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O nmecon GihbH Ferdi nand-Harten-StraBe 7 22949 Ammersbek August 2007 P
70611 Conductive pol ymers consisting of particles having anisotropic

nor phol ogy The present invention relates to conductive polyners con- sisting
of particles having anisotropic norphol ogy, a process for the preparation
of sanme and their use for the preparation of shaped parts (noul ded goods),
foils or coatings. The term conductive polyners, also "intrinsically
conductive polyners” or "organic netals", is used to describe substances
whi ch are derived from | ow nol ecul ar conpounds (nonomers), are at |east

ol igoneric by polymerization, thus contain at |least 3 nononmer units which
are |linked by chem cal bonding, have a conjugated n-electron systemin the
neutral (non-conductive) state and can be converted by oxidation, reduction
or protonation (which is often described as "doping”) into an ionic form
whi ch is_ conductjve, Cbnductivity is at least 10-7 S/cm 2 1In the case of
dopi ng %f %f j as doplng agents e.g. iodine, peroxides, Lews
and pr ot on AdiUE aﬁ ﬁﬁiﬁﬁ%@e of doping by reduction e.g. sodium

pot assi l.ci um nductive polyners can al so be of exceptionally varied
chenlcaﬁﬂ%G%%&gm%lo§)9$or exanpl e acetyl ene, benzene, naphtha- |ene,

pyrrole, aniline, thiophene, phenyl ene sul phide, peri- naphthal ene and
others, and their derivatives, such as sul phoaniline, ethylene

di oxyt hi ophene, thienothi ophene and others, and their al kyl or al koxy
derivatives or derivatives- with other side groups, such as sul phonate,
phenyl and other side groups, have proved thensel ves as nononers.
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Conductive polymers consisting of particles having anisotropic

morphology

The present invention relates to conductive polymers con-
sisting of particles having anisotropic morphology, a process
for the preparation of same and their use for the preparation

of shaped parts (moulded goods), foils or ceatings.

The term conductive polymers, also “intrinsically conductive
peolymers” or “Yorganic metals”, is used to describe substances
which are derived from low-mclecular compounds {(monomers), are
at least oligomeric by polymerization, thus contain at least 3
moncmer units which are linked by chemical bonding, have a
cenjugated m-electron system in the neutral (non-conductive)
state and can be converted by oxidation, reduction or
protonation (which 1is often described as “doping”)} into an
ionic form, which i1s conductive. Conductivity is at least
1077 s/cm.



of the above-naned nononers can al so be used as a nononer. For exanple
ani | ine and phenyl ene sul phide are coupled and these A-B diners then used
as nononers. Depending on the aim e.g. pyrrole, thiophene or

al kyl t hi ophenes, ethyl ene di oxyt hi ophene, thienothi ophene, aniline,

phenyl ene sul phi de and others can be -cpnnected to one another to formA-B
structures and these then reacted to formoligoners or polyners.
Alternatively two or nore, e.g. three different nononmers, can be jointly
poly- nerized. Most conductive polynmers display a greater or |esser increase
i n conduéhi ey csse hef t dapendt bve adises, ionhiate shoad elseramingeagents

non-netakl hc gopduet org oA Hew, reprasental iyes o 1bisschassn chhes“@é% nces
show at [east in a fenperature’range near to room tenperature a netallic
behavi ouPf #APEBIfAY BdEdndricts \d ¢ POoFial s PAS apeapeEr acaleipitises. A furt her
met hod of detecting netallic behaviour is in plotting the so-called
"reduced_ activation energy" of conductivity against the tenperature at | ow

t enper at uPBEUEE B FieaPCOYRF L BondEtt ofs SR t Pa al P itat bt i var e
conduct i ¥héyishoweanpesitiye. pibeh exfaniphe cliatsledle,l averdRMmEr ahapiechSuch
substances_are callﬁq "orga£ic ngﬂﬁls". Such an o anicggehal has begen
descri bel®By” WANHG 6 af i nC eutDiSRPENCy . ey , S¥aPhads, TReris
transitioaphtiomi¢he statle dthefrsa nomdretahéic tdeanvatikveast pardh aldy

metallic ._was ef by. a singl e-stage frictiaon. or, di spersion
process Sg ?ggg%ﬁgl%%hth§%$zﬁ%$9th%l$%¥$?n§ﬁ33F?y c%%ﬁ%%??@%”%%lv%eraﬂ%s
conpl et ectiBonductkind tyhdis ahsbyl nerreaskidotier debyvehevdis sper siloni vt ocess,

wi t hout c .cal. s Ltion h o) i 0 u hawvi been
bt ant ol Ty e O ey & o ot P D oo
be foundsifp gHeusFat et tiecerd . thanpatveeubgr MRt et egynpsnastens o

create sgkuthanapefelAEnEANHHELIYEs PEEY MBI So( 8Bt ieRA las USidthoner. For
example aniline and phenylene sulphide are coupled and these
A-B dimers then used as monomers. Depending on the aim, e.qg.
pyrrole, thiophene or alkylthiophenes, ethylene dioxythiophene,
thiencthiophene, aniline, phenylene sulphide and others can be
connected to one another to form A-B structures and these then
reacted to form oligcmers or polymers. Alternatively two or
more, e.g. three different monomers, can be Jjointly poly-

merized.

Most conductive polymers display a greater or lesser increase
in conductivity as the temperature rises, which shows them to
be non-metallic conductors. A few representatives of this class
of substances show at least in a temperature range near to room
temperature a metallic Dbehaviour, in so far as conductivity
falls as temperature rises. A further method of detecting
metallic behaviour 1s 1in plotting the so-called “reduced
activation energy” of conductivity against the temperature at
low temperatures (to near 0 K). Conducters with a metallic
contribution to conductivity show a positive pitch of the curve
at low temperature. Such substances are called “organic

metals”.

Such an organic metal has been described by WeBling et al. in
Fur. Phys. J. E 2, 2000, 207-21C. The transition from the state



speci al doping agents), and then stretch the products obtained (filns,
fibres) after casting or other processing and sub- sequent drying. In

.~addition to Synthetic Metal (Special |Issue, Vol. 65, Nos. 2-3, August

1994), a good overview of these processes_is also given by the articles by
Epstein et al. and Heeger et al. (Handbook of Conductive Pol yners,

Skot hei Ei senbanner, . .Reynolds (ed.), M Dekker, N.Y. 98). Wile a
conduct |V 1§ PARGEPLAtou a Bl SKA8 L SHOR IS o 1o e F S o er
synt hesigas vafdestefi $gmm t ensgleoscass onalityiahsersahesgurdradspofcst€m are
achi eved if-_fer rocedu .. Conduct 1 vj v of so usands or
tens of ?'%%ga%hs §y§€$e§h%hggs£§%r%na£hﬁ%%%%i%g %ﬁ%#%%%ﬁv%ﬂ%gF %odﬁ??ou in
Synt het .ciigplet @2 CAndu98INi1lH yearbsagnwi¢drsedoigmaretyl ene dbsphesbasi s of
a speci | yorer i zat,] prpge ind ;subsg Nt . stretehing, far
not beeﬁ$%.€e to be yﬁ%ﬂjeéeg 3?Fﬁ%g%her9§oﬁg§2%%§% po yEe% s€§¥§%%@ e
process bl ymearageth RVHIY TR iokerentind 1di shavastiage that it is

difficult to carry out and difficult to reproduce. Moreover, it leads to a
product which is not air- and_oxidation-stable and noreover cannot be
further %N%%%%%%d?fﬁortﬁg?OSPée?ﬁlKoHPﬁéﬁaéﬁdCE@§H&tﬁWlﬁYtW@Qaﬁé%ef%%ﬁ%d
handbookin gt N€SsBa¥er yrgend averviaw,aktthalgenduet iswitytoigl ues aedi eved
thus far, wherein the higher values of 102 S/cm are generall achi eved only
after stYETEHFngosRCaoRs Plort i br e PR oHtEedPPr 9fF ZEhe SHLATRISA 50
conduct i yeepdhyneepihg thencase ahdpahganidtime,cH htheprpceturies | Sbiea Dhed hat

cnrline | LEgoLyeaed | saucous, vl ochlof fegoihz whetelp Uhe gflortde

salt of { e prbtone}f’t%3 poFy s of a
strong bsseucet gdrammonia, to renove HC . The so-called eneral dine base is
t hereby obtained. This is dissolved wth canphorsul phonic acid in the

presence of toxic
In addition to Synthetic Metal (Special Issue, Vol. 65,

Nos. 2-3, August 19294), a good overview of these processes is
also given by the articles by Epstein et al. and Heeger et al.
(Handbook of Conductive Polymers, Skotheim, Eisenbanner,
Reyneclds (ed.), M. Dekker, N.Y. 1998).

