DESCRIPTION ELECTROCONDUCTIVE COATING COMPOSITION AND PROCESS FOR
PRODUCTION OF ELECTROCONDUCTIVE COATING FILM TECHNICAL FIELD [0001] The
present invention relates to electroconductive coating compositions. Particularly, it relates to an
electroconductive coating composition comprising an electroconductive polymer and a dopant.
BACKGROUND ART [0002] Electroconductive polymers, such as polyaniline, polythiophene, and
polypyrrole, have been expected to be utilized because they are superior in stability and electrical
conductivity, but their application fields have ngeégfﬁ%%ﬁn limited because such electroconductive
polymers are insoluble in solvents and poor in formability. [0003] In the field of capacitors, for the
purpose of reducing impedance in a high frequency region, there have been used electroconductive
polymer capacitors in which an oxidized coating of aluminum, tantalum, niobium, or the like (dielectric
coating) hasghganeenysiteddntosa powyiscaating it byetehing, andion asiece of thepeoating a

. layer of an electroconductive polymer such as polypyrrole and polythiophene (electroconductive
polymer layerkbasdeeoonped i@ forroacathoceIve AsthengettogMor forming the
electroconductive polymer layer, there has been used a method in which a dispersion liquid containing
a precursor monomer of the electroconductive polymer is applied to a surface of the porous coating
and then the precursor monomer is polymerized. As a method of the polymerization, chemical
polymerizati6hith @slthat disblosed in Patent Document 1 has mainly been used. [0004]

However, since the concentration of a dispersion liquid is low in chemical polymerization like that
disclosed in F#tédtIDocument 1, polymerization must be repeated 10 times or more in order to
achieve a thickness of a needed coating film, and also there is a problem, for example, that a
polymerization time S 1ong T FREMFore ¥68 bBRNTSHZALER hal £prbléintRRAME piEGuction
efficiency of cagacitors is very low. As a method of solving this problem, there has been disclosed a

method of dfE38MintFa PeRpyrrole Wikich I€&T biettRdEoRductive Solsing?, iff A SBivent with the use of

dodecylben%elneecs%l!_jgréigna&id @I{%%Ag as a. dopant rSsee, .fgr examgle Patent Document 2). However,

since electroconductive pofil?ners pro uécel The method %rilsc(fosmepdr it PaténfDocument 2 are not

real s_olutionél_t&g_@ljj:s(p&ggggg,ttp% d&oﬂ%@fr%ﬁ?ﬂ:ﬁtﬁ sgg'tgéq{gly into coatin_g films with fi_ng pores
therein, resulting in a problem that the capacitance of capacitors cannot be increased efficiently.
BACKGROUND ART
(00021
Electrecceonductive polymers, such as polyaniline,
poclythiophene, and polypyrrole, have been expected to be
utilized because they are superior in stability and electrical
conductivity, but their application fields have heretofore been
limited because such electroconductive pelymers are ingsoluble
in solvents and poor in formability.
[0003]
In the field of capacitors, for the purpose of reducing
impedance in a high frequency region, there have been used
electroconductive polymer capacitors in which an oxidized

coating of aluminum, ftantalum, nickium, or the like {dielectric



[0005] ¢ Needs for flexibilization of electronic materials have recently grown, and application of
électroconductive polymers such as polyaniline, polythiophene and polypyrrole to electroconductive
functional materials, charge transporting materials, and optical functional materials is being studied
actively. Especially, electroconductive functional materials have been put in practical use as
electrolytes for solid electrolytic capacitors or antistatic agents. In order to expand the practicality of
such electroconductive polymers, it is urgent to improve their electrical conductivity and processability
and to improve the er‘l)virlcj)nmegtal stabilityég%h as hgat resistance and ng:(_gListur ﬁﬂstgfce, of

electrocondEc(?tﬁ/elcnoqatingafﬁms% ‘e obtained: ga%trl}:u?arﬁ/, §s known that tlh% electrical conductivity

of electrocondygtivg coating films will deterioratedus,to disincorporatiqn gta dgpagh,caused by

long-time heating or other causes. [0006] As a method for obtaining an electroconductive coating film

with improved Reatresistante, method aldlyhridiaing §nﬁég§@§9§ﬂg%i0£@ compound as a dopant
and heat stabilizer with an electroconductive polymer has heretofore been proposed. For example,

Patent Docysaent:3.disclosgs amethad-efformingan elestogprduativecaoating Jilmdanpolymerizing
precursor monomers of a polythiophene with mixing of an aromatic sulfonic acid compound thereto.
However, thegnethodadiscdesed i Ratemb®ocument 3 has a problem with respect to processability
because there is no appropriate good solvent of electroconductive polymers obtained thereby. PRIOR
ART DOCUMENTSAPATENTDOCUMENTS mj0@DThe electroconductive polymer

layer, there has been used a method in which a dispersion liquid

containing a precursor monomer of the electroconductive polymer

is applied to a surface of the porous coating and then the

precursor monomer 1s polymerized. As a method of the

polymerization, chemical polymerization such as that disclosed

in Patent Document 1 has mainly been used.

[0004]

However, since the concentration of a dispersion liquid

is low in chemical poclymerization like that disclosed in Patent

Document 1, polymerizaticon must be repeated 10 times or more

in order to achieve a thickness of a needed coating film, and

also there is a problem, for example, that a polymerization time

is long. Therefore, such polymerization has a problem that the

production efficiency of capacitors is very low. As a method

of solving this problem, there has been disclosed a method of

dissolving a polypyrrole, which is an electroconductive polymer,

in a solvent with the use of dodecylbenzenesulfonic acid (DBSA)

as a dopant (see, for example, Patent Document 2).

However, since zlectroconductive polymers produced by



[Patent Document 1] JP 63-173313 A [Patent Document 2] JP 10-507225 T [Patent Document 3] JP
7-238149 A SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION

the method disclosed in Patent Document 2 are not real solutions
but dispersions, they do not impregnate sufficiently into
coating films with fine pores therein, resulting in a problem
that the capacitance of capacitors cannct be increased
efficiently.

[0005]

Needs for flexibilizaticon of electronic materials have
recently grown, and application of electroconductive polymers
such as polyaniline, poclythiophene and polypyrrole to
electroconductive functional materials, charge transporting
materials, and optical functional materials is being studied
actively. Especially, electroconductive functional materials
have been put in practical use as electrolytes for sclid
electrolytic capacitors or antistatic agents. In order to
expand the practicality of such electroconductive polymers, it
is urgent to improve their electrical conductivity and
processability and to improve the environmental stability, such
as heat resisténce and moisture resistance, of
electroconductive coating films to be obtained. Particularly,
it is known that the electrical conductivity of
electroconductive ceoating films will deteriorate due to
disincorporation of a dopant caused by long-time heating or
other causes.

[0006]

As a method for obtaining an electroconductive coating



[0008] The present invention was devised in view of the above-mentioned problems, and the
purpose of the present invention is to provide an electroconductive coating composition that is soluble
in solvents and superior in processability and that develops only a small, if any, decrease in electrical
conductivity even under high temperature conditions. MEANS FOR SOLVING THE PROBLEMS
[0009] The present inventors have reached the present invention as a result of earnestly

performing investigations in order to attain the above-mentioned object. That is, the present
invention is directed. ta an electroconductive coating compasitio }{A comprising & substituted
polythiophergel %55 Véﬁggha %I%Bgﬁtv ,qég‘l# sﬁ%sstﬁa?e%lgglytﬁo%ﬁgnS%Pg ﬂa\h}ng ?hc%phle%iée repeating

units at least spme:of whichare rach A igphenedebealing uall (a) subslivied ah e 3position

and/or the 4-position of its thiophene ring with (a) a polyether group that comprises 1 to 9 oxyalkylene
group having 2.1 4,cafhon alomsas Fapealing ¥nits andhhathas aralkoxegroup hayigil to 15
carbon atoms at one terminal, (b) an alkoxy group, (c) an alkoxyalkyl group, or (d) an alkyl group
substituted groynsubstifuted with-thepolyether group ) anetediredentor iaosplistelestralytic capacitor
produced using the electroconductive coating composition (A); and a process for producing an
electrocondugtivel coatingddmicommprsingoapplyigg the elesraeo hghetiverdoating - ecmpssition (A) to a
substrate and then heat-treating it. EFFECT OF THE INVENTION [0010] The electroconductive
coating compositieamnf the presdntihventionrizas Joodprocegsability becauselitis sdpericrdn solubility
in solvents, and it is suitable as a coating material needing electrical conductivity because it is superior
in electrical gonductivity amdcalsadevglops only a small, if any, decrease in electrical conductivity even
under high temperature conditions. Especially, it is suitable as a negative electrode material for a solid
electrolytic capacitoFMEDE FOR € AR YAIGO BT e INVENRFIEN foPRgumentne has
electroconductive coating composition (A) of the present invention comprises a substifuted
polythiophefie PPPRAGE Hofaht (BT RSHd shBshtRSE BORHidpehe B9 R nd BHophere Pépeating
units at least some of which are each f thio hege r(fge%tin%unié &ac) s.ubstituc'gﬁd I%;[e 'g:he 3-position
and/or the 435508 oS tHGRTERCANG ith ) & Polyether §roup that comprses 1 to 9 oxyalkylene
group havingbzgtél)ﬁ1 garbﬁgleatg S as repeating units and that has an alkoxy group having 1 to 15
carbon atomis’at one ermlnzﬁ, an alkoxy group, (c) an alkoxyalkyl group, or (d) an alkyl group
substituted or unsubstituted with the polyether group (a) (in this description, also referred to as a
"thiophene repeating unit (a)"). The respective elements indicated with signs (a), (b), (c), and (d) are
referred to in this gleggrptign-alspasa polyether group (a), an alkoxy group (b), an alkoxyalkyl group
(c), and an alkyl group (d), respectively.

'~ PATENT DOCUMENTS
[0007]
[Patent Document 1] JP 63-173313 A
[Patent Document 21 JP 10-507225 T

[Patent Document 3] JP 7-238149 A

SUMMARY QF THE INVENTION
PROBLEMS TO BE _SOLVED BY THE INVENTION
[0008]
The present invention was devised in view of the
above-menticned problems, and the purpose of the present

invention is to provide an electroconductive coating



[0012] © Examples of the aforementioned polyether group (a) include polyether groups having
repeating units each made up of an oxyalkylene group having 2 to 4 carbon atoms, the number of the
repeating units being 1 to 9, and one terminal of the polyether group being an alkoxy group having 1 to
15 carbon atoms. Examples of the oxyalkylene group having 2 to 4 carbon atoms include an
oxyethylene group, an oxypropylene group, and oxybutylene. [0013] Examples of the alkoxy
group having 1 to 15 carbon atoms at the terminal include a methoxy group, an ethoxy group, a
PropOXY GTOU, &1 ISOPIOOXY, 0D, 2 f1,i807, 366 L B GILAUIOKY group, 8 pegtvioxy group, a
hexyloxy group,% hep yl%xy group, an octyﬁ)xy group, a %-eefﬂy ﬁexyrfloxy group, a nonyloxy group, a
decyioxy 9 ALdsOY IOy giaRy, ORBOUPY gTONP, 2. LdEcY oy Srau, adetiadecdony grouk.

and a pentadecyloxy gr Examples of the alkoxy group (b) include alkoxy group having

