
Experiment 6 Polyaniline Xylene 1600 1:9
Experiment 7 Polyaniline Water 1600 8:2
Experiment 8 PEDOT Water 1600 8:2




(active) carbon black used in DLC, the capacitors

manuf actured using the m xtures according to this
wonvesmvean exhi bit significantly better proper PCESEP2005/002889
However, it is noted that the_scope of this invention
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out by use of a TOeS?(S rsgrstgr% TOSCAT-3100U, available from TOYO SYSTEM, Co..

LID.

The results of the charge-discharge test of capacitors using the electrode active

substances shown in Experimental Example 1 are shown as Examples in the following

Table 2.
Table 2
Electrode ‘Charging | Charging Discharging | Discharging
Test No. active Dispersion | rate capacity rate capacity
substance (mA/cm®) | (Flg) (mA/cm?) Flg)
Sulfuric acid
1 Experiment 1 . 10 250 10 250
’ solution
Sulfuric acid
2 Experiment 1 i 5 240 5 240
solution ‘
Sulfuric acid
3 Experiment 1 . 1 220 1 220
solution




Pul veri zed coconut shell active carbon (not yet

activated) in an anount of 18 g was dispersed in 90.9
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7301- 026- 002, a dispersion of conductive polyaniline
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the electrode actilve substance,and were used-directly

as the electrodes for the capacitor. Wen using a 1
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I spersion, In the sane anner as in the case of using
the platinum plates as the

Fig. 1 shows the internal resistance of the capacitor (impedance characteristics) using

the porous carbonaceous material with a specific surface area of 1600 m?/g.

Fig. 2 shows the internal resistance of the capacitor (impedance characteristics) using

the porous carbonaceous material with a specific surface area of 1100 m?/g.

Comparative Example

A mixture of an electrode material including 60 wit% activated carbon (specific
surface area of about 1600cm?/g), 30 wt% carbon black, and 10 wit%
tetrafluoroethylene as binder was prepared. For film formation methanol was added to

this mixture. An electrode sheet (10mm width, 10mm length, 3 mm thickness) was



collector plates. Thereafter, drying was conducted at

100C for 24 hours, to sufficiently renove noisture.
woherspomaenent s of the di spersion used for for FRCTIEPLINE/002889

por ous carbonaceous materi al /conductive pol yner

conposite el ectrodes are showin the fol | owing Table

1. Table 1Exanple 2: Production of Capacitor Cell Each

el ectrode plate with the el ectrode active substance in

close contact therewith, as prepared in Exanple, 1 is
irleparké byl B$ing &I Fellh@rmehek ST tshedt Wha Mk at 0F502CCHM overwise
- to prepare two el ectrodes. A glass fiber filter is '
“YrhigRSPndisioss-a circul ar shape with a dianmeter of 1.5

¢m and used as a separator. Further, an aqueous 1 M

solution of sulfuric acid is used as an electrolytic
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sql ution etraethyl ammoni um tetrafl uoroborate in
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solution in the case of an organic solvent system

Eval uati on of Capacitor Characteristics Measuring
Examplerfent s: The internal resistance of each capacitor

cell was neasured by use of an inpedance anal yzer YHP
4192A, avail able, from Hew ett-Packard Devel opnent

OompanyandlapBarab®asur ements in a charge-di scharge test
were carried out by use of a TOYO System TOSCAT- 3

100U, avail abl e frow1TQYO SYSTEM 3 Co.. LTD. The
ﬁﬁﬁﬂﬂﬁ’% %P t\bﬁcﬁ I??rggo:d(i:l?‘%cf/ g;b & s]t:jg?z igﬁ; ﬁgz%ﬁ)@sl%ﬁtacs) F&tive carbon

using the électrod €
mxfeesl nental Exanple 1 are shown as Exanples in the
followi ng Table 2. Table 2The results of eval uation of

internal resistance are shown in Figure 1 and Figure
B1005W (dispersion of polyaniline in water) and 7201-026-001(dispersion of

polyaniline in xylene), both available from Ormecon GmbH, Ammersbek, Germany

were used as conductive polymers in colloidal form.

Charge-discharge test was carried out by the use of TOCAT-3100U battery testing
unit (TOYO SYSTEM, CO., LTD.). Impedance property was measured using 4192A
LF IMPEDANCE ANALYZER (HEWLETT PACKARD).