While a conductivity range of around and below 5 S/cm is
normally achieved after synthesis, wvalues of some tens,
cccasionally also some hundreds of S/cm are achieved by dif-
ferent procedures. Conductivity values of some thousands or
tens of thousands S/cm, such as were achieved by Naarmann and
Theophilou in Synthet. Met., 22, 1 (1987) 15 years ago with
polyacetylene on the basis of a special polymerization process
and subseguent stretching, have thus far not been able to be
achieved with other conductive polymer systems. The process of
Naarmann et al. has however the disadvantage that it is
difficult to carry out and difficult te reproduce. Moreover, it
leads to a product which 1s not air- and oxidation-stable and

moreover cannot be further processed.



mcresol in xylene or chloroform Subsequently a filmis cast fromthis
solution and then stretched. After the stretching a conductivity of sone
102 S/cmis obtained. This process, called secondary doping, see MacDiarm d
~and Epstein, Synth. Met. (Special Issue) Vol. 65, Nos. 2-3, August 1994,
pp. 103-116, is carried out in nunerousgvariants, i.a. in papers by

Hol | and, anknan et al. J. Phys. Condens. Nhtter 8 (1996), 2991-3002 or

Duf our, p ?%;?lseconnﬁgmn Mty %1%93 h."ln %ﬁxﬁa aﬁ¥m§16§an§Q8£E'n

t he aC|d a ary dopi ng secon ary are varied
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metal | i cepandyeth Mktya and ebesisd CAl ddapsport strongly dependent upon
i ntrachain nol ecular dynam cs". In further variants of this process, Mittes

et al. US-A-6 123 883, produced fibres which also have a conductivity of
some 10118/ emealdaee Sifr qicmiamgllﬁwt hele Weﬁidﬂa td se. gli regit OanYiM@n
Mattes et al. gre dlsclosed |n Synt h. Ngt é 45-49 (199 %k S 5 881,695
and VIO 2004/ BR3TASTATSD. 51 BRA T AFFTOR %%riaape?glfi tKaetenRy EPart
froma nohéoulide soltut odn bmethﬁxﬁmndumiivpomghymEESeanﬂmamierT@ﬂapoiation
of the oI atte retc the chai ns_of the P9 I¥ner and
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t her eby |eﬁ%eghéﬁ1pﬁ3r Pelf é%ron%ﬂl Se’t%é%ﬁ %EP?%ﬁc1earlye?ﬁge
conductlﬂﬂﬂy tar be- Caileasemebyldsag baaefaetbheoébioebtalnhds Waysand

ani sot 1 oRi 6,61 LeaL%ith Sangho Mialaihed dideet|on. ot c{e\/iéﬁ'. o, aL.so of

sonme optica properties IC vantageous for s I cations, not
di sadvanttagesgslf gn mﬂi@rr@) & seh hatelf possi subseﬁbmvw anf iilas ol eibFest

conduct i ¥eoROIYIRS Ss A tAr @AM Ld "™Bh&h Sstretched. After the stretching a

conductivity of some 102 S/cm is obtained.

This ©process, called secondary doping, see MacDiarmid and
Epstein, Synth. Met. {Special Issue) Vol. &5, DNos. 2-3,
August 1994, pp. 103-116, is carried out in numerous variants,
i.a. in papers by Holland, Monkman et &al. J. Phys. Condens.
Matter 8 (1996), 2991-3002 or Dufour, Pron et al., Synth.
Met. (2003), No. 133-136, pp. 63-68, wherein the acid and the
secondary doping agent (“secondary dopant”) are varied. Further
papers by Monkman et al. are disclosed in:
Polymer 41, 2265 (2000); J. Mater. Sci. 36(13), 3089-3095
(2001), Synth. Met. (102}, 685 (1899); P N Adams et al. J.
Phys.: Condens. Matter 10 8293-8303 (1998) with the title ™A
new acid-processing route to pelyaniline films which exhibit
metallic conductivity and electrical transport  strongly

dependent upcen intrachain molecular dynamics”

In further wvariants of this process, Mattes et al.,
Us-A-6 123 883, produced fibres which also have a conductivity
of some 102 S/cm after stretching. Further papers in this
direction by von Mattes et al. are disclosed 1in Synth.
Metals 84, 45-49 (1997); US 5,981,695 and WO 2004/042743 Al.
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are. . used in contrast to this, and these are therefore not processed from
solution, but froma dispersion, a stretching cannot bring about an
‘orientation of the dispersed nano- particles with a subsequent increase in
conductivity, not even an orientation of _chains. The pol ymer particles
(primary particles) are generally present in the di sper sion in spherical

form i in an isotr |c structure ( phal o these tlcles
aggl onergP@mOPntBafagﬁc 5?%@@%%1%@% g{yl%tarre SRR Ii“gf/% T4lebr m
from t hesdispensai arf, thel nbemeelveotprod@infemaecmmiaaytem phalaga tilen §0r ns.

Recently, 0-¢ Ie "nanof i bres’ h also ‘n noflbr
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per haps belgwrcei Madbl etl'hmmeen present edtligm tm@naédlem cal il et eraluc_gle
However, g6/ 06%1te”\é§%ta ngt 2)]% Undi 1S 5 .Q{Arprk?es éé‘@t e&ﬁ;ﬂ%ﬁe' r

part they Consi*st of [g primary par €s and on the on tannot
be stretcHedtand oh 1h eﬂhéﬁllﬁan@l}doam@t ahavetaocpart isgdleartisy (high iaiti al

conduct i &ae&eekw & LW Sl e ¢ wn%&l\&rmd},e ofi MRy 0ns %fon@eh opt PEES
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nanof i br 8 saRQkntagEBOLI @Rrt Reserwh t B1suf hikekenbkyiBigh conductivity) based
on conductive polyners are not known to date. 6 An increase of

conductivity by stretching foils, fllms or fibres dep05|ted from

di sper si gns b has theg ef Qre tBLT_ls fa n£ é)(gg&o S%%IU& s‘jéaOEQtaElﬁfenI{q‘%t hfghgn

i ncrease Th c¢onducti vi Fy St ret't
arrangeneme, uprd enﬂedCCDmionmﬁhe t@ut’sbiSi n aancpr gheespedaith r étkbireforef petmary
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cannot bring about an orientation of the dispersed nano-
particles with a subsequent increase in conductivity, not even
an c¢rientation of chains. The polymer particles (primary
particles) are generally ©present in the dispersion in
spherical form, i.e. in an isotropic structure (morphclogy).
When these particles agglomerate, in particular when the
dispersant is removed as layers form from the dispersion, a

likewise isotropic secondary morphology then forms.

Recently, so-called “nanofibres” (English alsc "“nanofibrils)
made of polyaniline with which in principle an orientation and
stretching would perhaps be conceivable have been presented in
the technical literature. However, a closer investigation of
these nanofibres shows that for their part they consist of
spherical primary particles and on the one hand cannot be
stretched and on the other hand do not have a particularly
high initial conductivity (only a few 35/cm). Moreover, the
dimensions of the fibres {diameter 100 -~ 200 nm) in no way

already justifies their inclusion in the “nanoworld”.

True nanofibres (with dimensions similar to those of carbon
nanofibres, not to mention those with sufficiently high
conductivity) based on conductive polymers are not known to

date.