1to0 15 carbop atgms which re figssame asithose provided asiexampienfr the giorementioned
polyether group (a). [0015] Examples of the aforementioned alkoxyalkyl group (c) include alkyl

groups havipg 4494 earbon atoms substituted with alkoxy groups having 1 to 15 carbon atoms.
Examples of the alkoxy groups having 1 to 15 carbon atoms include those provided as examples for
the aforementioned polyether group (a), and examples of the alkyl group having 1 to 4 carbon atoms
include a methyl group, an ethyl group, a nor iso-propyl group, and a n-, sec-, iso-, or tert-butyl group.
[0016] Exzmples@ the Rkl groupe(dy Regilike $hiophene repeating unit (a) has include linear or
branched alkyl groups having 1 to 15 carbon atoms, e.g., a methyl group, a n- or iso-propy! group, a
n-, iso-, secd 80t&¥tbutyl group, a nor iso-pentyl group, a cyclopentyl group, a n- or iso-hexyl group, a
cyclohexyl group, a n- or iso-heptyl group, a n- or iso-octyl group, a 2-ethylhexyl group, a n- or
iso-nonyl group, a nI BE iSE-AeePgistft AP0 ReMihdsAF YPSUpnE RIGHI86-HodEEs I grcti, a n- or
iso-tridecyl group, a n- or iso-tetradecy! %gup, and a n-, or iso-pentadecyl group. The alkyl group (d)

may be an &RyFgi&titPdibstutdd Wikt the BrorémERtibAel PR thaA bt @) "SpEdRtany, linear or
branched alkyl groups having 1 to 15 car,bonggo s.substituted with the aforementioned polyether
r

group (a) ard méntibndd: [ ©-Tegfid Br&rar@d-Hom the viewpoint of electrical conductivity as the
thiophene repeatingI%rgtC(a thatttge substi%JItlecd E%%hi%g%%neigP) O{ni }ré% Qg%?e@ging/ ntion has is a

repeating unit (al) représen &4 by ﬁel%l?osvvmg gener:ﬂ ormula (1), a repeating unit (a2) represented

py the ggggg o ggé#agg%%gaﬁat@psaﬂemgﬁﬁ%q@pfaﬁerﬁsﬁpmmlogving general

substituted polythiophene (P) and a dopant (D), said
substituted polythiophene {P) having thiophene repeating units
at least some of which are each a thiophene repeating unit (a)
substituted at the 3-position and/or the 4-position of its
thiophene ring with (a)} a polyether group that comprises 1 to
9 oxyalkylene group having 2 to 4 carbon atoms as repeating units
and that has an alkoxy group having 1 to 15 carbon atoms at one
terminal, (b) an alkoxy group, (¢) an alkoxyalkyl group, or (d)
an alkyl group substituted or unsubstituted with the polyether
group (a); an electrode for a solid electrolytic capacitoer
produced using the electroconductive coating composition (A);

and a process for producing an electroconductive ceating film

comprising: applying the electroconductive coating



[0019] OR' and OR4 in the above general formula (1) or (2) each independently represent an
oxyethylene group or an oxypropylene group, and an oxyethylene group is preferred from the
viewpoint of electrical conductivity. [0020] R2, R5, and R6 in the above general formulae (1)
through (3) each independently represent a linear or branched alkyl group having 1 to 12 carbon
atoms (e.g., a methyl group, a nor iso-propyl group, a n-, iso-, sec- or tert-butyl group, a n- or
iso-pentyl group, a cyclopentyl group, a n- or iso-hexyl group, a cyclohexyl group, a n- or iso-heptyl
. group, a n- or_iso-octyl group,.a 2-ethylhexyl group, a n- ar isp-no ol -.Qr.1sq-decyl group, a
n- or iso-un&eoény]? arsoll}b?%%d %Ai-,%? i)séo-agé(g:tylf%p%gup nﬁ)o%% h rp{lé\/\%eLrléjﬁ(?e?ﬁfl)éIo%]/lv-%eps'cribed nis 1
or more, groups preferred as R2 from the viewpoint of electrical conductivity are linear or branched
alkyl groups having 1 to 6 carbon atoms and more preferably linear or branched alkyl groups having 1
to 4 carbon piemsT oPVRgR ig@naredRs preferred as R2 from the viewpoint of electrical
conductivity are linear or branched alkyl groups having 3 to 12 carbon atoms and more preferably
linear or branghed alkyl groups having 6 to 12 carbon atoms. [0022] When the below-described m
is 1 or more, groups preferred as R5 from the viewpoint of electrical conductivity are linear or
branched alkyl groupsbavirg:1 te 6ceathen atems-and mpreopiederablydinedr ohéranelsedalkyl groups
having 1 to 4 carbon atoms. When m is 0O, groups preferred as R5 from the viewpoint of electrical
conductivity iaredinéamar bramched alkyt greupsaiavind 8 tbd@acerbon atdras sindandrarpreferably
linear or branched alkyl groups having 6 to 12 carbon atoms. [0023] Groups preferred as R6 from
the viewpoirit@f golubllity inselvdrerart etedrichl coriduictioly aredineap ot brehelideaks groups
having 3 to 12 carbon atoms and more preferably linear or branched alkyl groups having 6 to 12
carbon aton 0021 eLleRE i fhie- above yeheral tormAS T2 F fepreserits SHifeat Of btahched
alkylene group having 1 to 4 carbon atoms (e.g., a methylene group, a 1,2- or 1,3-prqpylene group,
and a 1,2-, £32551621, £BU)SHE §roup P BAPIRUSE SRt EPEITFant TR oiﬁ%o%%grubility in
solvents and, electrical conduyctivity are linear or branched alkylene groups having 1 to 3 carbon atoms
and more pt%‘?é:rlé%@ﬁ%égr%i%?étgéhceadl a?l?yrféﬁl‘lecﬁrlo‘ﬁjp%%g\‘;ien\% no?%zréﬂén%gc?ln a%gr%%.rfo%%% nand min

. theabove988%@&@%8%%@(%EBEQQ§Y?§?%H:is suitable as a negative electrode

material for a solid electrolytic capacitor.

MODE FOR CARRYING QUT THE INVENTION
[0011)]
The electroconduciive coating composition (A) of the
present invention comprises a substituted polythiophene (P) and
o a dopant (D), said substituted polythiophene (P) having

thiophene repeéting units at least some of which are each a
thiophene repeating unit (a) substituted at the 3-position
and/or the 4-position of its thiophene ring with (a) a poclyether
group that comprises 1 to 9 oxyalkylene group having 2 to 4 carbon
atoms as repeating units and that has an alkoxy group having
1 to 15 carbon atoms at one terminal, (b} an alkoxy group, (c)

an alkoxyalkyl group, or (d) an alkyl group substituted or



independently an integer of O to 5. From the viewpoint of solubility in solvents and electrical
conductivity, n is preferably 1 to 5, more preferably 2 to 5. From the viewpoint of solubility in solvents
and electrical conductivity, m is preferably 0 to 4, and m is more preferably 0 to 3. [0026] The
substituted polythiophene (P) in the present invention may consist only of the above-described
thiophene repeating units (a) or alternatively may contain thiophene repeating units that are not
substituted. [0027] From the viewpoint of solubility in solvents, the content of the above-described
thiophene repeatjng units (a),in the substituted polythio henegPlP is preferably 50 to. O.O{glpy weight,
more preferﬁB@%b%blfﬁ]d}% y %I\Feigﬁf‘,eaﬁa %?5&%&@%% rably % 3%&8"% %f/?/véji]ghtlbas'ed on the
weight of the ]fubstltutfeedr%%%th%%pgene (Fz)tkoloc\%P on '(I;rr;g %seuabtsy;[lu&egﬁg{ytl'z|(?phefr‘1e LRLin the

. S50 re . a8 J . .
present invéhtion can be. synthesized Sy a known meé uch as anionic polymerization or oxidative

polymerization.of IenQmers cREgsRONMINg 1o resRectivesepaating units, [0028] , anExamples of a

monomer corresponding to the above-described thiophene repeating unit (a) include thiophenes
substituted with a-Relygthes areupa)ansalkoxy aroup &), ansikexyalkybgrpspHe)-oh anwtkyl group
(d) at the 3-position and/or the 4-position of its thiophene ring and also substituted with a halogen
atom at the 2;positignand 2:paesiion. (b) ,Thiophensedsanentiogecas g agnameragorésydnding to
the unsubstituted thiophene repeating unit. [0030] From the viewpoint of coatability, the content of
the substitutecpglythibphenespa it thesélectroconductive coating composition (A) is preferably 0.1 to
20% by weight, more preferably 1.0 to 6.0% by weight based on the weight of the electroconductive
coating compdgitibh (A). It is undesirable that the content of the substituted polythiophene (P) is
excessively large because if so an agglomerate will be generated, resulting in deterioration of
application propertyE#asinhgesirsblé ifatahe contht bPirdsitsstiife b pohtkRpRend (P) is
excessively small because if so it will become difficult to form a uniform coating film. [0031]

Examples of el d6i5amq by tiahe SIeRsoiithive EBRAT LoMpYRitioh @F Tt the prestht invention

contains inor%anic acids (e.qg., sulfuric acid and nitric acid),4halo en iong (I%g gtlj(iene,ubrgcrenrine, and
chlorine), h&deid ey Kt OB M aNd B8réhibRc a&ﬂ)gb&ﬂlin%n% compoands e.g-
chloranilic acid, p-chloranil, p-benzoquinone, p-quinonedigxime, dichlorodicyanogui (RDQ),
p-naphthoqﬁiﬁo Cahfria Lﬁﬁgﬁ ,uéh (J)Cr%%%hf:% uﬁqo%%, ghdaquglt?éllﬁn%ﬁgﬁ%Tkagtsucg;%tuted organic

sulfonic acid ions (e,9,,. methanesulfonic acid and dodegylsulfonic aeid), qyclig syHonig acid,ions (e.g.,
camphorsul?oo(r)l%ggj&gelgn)?gh -ssélgst% ted or unsubgtit%ted I%enzene}gr(r%ono- or benzenedi-sulfonic acid
ions (e.g., bepzenesulfonic acid, paratoluene sulfonic acid, dodecylbenzenesulfonic acid, and

benzenedisulfonic acid), alkyl-substituted or unsubstituted ions of naphthalenesulfonic acids having 1

to 4 sulfonic acid greups: (8« 2-Rapihalenesuifonicasidand 3, Fraaphthatenedisultenip asid), an
anthracenesulfonic acid ion, an anthraquinonesulfonic acid ion, alkyl-substituted or unsubstituted

biphenylsulfgpisnacidriens ée tnalkylpiphendsidionic asid andbiphenyldisatfeniracid), amdl
alkyl-substituted or unsubstituted aromatic polymeric sulfonic acid ions (e.g., polystyrenesulfonic acid
and naphthalgpesuifonésacid-formalin condensates).

[0013]

Examples of the alkoxy group having 1 to 15 carbon atoms

at the terminal include a methoxy group, an ethoxy group, a

propoxy group, an isopropoxy group, a n-, 1so-, sec- or &

tert-butoxy group, a pentyloxy group, a hexyloxy group, a

heptyloxy group, an octyloxy group, a 2-ethylhexyloxy group,

a nonyloxy group, a decyloxy group, an undecyloxy group, a

dodecyloxy group, a tridecyloxy group, a tetradecyloxy group,

and a pentadecyloxy group.



Among these, preferred from the viewpoint of electrical conductivity are inorganic acids and quinone
compounds, more preferably chloranilic acid and sulfuric acid, and particularly preferably sulfuric acid.
As to the dopant (D), a single species may be used, or alternatively, two or more species maybe used
in combination. [0032] The substituted polythiophene (P), which is an electroconductive polymer,
donates an electron to a dopant (D) to form a charge transfer complex together with the dopant (D).
Since such a charge transfer complex develops electrical conductivity as a carrier of electrons, the
higher the ¢ 88§%tfati°n of the dopant (D) the better. However, if the concentration is excessively high,
the electrical conductivity will deteriorate. Therefore, the used amount of the dopant (D) is preferably 5

to 300% by weight, ferahly 10 to % by weight relative taot ubstity olythiophene (P).
[0033] The regiggg%%ﬁggr%tf (%%) %??heals%%o?ti ut%lﬁéggogyt%?phgﬁgl(g?ﬁl tQhe pr&deﬁt inggntion is

usually 50%,ar,moLe; and from the, viewpaoint ofeleqtricakeoRdustivity dtis mose prederablyB0% or

more, even more preferably 90% or more. [0034] The definition of the regioregularity (RR) in the

present inventios,dslesedbed beloMe  afohhanbond ofithe pldistititied polythiapheae (P) includes four
types as illustrated in the following formulas Bl through B4, i.e., a HT-HT linkage (B1), a TT-HT linkage
(B2), a HT-HHdmnkage (B3), and a TT-HH linkage (B4). As used herein, HT is an abbreviation of
head-to-tail, TT is an abbreviation of tail-to-tail, and HH is an abbreviation of head-to-head. [0035]
[Chemical formula 3=<B®)(R2) (B3){B4) aforementioned alkocxyalkyl group (c)

include alkyl groups having 1 to 4 carbon atoms substituted with

alkoxy groups having 1 to 15 carbon atoms.