2) Preparation of a mixture of conductive polymer and active carbon:

The mixture was prepared by using the following procedure. 8.0g of the active carbon
and 90.9g of ORMECON 7201-026-001(solid :2.20%) were mixed using a Satellite
ball mill for 60min. This mixture was used as electrode material. Electrode films were
made by applying a 200 pum coating of the material on an aluminum plate. The wet

film was dried at 100 °C under ambient conditions.

Resulis:



Measur enment was conducted by use of a capacitor cel

formed by using the el ectrodes using the dispersion
wehermmatsae of Experinment 2 and Experinent 5, an#@CusiPmgysma02889

1 Msulfuric acid solution as the electrolytic

solution. Fig. 1 shows the im%rnal resistance of the

capacitor (inpedance characteristics) using the porous

carbonaceous material with a specific surface area of

1600 n2/g. Fig. 2 shows the internal resistance of the

EaDaEpdskion(dbiRRMREE ceSmiAGl Rk Fpdlgamilinesdingrsibe (1201 d128-001)

carbonaceous material wth a specific surface area of

1100 n2/g. Conparative Exanple A m xture of an

ectr,od g ' -udi 9 j : ; -
EOREHR TRl FaAD v QRO AL HRE L SVRE s RRE of 7201
-026-bon hldaskl I FNIE1APM Ohirgé-diasthargs ogbhartienevers Betecheined at
was prepared. For filmfornation methanol wa

2 pmall, added..t.0
0 AMA/ gt Lip A/ apd Send/se. Snbd: capegifips WdeThthesq fppditions are

. t hi ckness) wasprepared by using a rolling
hnsg?%%)@abﬁlg? sheet was dried at 250C at overw se

Anblees Inidaindpiditynsf ICEbasgksagdaciohar ge test were then

—carried oqut—usirgthesarepethod—as—deseri-bed—aboye—
CRIEAsphe 2| CRAAYT s case| POWER Qﬁ‘?ﬂfyge capac i?rﬁ?rgkzléenmy
.7 Flg y. Exanmpl eg/d) Agent and R/ S:

%%E AP, \g\]ﬁ@ch S Dronggd y KABEBO | TD), wag.é)ﬂqu
as active canBéhOmaterial . | DAWO5W (di sper si gnl4dfoé

Nnilina iln watar). and 201 026 001( di crnaracian £

LI B A~ e e A~ I~ By |z apav UZ OO0 (U3 I UTT Ul
E@I yaniline i @ch}l ene), bot ih_gl(%f«;ai | abl e from @r]n?con

pH—AMTET S| @'F 3Cermany Weggy4iSed as conducitjive

polyners in @o roidal form

Both power density and energy density were excellent. This capacity is bigger than
that of a capacitor made from BELLFINE carbon only. For the ‘BELLFINE only’
capacitor, the capacity is about only 30 F/g. Results of cycle tests are indicated in

Figure 3, Figure 4, and Figure 5.

Fig.3 shows the result of a cycle test of capacitor at a current density of 0.5mA and a
voltage of 2.0V using a propylene carbonate electrolyte including 0.01M

tetraethylammonium tetrafluoroborate.

Fig.4 shows the result of a cycle test of capacitor at a current density of 1.0mA and a
voltage of 2.0V using a propylene carbonate -electrolyte including 0.0IM

tetraethylammonium tetrafluoroborate.

Fig.5 shows the result of a cycle test of capacitor at a current density 5.0mA and a
voltage of 2.0V using a propylene carbonate electrolyte including 0.01M

~ tetraethylammonium tetrafluoroborate




Charge-di scharge test was carried out by the use of
TOCAT- 3100U battery testing unit (TOYO SYSTEM CO. ,
waIsjosod4opedance property was neasured usi ng RCTEPZ00EHB02889
| MPEDANCE ANALYZER ( HEWLETT PACKARD). 2) Preparation
of a mixture of conductive po¥¥mer and active carbon:
The m xture was prepared by using the foll ow ng
procedure. 8.(Qg of the active carbon and 90.9g of
ORMECON 720 1-026-001 (solid :2.20% were m xed using