It is therefore an object of the present invention to create the
pOSS|b|I|ty of orienting (aligning) the primary particles of conductive

> polyners or organic nmetals, i.e. to provide conductive polyners or organic
metals with a norphol ogy suitable for sane. The above object is achieved
according to the invention by an intrinsically conductive polymer or
organic netal which is characterized in that nanoscopic particles forned
from t heAlpol YREPASH t IPTa paPEHETE Viftze BY | HAA00 Himhavéiafs or

ani sot romgrg@r R:fé@d%g)téwlﬁfbm sdshaeastieniszefhd Nchbatrbte davisat@s: fhem the
as a_length-t dianeter ("L/D') ratio greater than

sphere holo% gg

1.2. PriBFPoPPR&! Fur?ﬁgrtﬁpﬁc&&ﬁ:%f%c?%oﬁFFﬁﬁfe Pl SOBAUGheBEEY P¥he
pol yner paktitehesgacsosdi r}grd%dhdﬂ“@ ) J nvent i e rar etg@merahby a@béﬁg@ﬁdntn t he
formof a sta% § %I erz1 W%%gy contalnsf parti g

i ntrinsi CaFFYE6nddCH V& ol Yt TWhar & eﬁéeﬁar%f J§F%e T 8ﬁl%@5¥age
(melght)phe$sclehan bopm thher éiinthreeadi speasaables @ﬂumnnxlaparbmnies

te”peratgﬁgl g E‘EEciS vale lc{or&:ﬂg tdixﬁeooé%jﬁ%erg Bﬁéﬁer r;;f%'d%: %r/ﬁetﬁ‘ﬁe& Lor med

fromthi ersion g nera Sac Tvity

subj ect @ﬁSEhélﬁh&En@ﬁohrpglalso a process for the preparatlon of
above-named pol yner particles in which these are obtained in the formof a
di spersion and in which, in this order 7 (a) an intrinsically conductive
pol ymer & priepaditE Faksm anoAbREES, ihek2? nPrRECRENpavaNiren sLeoftralred

during pakymRdsaati1aR Such ébﬁént£n€0lea@hlhg§eﬁﬂ%ﬂ@&fﬁaﬁ@lygrﬂpéﬁeghan 1
C above the starting tenperature b roduct fromstage (a) is ground

(
and/ or dP§pe‘F%%‘é|UC’FhV? hé’Operé%eé%?ceoéf arHBRIEl et b | y- -Cond ket | BEOVIGE
non- pol ygentdacpelar subghanee Wwhi Clhrigeriinertmetals with a morphology

sulitable for same.

The above cbject i1s achieved according to the invention by an
intrinsically conductive polymer or organic metal which 1is
characterized 1in that nanoscopic particles formed from the
polymer with a particle size of less than 100 nm have an
anisotropic morphology which 1is <characterized 1in that it
deviates from tfhe sphere morphology and has a length-to-
diameter (“L/D”) ratio greater than 1.2.

Prior to their further processing tc coatings, foils or sheets,
the polymer particles according to the invention are generally
obtained in the form of a stable dispersion which contains
particles of at least an intrinsically conductive polymer,
wherein the particle size is on average (weight) less
than 1 um, wherein the dispersant 1s a liquid at room
temperature. After removal of the dispersant, a layer, foil or
sheet formed from this dispersion generally has a conductivity
of > 100 S/cm.

The subject of the invention 1s also a process for the
preparation of above-named polymer particles in which these are
obtained in the form of a dispersion and in which, in this

order



vis-a-vis the conductive polyner, optionally also in the presence of a
non-conductive polymer, applying sufficient shearing forces, wherein the
wei ght ratio between the conductive polynmer and the polar substance is 2:1
to 1:10, the product fromstage (b) 1is,optionally dispersed in a further

di spersant at a tenperature below 250 C, preferably bel ow 180 C and
particularly preferably at temperatures bel ow 100 C, wherein the weight
rati o betweer@t he2Rordd{ctingd cagaly iR caid itie BPEPeeBafe irrmnger frp@n 1

10, wherein, in fbgckgasE, WIBL et her gl SPERSL O i S CRET E8AL QUL cliNgliReng
presence of a non-conductive, polymer, the tenperature does not exceed the

mentioned lints Eﬂhym%Fhﬁ??h oY | FBEE5 o APCRosPOBOC HoverrE 2
gl ass-transition point ﬁéréheh{'ﬁnx %ngﬁ%%'ev‘éhgols}fgﬁ{:anh€%ﬂ§8f§§§ré S
ol ogy de

conducted such that the particles obtain the norp Ired according
to the invention, which can be checked by neans of anal ytical nethods such

as scanning (Lynnehli BYoeN$CaRRENG FfQf.Cq i &rsomc?%cﬁf@ﬂsgl§ﬁéf??ed
el ectron m croscopy. tically active counterions can surpr|5|£gly al so be
used during pol ykbriZaei dire Sl & of sheR-ebaftEirahsYarecpiugkive,

L- canphor sul phoni gcachdlyaBrne achdsaer es@pseRhisal lynaghi vesssubshituted
aromatic sulphonlc,aclds_ésu h as e, g. para- sul phophenyl al ani ne). The

subj ect of the inVERTFORLPs RIS FUHEUSE Of Pl dreper P6HRE ! Lyerith Thed™above
or as obtained acepedigigedandde ogboye-mpMtdonettivc poogess,foipbhging

Coat | ngs. wi th of ogbEl LaECEonGUBH VT Ey TNt et M b eror o8 GBSl moRt6r ¢ he
present inventionbeesekh firlom t bendependent pbaymsr Brdref deseri ppodarof

the Figures substance is 2:1 to 1:10, the product from stage (b)
is opticnally dispersed in a further dispersant at a
temperature below 250 °C, preferably below 180 °C and
particularly preferably at temperatures below 100 °C,
wherein the weight ratio Dbetween the conductive
polymer and the dispersant is smaller than 1 : 10,
wherein, 1in the case where the dispersicn 1s carried
out 1in the presence of a non-conductive polymer, the
temperature does not exceed the mentioned limits and
simultaneously lies 5 to at most 80°C above the

glass-transition point of the non-conductive polymer.

The process 1is conducted such that the particles obtain the
morphology desired according to the invention, which can be
checked by means of analytical methods such as scanning
tunnelling or scanning force microscopy and transmission

electron microscopy.

Optically active counterions can surprisingly also Dbe used
during polymerization. Examples of such counterions are D- or
L-camphorsulphonic acid, amino acids or e.g. optically active
substituted arcmatic sulphonic acids (such as e.g. para-

sulphophenylalanine) .

The subject of the invention is alsoc the use cof a dispersion as

mentioned above or as obtained according to the above-mentioned




Figure 1 is a scanning tunnelling mcroscope picture which shows

aggl onerates of spherical primary particles of polyaniline whose size is
-approximately 10 pm Figure 2 is a transm ssion electron m croscope picture
whi ch shows the structure of polyanilige_secondary particles with a size
of approximately 100 to 150 pm with a fine structure of spherical primry
particles of a size of approximately 10 pm Figure 3 is a scanning electron

M cr oscoPECHE s ukeTofthe f BrEPaRhAl EANhad belerbrAstartem apbldasthi pads)
di sper si ga1 anghppent i 6l i £6h 1 Wi ch-cansigd ed tof Spheniicall pondaky iparti cl es.
It is seen that a spherical secondary or tertiary norphology is also
present after the drying. Figure 4 is a transm ssion electron m croscope
pi cture phrtipetyaiiklfenecpardrbeldscteRossf edhér e edits pRiwdion drasedsont

i ddition to anorphous drying residues shows spherical

xyl ene, ich in
primary g?ﬂms%%%ng%??n%%PYicq%lﬁsFigure 5is a high-resolution transm ssion

el ectron m croscope picture which shows primary particles, lying on top of

one anokper. deposifedohrom 2.digpgrsion of polyaniline. Figure 6 shous a
scanni n | yaniline primary particles ranged

al ongsi de one another wth a norphology according to the invention. The
term "cohduerevel pébyner scasniged twnnhél pnesentcrappireabilonvirec| waesh bot h

intrinsi L¥ co ' y a $0, 1t he s9xcal) ed ig.metaks, as
nentione%ﬁgtgthéQ%%%§g¥$ag&£Bgﬁ£€riEgﬁyﬁggg?iclgzgm%?glneg%%gggh%ﬁe p?%sent

appl i catPehY2bhéisfarhest AbEphéFogPRaPXfPtedechPritRg in isolation in the
di spersion or recogni zable in the scanning or transm ssion electron
m croscope, i.e. supernolecul gr structural unit, of a conductive polymner.