Examples of the alkoxy groups having 1 to 15 carbon atoms
include those provided as examples for the aforementioned
polyether group (a), and examples of the alkyl group having 1
to 4 carbon atoms include a methyl group, an ethyl group, a n-
or iso-propyl group, and a n-, sec—, iso—, or tert-butyl group.
[0016]

Examples of the alkyl group (d) that the thiophene
repeating unit ka) has include linear or branched alkyl groups
having 1 to 15 carbon atoms, e.g., a methyl group, a n- or
iso-propyl group, a n-, iso-, sec- or tert-butyl group, a n-
or iso-pentyl group, a cyclopentyl group, a n- cr iso-hexyl
group, a cyclohexyl group, a n- or isc-heptyl group, a n- or
iso-octyl group, a 2-ethylhexyl group, a n- or iso-nonyl group,

a n- or iso-decyl group, a n- or isc-undecyl group, a n- or
iso-dodecyl group, a n- or iso-tridecyl group, a n- or
iso-tetradecyl group, and a n-, or iso-pentadecyl group.

The alkyl group (d} may be an alkyl group substituted with



[0036] © R inthe chemical formulae of the foregoing four bond types represents a polyether group
(a), analkoxy group (b), an alkoxyalkyl group (c), or an alkyl group (d). [0037] The regioregularity
(RR) in the present invention is defined by the ratio (%) of HT-HT linkages (head-to-tail-head-to-tail
linkage) in a substituted polythiophene (P) and it is calculated by the following expression (1):
Regioregularity (RR) - BIx100/(B1+32+83+B4) (1) wherein Bl represents the number of HT-HT
linkages, 62 represents the number of TT-HT linkages, 33 represents the number of HT-HH linkages,
and 34 represents fhe number oL TT-H inkages 100361 (- Speglieal, sifpe e ypions that these

e a I n
bonds have each eﬁlgﬁn%elr unique c%e ICa S In nuclea magnetic resohance spectrometry

(1H-NMR), it gag, b, salcylated fiom e otegtals of the cheraigal shfte.cariesaonding (@ die four types

of bonds. In the case of s polythiophene derivative having a repeating unit (GO) represented by
general formulay3), ;335 £6,98, 5255400, B3 £r7:92,ankB4;6 74705 ase spgeificalbaexhibited.
Therefore, integrals Si, S2, S3, -and S4 at chemical shifts peculiar to Bl, 32, 33, and 34 are calculated,
and then a regipregularity (RR) is calculated by the following formula (2) using the ratio (%) of the
integral Si at the chemical shift peculiar to Bl relative to the sum total of those integrals.
Regioregularity (RRpFeSk1034£T1+3253+S4n@) 10038 o1 ntThef elettrotaniductive coating
composition (A) of the present invention further comprises an organic solvent. In order to obtain a
homogenous&odiftonicantgining noepredipitatacit & prefersed tayuse as tHexdrgama selvent a good
solvent of the substituted polythiophene (P) and an alcohol solvent, which is a good solvent of the
dopant (D), ithsthése tsulventsyhixedr[oode] (P) Exairipte® bEHRGood SBREAPH! fHeSstBstituted
polythiophene (P) include chlorine-containing, amide-based, ether-based, aromatic
hydrocarbor-basee adléololeised { Retonserasese BE sdiflivc Sitginfriyldovéms HaRiRFRto 10 carbon
atoms, andpreferredare chloroform, methylene chloride, dimethylformamide, N-methylpyrrolidone,
tetrahydrofuf @ TRErainafter aREAale & IHE), (23 dbXBERESIIGehRY nidtRdrot HEEtd%e, methyl
ethyl ketone, y-butyrolactone, cyclopentanone, cyclohexanone, dimethyl sulfoxide, a}cnd their mixtures.
From the vidRPGREOS feiRanae & SulfGtc AcikE TR 13 diSkotari® MethaRbE 2hdd

ithetiyl sulfoxide
are preferregh[eoofd'%llowing general formula (3).

[0018]

[Chemical feormula 1]

S
\ 4 1)
ORQEORZ
(2)
S
W (3)

RG

[0019]



Examples of the alcohol solvent to be used in admixture include methanol, ethanol, 2-propanol, and
ethylene glycol. Among these, preferred from the viewpoint of dissolution stability are methanol,
ethanol, and 2-propanol. [0042] When producing an electroconductive coating film using the
electroconductive coating composition (A) of the present invention, it is necessary to remove such a
solvent. In the case of a low-boiling point solvent, the solvent is removed by spontaneous drying at
normal temperature or heat drying by air circulation, whereas in the case of a high-boiling point
solvent, heat crying iing & vaguum dryer is preferred, [00431. . Singe ip electgsondusiive coating
composition (A) of the presen nvention 1s superlorqn Solubi ity 1n solvents and electrical conductivity,

s suitable,cepesial anan desiiarie or <ol et ADBEOrs IO )y« b5 desabed above,

a capacitor having an electr negative electrode) produced by forming a porous coating film by

etching an qxjdized coating,film ot alymionm. or dhe like gpd then formingan electacqnductive polymer

layer on a surface of the porous coating film has been used in a solid electrolytic capacitor that is

required to exhibit adedueed impedanaeiniahigh frequency region. However, conventional methods,
such as a method of applying a dispersion liquid containing a precursor monomer of an

electrocondyctiopolymer and a method of applying a solution prepared by dissolving a polypyrrole,
an electroconductive polymer, in a solvent using dodecylbenzenesulfonic acid as a dopant, are
problematic in that depadifor pratiktiomeffloeneipdsreenelonraid floevapacitance ofe caglcitor
cannot be increased efficiently. [0045] In contrast to this, since the electroconductive coating
composition(®) cfaleé piestenénierion hasawensdissolved imemroganizrsaivdrramilis high in
electrical conductivity, it is possible to impregnate a porous coating with an electroconductive polymer
by a simple pr6cEsd Avdrepy lefficichtly iAcreasimifTalfaciancé ratéipacitorj8046] ™~ By
performing heating treatment after applying the electroconductive coating composition (A) of the
present invéHtion™o @ SGhstat8r R ¥¥possiblerto’siitain ac‘r?Eléc?chBﬁHEE%R}étéfét%%ﬁﬂh%t is

superior in heat resjstance and develops only a small, if any, decrease in glectrica%g%ed}yciivity even
under high &mp&ratiife E&AdiNdng 0B87] 2 “YERTRATREGF (HENENSY for Pping the Y

electroconductive coating composition (A) to the substrate.include a spin coat
19,8omposition &) (o the substrate jncluge &, 3pjn £0

rou a il Nn- oY 130—-hne ﬁgjg metrqub% drop
casting metﬂo&, gdip coating meth nd & method comprising ith siﬂg th éugstrate in the

electrocondyglive,cq in%£8H[{g°%“i99e<é\ﬁy%a&9'f§g%% suealrale iaclyOp RIcs glass, metal

rubber, ceramics, and paper. [0048] From thé viéwpoint of electrical conductivity, the thickness of

the electrocgngutiye. cgggnaéigpjoéagofgﬂpeg Qﬂ@%@l@ﬁg@@@gigﬁ@@ggb&@.% t0-100 pm,
more preferably 0.1 to 50 pm. If the coating film is thinner than 0.05 pm, sufficient electrical
conductivityypay £iot he gbtainedroup) .

[0021]

When the below-described n is 1 or more, groups preferred
as R? from the viewpoint of electrical conductivity are linear
or branched alkyl groups having 1 to 6 carbon atoms and more
preferably linear or branched alkyl groups having 1 te 4 carbon
atoms.

When n is 0, groups preferred as R? from the viewpoint
of electrical conductivity are linear or branched alkyl groups
having 3 tc 12 carbon atoms and more preferably linear or

branched alkyl groups having 6 to 12 carbon atoms.

[0022]
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A thickness exceeding 100 pm may cause a problem, for example, that cracking or peeling occurs
easily in forming process. [0049] In order to obtain an electroconductive coating film superior in
heat resistance, the heat treating temperature is preferably 100 to 190C, more preferably 110 to 170C.
In the case of a temperature lower than 100C, sufficient strength and electrical conductivity may not be
obtained. In the case of a temperature higher than 190C, electrical conductivity may deteriorate.

[0050] While the heating time is chosen appropriately depending upon the heating temperature,
the concentration of the substituted polythiophene (P) in the electroconductive coati rc%ncposition (A)
to be used for the pFStiitioncoP § cOATIRG Ti %ﬁéﬂ the'ickREsS of TheToating ﬁ’l}:net%gb

e produced, it

s usually 0510, hours, preferably 4 (0.4 hours. f (e healing e siexppssivelshort e
performance of the afdrementioned coating film may not be sufficient. [0051 The

electrocondygtiys oatingfin i he resgal ention is haracierizedin dhgktestilitg.oply a small
ICa

any, decrease in electrical conductivity under high temperature conditions, and specifically, the

retention rafe, ofelectri¢al condugtivity piter,beating al 1256101240, houksy in a teat ehheatyesistance
evaluation is preferably 10 to 100%, more preferably 30 to 100%. [0052] In the present invention,

the "retentiof-ate of electrical conductivity (%) " is defined by a ratio (%) of an electrical conductivity
after a heat resistance test (or) to an electrical conductivity before the test (Go) and is expressed by
the following formul&then Retention rate of electica conductivity’(%6) s1GIxhe0/Dawiverairt Go
represents an electrical conductivity of a coating film measured at room temperature (typically at 25C;
the same is@pplicddtereinaiterp before avtidat esisthnoe teso@I2BTC; ford2a0HiouIsy, aretal
represents an electrical conductivity of the coating film measured after cooling to room temperature
after the heheresistaricettest J0083Jon EelBFoeOTdMRIVE dREAG fifR BbidiRed By e production
process of the present invention are superior in electrical conductivity and heat resistance and
therefore areyBfeiRd ds &y bISHiINRE BRIGIRPelEcFSlytE caFE&ifts 2arPdftistatic agent, an
anticorrosive, an electroconductive paint, an electroconductive transparent electrode material, a
plating primép,oa%ﬁ]so on. EXAMPLES [0054] The present invention is further described by

means of the following exam Iesgnd co \A%ar tive exa Ies,vbuet th%invgngfnsigln%ii i’t@d thereto. In
the following, "part($)* Aikh$pa tg(g)rﬁén fght'. T055] Zroauclibn Exaniple™T> Synthiesis of

pOIy[s-(l’4’E%%Oég%@gr)‘fggngggygﬁ_hei%%hr%ncealfpéaqductivity are linear or branched
alkyl groups having 3 to 12 carbon atoms and more preferably
linear or branched alkyl groups having 6 to 12 carbon atoms.
[0024]

R® in the above general formula (2) represents a linear

or branched alkylene grcup having 1 to 4 carbon atoms (e.g.,
a methylene group, a 1,2- or 1,3-propylene group, and a 1,2-,
1,3~, 2,3- or 1,4-butylene group), and groups preferred from
the viewpoint of solubility in solvents and electrical
conductivity are linear or branched alkylene groups having 1
toc 3 carbon atoms and more preferably linear or branched
alkylene groups having 1 or 2 carbon atoms.