. AfiSaitel 400Deyddettdst, thd bagaiiar@Hebreaddd  dBoxt Wi3eofhs itisieldvalue.
- as electrode material. Electrode filns were made by

appAciiprrg adtepbOqenclevitisied B abl§et mat eri al on an

al um num plate. -The wet filmwas dried at 100 C under
anmbi ent conditions. Results:1: Conposition obtained
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haoad
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t8acitor. Both| Power density h#Plenergy densi t;)?@ere

pcEr et Thrs|Fapaci ty 1S bi pgglg than that of 430
Capaci tor nade from BELLFENE charbon only. For the

"BELLFI NE only' capacitor, the capacity is about only

30_F/g. Results of cycle tests are.indicated in Figur
3, Reggfuplot o Hiacyslgy e dgta p§ ghov HBWES Ondt 38 e sogp that the
S e\g’aﬁ@ﬁ' ftof! i WigRAthAeNBiLt ¥ bnRnBBMI ones.
gﬁkga%cgl(%fag{g 0 .%({/%E%%na <’:11 préopyl ene car bonartle
8exificatllyy trergy density rdpcbagbvith an increasing number of cycles. Clearly,
Bgvtv{avae?,t ;pglv!'e% rgggsqéy%rgtr %ﬁefulglé‘s’ as ?é’nﬁgérgd to the initial value. In the case of

5mA/cm?* condition, the characteristic got worse quickly after about 4500 cycles.

In order to understand the resistance components, impedance characteristics were
measured. Measurement of impedance was carried out in the range from 5SHz to
13MHz. The interface action of ion species, however, cannot be seen in, this
frequency area. First, the resistance icomponent was checked by a Cole-Cole plot.
Then change of each resistance was conformed by comparing with the Cole-Cole plot’
of initial resistance component with that of resistance component after 4000 cycles. In

the case of this capacitor, equivalent circuit was depicted as follow;

: dl
R1
‘%

In the case of a capacitor, R1 is a solution resistance which is in series with electrode
interfacial impedance, and R2 is the Faradaic resistance of electrode process at
reversible potential. This value is influenced by the resistance of conducting polymer.

The Cole-Cole plot is shown in Fig.7.



Fig.4 shows the result of a cycle test of capacitor at
a current density of 1.0mA and a voltage of 2.0V using
wa smpyd4ene car bonate el ectrol yte includi ng OPOLMP2005/002889
tetraet hyl ammoni unt et raf |l uoroborate. Fig. 5 shows the
result of a cycle test of cap&&itor at a current
density 5:.0mA and a voltage of 2.0V using a propyl ene
carbonate el ectrolyte including 0.01M

t et raet hyl ammoni uni t et raf | uor oborateAfter the

ROQOe Rolvahieg ate lidtdtEinCRPRCI .t ance decreased to about 1/3
of the initial value. Capacitance after 4000cycles is
listed in Table 4. Table 4. Capacity of |ICP Based

?Qﬂ@%‘ %Elstaf/i\ées(ﬁ‘; mﬁQcQt%?%gmg gong@ 23 gjn%geaglﬁ a%ﬁ{é% ca?‘%(grl fhixture
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density decggapes Wi th amdngreasi nogrpwsper of dyeles.
Clearly, homeﬁc\%%r. power |density hardly changes_as &

Bdtizplared ti%he initial M&lue. In thicase of 5maBcn

thn ~rharant A ren o Aft Ay

ot ont A \ L
gg 3 50b cles. In ora‘lép toyunderisgand the 7 200

resi stance components, | nmpedance characteristi cs Were
nmeasur ed. Measurenent of inpedance was carried out in
fThe abarglatd shomsShiz, tlithclgVRA. did et chunge fraihebaile t:unmtcoifensity,

[ ci es , cannot be se in.this frequenc
0BGy Pt YEl oRERCR s e Bt Mg diedies bg fimgtent on
ﬁlecé‘hhﬁgeq}f* &)nﬁhé%{ve polaReCRARIEcOfuch A8 Rl Dh T ‘H%F%Misomdatlon
conf ormed ycorrparlng with the Cole-Cole plot o

pﬁmndactweamlﬁn%m decommopion@fipolyimeh anchsn omf resi st ance
conmponent after 4000 cycles. In the case of this
capacitor, equivalent circuit was depicted as foll ow,