By "seconddryepartitl s "t IGPSTeSSddar Gl &t tiet e CIPECRBAN P 1 HE i heFh
struct ur esog¢secbadaryraitthral sof tesiyanyl sheuekube8hry particles with a

size of approximately 100 to 150 pm, with a fine structure of

spherical primary particles of a size of approximately 10 um.

Figure 3 is a scanning electron microscope picture of a foil
which has been cast from a polyaniline dispersion and then
dried, which consisted of spherical primary particles. It is
seen that a spherical secondary or tertiary morphology is also

present after the drying.

Figure 4 1s a transmission electron microscope picture of
polyaniline particles deposited from a dispersion based on
xylene, which in addition to amorphous drying residues shows

spherical primary and secondary particles.

Figure 5 is a high-resclution transmission electron microscope
picture which shows primary particles, lying on top of one

another, deposited from a dispersion of polyaniline.

Figure 6 shows a scanning force microscope picture of
polyaniline primary particles ranged alongside one another

with a morpheology according to the invention.

The term “conductive polymer” as used in the present
application includes both intrinsically conductive polymers and

also the so-called organic metals, as mentioned at the outset.




which result fromthe accunul ati on (aggl oneration) of primary particles
anong one another. By "aggregate" is neant the congregation brought about
*'by coal escence and stabilized by material bridges of primary particles. By
"aggl onmerate” is thus neant only the_cgal escence conprising substantially
punctiformcontacts of primary particles. Agglonerates may be destroyed in
a substrate and dispersed as primary particles, but in the case of

aggr egat ey, thh S ROr| Opger1eeeYrs aMd hQifint brieaki R YR-LNed CabpPORdsi odhi s
delimtation is customary in pignment technol ogy (see Herhst/ Hunger,

"I ndust r i-6F Mr G SEHHP IGifeiiter , URCH 29875 T 1Y IS &1l F0 AU hit et PPt
shoul d paritipewsachy be beydweyHinavid thattiear ldemsim e cof thens@bksionthis
t echni cal fi%ld does not al ways heed the ab?ﬁg-de%gribed elimtation, but
tal ks abSdt 4GG FHEFACEEPS witt Fout® i "G St HEtS on- Bet ny” d‘ér.‘ltrheoguécess
achi eved cacdordiing o ltyherinvention is therefore to be seen as surprising
in particul ar because the dispersion processes in thenselves have no
preferred direction and therefore it is not to be expected that a

mor phol oy resyicnsia rwhipely tdedieat e if romadislsphererworphol ogy fishiichtha t he
crude s i ?@@ L r f ynerd zation,: o] LF st
dispersi%%%?ﬁg;)gﬁgé so?g%hgg%g%¥ﬁ%E§{ gg?ica.%i gﬁ%ﬁ&§  co%ﬁ%ggﬁgﬁég&hich
are usedWddEbng 9ol ynekiomt top pa¢BURlaRéCONcri@adlommesfatdfirisot 9 bpPEiPRFHary

parti cl egair$ i@4 e MBlYngSUSRE | SAMG:n I haigh “conguctivee paley MRESNW T Bre
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accordi ngatertide ipveateon dis ghs@arsurpiisiagebecause "gepebaldrnata” is
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destroyed in a substrate and dispersed as primary particles,
but in the case of aggregates this no longer occurs without
breaking up chemical beonds. This delimitation is customary in
pigment technology (see Herbst/Hunger, “Industrielle
Organische Pigmente”, VCH 1987). It 1s also wused here. It
should particularly be borne in mind that earlier state of the
art 1in this technical £field dces not always heed the
above-described delimitation, but talks about “agglomerates”

without any distinction being made.

The success achieved according to the invention is therefore to
be seen as surprising 1in particular because the dispersion
processes in themselves have no preferred direction and
therefore it is not to be expected that a morphology results
which deviates from the sphere morphology (which in the crude
state 1is present directly after polymerization, before the
first dispersion step). Also, the fact that optically active
counterions which are used during polymerization favour the
creation of anisotropic primary particles is extremely
surprising. Although conductive polymers with optically active
counterions have already been described, no deviating primary

morphology whatever has been observed.




(al.ong these chains) is made worse. Therefore, as stated above in the state
of the art, it is attenpted to prepare true solutions of conductive
“polymers fromthen. In addition the use of dispersants and additives is

al so generally viewed as disadvantageqys, as they can raise and strengthen
the barriers to transport of the electrons. In the process according to the
i nvention indeed, two dispersion steps are actually preferred. Finally, it

is to bel88BenSHSCed? prichihgehat 26PN Pr deesstiAaccr HHgiad the i :wvEhti on
after theubprstigyspersion gkageal( gt ageichkrksaceoml-ete st empwalewafd the

opti onal esen ngon- conductiyve polymer is not actually essential as is
explaineégFﬁ£H§rébﬁét§PF bSPB&FC%éVgFg ﬁﬁé s ebnﬁcgﬁgﬁgrsi%ﬂsgstiﬁperts
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i nventiop, h as e.qg.. the sihili achi evin referr irection
of condﬁ%f?@?tfﬁjgﬁﬂg?ﬁg? (ngﬁ 3b€%c%%sggtn€tEghiggﬁ%tngpeé?ﬁg%,tl%ﬁ
prepari ngaseret thedef ohhsnand isi bres wictdsei.nciteasddregormductiatiddy {lamoe
optionally also ispcreasgd mgehanical {oadq C§££¥ﬂn§9e&b'c]!d té)f péré' so-of
deposi ting conductive polyners in " anisotropic surroundi ng: f s e.g. in

el ectri caPletlpagnet i ecnduet des apo Biisot riopieafign st Frucrdeiedl Qubsts ates) and

in so dgkngyfghs BYANG: | THHOV GRS viod PHAPeLhkes. GMhEhoyi W $ldpgyt oy be
bound to a specific theory, it is assuned that thé particle norphol ogy
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deformation of the primary particles. The tenpera- ture programre according
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advant ageousrding to the invention, after the first dispersion stage
(stage (b)) a complete removal of the opticnally present
non-conductive polymer is not actually essential as is
explained in more detail below, before the second dispersion

step optionally to be carried out.

A series of advantages result from this invention, such as e.g.
the possibility of achieving a preferred direction of
conductivity, or other (i.a. optical or mechanical) properties,
of preparing stretched foils and fibres with increased
conductivity (and opticonally also increased mechanical load
carrying ability) or also of depositing conductive polymers in
anisotropic surrcundings {(thus e.g. 1in electrical or magnetic
fields or anisctropically structured substrates) and in so

doing achieving improvements in properties.

Without wishing to be bound to a specific theory, it is assumed
that the particle morphelogy according to the invention results
because the dispersion processes, through being carried out at
the lowest possible temperature, produce minimal differences in
the flow direction and thereby preferred directions of the
force acting on the particles which could lead to an
anisotropic deformation of the primary particles. The tempera-

ture programme according to the invention proposed during




for the |ater anisotropic shaping. The use of optically active counterions
could lead in the sane direction. The dispersions conprising the conductive
- polyners according to the invention also have the advantage of being
stable. Stable dispersions according te the invention need therefore not be
further processed inmmediately after their preparation or at least after a
short tine, but can be storegbover a_l onger tine, .g. over several hours,

e.g. 5 -PADHIHET i 9. helefal ggye dr g0 %a%la% 2ori8REEEs Ok g
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By ~an B BORALEEBheo SONEERES: RARRI R culdE BT The P Eerathae 1
appr oxi netettye ricom teemier dicade,in tée appeoxiirematehy 5 to 25C, and the
pressure is approximately normal pressure, i.e. 1013 kPa. It is however

clear to a person skilled in the art that, depending on the |ocation of the
st or age, Thded adpves sirat emenisi sigp et aicelciLU:tSI.'Negmdeta\d atdqgeditnypi toal
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netals accor to t e Invention are t naned a he out set
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pol ydi acetyl ene ol yacet Iene PAC) 0 rrole
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the het es ogr ydene U icamd e, & . thiophengsuddr &y HaRyrrolge, 1 - 3
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and deriBma- ‘tamlce:sertmercgofdletrle)rpa'rtlmul axrdamtpreﬁrerrg&cttﬂnﬁfae:rremam nartye
temperature 1is approximately room temperature, 1.e. approxi-
mately 5 to 25°C, and the pressure is approximately normal
pressure, i.e. 1013 kPa. It is however clear to a person
skilled in the art that, depending on the location of the
storage, the above statements alsc relate to slightly deviating

typical ambient cenditions.