[0025]

n and m in the above general formula (1) or (2) are each
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(1) Synthesis of 3-(1,4,7,10-tetraoxaundecyl) thiophene: In 50 parts of N,N-dimethylformamide
was dispersed 6.0 parts of sodium hydride (one having been dispersed in paraffin in a concentration of
60% by weight), and then 36.9 parts of triethylene glycol monomethyl ether was dropped thereto.
Bubbles were generated in the reaction solution and the solution became cloudy. When the generation
of bubbles was settled, 24.5 parts of 3-bromothiophene and 2.0 parts of copper(l) bromide were added
in order to the reaction solution. The reaction solution was heated to 110C and a reaction was carried
out for 2 hours. After the %qmpletion of the reac#iog, %he I acg%%%ol&t)ion Wae%glﬁ\%%d fa-cool down to

room tempelrgﬁ‘?@elflo %an aaaiti%ﬁto?%%rpé)r sofal agueous ammonium chloride solution, the

mixture was o4ed 1q 2 separalgn el Usino S0parts atathyl geetateand fen heaqueous layer
u

" was separated. r,"the organic layer was washed twice with 30 parts of distilled water and then
ethyl acetatg was distilled 0ff, sosthat 340 pads of 3[4 7, 10-tetragxamndecyhiephena was
obtained. [0056] (2) Synthesis of 2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene: In 40 parts
of THE' werg disgolvasd; 7 ARaris,ofsbeafarementionets3-{1:4 /2 10-teiramxatindecyl)thiophene and
10.7 parts of N-bromosuccinimide, which were then reacted at room temperature for 2 hours. A
precipitate Was remayad,withgoglass filker using Sduartsafethylacetate, and THE' and ethyl acetate
were then distilled off. By purifying the resulting mixture with a silica gel column, 10.5 parts of
2,5-dibromot842.d17,10-tetraoxaundecyl)thiophene was obtained. [0057] (3) Synthesis of
poly[3-(1,4,7,10-tetraoxaundecyl)thiophene]: After dissolving 8.1 parts of the aforementioned
2,5-dibromo-3-(1,4, TA6-tetraexdindeey|) tidphénecpt 50epdrts of THENR IPF&EsBi1 M/L
methylmagnesium bromide solution in THE' was added and then a reaction was performed at 75C for
30 minutes. TRy §ietrbaRtisR gole@Ba iwds gadetl 04 rdits gloove—described thiophene
[1,3-bis(diphenylphosphino)propane]-dichloronickel (Il), and then a reactwasperformedforadditional5
hours still atPHC 2ARECalloWIkG tHE fedthiof SeIH S EbY dBFHK t686AT TerhPerRt2?20 parts of
methanol was added. After distillin?1 off a solvent, the‘ﬁgge%é:tign &iéture was moved to a Soxhlet

e

extractor antSRES WhkAed i biterifith 256 paRs of andl and" 150 parts of hexane. Finally, the

residue was thﬂ ted to extraction using 150 parts of chloroform and then the solvent was distilled
off, so that 3[ parts of poly[3-(1,4,7,10-tetraoxaundecyl)thiophene] was obtained. The regioregularity

calculated by ihe abeygsiesged melind usnaAtNVR e 0000 080l adicion Example
2>: Synthesis of poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] (P-2) Experimental

operations were. garried out which weye the, same asthose. pL.Rradystion Fxamyple Liexcept for

exchanging triethylene glycol monomethyl ether’in (1) of Production"Example 1 for hexaethylene glycol

monomethyk giher {produggsny,Fakyp themica) Industey fea:.akbidy) ssotbath9 parsafght,
poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] having a regioregularity of 95.1% was obtained.

In exchangifg tietpylene gdycol nenonsethybethey fardiexaethylene glyealimohemethyl ether, the
experimental operations were carried out with the amounts of the raw materials were adjusted so that
the molar ratinecfdtralpdaction dcompdients and¢hghieidgltyatio of tHeronedattioncdonipénents
(solvent etc.) might become equal to those in Production Example 1. The following Production
Examples 3s4dband 6wiere gted pelfoanagiea sithiar way.

[0028]

The substituted polythiophene {P) in the present
invention can be synthesized by a known method, such as anionic
polymerization or oxidative polymerization of monomers
corresponding to respective repeating units.

[0029]

Examples of a monomer corresponding to the

above-described thiophene repeating unit (o) include

12



[0059] <Production Example 3>: Synthesis of poly(3-heptyloxythiophene) (P-3) Experimental
operations were carried out which were the same as those of Production Example 1 except for
exchanging triethylene glycol monomethyl ether in (1) of Production Example 1 for 1-heptanol, so that
2.7 parts of poly(3-heptyloxythiophene) having a regioregularity of 95.4% was obtained. [0060]
<Production Example 4>: Synthesis of poly(3-dodecylthiophene) (P-4) Experimental operations
were carried out which were the same as those of Production Example 1 except for exchanging

2,5-dibromo-3-_(1,4,7,10-tetraoxaundecyflfthio hene in (3) of Production Exa plelfoi ox
2 5-dibromd=3 i) RioPRBRE Hhrdutided b Aﬁlrﬁﬁé S haF 3% 5aks of élya(ré-go(]fec%hiophene)

having a regioregularity of 96.4% was obtained. [0061] <Praoduction ple 5>: Synthesis of
poly{3-(2,5-%?%?(‘5193e%%%’thi%lblhgna(]a(}oﬁgﬂ‘ﬁqs%ﬁ[ﬁggs %?é-gﬁ)n%é?maeﬁh t ioc% elri\%: (H'S‘ §lA?fter
dissolving 5 parts (50 , 9.,mmol). of 3-me h'ogpgﬂa[ d o Kasel Kogyo.Goy, Ltd.], 9.97
parts (56.0 Fn%rﬁo% ﬁgNs-gF&%s%ggz%d@%n% A2 pajijtgs%((%%%qrﬁ%g@%%nzoyl pero}%fi)de [produced

by Tokyo Kasel Kagyos¢e. kid.Lin,AQ pads of bepeene b terperature-was raised t@ AQ0C and then

a reaction was carried out for 4 hours. After the completion of the reaction, the resultant was allowed
to cool down tg seaqmitemperature. Following addition of 30 parts of a 1M aqueous sodium thiosulfate
solution, the mixture was moved to a separatory funnel and then the aqueous layer was separated.
Further, the organiciiayepwasavashead iwicenvdth 39 patisrefnhistilleshwatesandithgntibenzene was
distilled off, so that 6.32 parts (35.7 mmol) of 3-bromomethylthiophene was obtained. [0062] (2)
Synthesis ofi3«{2mdiokahedtybthiophene: redadts partsiofiTHF was dissolved 3.54 parts (39.3
mmol) of 2-ethoxyethanols, and sodium hydride (60% dispersion in paraffin) was added thereto. 6.32
parts (35.7 mhaaly of the aforementioned 3-bromomethyl thiophene was dissolved in 15 parts of THF
and was dropped over 2 hours. The temperature was raised thereafter to 100C and a reaction was
performed for 4 hourg ONftém e ChRNedd T oPthecRabadN, the Yes bt ARISTARBWe to" ¢80l down to

room temperature. Following addition of 30 parts of distilled water, the mixture was moved to a
substituted polythiophene {P) in the electroconductive coating

composition (A) is preferably 0.1 to 20% by weight, more
preferably 1.0 to 6.0% by weight based on the weight of the
electroconductive ceating composition (A). It is undesirable
that the content of the substituted polythiophene (P) is
excessively large because if so an agglomerate will be generated,
resulting in deterioration of application property. It is
undesirable that the content of the substituted polythiocphene
(P) is excessively small because if so it will become difficult
to form a uniform coating film.

[6031]

Examples of the dopant (D) that the electroconductive
coating composition (A) of the present invention contains
inorganic acids (e.g., sulfuric acid and nitric acid}, halogen
ions (e.g., iodine, bromine, and chlorine), halide ions (e.g.,

tetrafluoroboron and perchloric acid), guinone compounds [e.g.,

13



separatory funnel and then the aqueous layer was separated. Further, the organic layer was washed
twice with 30 parts of distilled water and then THF was distilled off and the resulting mixture was
purified with a silica gel column, so that 5.68 parts (30.5 mmol) of 3-(2,5-dioxaheptyl)thiophene was
obtained. [0063] (3) Synthesis of 2,5-dibromo-3-(2,5-dioxapentyl)thiophene: - In THF were
dissolved 5.68 parts (30.5 mmol) of the aforementioned 3-(2,5-dioxaheptyl)thiophene and 11.9 parts
(67.1 mmol) of N-bromosuccinimide, which were then reacted at room temperature for 2 hours. A
precipitate was removed with g %Iass fiI%‘e usin '510 part% (e)f ethyl acetate, and THF and ethyl acetate
| 5

were then diStHBEHH: By p@fying the TESufing fixtuFe With & siica gel ¢olumn, 8.11 parts (23.6

mmol) of 2, 5-dibromo-3-.(2, 5-dioxaheptyl) thio e ined..J8864] (4) Synthesis of
poly{3-(2,5-%io§<%ﬁ%8ﬂﬁ)?ﬁ18%ﬁéﬂr?é} g; ék)ﬁgég%s vrllr\%ag%?%a%tg (23@2 fnmol) of the aforementioned

2,5-dibrome: (2.5 dlpxapeniihionhrne-Dai Ratts of Ik 29.naris:alnetiyiiaagagsium bromide

solution in THF as a and then a reaction was performed at 75C for 30 minutes. To the reaction

solution wag added 9,127 pasts of {1.$1histdinhenyiphasphinpipiopane] thichierenickel {Hsand then a

react was performed for additional 2 hours still at 75C. After allowing the reaction solution to cool down
to room temperaturey s pagisefimethanel mashdded dbhe ssactionfuixiureawas mowvee: 10 a Soxhlet
extractor and was washed in order with 150 parts of methanol and 150 parts of hexane. Finally, the
residue wasssulieeted tacixirattian usinggl50 partebbctoidform anaahen tke selvent was distilled
off, so that 2.85 parts of poly{3-(2,5-dioxaheptyl)thiophene} having a regioregularity of 94.6% was
obtained. [09Bb} £ Prodvctiohiheninple 6:1n SynthasisibbpolE3: eEBaliexshexyhthiophene} (P-6) In
the same manner as in Production Example 5 except for using 2.99 parts of 2-methoxyethanol
[produced ByeTolamekidsa KdgyoiCo 2 Cid]] insicad (6f- 354 JrRZ2esihbkGethandlS 240 parts of

oly{3-(2,5-dioxahexyl)thiophene} having a regioreqularity of 95.8% was obtained.,
Polyi-( paratol&énergulfénic gcid? dogecyf%enzenesulfonlc acid, and

benzenedisulfonic acid), alkyl-substituted or unsubstituted
ions of naphthalenesulfonic acids having 1 to 4 sulfonic acid
groups {(e.g., 2-naphthalenesulfonic acid and

1, 7-naphthalenedisulfeonic acid], an anthracenesulfonic acid
ion, an anthragquinonesulfonic acid ion, alkyl-substituted or
unsubstituted biphenylsulfcenic acid ions (e.g.,
alkylbiphenylsulfonic acid and biphenyldisulfonic acid), and
alkyl—substituted or unsubstituted aromatic polymeric
sulfonic acid ions (e.g., polystyrenesulfonic acid and
naphthalenesulfonic acid-formalin condensates).

Rmong these, preferred from the viewpoint of electrical
conductivity are inorganic acids and quinone compounds, more
preferablychloranilicacidandsulfuricacid,andparticularly
preferably sulfuric acid.