Erinatee di%@él@ed)f)olaalﬁﬁﬂ@@m@ﬁW)Q is a solution
resi stance which is in series with el ectrode
interfacial inpedance, and R2 is the Faradaic

bﬁéljgé—td"i%ﬁfrggftes? LRSS oA Rt B €8 ud of thin film on Al plate, which was
made from mixture of D1005W and BELLFINE AP. Charge-discharge tests were
performed at 0.5mA/cm® 1mA/cm?® and SmA/cm®. Initial capacities under these

conditions are listed in Table 6.

Table 6: Initial capacity of ICP based capacitor.

Current density | Capacity Power density Energy Density
(mAfom®) | (Flg) (Wike) (Whikg)

0.5 185.1 1225 102.8

1.0 66.07 1549 36.7

5.0 106.7 12769 59.3

Energy density of capacitor using D1005W was less than that of capacitor using 7201-
026-001. Results of Cycle test are shown in Fig.8 , Fig 9, and Fig 10.




reversible potential. This value is influenced by the
resi stance of conducting polynmer. The Col e-Col e pl ot
wo0sshomaci n Fig. 7. R and. R2 val ues are |i st edPCIVEP205/002889
5. Table 5 : Resistance of capaci tor using Conductive
pol ymer and active carbon nmix#ure as el ectrode. The
above data shows that, although R did not change with
both current density, R2 changed drastically with 4000
cycles. It is assuned that this change was dependent

Big. BRBowigRGEsuR ofGOfydleabit\of CRRICHEPEL 4 EFtit danity DIO5mMA and a
el'im nati on of dopant, oxidation of conductive

yoliagaert 20 candossias ofprppylgne cakeaatsoelspirolvte jgghuding O. Vi
05W Char ge-di scharge test

%gré&ﬁg%ﬁlq%%%ﬁ?&haﬂhpﬁog%%g of thin filmon A plate,

whi ch was made from m xture of - D 1005W and BELLFI NE

AP. arge-di scharge tests_were perforne

t .

Biech#hoavethe Fasalf Oh 3ycla Hert SHeEPaROT At ACUITER! ffe&ﬁéie?i {QgA and a
voiel bhosey candbbingns GoBylbhs @fbdnbre8RLFoGe TRMldng 0.01M

tral capacity ased capacitor. Energy
tzbera,eﬁhyganmmmlapaeiratfhprob@ratg D1005W was | ess than that
of capacitor using 7201- 026-001. Results of Cycle
test are shown in Fig.8 , Fig 9, and Fig 10.Fig. 8
BROWE shb\@s TR TElult &fa c%cfé%@ét%f LaScitof atCPRRfnt Bnsaty 0@5 0 mA and
current density of and a voltage of 2.0V and
a:qui@ga qfr 2PV musagb@mo@@ieeearb@w@ eelgctielyieliipgjuding 0.01IM
? &ﬂ%raethéua poni.um.t etrafi uorobarate Fig 9 shows
Fracthglapirporgym CE@EPE"‘W&? of capacitor at a current
density of 1.0 mA and a voltage of 2.0V and using a
?ropylene carbonate el ectrolyte including 0.01M

thezesengfl ladmd Aimpmchange F capacEtiseayas noEphserved 18 fsgycle test. In

gﬁ z{s? )S?% bfoﬁ&&%r%;%‘glﬁgvér,e gtraﬁ) b rgﬁ&%ghto%caﬁﬁmﬁngéj {/a§ Bbserved at

1000 cycles. The capacity data after 4000 cycles are listed in Table 7.

Table 7: Capacity of ICP based capacitor of 4000cycles after .

Current density | Capacity Power density Energy Density
(mA/cm?) (F/g) (Wkg) (Wh/kg)

0.5 55.1 1233 30.6

1.0 63.1 1311 35.1

5.0 194 10621 10.7

A Ragon-plot of the cycle test data are shown in Fig.11.