Examples of intrinsically conductive polymers or organic metals
according to the inventicn are those named at the outset of
this description. In particular there can be named as examples:
polyaniline  (PAni), polythiophene (PTh}), ©poly(3,4-ethylene
dioxythiophene) (PEDT), polydiacetylene, polyacetylene (PAc),
polypyrrole (PPy), polyisothianaphthene (PITN), polyhetero-
arylenevinylene {PArvV), wherein the hetercarylene group can be
e.g. thiophene, furan or pyrrole, poly-p-phenylene (PpP),
polyphenylene sulphide (PPS), polyperinaphthalene (PPN}, poly-
phthalocyanine (PPc) and others, and their derivatives (which
are formed e.g. from moncmers substituted by side chains or
groups) , their copolymers and their physical mixtures.
Polyaniline (PANi), polythiophene (PTh), poly (3, 4-ethylene
dioxythiophene) (PEDT), polythieno-thiophene (PTT) and deriva-
tives thereof are particularly preferred. Preferred binary

mixtures of the intrinsically conductive polymers are mixtures




m xtures of the intrinsically conductive polynmers are mxtures 12 of PAni
and PTh, PAni and PEDT, PAni and PPy, PEDT and PPy and PEDT and PTh.
Polyaniline is nost preferred. In stage (a) of the process according to the
invention, dispersible, intrinsically,gonductive polyner preferably poly-
aniline, is generally prepared as prescribed in EP-A-0 329 768. Reference
is made | articular to the definitions used in EP-A-0 329 768. These al so
appl y he?g ﬁ%n%oﬁﬁéc?T%n wih £Re FERFr yPAGLloaRdof Pyy agéPlanst Rie ihcess
accor di ngedD drie PTMVaEdliveni Tihe tenpesat prerksrpraeferably controlled in
stage (a) of the process according to the invention, thus during the poly-
nmeri zation, such that, unlike the process of EP-A-0 329 768, during

pol ynerikat i dedehe (dnperfat whe dpeschet rasecabding atovathe nbreertthiaon,l C

above t he. j te d no, . ti ring. the polymerization is
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pr ef er abtyl bper atedl gsuetnthatpide tehper qgueecritsel i CR-5C,0 vt €68 t he
rate of rdfe-dRIPELal Uigid! S8 | 5afl 1001 1 M MOERe tRUEiQa2 JHT Mg e sGpoling
necessarg to control tenperature can generally be obtalne mnt% cooli ng
rates of ERitA1®ad€%0768 -k/Thase prbder abrlyy @I85 I nFaAnnTRe. evolilng rdtes are

det er m negrbyi fleasuki Ngr the deemper atdy e cehange, durd ng aetiMated: goaling at
the reactors  used in each case, wthout the reaction being started up. The
(i nt er nedi 5t ey1YPtoduct s obtai ned according to the invention after stage (a)
generally have a conductivity of approximate- ly 5 S/cm The internediate
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during polymerization the temperature does not rise above a
value more than 1 °C above the starting temperature, and at no
time during the polymerization is the rate of the temperature
rise more than 1 K/Minute. The reaction is preferably cperated
such that the temperature rise is <0.5°C, wherein the rate of

the temperature rise is at no time more than 0.2 °K/min.

The cooling necessary to control temperature can generally be
cbtained with cooling rates cof at least 0.02 K/min, preferab—
ly 0.05 K/min. The cooling rates are determined by measuring
the temperature change during activated cooling at the reactors

used in each case, without the reacticn being started up.

The (intermediate) products obtained according toe the invention
after stage (a) generally have a conductivity cf approximate-
ly 5 S/cm.

The intermediate products from stage (a) generally occur as
powder, wherein 80 wt.-% of the primary particles are smaller
than 500 nm and wherein not more than 20 wt.-% are aggregated
into aggregates of more than 1 pm. This can be seen from
scanning electron microscope pictures of the dried solid and

light-microscope examinations of dispersions in polymer blends.




| i ght-m croscope exam nations of dispersions in polynmer blends. 13 Their
primary particle norphol ogy continues to be substantially spherical. The

| i ght - m croscope exam nation takes place by dispersing the solid according
to the invention directly or as concentyate wth the help of an internal
mxer in a test polyner. PCL or PVC are suitable as test polyners. The
concentratlon of, the substance to be to dispersed is usually 0.5 wt.-% The
mi xt ur e L°d Te REATEEd P68 tFhEaPEPROLPE CWEHW%\?\/ iRt BFi a@%&e&a&#ﬁg to
the invepheencaluniformy strongly col oured, sem - transparent substance is
recogni zed; the colouring conmes from the dispersed primary particles. Al so,
in some cases undispersed particles of 0.5-1 pmand individual coarser
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ground @%ﬁ suIE%p?%l Q%tgﬂﬁgm&ﬂﬂgChTﬁQUk%n@e%%r%%lgﬁlh%g th

"di spersi on aUX|I|a roperties: - 1t has a surface
ten5|ons@bsﬁ§ﬂ§etﬁ@nk30Tdynél%@ﬁrsedtl$suﬁ@@lbYe@t5|Eétry cBhdutixtere | e

it has an &l.8c~ddd cal egpdugtivviity afd e%@;ﬁrhafavlomgtgéﬁﬁls addoré@hg be
liquid or solid, - it is inert vis-a-vis the conductive ﬁo ynmer used, |.e
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undispersed particles of 0.5-1 pm and 1ndividual coarser

particles are recognized.

After polymerization and working wup - wherein 1t 1s not
important whether the obtained polymer is or 1is not already
completely dry - in stage (b) of the process according to the
invention the polymer 1is dispersed in the presence of a
non-polymeric polar substance or ground with same. The polar
substance (which could also be called “dispersion auxiliary”)

has the following properties:

» it has a surface tension of more than 30 dyne/cm,

» it is not electrically conductive (i.e. it has an elec-
trical conductivity of less than 107° S/cm),

> it can be liquid or solid,

> it is inert vis-&-vis the conductive pelymer used, i.e.
does not participate in any significant chemical reactions
with same; above all oxidative or reductive and acid-base
reactions are not desired,

» under normal conditicns it is not necessarily a dispersion
auxiliary and does not come under the materials class of

the surfactants.