As to the dopant (D), a single species may be used, or

alternatively, two or more species may be used in combination.
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[0066] <Comparison Production Example 1>: Synthesis of a polyaniline aqueous dispersion To an
aqueous solution prepared by mixing 0.49 g (5.0 mmol) of sulfuric acid and 25.9 g of water was added
0.93 g (10 mmol) of aniline, and further 20.1 g (30 mmol) of a 30% by weight aqueous solution of
poly(ammonium styrenesulfonate) having a molecular weight of 120,000 was added. The pH of the
aqueous solution was 4.0. After cooling to OC, an aqueous solution prepared by dissolving 1.14 g (5
mmol) of ammonium persulfate in 10 g of water was dropped over 30minutes, followed by stirring for 2
hours. Duringﬁgwg rif]action, pH was kept within a range of 2 to 5 by dropping concentrated ammonia
water. After 8 pletion of the reaction, the resultant was poured into 300 ml of acetonitrile, and the

precipitate formed was washed with.isopropanol cted by filtration, apd dried, so that 5.8 g of a
water dispersible p\é\ﬁf?/]a{enillsn%bggcrﬁﬁggi%a%}ga% gt‘zltg%%%.é%e)(reédlting waterldispgrsible polyaniline

composition (g iaz dipgaliedva 9 g alaatel i proLanplyaniline adueous dusparsion [0067]

<Examples 1 to 12> Electroconductive coating compositions (A-1) to (A-12) of the present

invention werg ebtaingd-hy: Pleading thereleciragonductive pelymers (Rrldia (@-phoktaingd in
Production Examples 1 to 6, the dopants and the organic solvents provided in Table 1 in the weight
ratios provided in Tablade R068]{Table 4t Example:t Dxapple:2dowmplp 8 Exaotple 4al
conductivity as a carrier of electrons, the higher the
concentration of the dopant (D) the better. Howevef, if the
concentration is excessively high, the electrical conductivity
will detericrate. Therefore, the used amount cf the dopant (D)
is preferably 5 to 300% by weight, more preferably 10 to 150%
by weight relative to the substituted polythiophene (P).
[0033]

The regiocregularity (RR) of the substituted
polythiophene (P) in the present invention is usually 50% or
more, and from the viewpoint of electrical conductivity, it is
more preferably 80% or more, even more preferably 90% or more.
[0034]

The definition of the regioregularity (RR) in the present
invention is described below.

The bond of the substituted polythiophene (P) includes
four types as illustrated in the following formulas Bl through
B4, i.e., a HT-HT linkage (Bl), a TT-HT linkage (BZ), a HT-HH
linkage (B3), and a TT-HH linkage {(B4). As used herein, HT is
an abbreviation of head-to-tail, TT is an abbreviation of

tail-to-tail, and HH is an abbreviation of head-to-head.
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Example 5 Example 6 Example 7 Example 8 Example 9 Example 10 Example 11 Example 12 (A-1)
(A-2)

[0035]

[Chemical formula 2]

(B3)

[0036]

R in the chemical formulae of the foregoing four bond
types represents a polyether group (a), an alkoxy group {b),
an alkoxyalkyl group (c), or an alkyl group {d).

[0037]

The regioregularity (RR) in the present invention is
defined by the ratio (%) of HT-HT linkages
(head-to-tail-head-to-tail linkage) in a substituted
polythiophene (P) and it is calculated by the following
expression (1):

Regioregularity (RR) = B1x100/(B1+B2+B3+B4) (1)

wherein Bl represents the number of HT-HT linkages, B2
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(A-3) (A-4) (A-5) (A-6) (A-7) (A-8) (A-9) (A-10) (A-11) (A-12) | Compounded ratio (parts by weight) 1
Electroconductive polymer (P-1) 1.01.01.01.0

represents the number of TT-HT linkages, B3 represents the
number of HT-HH linkages, and B4 represents the number of TT-HH
linkages.

[0038]

Specifically, since the protons that these bonds have
each exhibit their unigue chemical shifts (&) in nuclear
magnetic resonance spectrometry ('H-NMR), it can be calculated
from the integrals of the chemical shifts corresponding to the
four types of bonds.

In the case of s polythiophene derivative having a
repeating unit (a3) represented by general formula (3), Bl:d
=6.98, B2:8=7.00, B3:5=7.02, andB4:5=7.05 are specifically
exhibited. Therefore, integrals S1, S2, $3, and S4 at chemical
shifts peculiar to B1, B2, B3, and B4 are calculated, and then
a regioregularity (RR) is calculated by the fellowing formula
(2) using the ratic (%) of the integral S1 at the chemical shift
peculiar to Bl ;elative to the sum total of those integrals.

Regioregularity (RR} = 81x100/(S1+52+83+84) (2)

[0039]

The electroconductive coating composition (A) of the
present invention further comprises an organic solvent.

In order to obtain a homogenous solution containing no
precipitate, it is preferred to use as the organic solvent a
good solvent of the substituted polythiophene (P) and an alcohol

sclvent, which is a good solvent of the dopant (D), with these
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1.0

(P-2) - 1.010 1.0

solvents mixed.
[C040]

Examples of the good solvent of the substituted
polythiophene (P) include chlorine-centaining, amide-based,
ether-based, aromatic hydrocarbon-based, alcohol-based,
ketone-based, or sulfur-centaining solvents having 1 to 10
carbon atoms, and preferred are chloroform, methylene chloride,
dimethylformamide, N-methylpyrrolidone, tetrahydrofuran
(hereinafter abbreviated as THF), 1,3-dioxolane, toluene,
methanol, acetone, methyl ethyl ketone, y-butyrolactone,
cyclopentanone, cyclohexanone, dimethyl sulfoxide, and their
mixtures. From the viewpoint of resistance to sulfuric acid,
THF, 1,3-dioxolane, methanol, and dimethyl sulfoxide are
preferred.

[0041]

Examples of the alcohol solvent to be used in admixture
include methancl, ethanol, 2-propanol, and ethylene glycol.
Among these, preferred from the viewpoint of dissolution
stability are methanol, ethanol, and Z2-propanol.

[0042]

When producing an electroconductive coating film using
the electroconductive coating composition (A) of the present
invention, it is necessary to remove such a sclvent. In the case
of a low-boiling point solvent, the solvent i1s removed by

spontaneous drying at normal temperature or heat drying by air
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(P-3) -

- 1.0

circulation, whereas in the case of a high-boiling point solvent,
heat drying using & vacuum dryer is preferred.
[G043]

Since the_electroconductive coating composition (A) of
the present invention is superior in solubility in solvents and
electrical conductivity, it is suitable especially as an
electrode for solid electrolytic capacitors.

[0044]

As described above, a capacitcr having an electrode
(negative electrode) produced by forming a porous coating film
by etching an oxidized coating film of aluminum or the like and
then forming an electroconductive polymer layer on a surface
of the porous coating film has been used in a solid electrolytic
capacitor that is required to exhibit a reduced impedance in
a high frequenc? region. However, conventional methods, such
as a method of applying a dispersion liquid containing a
precursor monomer of an electroconductive polymer and a method
of applying a solution prepared by dissolving a polypyrrole,
an electroconductive polymer, in a solvent using
dodecylbenzenesulfonic acid as a dopant, are problematic in
that capacitor production efficency is very low and the
capacitance of a capacitor cannot be increased efficiently.
[0045]

In contrast to this, since the electroconductive coating

composition (A) of the present invention has been dissolved in
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(P-4)

1.0- (P-5)

an organic solvent and is high in electrical coenductivity, it
is possible to impregnate a porous coating with an
electroconductive polymer by a simple process, thereby
efficiently increasing the capacitance of a capacitor.
[0046]

By performing heating treatment after applying the
electroconductive coating composition (A) of the present
invention to a substrate, it is possible to cbtain an
electroconductive ceoating film that is superior in heat
resistance and develops only a small, if any, decrease in
electrical conductivity even under high temperature
conditions.

[0047]

Examples of the method for applying the electroconductive
coating composition (A) to the substrate include a spin coating
method, a drop casting method, a dip coating method, and a method
comprising immersing the substrate in the electroconductive
coating composition (A). Examples of the substrate include
plastics, glass, metal, rubber, ceramics, and paper.

[0048]

From the viewpoint of electrical conductivity, the
thickness of the electrocendutive coating film to be formed on
a substrate surface is preferably 0.05 to 100 pm, more
preferably 0.1 to 50 um. If the coating film is thinner than

0.05 um, sufficient electrical conductivity may not be obtained.
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1.0 (P-6) _

A thickness exceeding 100 pm may cause a problem, for example,
that cracking or peeling occurs easily in forming process.
[0049]

In order to obtain an electroconductive coating film
superior in heat resistance, the heat treating temperature is
preferably 100 to 130°C, more preferably 110 to 170°C. In the
case of a temperature lower than 100°C, sufficient strength and
electrical conductivity may not be obtained. In the case of a
temperature higher than 190°C, electrical conductivity may
deteriorate.

[0050]

While the-heating‘time is chosen appropriately depending
upon the heating temperature, the concentration of the
substituted polythiophene (P} in the electroconductive coating
compositicn {A) to be used for the production of a coating film,
and the thickness of the coating film to be produced, it is
usually 0.5 to 8 hours, preferably 1 to 4 hours. If the heating
time is excessively short, the performance of the
aforementiocned coating film may not be sufficient.

[0051]

The electroconductive coating film in the present
invention is chéracterized in that it exhibits only a small,
if any, decrease in electrical conductivity under high
temperature conditions, and specifically, the retention rate

of electrical conductivity after heating at 125°C for 240 hours
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_ 1.0 Dopant Chloranilic acid - --0.30.30.3

in a test of heat resistance evaluation is preferably 10 to 100%,

more preferably 30 to 100%.

[0052]
In the present invention, the "retention rate of
electrical conductivity (%) " is defined by a ratio (%} of an

electrical conductivity after a heat resistance test (oi1) to
an electrical conductivity before the test (op) and is expressed
by the following formula.

Retention rate of electrical conductivity (%) = 01x100/0g
wherein o, represents an electrical conductivity of a coating
film measured at room temperature (typically at 25°C; the same
isappliedhereinafter)beforeeaheatresistancetest(at125%L
for 240 hours), and o; represents an electrical conductivity
of the coating film measured after cooling to room temperature
after the heat resistance test.

[0053]

Felectroconductive coating films obtained by the
production process of the present invention are superior in
electrical conductivity and heat resistance and therefore are
preferred as an electrolyte for solid electrolytic capacitors,
an antistatic agent, an anticorrosive, an electroconductive
paint, an electroconductive transparent electrode material, a

plating primer, and so on.

EXAMPLES
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0.30.30.3 Sulfuric acid 0.6 0.6 0.6 0.6 0.6 0.6 - -

[0054]

The present invention is further described by means of
the following examples and comparative examples, but the
invention is not limited theretc. In the following, "part(s)"
means "part(s) by weight”.

[0055]

<Production Example 1> Synthesis of
polyi3-{1,4,7,10-tetraoxaundecyl}thiophene] {P-1)

{1} Synthesis df 3-(1,4,7,10-tetraoxaundecyl) thiophene:

In 50 parts of N,N-dimethylformamide was dispersed 6.0
parts of sodium hydride {one having been dispersed in paraffin
in a concentration of 60% by weight), and then 36.9 parts of
triethylene glycol monomethyl ether was dropped thereto.
Bubbles were generated in the reaction solution and the solution
became cloudy. When the generation of bubbles was settled, 24.5
parts of 3-bromothiophene and 2.0 parts of copper (I) bromide
were added in order to the reaction sclution. The reaction
solution was heated to 110°C and a reaction was carried out for
2 hours. After the completion of the reaction, the reaction
solution was allowed to cool down to room temperaturg.
Following addition of 50 parts of a 1M aqueous ammonium chloride
solution, the mixture was moved to a separatory funnel using
50 parts of ethyl acetate and then the aqueous layer was
separated. Further, the organic layer was washed twice with

30 parts of distilled water and then ethyl acetatewas distilled
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Organi‘c solvent Chloroform -  50.0 50.0 50.0 50.0 50.0 50.0 Dimethylformamide

off, so that 34.0 parts of
3-(1,4,7,10-tetraoxaundecyl) thiophene was obtained.
[005¢€]

(2) Synthesis of
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene:

In 40 parts of THF were dissolved 7.4 parts of the
aforementioned 3-(1,4,7,10-tetraoxaundecyl)thicphene and
10.7 parts of N-bromosuccinimide, which were then reacted at
room temperature for 2 hours. A precipitate was removed with
a glass filter using 50 parts of ethyl acetate, and THF and ethyl
acetate were then distilled off. By purifying the resulting
mixture with a silica gel column, 10.5 parts of
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl) thiophene was
obtained.