From the data it is apparent that energy density decreases with an increasing number
of cycles. However, power density hardly changes as compared to the initial value. At
a current density of 1.0mA/cm?, power density and energy density were very stable
for about 4000 cycles. At 5.0mA/cm?, power density got worse quickly after about
1000 cycles.



a voltage of 2.0V and using a propyl ene carbonate

el ectrolyte including 0.01Mtetraethyl ammoni um
woetrsabiader oborate. In the case of 1.0mA/ cn2, eoamye006/002889

capaci tance was not observed in the cycle test. In the

case of 5.0mA» cnR, however, ’a3Q’api d reduction of

capaci tance was observed at 1000 cycles. The capacity

data after 4000 cycles are listed in Table 7. Table 7

. Capacity of |ICP based capacitor of 4000cycles after .

B &agoto phabysecthe trépistane lcenipendént Jntpedan® mBMerhéhtEwas carried

11. Fromthe data it is apparent that energy density )

FE g BPdrRGe ARLIZRE %@F%@f thgriwedagice ayedsarpment are shown in

WeMET whiBRWRT » EBISL(E | CONRALL st i
t he ini‘tNi 1aI valaue. Até{%rigggr%n{gﬁgg%%?tu%ﬁ%f&%g{ﬁcﬁﬁgn%fldumve
padywseragd astiveycaghn asrebactpdelensity were very stable for
about 4000 cycles. At 5,0m& cn2, power density got

worse quickly after about 1000 cycles.In order to

RDBhYRE valiRs HO b TDEECERMANEDisted HPELHADGE

measurenents was carried out using I npedance anal yzer.
Resul ts of the inpedance nmeasurenent are shown in Fig.

hi,ch is a | e-Col e Plot .of. capaci tor ,usin .
Fie 8 RENsthRes e RS g o haitivE 2BR G Gt el harbon mixture
&l @edifdde. R and R2 values fromthe Col e-Col e pl ot

re listed in Table 8. Tab Resi st ance of

e 8
Resistaeet or] OFuAg2CoPdRelmy o byry/re? |[ahnAlen S tarywsn | 5.0mA/cm2
m xture aRi@hectr oaxQ) Thi S| ROy esi Str@e conmagent i $RrR2(Q)
: . o

NNNNN 7Z201...ARA_NA1 _h It or! o

I~ + By + ot hf cend ~AanNnAan
Wt?‘ﬂglut L i:gl ng bounai5 y theo’z{)‘}, it s’fgssurred 2t57hat the37

400okpsiencq3et RZ 1 egp St ancegPet ween {3p005W Based 5920
capaciton and 7201-026-001] based capacitor gan be

attribute to difference of conductivity between DL1005W

Y R0 Qc())r%pon%g’g i b%ge?lthgnn&aﬁgf 7201-026-001 based capacitor’s
R2. Without being bound by theory, it is assumed that the difference of R2 resistance
between D1005SW based capacitor and 7201-026-001 based capacitor can be attribute
to difference of conductivity between D1005W and 7201-026-001. Both of R1 and R2

resistance increased drastically after 4000 cycles.

[Effects of the Invention]

As has been described above, the present invention provides an electrical double
layer capacitor in which a pair of polarizable electrodes each comprising a solid
electrolyte of a conductive polymer contained in an active carbon layer are opposed to
each other with a separator disposed therebetween. Particularly, by enhancing the
particle diameter and conductivity of the conductive polymer, it is possible to obtain
an electrical double layer capacitor having a low internal resistanqe and a high

capacity.



resi stance increased drastically after 4000 cycl es.

[Effects of the Invention] As has been descri bed
wahos@oodshe present invention provides an el ecPCTERR005/002889

doubl e | ayer capacitor in whigh a pair of polarizable

el ectrodes each conprising a solid electrolyte of a

conductive polyner contained in an active carbon | ayer

are opposed to each other with a separator disposed

t herebet ween. Particularly, by enhancing the particle

di ameter and conductivity of Ch@mgonductive pol yner,

it is possible to obtain an electrical double |ayer

capacitor having a low internal resistance and a high

gapacit é’on?@iti’gﬁ éapab‘be CPTROSh OQoa‘E?lQath og‘r {sﬂ{gnl Wxfre of a

coating and conprfsing a mxture o C

pol ymemndigtivepbolymiatan cdlmidal fomnt andrchdon. 2 . The

conposition according to claim1, wherein the

conductive polynmer is selected from pol yners of

ani | i MBS comPbatie @.@&)rdﬁ%g rtf) Oligifm ANdyRHES tth %ﬁ&’ucﬁve polymer is

derivatives thereof .~ The conposition according t

cl ai nselectnd dioat anb{mWﬁ eo%|m11mm thiophenes, dpsfrfcm:se rand substltuted

condu s are present. 4. The conposition

accor%%ﬁéﬁvg?%%gq%ne of the preceding clains, wherein

the carbon has a specific surface area of nore than

100 n2/ g, as neasured accordi ng tot heBET nethod. 5.