Examples of such pelar substances are




Exanpl es of such pol ar substances are 14 a) solids: barium sul phate;
titaniumdioxide, in particular ultrafine titaniumdioxide with a particle
..size of less than 300 nm organic pignments such as pignent yellow 18; b)
inert solvents: water, DV, DMSO, Y- buty ol actone, NMP and ot her
pyrrolidone derlvatlves e.g. n- nethylib pyrrolidone, dioxane, THF;, wherein
this list is b%_ of exanple and in no way limtative. The dlsperS|on or
the grinding S ﬂﬁsthéb%ﬁﬂ%ﬂ* supehahee cartargemer dipyige, cati parsarular

di sper si on d@l't%$lﬁb!chtﬁ§an1hlnghd§B§§Qe myxels fe.&hrisiencal bedaf 14 dypixers)
or under uItrasong gl|n a ball mll, bead mll, a two- or three rol | mll

or a hi gh- pr &gy BerQFgﬁnH%vPb%m?mﬁ%r%HWQHQﬁ(£9QWﬁR5 yelpvhilgh- speed

m xers or under ultrasound the processing tine is at |east 3 nlnutes In
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requi red. Thethsrnpitrapnéddsnaseeafivahiekect ei.g.f nete;thiyn - aapymcuﬂadoae,
rectified e|%ﬁ%&lgefl%hg can be advantageous; in this case nore than 24
hours is reqU|re8 i'h nost instances. The pol ar, non-conductive substance
inert vis-a-vis the intrinsically conductive polyner is used in such a

quantity,pthat a gﬁgghtlaﬁglo ; of g 1 L9 L g?era &b§ebegﬁgen Lhe, . ngctive

pol ymer powder an e pola subst nce. Pre when carryi ng “ou t age
(b) at | éa¥{tatigsn- conductive pol yner, in partlcular a thernoplastic
polymer, 1is also present. For exanpl e polyethylene terephthal ate

copol yner connerC|aIIy avai |l abl e from East man Kodak or from Degussa, or a
pol ymet hy Pemet Wik 5A 1te PPMURE f 7R BERAs ¥4 “han-NhePGdad. SRS HEsenEaof

t he ther qanbaatlilq pBky Mefadra@ul I esitt hein di $Pefst Dbt 0 ey Ladd | eguopt Hader
hi gh She%r %nspeed mixers (e.g. so-called fluid mixers) or under
ultrascund, in a ball mill, bead mill, a two—- or three-roll

mill or a high-pressure dispersion device {(Microfluidics type).

In high-speed mixers or under ultrasound the processing time is
at least 3 minutes. In ball mills, on two- or three-roll mills
or in other units with a high shearing force a longer treatment
time, e.qg. of at least 30 minutes, is required. The
simultanecus use of an electric field, in ©particular a
rectified electric field, can be advantageous; in this case

more than 24 hours is required in most instances.

The polar, non-conductive substance inert vis-a-vis the
intrinsically conductive polymer 1s used in such a quantity
that a weight ratic of 2:1 to 1:10 results Dbetween the

conductive polymer powder and the polar substance.-

Preferably, when carrying out stage (b) at least a
non-conductive polymer, in particular a thermoplastic polymer,
is also present. For example ©polyethylene terephthalate
copolymer, commercially available from Eastman Kodak or from
Degussa, or a polymethyl methacrylate (PMMA) from Degussa can
be used. The presence of the thermoplastic polymer requires the
dispersion to be carried out under high shear and at

temperatures below 250 °C, preferably below 180 °C  and




tenperatures below 250 C, preferably beI ow 180 C and 15 particularly
preferably at tenperatures below 100 C, at the sane tine 5 to at nost 80C
above the glass-transition point of the non-conductive polyner. After
cooling, a solid mxture, a polyner bl ig is then obtained, which contains
bet ween 20 and 60 wt.- preferably approximately 35 wt.-% conductive
polynmer, relative to the constituents of the product conposjtion from stage
(b)  sol iRRBEICHGomY erpefarapby whi clelesnitiweEs theleond@ét i Ve patyrere t he

pol ar substancaand @cptam@ééw o fUrihere nons conaduct i ¥a, 5 POl TR 1 Af tar

carryi ng out sta e ,., the conductl ve polymer” generally has conductivities
of appr ox} )F ‘@tdﬁﬁe RlgFedt-age (b) the added polar, inert and

non- conductl ve substance or the |Iikew se present non- conducti ve poI yrrer can
be partjall st conpletely renmoved b hi ng rac-
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whi ch suppiathe as%ﬁé%\ﬁh@ﬁtlvdﬁéﬁ@r SifoAPBEagematRd¥eCan/eg. be xyl ene or
chl orobenzene and dodecyl benzene sul phonic acid (DBSH). During the secondary

treat nent _of the produc fromst e (b the proporti of conducti ve
pol ymer @ﬁl ﬁﬁ%&@ucﬁ 5 the ed( Qolar, Rne 3 non-conductive

substance or the likewise present non-conductive polymer can be
partially or almost completely removed by washing or extrac-
tion. Preferably this secondary treatment stage 1is carried out
after the conclusion of stage (b) as described in the above
paragraph. Alternatively the secondary treatment can also

already start during stage (b).

The purpose of the secondary treatment, which could also be
called conditioning of the product from stage (b} for the
optionally further subsequent dispersion stage, is to prepare
(condition) the product from stage (b) for the optionally
subseqguent dispersion stage. The most varied substances can be
used for the washing or extracting, e.g. aromatics, alcchols,
esters, ethers, ketones, e.d. xylene, toluene, ethanol,
iscpropancl, <chlorobenzene, diisopropylether and the like.
Sclvents and auxiliaries can also be used which support the
subsequent dispersion stage. These can e.g. be =xylene or

chlerobenzene and dodecylbenzene sulphonic acid (DBSH).

During the secondary treatment of the product from stage (Db)
the ©proportion of conductive polymer 1in the product is
preferably increased, relative to the constituents of same that
are solid at room temperature, by at least 5 wt.-%

preferably 10 wt.-%, in particular 20 wt.-%.




preferably increased, relative to the constituents of same that are solid

at roomtenperature, by at least 5 w.-% preferably 10 wt.-% in

-~ particular 20 wt.-% 16 Alternatively, w thout reducing or renoving the
pol ar substance or the thernoplastic p %yner, processi ng can continue, e.qg.

if the further processing and the use %t the conductive polymer is not

di sturbed by the presence of the added substance. The conductivity of the

pol ymer powder is not inpaired by the presence of the polar substance or of

the ther moplastht v.pol %?%hoEEGE?BEE Gopgentralhaps At sanductiye pglymer

which are” achieved after stage secondary treat etween 4
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For exampie tffme:t%gdgbcfbcters@mhgt age ¢h): cam be %hem&b%uu@@%@ Wotlhmar is
relatively hlaﬁﬁgro ortion of solvent or auxiliary which was used in
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di sper si golst@ge of the process according to the invention is a dispersion
whi ch takes place in an organic or aqueous nedium (dispersant) and is
generally carried out at roomtenperature or an only insignificantly
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several mnutes, e.g. 20 mnutes, up_to _several hours, “e.qg. h, e.g.

2 5 h Mmcist paste “with a relatively high proportlon o solvent or
auxiliary which was used in secondary treatment. It is also not
essential to the invention to wvery largely remove substances
used during the secondary treatment before carrying out the
further dispersion stage of the process according to the

invention, but in industrial practice this can be advantageous.

The further dispersion stage of the process according te the
invention 1s a dispersion which takes place in an organic or
agqueous medium (dispersant) and is generally carried out at
rocom  temperature  or an only insignificantly different
temperature. There can be considered as dispersion aggregates
such machines which can introduce high dispersion energy into
the system. These can e.g. be units such as Ultraturrax,
Disolver, bead mills, ball mills, high-pressure dispersion
apparatuses such as those of the Microfluidics type, or
ultrasound systems. The dispersion time can be several minutes,
e.g. 20 minutes, up to several hours, e.g. 1 to 3 h,
e.g. 2.5 h.

Suitable in particular as dispersants are solvents which have a
surface tension of at least 25 mN/m. The dispersants according
to the invention are liguid at room temperature and have in
particular relative viscosities of < 10,000, e.g. < 5,000, and

in particular < 1,000.