[0057]
(3) Synthesis of
poly[3-(1,4,7,10-tetracxaundecyl)thiophene]:

After dissolving 8.1 parts of the aforementioned
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene in 150
parts of THF, 21 parts of 1 M/Lmethylmagnesium bromide solution
in THF was added and then a reaction was performed at 75°C for
30 minutes. To the reaction solution was added 0.1 parts of
'1,3-bis{diphenylphosphino)propane]-dichlorcnickel {(IL), and
then a react was performed for additional 5 hours still at 75°C.

After allowing the reacticn solution to cool cown to room
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3.7 3.73.73.73.7 3.7 1,3-Dioxolane 30.0 30.0 30.0

temperature, 20 parts of methanol was added. After distilling
off a solvent, the reaction mixture was moved to a Soxhlet
extractor and was washed in order with 150 parts of methanol
and 150 parts of hexane. Finally, the residue was subjected to
extraction using 150 parts of chloroform and then the solvent
was distilled éff, so that 3.1 parts of
poly[3-(1,4,7,10-tetraoxaundecyl)thicphene} was obtained.
The regioregularity calculated by the above-described method
using 'H-NMR was 96.3%.

[0058]

<Production Example 2>: Synthesis of
poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] (P-2)

Experimental operations were carried out which were the
same as those of Production Example 1 except for exchanging
triethylene glycol monomethyl ether in (1) of Production
Example 1 for héxaethylene glycol monomethyl ether (produced
by Tokyo Chemical Industry Co., Ltd.), so that 2.9 parts of
poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] having
a regioregularity of 95.1% was obtained.

In exchanging triethylene glycol monomethyl ether for
hexaethylene glycol mcnomethyl ether, the experimental
operations were carried out with the amounts of the raw
materials were adjusted so that the molar ratio of the reaction
components and the weight ratio of the non-reaction components

{solvent etc.) might become equal to those in Production Example
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Tetrahydrofuran 30.0 30.0 -

1. The following Production Examples 3, 4, and 6 were also
performed in a similar way.

[0059]

<Production Example 3>: Synthesis of

poly (3-heptyloxythiophene) (P-3)

Experimental operations were carried out which were the
same as those of Production Example 1 except for exchanging
triethylene glycol monomethyl ether in (1) of Production
Example 1 for l-heptanol, so that 2.7 parts of
poly (3-heptyloxythiophene} having a regioregularity of 95.4%
was obtained.

[0060]
<Production:Example 4>: Synthesis of poly(3-dodecylthiophene)
(P=-4)

Experimental operations were carried out which were the
same as those of Production Example 1 except for exchanging
2, 5-dibromo=~3-{1,4,7,10-tetraoxaundecyl)thiophene in (3} of
Production Example 1 for 2, 5-dibromo-3-dodecylthiophene
(produced by Aldrich), so that 3.5 parts of
poly {3-dodecylthiophene) having a regicregularity of 96.4% was
obtained.

[0061]
<Production Example 5>: Synthesis of
poly{3-(2,5-dioxaheptyl)thiophene} (P-25)

(1) Synthesis of 3-bromomethylthiophene:
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Cyclopentanone 30.0 -

After dissolving 5 parts (50.9mmol) of 3-methylthiophene
[produced by Tokyo Kasei Kogyo Co., Ltd.], 9.97 parts (56.0
mmol) of N—broﬁosuccinimide, and 0.12 parts (0.50 mmol)
dibenzoyl peroxide [produced by Tokyo Kasel Kogyo Co., Ltd.]
in 30 parts of benzene, the temperature was raised to 100°C and
then a reaction was carried out for 4 hours. After the completion
of the reaction, the resultant was allowed to cool down to room
temperature. Following addition of 30 parts of a 1M aqueous
sodium thicgulfate solution, the mixture was moved to a
separatory funnel and then the agueous layer was separated.
Further, the organic layer was washed twice with 30 parts of
distilled water and then benzene was distilled off, sc that
6.32 parts (35.7 mmol) of 3-bromomethylthiophene was
obtained.

[0062]
(2} Synthesis of 3-(2,5-dioxaheptyl)thiophene:

In 15 parts of THF was dissolved 3.54 parts (39.3 mmol)
of 2-ethoxyethancls, and sodium hydride (60% dispersion in
paraffin) was added thereto. 6.32 parts (35.7 mmel) of the
aforementioned 3-bromomethyl thiophene was dissolved in 15
parts of THF and was dropped over 2 hours. The temperature was
raised thereafter to 100°C and a reaction was performed for 4
hours. After the completion of the reaction, the resultant was
allowed to ccol down to room temperature. Following addition

of 30 parts of distilled water, the mixture was moved to a
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Methanol 10.0 10.0 10.0 10.0 10.0 Tsopropanol -

separatory funnel and then the aqueous layer was separated.
Further, the organic layer was washed twice with 30 parts of
distilledwater and then THF was distilied off and the resulting
mixture was purified with a silica gel column, so that 5.68
parts {30.5 mmol) of 3-(2,5-dicxaheptyl)thiophene was
obtained.
[0063]
(3) Synthesis of 2,5-dibromo-3-(2,5-dioxapentyl)thicophene:
In THF were dissolved 5.68 parts (30.5 mmol) of the
aforementioned 3-(2,5-dioxaheptyl)thiophene and 11.9 parts
(67.1 mmol) of N-bromosuccinimide, which were then reacted at
room temperature for 2 hours. A precipitate was removed with
a glass filter using 50 parts of ethyl acetate, and THF and
ethyl acetate were then distilled off. By purifying the
resulting mixture with a silica gel column, 8.11 parts (23.6
mmol) of 2,5—dibromo—3—(2,5—dioxaheptyl)thiophene was

obtained.

(4) Synthesis of poly{3-(2,5-dioxaheptyl)thiophene} (P-5):
After dissolving 8.11 parts (23.6 mmol) cf the
aforementioned 2, 5-dibromo-3-(2,5-dioxaheptyl)thicphene in
30 parts of THF, 25 parts of methylmagnesium bromide solution
in THF was added and then a reaction was perférmed at 75°C for
30 minutes. To the reaction solution was added 0.127 parts of

[1,3-bis{diphenylphosphino)propane]-dichloronickel {II), and
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0.0 - [0069] <Comparative Example 1> The polyaniline aqueous dispersion (Q-1) obtained
in Comparative Production Example 1 was used as it is as an electroconductive coating composition
(A'-1) for comparison. [0070] <Comparative Example 2> "PEDOT/PSS" (an electroconductive
polymer prepared by polymerizing Baytron-P (3,4 -ethylenedioxythiophene) produced by H.C. Starck
in an aqueous high-molecular-weight polystyrene sulfonic acid solution) (Q-2), which was known as an
aqueous dispersion of a polythiophene, was used as it was as an electroconductive coating

composition (A'-2) for comparison. [0071] <Evaluation Examples 1 to 12 and C arative, Evaluation
Examples 11895 @ FeRGHIRDABF EAFaGdrHaAditristie Vs cathed %lﬁtbﬁlﬁﬁ;g%lf};éwﬁlg methods

e T G G R A e e e
2. [0072] temperature,5partsofn@thanolwasadded.Thereactionn&xture
was moved to a Soxhlet extractor and was washed in order with
150 parts of methanol and 150 parts of hexane. Finally, the
residue was subjected to extraction using 150 parts cof
chloroform and then the solvent was distilled off, so that 2.85
parts of poly{3-(2,5-dioxaheptyl)thiophene} having a
regioregularity of 94.6% was cobtained.
[0065]
<Production Example 6>: Synthesis of
poly{3-(2,5-dioxahexyl)thiophene} (P-6)

In the same manner as in Production Example 5 except for
using 2.99 parts of 2-methoxyethanol [produced by Tokyo Kasei
Kogyo Co., Ltd.] instead of 3.54 parts of 2-ethoxyethanol, 2.40
parts of poly{3-(2,5-dioxahexyl)thiophene} having a
regioregularity of 95.8% was obtained.

[(0066]
<Comparison Production Example 1>: Synthesis of a polyaniline
agueous dispersion

To an aqueous solution prepared by mixing 0.49 g (5.0
mmol) of sulfuric acid and 25.9 g of water was added 0.93 g (10
mmol) of aniline, and further 20.1 g (30 mmol) of a 30% by weight
aqueous solution of poly({ammonium styrenesulfonate) having a

molecular weight of 120,000 was added. The pH of the agueous
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[Method of capacitor characteristic evaluation] (1) Preparation of dielectric film on positive electrode
An aluminum etched foil (size: 4x3.3 mm) as a positive electrode metal was immersed in a 3% by
weight agueous ammonium adipate solution, voltage was increased from 0 V to 40 V under a
condition of 0.53 mA/sec by using a constant-current constant-voltage power supply, and then
chemical conversion treatment was performed by applying a constant voltage of 40 V for 40 minutes,
so that a dielectric film made of an oxidized coating was formed on a surface of the aluminum etched
foil. This was washed in running deionized water for 10 minutes and then was dried at 105C for 5

minutes, so%RALE pOSitive 2lectdderddripoSPeiE Bositive electfdde it HhdER tittéGHc film was
prepared. The resulting positive electrode was,immersed in the aforementioned a monium
adipate solﬁ?&%paaﬁoeglnkg‘(egﬁ'gﬁg ic %gga%itgn%egwgé rrﬁme%%éjreod%1 at 120 Hz 't eeﬁcgqugl#f%%gnt of 4.2
pF was deteried 8.3, (eorelical elegtiostat caepriiance. 1007323 PLenpialon of i ng
electroconductive goatlng iffr on dielectric fim Positive electrodes were dipped in the

electrocondpctive caafing,comppsitions - Do (Ar12) andi(Aly todA-2) and then wesg gulled up,

followed by drying under reduced pressure at room temperature for 30 minutes, so that electrolyte

layers were fermed.(3) %pa@%&@i@ﬂ‘gart@h%gﬁhyya@@aa@iﬁ@maa gaghof the gleegelyte layers
obtained above, a carbon paste ["Varniphite FU" produced by Nippon Graphite Industries, Ltd.] was

applied andhep ddedcand thereafierassilver paste: [‘Fvernichm ME? preducsstby Nipps® Graphite
Industries, Ltd.] was further applied, so that a negative electrode was formed. A lead was pulled out
from the silver pasteandha terniinal, wasdcanrecied thereta {007 4k () dMeasurernbrtiand Bvaluation
The electrostatic capacitance at 120 Hz and the internal resistance at 100 kHz of the resulting
electrolytic dapacitopwerd measuted usihgoan £CR metéioandahéndiheé @dcufrents af Isaidwas
evaluated on the following criteria. <Criteria of leakage evaluation> A case where a leak current
did not decreasé aridaieitheliaPelesirodtatRodapeitdnes e BPCRtrASTY e&istaPleb ndSreasured
successfully in the measurement with the LCR meter was evaluated as "poor” and a case where a

leak currenfidiecreasdd hhE DO EFFeEFOS EEE THp RAAMES Ahd 2 FREMAP idskiinéé Were

measured successfully was evaluated as "good". N
was dissolved in 98 g of water to form a pelyaniline agueous

dispersion.
[0067]
<Examples 1 to 12>

Electroconductive coating compositions (A-1) to (A-12)
of the present invention were obtained by blending the
electroconductive polymers (P-1) to (P-6) obtained in
Production Examples 1 to 6, the dopants and the organic
solvents provided in Table 1 in the weight ratios provided in