Fhe c@h%%ﬁnqsﬁlﬁn@é%dlég tycleion A9y claime 2oWhersin tioeeratone gilﬁerent

cl ai [ is selected from graphite,

carbgﬁﬁgwgﬁk% ano?mggéggﬁd full erenes. 6. The

conmposition according to claimb5 wherein the carbon is

gctlve car bon bl ack.

The composition according to any one of the preceding claims, wherein the
carbon has a specific surface area of more than 100 m?/g, as measured according

to the BET method.

5. The composition according to any one of the preceding claims, wherein the

carbon is selected from graphite, carbon black, nanotubes and fullerenes.
6. The composition according to claim 5, wherein the carbon is active carbon black.

7. The composition according to claim 6, wherein the active carbon black has a

specific surface of greater than 750 m%/g.

8. The composition according to any one of the preceding claims, wherein the
average particle size (number average) of the conductive polymer is smaller than

500 nm.

9. The composition according to any one of the preceding claims, wherein the

conductivity of the conductive polymer is greater than 10° S/cm.



7. The conposition according to claim6, wherein the

active carbon black has a specific surface of greater
woOheos/096Q@6 N2/ g. 8 . The conposition accordi ng POTARYN05/002889

one of the preceding clains, wherein the average

particle size (nunmber average§2of the conductive

polymer is smaller than 500 nm 9. The conposition

according to any one of the preceding clains, wherein

t he conductivity of the conductive polymer is greater

than The BorfpdaMohQccortiBg GO TRORI 4, viierek€ G éhinti@ctivity G4 gielter than

9, wherein the conductivity is greater than 10 S/cm

11. TH%S@@hposition according to claim 10, wherein the

conductivity is greater than 100 S/cm 12. The

conposi tion according to any one of the preceding

tl.ai n¥he wdmpmitiontabeorirp g tlaimtiD owbdreinlthe canduitifyvie greater than

polyn?%)éo carbon is in the range of from1l : 50 to 50

1. ) S¥He conposition according to any one of the

precedi ng clainms, further conprising a liquid

di spersion nediumin a concentration of from40 to

0. 5 Whé ghinppeitianeatcordige teiany tone ofi the gresieding nadalingwherein the

liquid i . bl d nbi ent ditj
ot hor VR YA PLPAEPE YR brYBe! rrecieBaniat ks Shitgp 1 : 50t
fromgytp 10 wei ght percent, the conductive polyner

and carbon conponents being present in a concentration
of fromO0.5 to 60 wei ght percent, all weight per

nt ages being..base the total c oSi ti 14.. Th
FEmo2fi?, Biailf b 15 4! Bhe CHTRRS phdcBflng ' taimtl Further
di spetsh@isinpes iligidcdisiRidiGE medRintin andheshtrati@asf Gom 40 to 99.5

sol Vegvtei( %2 : . S .
ght percent, wherein the dispersion medium liquid is evaporable under
ambient conditions, and other non-evaporable additives in a concentration of
from 0 to 10 weight percent, the conductive polymer and carbon componehts
being present in a concentration of from 0.5 to 60 weight percent, all weight pér-

centages being based on the total composition.

14, The composition according to claim 13, wherein the liquid dispersion medium

comprises water and/or organic solvent(s).

15. A method for manufacture of a composition according to any one of the
preceding claims, comprising dispersing the conductive polymer and carbon, and
optionally additives in a liquid dispersion medium and optionally drying the -

liquid dispersion after application on a substrate.

16.  The method of claim 15, wherein the conductive polymer is dispersed in a first
liquid and the carbon is dispersed separately in a second liquid, said liquids being
the same or different, and the respective dispersions are subsequently mixed
together,‘ optional additives beiﬁg added before, during or after the separate

dispersion steps.