Suitable in particular as dispersants are sol vents which have a surface
tension of at least 25 nNm The dispersants according to the invention are
liquid at roomtenperature and have in particular relative viscosities of <
10,000, e.g. < 5,000, and in particglaﬁ < 1,000. 17 Exanples of

di spersants according to the invention are xylene, chlorophenol,

di chl oroacetic acid, N-nethylpyrrolidone, di- mnethylsul phoxide, octanol, or
benzyl al cohol or higher alco- hols, e.g. C9 - C20 al cohols of paraffinic or
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ratio bet yeen the conduct.i t he ersant__is snaller than 1
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obt ai nedoasnjprioduet of aams.dlsperslon stage a hlgh viscosity paste or a
liquid, |Iowviscosity dispersion wth a concentration of conductive pol yner
of generally not nore than approximately 10 w.-% relative to the whole
di sper si'®he TFhepdispet 65 bnisbtlairaédadtiedr tohithadimpehsiton simget age efler abl y
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pol ymers used in_stage (b ependlng on t ext ent of e conditionihg. To
prepare fhetus&csptife dﬁspeW%léﬁtaéﬁét@@thtGoﬂﬁecﬁhvenﬁﬁéﬂmQMuN¢¢ﬁ@@uc|ng

noul ded ggods, e%@iésaSUP@@icﬁh@grfthb? ot CORLpOGSanW t MnelRGtiitalar the
conductivity, auxiliaries and additives can added after the

| ast - destF+Hel H?Eb%r?FEHegﬁaﬁeeoFoéﬁpéFlVﬁaEFVéW?rd@ﬂqquQN%l%ﬁ%fﬁﬁ%ﬁon
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pol yners suchlas 1é/arnlsh bi nders, filmformng substances, stabilizers,
wetting

There is generally obtained as product of this dispersion stage
a high-viscesity paste or a liquid, low-viscosity dispersion
with a concentration of conductive polymer of generally not
more than approximately 10 wt.-%, relative to the whole
dispersion. The dispersion obtained after this dispersion stage
preferably contains small proportions of the polar substances
and non-conductive polymers used in stage (b), depending on the

extent of the conditioning.

To prepare the use of the dispersion according to the invention
when producing moulded goods, self-supporting foils or cocatings
with electrical conductivity, auxiliaries and additives can be.
added after the last-described dispersicn stage or alter-
natively during this dispersion stage. These can be e.g.
viscosity regulators, wetting aids, matrix polymers such as
varnish binders, film-forming substances, stabilizers, wetting
auxiliaries, evaporation regulators such as evapcration
accelerators or evaporation retardants or further auxiliaries
and additives. A stable dispersion 1s then obtained which
contains all the components which are helpful or decisive to

the further shaping and properties of the product..




auxiliaries, evaporation regulators such as evaporation accelerators or
evaporation retardants or further auxiliaries and additives. A stable

v dispersion is then obtained which contains all the conponents which are

hel pful or decisive to the further shaping and properties of the product. -
18 The dispersion obtained after the dispersion, including secondary

treatnment and fornul ation, can then, optionally after carrying out further
di spersiQf and Rebhtaty PPEALABAHt SEFE Bt usddspersifRB: pr dpiatdiow of
shaped paydesdamuldec geeds )and SRIfhnSUWRRKH, | RGHf Qi ,0lo B aaliaNgs, off tidre nost
varied layer . thic neﬁs ith gl ectric condactivit\ﬁl &shapi n |)mﬁ The shaii ng
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el ectrospinningr and ot hetrs? The §ﬁ’§§i Ag>i s ;P)ar eul&PFy Brete? abid arri ed
out by tdiippimegs easthi miccdriip- wehtiungivspiyn(ebaping) or printing. After
renovi ng the dispersant, the thus-obtained |ayers, coatings, foils, sheets

or other shaped parts or conponents have a conductivity of > 100 S/cm

pref er ablhe gthdmigsr 200 Stieen pbecyr threngheagsegiesat of thraee25@s9/ ¢mch n
particulal #ty,deast, 500 S chy 8:9ps200:t0,200, 000 ;% ¢19:200 t,:20,:000, S/ cm
or 500 to 10,000 & cm e.‘§5. b0 rePs” 066 oF 8% t%ll_OOO aS/,c% P & on,
the partiSi%s of e dicsper SIromtddCor diafd sed t e iritdvént i dimkar get  and

charact eftiread)i,n thatubhenX- rayswidd r achQgeanost gngf ore R M- ime (g, dosed”
wth p-tol uentféT sul phoni c aci dé has no sharp refl exes ang that at 26 =
approx. 3'h ¢ | € viLFBLRIwhP cRAH 1CHE A€ A¥ e PERIFORY AN ICPRE Lefomut

di sper sirgnsiiacieey,didag tieqt, helriipveattonghaspj istoasihg obr afrimt £ngi ty
conpared with the broad reflection at 28 = approx. 190. Conpared wth this,
the "crude" powder fromstage (a) normally has no peak there or only very
weak i ntreTtsEn y, redmtiend hetlpsl ydnspensant, the thus-obtained layers,

coatings, fcils, sheets or other shaped parts or components
have a conductivity of > 100 $S/cm, preferably at least 200 S/cm
or greater, e.g. greater than 250 S/cm, in particular at
least 500 S/cm, e.g. 200 to 200,000 S/cm, 200 to 20,000 S/cm
or 500 to 10,000 S/cm, e.g. 300 to 3,000 or 500 to 1000 S/cm.

In addition, the particles of the dispersion according to the
invention are characterized in that the X-ray diffractogram
e.g. for poclyaniline (“dosed” with p-toluene sulphcnic acid)
has no sharp reflexes and that at 26 = approx. 3¢ a reflex is
visible which in the case of polyaniline <from dispersicns
according to the invention has just as high an intensity
compared with the broad reflecticn at 26 = approx. 19 . Compared
with this, the “crude” powder from stage (a) ncrmally has nco
peak there or only very weak intensity, while the polyaniline
after the first grinding/dispersion process according to stage

(b) at any rate shows a clear reflection, but this is weaker

compared with the peak at approx. 19°.

After the second dispersion and only for dispersions which are
carried out according to the invention and accordingly permit a

conductivity of > 100 S/cm, this reflex is clearly the




after the first grinding/dispersion process according to stage (b) at any
rate shows a clear reflection, but this is weaker conpared with the peak at
“approx. 190. After the second dispersion and only for dispersions which are

carried out according to the inventiqnl%pqvaccordingly permt a
conductivity of > 100 S/cm this reflex’s clearly the 19 strongest, and

the other reflexes becone increasingly weaker as conductivity rises.

Addi ti on&FFgnIeatscandi hgef eEker mf%g beEopebeavest L gareansnytyi veakaunast hat
the primakydparti;ctes-asesclearly no longer spherical, but have a L/Dratio
of approximately 2 and a length of approx. 8 - 11 nmand a w dth of
approximately 4 nm(cf. Figure 6). Unlike conductive polyners / organic
”Efj?" S V@ﬁihiamohaplyfpiﬁ_ a@aﬁlﬁi@’g leifd_iﬁd':@hlﬁi@ﬂascéﬂa@ ﬁha@%ﬂggffmmnibﬁow opi ¢
medi a su a i_qui d-crystalline (lqw or_high-nolecular) substances
or unde%oflﬂé i E}hgﬁené of p&ﬁ%‘?&tyr oﬁaéftglcg@tsri AXhd ‘7leoarﬁn§hgrfé i CEOIP‘?@: ds or
ori ent edsphepiesiyubtiur edver aehf edrsubst ¢t esptsuthataby HOPEd sar eénhed

ori ent ed _polypropyl ene or.other_plastic . .foils, preferab uni,axi al
stretcheaef0| §%&?s%£om1%%s§?%l% daﬁdVﬁ§%¥hlé§n38859ﬁ%?%£%%% érég%ié%fbf
shaped (Fbghded§)parts and surface coatings with ani sotropic properties.
Thus, by deposition of polyner particles according to the invention onto

an oriented substrate (e.g. oriented polypropylene) conduc- tivities of
appr oxi n#felye1000dscEavanddevE sare athrevedret@dapatidd wit hishbsopria the

case of depesitLon-tremibe, sane sﬁéﬁpﬁ{; SF P8, Ofn fho 1 8O 1 OPhEq SHbst LRt g5 (€. g.
glass), a conduc- tivity Of approxinmately 300 S/cmis achieved. Antistatic

or conduBtPve [dOHLANGEYSERahEPar dAPYAn@ Indht- 3 dHsle PHrdent BleTtdyHss, o
var ni shesnwhirchhar e rSlidealRlce JOrafMot 865 BENEDIct €08t aahs /1 Nvel gefrepies or
(source” idrain of o8 e in fheld effect transistors, can be produced by
shapi ng
as HOPG, stretched oriented polypropylene or other plastic
foils, preferably uniaxially stretched foils) 1is now possible
and useful and permits the creation of shaped (moulded) parts
and surface coatings with anisotropic properties. Thus, by
deposition of polymer particles according to the invention onto
an coriented substrate (e.g. oriented polypropylene) conduc-
tivities of approximately 1000 S/cm and above are achieved.
Compared with this, in the case of deposition from the same
dispersion on an isotropic substrate (e.g. glass), a conduc-

tivity of appreoximately 300 S/cm is achieved.