Table 1.
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[0075] [Table 2] ElectrOconductive coatihg composition Capacitor evaluation Leak Electrostatic capacitance (pF/120Hz) Internal resistance
(mQ/100kHz) Evaluation Example 1 (A-1) Good 4 20

[0068]
[Table 1]
Example |Example |Example |Example |Example |Example [Example [Example |Example |Example |Example |Example
1 2 3 4 5 6 7 8 9 10 11 12
(a-1) {A-2) {B-3) {A-4) {A-5) {A-6) (B-7) (B-8) (A-9) (A-10) | (A-11) | (A-12)
© {(P-1) 1.0 1.0 1.0 1.0 - - 1.0 - - - - -
=
a (P-2) - - - - 1.0 1.0 - 1.0 - - - -
23 (P-3) 1.0
S loo (P-4) - - - - - - - - - 1.0 - -
=N IS ERe
o | £
il I {P-5) - - - - - - - - - - 1.0 -
a
> {P-6) - - - - - - - - - - - 1.0
a
n
Y £ Chloranilic acid - - - - - - 0.3 0.3 0.3 0.3 0.3 0.3
Y o
el &
ol & Sulfuric acid 0.6 0.6 0.6 0.6 0.6 0.6 - - - - - -
it
By Chloroform - - - - - - 50.0 50.0 50.0 50.0 50.0 50.0
k!
2 E: Dimethylformamide - - - - - - 3.7 3.7 3.7 3.7 3.7 3.7
g @
sl 2 1,3-Dioxclane 30.0 - - 30.0 30.0 - - - - - - -
g1 o
g
3 2 Tetrahydrofuran - 30.0 - - 30.0 - - - - - -
-
g Cycleopentanone - - 30.0 - - - - - - - —
g
o Methanol 10.0 10.0 10.0 - i0.0 10.0 - - - - - -
Isopropancl - - - 10.0 - - - - - - - -
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Evaluation Example 2 (A-2) Good 4 21 Evaluation Example 3 (A-3) Good 3.6 26 Evaluation Example 4
(A-4) Good 4.1 18 Evaluation Example 5 (A-5) Good 4.1

[0069]
<Comparative Example 1>

The polyaniline aqueous dispersion (Q-1) obtained in
Comparative Production Example 1 was used as it is as an
electroconductive coating composition (A'-1) for comparison.
[0070]
<Comparative Example 2>

"PEDOT/PSS" (an electroconductive polymer prepared by
polymerizing Baytron-P (3,4 -ethylenedioxythiophene) produced
by H.C. Starck in an agueous high-moclecular-weight polystyrene
sulfonic acid solution) (Q-2), which was known as an agueous
dispersion of a polythiophene, was used as it was as an
electroconductive coating composition (A'-2) for comparison.
[0071]
<BEvaluation Examples 1 to 12 and Comparative Evaluation
Examples 1 to Z>

Evaluation of capacitor characteristic was carried out
by the following methods using the electroconductive coating
compositions (A-1) to (A-12) of Examples 1 toc 12 and the
electroconductive coating compositions (A'-1) to (A'-2) for
comparison. The results are shown in Table 2.
(00727
[Method of capacitor characteristic evaluaticn]
(1) Preparation of dielectric film on positive electrode

An aluminum etched foil (size: 4x3.3 mm) as a positive
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91 Evaluation Example 6 (A-6) Good 4.1 73 Evaluation Example 7 (A-7) Good 4 40 Evaluation
Example 8 (A-8) Good 3.6 52 Evaluation Example 9 (A-9) Good

electrode metal was immersed in a 3% by weight aqueous ammonium
adipate solution, voltage was increased from 0 V to 40 V under
a condition of 0.53 mA/sec by using a constant-current
constant-voltage power supply, and then chemical conversion
treatment was performed by applying a constant voltage of 40
V for 40 minutes, so that a dielectric £ilm made of an oxidized
coating was formed on a surface of the aluminum etched foil.
This was washed in running deionized water for 10 minutes and
then was dried at 105°C for 5 minutes, so that a positive
electrode composed of a positive electrode metal and a
dielectric film was prepared. The resulting positive electrode
was immersed in the aforementioned aqgueous ammonium adipate
solution and an electrostatic capacitance was measured at 120
Hz. The measurement of 4.2 pF was determined as a theoretical
electrostatic capacitance.
[0073]
(2) Preparation of electroconductive coating filmondielectric
£ilm

Positiveelectrodesweredippedjjltheelectréconductive
coating compositicons (A-1) to (A-12) and (A'-1l) to (A'=2) and
then were pulled up, followed by drying under reduced pressure
at room temperature for 30 minutes, so that electrolyte layers
were formed.
(3) Preparatioﬁ of an electrolytic capacitor

On each of the electrolyte layers obtained above, a carbon
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3.5 36 Evaluation Example 10 (A-10) Good 4.1 40 Evaluation Example 11 (A-11) Good 3.2 32
Evaluation Example 12 (A-12) Good 3.9

paste ["Varniphite FU" produced by Nippon Graphite Industries,
Ltd.] was applied and then dried, and thereafter a silver paste
["Everyohm ME" produced by Nippon Graphite Industries, Ltd.]
was further applied, so that a negative electrode was formed.
B lead was pulled out from the silver paste and & terminal was
connected thereto.
[0074]
(4) Measurement and svaluation

The electrostatic capacitance at 120 Hz and the internal
resistance at 100 kHz of the resulting electrolytic capacitor
were measured using an LCR meter, and then the occurrence of
leak was evaluated on the following criteria.
<Criteria of leakage evaluation>

A case where a leak current did not decrease and neither
an electrostatic capacitance nor an internal resistance was
measured successfully in the measurement with the LCR meter was
evaluated as "poor" and a case where a leak current decreased
and both an electrostatic capacitance and an internal

resistance were measured successfully was evaluated as "good"”.
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38 Comparative Evaluation Example 1 (A'-1) Good 2.5 7,600 Comparative Evaluation Example 2
(A'-2) Poor _ _ [0076] As shown in Table 2, the solid electrolytic capacitors using the
electroconductive coating compositions of the present invention each afforded an electrostatic
capacitance close to the theoretical value (4.2 pF) while maintaining a low internal resistance
necessary as a capacitor. In contrast to this, the capacitor using the electroconductive coating
composition of Comparative Example 1 was high in internal resistance and obtained only an
electrostatic capacitance that was approximately half of the theoretical value, and the capacitor using
the electrocbRbdctive coating composition of Comparative Example 2 exhibited a large leak and
therefore it velas qu%a]surable. [0077] <Evaluation Examples 13 to 24 and Comparative Evaluation
Example 3> 1 2P1€

Capacitor evaluation
Electroconductive Electrestatic Internal
coating composition Leak capacitance resistance
(nF/120 Hz) (mQ/100 kHz)

Evaluation _ A 20
Example 1 (A-1) Good
Evaluation _ 21
Example 2 (A-2) Good 4
Evaluation _ 26
Erample 3 (A-3) Good 3.6
Evaluaticn _ 18
Example 4 (A-4) Good 4.1
Evaluaticn _ 4.1 91
Example 5 (A=) Good *
Evaluation _ 1 73
Pramplo 6 - (B-6) Good 1.
Evaluation

- 4 40
Example 7 (A=T) Goed
Evaluation _ 57
Example 8 (A-8) Good 3.6
Evaluation _ 36
Prample S (A-9) Good 3.5
Evaluation _ 1 40
Example 10 (A-10) Good 4,
Evaluation _ 32
Example 11 (A-11) Good 3.2
Evaluation _ 38
Example 12 {A-12) Good 3.9
Comparative
Evaluation (A" -1) Good 2.5 7,600
Example 1
Comparative
Evaluation {AF-2) Poor - -
Example 2
10076]

As shown in Table 2, the solid electrolytic capacitors

using the electroconductive coating compositions of the present

invention each afforded an electrostatic capacitance close to
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Using the electroconductive coating compositions (A-1) to (A-12) of Examples 1 to 12 and the
electroconductive coating compositions (A'-1) for comparison, measurement of the electrical
conductivity of coating films and a heat resistance test were carried out by the following methods. The
results are shown in Table 3. [0078] [Method for measuring electrical conductivity of coating film] (1)
Preparation of coating film The electroconductive coating compositions (A-1) to (A-6) and (A'-1)
were applied to glass slides (76 mm x 26 mm, 1.0 mm in thickness) by using a bar coater (No.6) and
then were dried under reduced pressure at room temperature for 30 minutes. Thereafter t’ieating
treatment walSERGTAET 4 Cofftattt tenpetHtird iyt BRLEOE 18k Aoy, Js%%ﬁgtn 2

electroconductive coating films for EvaluationCEaxaéncq%so ]_13 ’f\_gnl% glqg relesc;ctr(%%ont ulcéivet(ig)gting films
for Comparafive EValHon EXahisiE 3 Ker8 frepared- " * Moreover, electroconductive coating films

for Evaluation Examples 19 19 24 were prenared In, (Ne.same mannaras i e ahqvpsdesaribed

method exc%%??o?hs?ng the eldctroconductive coating compositions (A-1) to (A-6) and failing to

perform the heating reaiment, Q079 (2) Meashrement,of fimthickness s ; s :Ehe-tickngss of

electroconductive coating films was measured by using a digital thickness meter DG-925

[manufacturggd-hy: Qo9 Sekki, Cor Ldald (3} Salawation ghgleciricabeonguativitys  The surface

resistance of an electroconductive coating film was measured by a four-terminal method by using

Loresta GP J{eR-Jx2%f reanufactyrect byMitsnbisheEbernicalCorppratiant hanc-ara electrical
conductivity was calculated by the following formula using the resulting surface resistance value and

the film thickressy theEeelticabeandiictivity Stera) Frid{thickpess {dmjnesuifane zesistanee (0/0)1
[0080] [Method of heat resistance test] The electroconductive coating film the surface resistance of
which was measprkd A texhbbyé-edseriled Y ethoaifor mbasueing Efertriddl conductivity of coating
film" was
unmeasurable.
[0077]
<Evaluation Examples 13 to 24 and Comparative Evaluation
Example 3>
Using the electroconductive coating compositions (A-1)
to (A-12) of Examples 1 to 12 and the electroconductive coating
compositions (A'-1) for comparison, measurement of the
electrical conductivity of ceating films and a heat resistance
test were carried out by the following methods. The results are
shown in Table 3.
[0078]
[Method for measuring electrical conductivity of coating film]
(1) Preparation of coating film
The electroconductive coating compositions (A-1) to
(A-6) and (A'-1) were applied to glass slides (76 mm x 26 mm,

1.0 mm in thickness) by using a bar coater (No.6) and then were

dried under reduced pressure at room temperature for 30 minutes.
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heated in a constant temperature dryer of 125C continuously for 240 hours. After the heating, it was
allowed to cool down to room temperature, and then a surface resistance value after heating was
measured by the above-described method and an electrical conductivity was calculated. A retention
rate was calculated from the electrical conductivities before and after the heat resistance test. [0081]
[Table 3] Heating treatment Electroconductive coating composition Thickness (pm) Electrical
conductivity(S/cm) Retention rate of electrical conductivity(%) Initial

Thereafter heating treatment was performed in a constant
temperature dryer of 130°C for two hours, so that
electroconductive coating films for Evaluation Examples 13 to
18 and electroconductive ccating films for Comparative
Evaluation Example 3 were prepared.

Moreover, electroconductive coating films for Evaluation
Examples 19 to 24 were prepared in the same manner as in the
above—described:method except for using the electroconductive
coating compositions (A-1) to (A-6) and failing to perform the
heating treatment.