15. A nmethod for manufacture of a conposition
according to any one of the preceding clains,
woaogrmed4ng di spersing the conductive pol ynmer aQWEP2005/002889
carbon, and optionally additi¥és in a liquid
di spersi on nedium and optionally drying the liquid
di spersion after application on a substrate. 16. The
nmet hod of claim 15, wherein the conductive polymer is
di spersed in a first liquid and the carbon is
di spersed separately in a second liquid, said |iquids
being the sane or different, and the respective
di7s perldieoueshat & cﬁajinsléqwha’einythaicmﬁiducﬁﬁg;ﬁﬂiﬁﬁén is dtzpér@étbaln a liquid

additiv bei.ng .added bhefqre ring or afte
separ &Pgsl'éﬁ @H&%S‘F Sppataf ?Ilriefr Inthe absgh 61“1‘{5 Iaﬁﬁi i‘ﬁhf@m the dry
wher e 'nﬂll&h QaibBR A4 Ghib¥GucRA) HABL] {5 tﬁy ﬁ@.ﬁfl chﬁ spersmn of the

liquid and the carbon'is separately

absencendictive prliaier aﬁdhs\phmdathnrehhe dry ml| ed car bon
i s subsequently added to the liquid colloida

di spersion of the conductive polymer and di spersed

tiger eiAconkositénaRRRDSInRisHB e écﬁ‘zﬁpcﬁf?ﬁﬁ rabédrﬂ‘iﬁg ttchﬁlff one of claims
composi ti on according to any one of clains

the cdrip dé.owrdmomoanm @lbt@lyaed b theemetbod of ars/rgnemf e:lauﬁs 15 to 17
Cupsr TR e kBT AL 7 o2 8 o

substra of claim 18,
wherein the substrate is'selected fromthe group

consi sting of netals, sem conductors, plasti

d8r anilds canwowat.sn@onfcql@m Hy wherein Hasosibsieatp ippelected from the
el ect (r%?‘ﬂié) cBhdid one%%q{ll %c&%c&?%sﬁhﬁdsogeramlcs and wood

accor to any

conpo$kmﬁwnater|al according to claim18 or claim 19.
21. The article of claim20, wherein the article is
selected fromthe group consisting

20.  An electrical or electronic article comprising the composition according to any
one of claims 1 to 14 or the composite material according to claim 18 or claim
19.

21. The article of claim 20, wherein the article is selected from the group consisting
of conductors, energy stores, sensors, switches, condensers, capacitors and

supercapacitors, double layer capacitors and redox capacitors.

22.  The article of claim 21, said article being a capacitor comprising an electrolyte
and a pair of electrodes with a separator disposed therebetween, wherein at least
one of the electrodes comprises the composition according to any one of claims 1

to 14 or the composite material according to claim 18 or claim 19.

23.  The capacitor of claim 22, wherein both electrodes comprise the composition
according to any one of claims 1 to 14 or the composite material according to

claim 18 or claim 19.



of conductors, energy stores, sensors, swtches,

condensers, capacitors and supercapacitors, double
woOaywsroseapaci t ors and redox capacitors. 22. TheCamPrmbse02889

of claim21, said article bei3flg a capacitor conprising

an electrolyte and a pair of electrodes with a

separator di sposed therebetween, wherein at |east one

of the electrodes conprises the conposition according

to any one of clainms 1 to 14 or the conposite material

Accorging, %&ﬁo‘f | & Ritk82P rywikdrgih Brkelectdde otpFiddathiet @mposition

of cl almf , Wherein both el ectrodes conprise the . ,

conpastoidng tacoy ok vf claomsiiyto ddeordhe cpmporite material gcenrding to

tlgfszzc_ at oij/ Ebgrggg’}l flgira%gftﬁ% g&%ﬂe%%ré %lrag%@v%%éo%al &{p%.%ifgr elec-

el ectgggde conprises the conposition according to any
one of clainms 1 to 14 or the conposite materi al
according to claim17 or claim 18 and the ot her

ectrode is. a conventj,onal ¢ Ci .
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conposition containing an intrinsically conductive
pol ynealyBerbuso e2pebn.