[CC79]
(2) Measurement of film thickness

The thickness of electroconductive ccating films was
measured by using a digital thickness meter DG-925
[manufactured by Ono Sokki Co., Ltd.].

(3) Calculation of electrical conductivity

The surface resistance of an electroconductive coating
film was measuréd by a four-terminal method by uéing Loresta
GP TCP-T 250 [manufactured by Mitsubishi Chemical Corporation],
and an electrical conductivity was calculated by the following
formula using the resulting surface resistance value and the
film thickness.

Electrical conductivity (S/cm) = 1/{thickness (cm) X
surface resistance [(&/0)}

[0C80]
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After heat resistance test Evaluation Example 13 Yes (A-1) 0.95 55.0 41 75 Evaluation Example 14
(A-2) 0.89 51.0 41 80 Evaluation

[Method of heat resistance test]

The electroconductive coating film the surface
resistance of which was measured in the above-described "Method
for measuring electrical conductivity of coating film" was
heated in a constant temperature dryer of 125°C continuously
for 240 hours. After the heating, it was allowed to cool down
to rocm temperature, and then a surface resistance value after
heating was measured by the above-described method and an
electrical conductivity was calculated. A retention rate was
calculated from the electrical conductivities before and after

the heat resistance test.
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Example 15 (A-3) 0.85 47.0 37 79 Evaluation Example 16 (A-4) 0.86 40.0 31 78 Evaluation Example 17 (A-5)

[CCB1]
[Takle 3]
Heating Electroconductive Thickness Blectrical conductivity (S/cm) e iy
treatment coating composition {pm) Initial After heat resistance test congiii;iigil(%)

Evanpie. 53 (1) 095 | 550 ! =
e o1 (2-2) ‘o i
| L 23 008 | 470 - -
Exampre 16 (B-4) 0.86 40.0 31 '8
et (-5) 088 | 35.0 > ”
e (2= o .
Pvamsie 19 (a-1) 0.94 54.0 28 >
Exampie 20 (A-2) 0.91 50.0 26 o1
i . -5 L LS “ -
el a-1) 088 | 2.0 2 =
et (3-5) L =
Frannie 21 (8-6) 0.89 41.0 18 il
Comparative

Evaluation Yes (A -1) 0.92 2.0 0.04 g
Example 3

* Conditions of heating treatment: 130°C, 2 hours
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’ 0.88 35.0 27 78 Evaluation Example 18 (A-6) 0.91 38.0 31 81 Evaluation Example 19 NO (A-1) 0.94
54.0 28

(0082]

Table 3 shows that cocating films produced from
electroconductive coating compositions of the present
invention are high in electrical conductivity and alsc high in
retention rate after a heat resistance test.

Moreover, it is alsoc shown that by heat treating an
electroconductive coating film produced from an
electroconductive coating composition of the present invention,
the electrical conductivity and the heat resistance of the

electroconductive coating film are improved.

INDUSTRIAL APPLICABILITY
[0083]

The electroconductive coating composition of the present
invention is superior in solubility in solvents and high in
electrical conductivity and it therefore is useful as an
electroconductive coating composition. Especially, it is
useful as an electrode for solid electrolytic capacitors
because it is possible to impregnate a porous coating film with
an electroconductive polymer by a simple process to improve a
capacitance of a capacitor efficiently. Moreover, an
electroconductive coating film that exhibits only a small, if
any, decrease in electrical conductivity under high temperature
conditions and is superior in heat resistance can be produced

easily using the electrcconductive coating composition of the
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52 Evaluation Example 20 (A-2) 0.91 50.0 26 51 Evaluation Example 21 (A-3) 0.88 49.0 24 49
Evaluation Example 22

present inventiocn.
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' (A-4) 0.88 42.0 20 48 Evaluation Example 23 (A-5) 0.91 40.0 18 45 Evaluation Example 24 (A-6)
0.89

CLAIMS

1. An electroconductive coating composition (A)
comprising a substituted polythicophene (P} and a dopant (D),
said substituted polythiophene (P) having thiophene repeating
units at least some of which are each a thiophene repeating unit
(o) substituted at the 3-position and/or the 4-position of its
thicphene ring with (a) a polyether group that comprises 1 to
9 oxyalkylene group having 2 to 4 carbon atoms as repeating units
and that has an alkoxy group having 1 to 15 carbon atoms at one
terminal, (b} an alkoxy group, (c¢) an alkoxyalkyl group, or (d)

an alkyl group substituted or unsubstituted with the polyether

group (&) .

2. The electroconductive coating composition accerding
to claim 1, wherein the thiophene repeating unit (a) 1is a
repeating unit (al) represented by general formula (1), a
repeating unit (a2) represented by general formula (2), or a
repeating unit (a3} represented by general formula (3):

[Chemical formula 1]
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41.0 18 44 Comparative Evaluation Example 3 Yes (A'-1) 0.92 2.0 0.04 2 * Conditions of heating
treatment:130C,2 hours [0082] . Table 3 shows that coating films produced from electroconductive
coating compositions of the present invention are high in electrical conductivity and also high in
retention rate after a heat resistance test. Moreover, it is also shown that by heat treating an
electroconductive coating film produced from an electroconductive coating composition of the present
invention, the electrical conductivity and the heat resistance of the electroconductive coating film are
improved. INDUSTRIAL APPLICABILITY-[0083]

(1)

L/ (3
R6
wherein OR! and OR? each independently represent an oxyethylene
groupcn:anoxypropylenegroup,RZ,R5,andRseachindependently
represent a linear or branched alkyl group having 1 to 12 carbon
atoms, R3represents a linear or branched alkylene group having

1 to 4 carbon atoms, and n and m are each independently an integer

of 0 to 5.

3. The eiectroconductive coating composition according
to claim 2, wherein the repeating unit (ol) is one in which
OR' in general formula (1) is an oxyethylene group, and when
n is 0, R* is a linear or branched alkyl group having 3 to 12
carbon atoms and when n is 1 or more, R? is a linear or branched
alkyl group having 1 Lo 6 carbon atoms; the repeating unit (a2)

is one in which R® in general formula (2} is an alkylene group
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The electroconductive coating composition of the present invention is superior in solubility in solvents
and high in electrical conductivity and it therefore is useful as an electroconductive coating
composition. Especially, it is useful as an electrode for solid electrolytic capacitors because it is
possible to impregnate a porous coating film with an electroconductive polymer by a simple process to
improve a capacitance of a capacitor efficiently. Moreover, an electroconductive coating film that
exhibits only a small, if any, decrease in electrical conductivity under high temperature conditions and
is superior in heat resjstance, can he produced easily using the ele cti tin mposition
of the presgrﬁWﬁ&&m%n%OC%Amé ok} 81JEJ HﬁséI:gét%océﬁd%&iv%xcyo%{ﬁ%q%gln%p s%tﬂ%?r? (A)gcrz%gmprising a
substituted polythigpheney(P):and a dopant D). said spbstityted Bahipiophene(Mpving thiophene
repeating units at least some of which are each a thiophene repeating unit (a) substituted at the
3-position apd/of she. 4:pesition ghits thigphere ring:with (a)-a Relethers greup that:cegiprises 1 to 9
oxyalkylene group having 2 to 4 carbon atoms as repeating units and that has an alkoxy group having
1 to 15 carbgpatemsat sneyierminahbhag alkpxy areup, € apalkexyatiey} geoup, ohéd) an alkyl
group substituted or unsubstituted with the polyether group (a). 2. The electroconductive coating
composition-ageoseing Joehaim 1awheieindhe thinphpnenepéatingg#iit(@y is asepeating anit (al)
represented by general formula (1), a repeating unit (a2) represented by general formula (2), or a
repeating unis (a3} iepresented by yenedakfblmlla (IufChemical formuladjcariwheréihd@R' and OR4
each independently represent an oxyethylene group or an oxypropylene group, R2, R6, and R6 each
independently represent a linear or branched alkyl group having 1 to 12 carbon atoms, R3 represents
a linear or branched alkylene group having 1 to 4 carbon atoms, and n and m are each independently
an integer of 0t0 5.4+ FrrhelbedrRoHIdeave ¥6afiAg boRHESTBP adddrath§ i eAM 2 wherein
the repeating unit (al) is one in which OR' in general formula (1) is an oxyethylene groyp, and when n
is 0, R2 is alihédhorPBfandhEd 27 dr&ﬁ)%aﬂﬂ&"é%riﬁESrS&?H‘é?&ﬁsoéan%ﬁw‘é%%Ol Li%’ “more, R2

is a linear or branched alkyl group having 1 to 6 carbon atoms; the repeating unit %6)2)]8 one in which
R3 in generAPRFMELL@)58hh d¥leh? §iotp® Mading 1S @?&&f%%’& R4 antSxyethylene

group, and whe Is 0, R5 is a,linear ordplranch | Igrc&y Igﬁvip_ :2.carbgn atoms and when
mis 1 or m(\ﬁ%, E% IS a%%e%?%?%?ar?c et aﬁkﬁuggrgt% 1éltvi%g FI)Dto é/ ca%égn atomsl?assld the repeating
unit (a3) is one in which R6 in general formula (3) is a linear or branched alkyl group having 3 to 12

carbon atom. 4. The electroconductive coating composition according to any one of claims 1 to 3,

wherein the contentspf thethiephene tepsating Bnifda) i thesubsitytask RalyhiapkenaiiR)gs 50 to
100% by weight of the substituted polythiophene (P). 5. The electroconductive coating

composition-aceerding to any-aneg Akclaims 2 towdhavherain the dopant(D)Ds swfuricl&aid ot chloranilic
acid.

acid or chloranilic acid.

6. The electroconductive coating composition according
to any one of claims 1 to 3, wherein a regioregularity defined
by a percentage of head-to-tail-head-tc-tail linkages in the

substituted polythiophene (P) is 90% or more.
7. BAn electrcde for a scolid electrolytic capacitor

produced using the electroconductive coating composition

according tc any one cof claims 1 to 3.

44



6. The électroconductive coating composition according to any one of claims 1 to 3, wherein a
regioregularity defined by a percentage of head-to-tail-head-to-tail linkages in the substituted
polythiophene (P) is 90% or more. 7. An electrode for a solid electrolytic capacitor produced
using the electroconductive coating composition according to any one of claims 1 to 3. 8. A
process for producing an electroconductive coating film comprising: applying the electroconductive
coating composition according to any one of claims 1 to 3 to a substrate and then heat-treating it.
9. The process accqrding, to claim 8, wherein the heat-treating temperature is.100 ,and a
retention rate of ele%rt'ricz% c%ﬁ%ﬁgf?\ﬁty\g 3ﬁ§%%%%ﬁé?§t ?LBS%I%O? ﬁ% chllf%]él,c 0 gne e%égc%tr%gc% ductive

coating film f’(g})%l:%%ﬁ%ﬂ% gt urealing Ind0 {9, L0036, herein gientippdate, gh glegirica

conductivity 0/00 whereln ‘oo represents an electrical conductivity of a coating film

measured aé&9@8é?ﬁ@%fﬁ%@@@&rﬁg%ﬂaa@%@ﬂ%ﬁé@n&oqr%@adt@ repressntsaelectrical

conductivity of a coating film measured after cooling to room temperature after heating at 125C for 240
hours. and then heat-treating it.

9. The process according to claim 8, wherein the
heat-treating temperature is 100°C to 190°C, and a retention

rate of electrical conductivity after heating, at 125°C for 240

hours, of an electroconductive coating film obtained by the
heat-treating is 10 to 100%, wherein retention rate of
electrical conductivity (%) = 01x100/0p

wherein op represents an electrical conductivity of a coating

film measured at room temperature before heating at 125°C for
240 hours, and o; represents an electrical conductivity of a

coating film measured after cooling to room temperature after

heating at 125°C for 240 hours.
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