Antistatic or conductive coatings, transparent and neon-trans-
parent electrocdes, varnishes which are suitable for EMI
screening, contacts in electronics or ‘“socurce”, “drain” or
“gate” in field effect transistors can be produced by shaping
and further processing, as well as antennae, oscillating
circuits, logic circuits, conductors or opposite poles in
capacitors, electrolyte capacitors or so-called “supercapa-
citors” and many functions can be performed such as those which
are performed 1in conventional electrical engineering and
electronics by conventional metals, highly-doped semiccnductors

of electrodes or redox—active coatings.




and further processing, as well as antennae, oscillating circuits, logic
circuits, conductors or opposite poles in capacitors, electrolyte
capacitors or so-called "supercapa- citors"” and many functions can be
perfornmed such as those which are pgr%Srged in conventional electrica
engi neering and electronics by conventional netals, highly-doped

sem conductors  of electrodes or redox-active coatings. 20 The articles
whi ch arB'@actessiite Wyl yihg afCchHySHate yPrhgdslitndoRe & tdpgrying out
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interesti.n advant ages.for nunerous .applications, qgenerally .due to the
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opt i onal dgndhighiere tdwnmiesx .customary in only one preferred direction (e.g.
in EM screening it is irrelevant whether the <conductivity is isotropically
or anisotropically high - the conductivity as such is decisive for the
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possi bl e ighar coreliettiviitives wisstedmaryt tifusiFtara burradhotggddat this

("interconnggtscohal 0yt he Organifadf i ebdekheshrlr ansi §£04S on@ngytdi&idrad ring
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For some applications the novel morphology makes the use of the
conductive polymers possible for the first time, thus in
polymer electronics, in which “socurce”, "“drain” and “gate” are
also possible with conductivities customary thus far, but the
leads {M“interconnects’”) to the organic field effect transistors
and their wiring are carried out with vapour-deposited metals.
The use of the conductive polymers / organic metals also
results here for the first time, through increased conductivity

in the direction of the “interconnects”.
The following applications may be named by way of example:

- as electric conductors (e.g. electric contact, electric
lead, as push-button switches, electrodes etc.) or semi-
conductors,

- as protection against static loads,

- to screen electromagnetic waves (EMI screening),

- to absorb microwaves {(for screening or heating purposes),

- to produce capacitors or as a replacement for electrolytes
in electrolyte capacitors,

- as electrodes or an electrode constituent in so-called

“supercapacitors” (this type of capacitor is also called



| ead, as push-button switches, electrodes etc.) or sem- conductors, - as
protection against static |loads, - to screen el ectromagnetic waves (EM
screening), - to absorb mcrowaves (for screening or heating purposes), - to
produce capacitors or as a replacenent,for electrolytes in electrolyte
capaci tors, - as electrodes or an el ec%rode constituent in so-called
“supercapacitors” (this type of capaC|tor is also called 21 double-Iayer
capaci tor (P kTd e charBREbFPEed Dbt mend f dpneth e bizest ebyritd®oubl e

| ayer, oftencdhaged on ogarhan @i@@tkr?@d/cﬁfukﬂreaphlay@r Th@ft@ﬁmbased on

"el ectrocheni c d paci tors' al so frequent n En -
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and ot hers, camho]rmt vegaduckhoes iabrisi phot avsbt direcgrerqy Qmwcersnorﬁngﬂ
conpositi ons]o netals or semnetals or in conpositions with different
conductive p er r's utilizing the thernoelectric effect as tenperature
sensors | R tabsprptiioa) cemiconkerctrovol tainpoererngy comnver sken, dSOEENSOr S,

as indicators, If lgstc;lly Qugh Oetl %c‘rtsr ochrom sm m crowave absorption,
thernnelectrlc orce etc. éctrolysis or electrosynthesis processes as

el ectro-— catas y@h@@@@iﬂ@m e. gn iphOfC@e‘bl@étLbs?nemyph@tl‘@@r%t@mcat al ysi s
or synthesis;and J.5pRatqyakt ai Qltﬁffen?étsalé n %q”ogegmm&gigct | 9R, eirg

anodi c corrosion pr Ot ection, as electrodes in accunulators Uv-
li ght - stable3%WEﬂﬁ%ﬁ%9nS with different conductive polymers utlllzlng

the thermoelectric effect as temperature sensors (IR
absorpticn) or in thermoveltaic energy conversicn,

- as Sensors,

- as indicators, e.g. through electrochromism, microwave
absorption, thermoelectric force etc.,

- in electrolysis or electrosynthesis processes as electro-
catalytic electrodes (e.g. in fuel celils),

- in photoelectrocatalysis or synthesis and in photovoltaic
effects,

- in corrosion protection, e.qg. in anocdic corrosion
protection,

- as electrodes in accumulators,

- as UV- and light-stable pigments.

- as electrodes or leads in electroluminescence arrays
{e.g. as non-transparent so-called “back” or as transparent
so—-called “front electrodes”)

- as a hole-injection layer or anodic buffer layer or as
transparent anodes 1in organic/polymeric light-emitting

diodes or solar cells.




as.electrodes or leads in electrolum nescence arrays (e.g. as
non-transparent so-called "back" or as transparent so-called "front

el ectrodes”) as a hole-injection |layer or anodic buffer |ayer or as
transparent anodes in organic/polynegigzllght-enitting di odes or sol ar
cells. 22 - Cainms 1. Conductive pol yrer, characterized in that nanoscopic
particles forned fromthe polynmer with a particle-size of less than 100 nm
have an ani sotropi c norphol ogy which is not spherical and has a

| engt h-to-di aneter ("L/D') ratio greahighsthan 1.2. 2. Polynmer according to
claim1, characterized in that, after renoval of the dispersant, a |ayer,
foil or sheet fornmed froma dispersion of the polyner has a conductivity

of > 100 .S/ crandictRodey meso bpeer di Nnghheaskarikdd Chay actritzedandstbati L he
than or e 4. Polyper according to

conductivity is greate qual to_.200 S/c,

claim3, ch ﬁﬁ%éﬁ%%&xﬁ??ﬁ?%a r?ﬂegﬁgo@ﬁiﬁﬂ%ﬂt%F'% 30828 M £553680°S cm

5. Pol ynmer dccor dilmgnt @06newofhdhe pnewvindus taloaiins rotghdll ogehanaeheriszed in
t hat the pol M.l t fromthe , group.consisting of., yani line,
polythiopheﬁﬁg?p%$§?ﬁ?%%g-%gﬁigb eng,]ﬁ%Vﬁ%§F¥%f%f‘Eﬁﬁ%ﬁyﬁéﬁgﬁo? RSO
mononer s of aiteser pgdlamer.s?.and pol yners or copol ynmers fromthe derivatives
of these nononers. 6. Polyner according to one of the previous clains 1 to
5, characterized in that it is present in a dispersion and the dispersant
has a rél-at iRfe Wiedcosiaqrdmx o, 0bein 71, Pebsesstévizedieipr épatat iadiesf a

pol ynmer accorijig it o PneneofqichRii® nk t o, 658, Whicch, 0. tbis.order (&) an
|ntr|nS|caIH¥ conductive polynmer is prepared from
rom a dispersion of the polymer has a conductivity

of > 100 S/cm.

3. Polymer according to claim 2, characterized in that the

conductivity is greater than or equal to 200 S/cm.

4. Polymer according to c¢laim 3, characterized in that the
conductivity is 300 S/cm to 3000 S/cm.

5. Polymer according to one of the previous claims 1 to 4,
characterized in that the polymer 1s selected from the
group consisting of polyaniline, polythiophene, polythieno-
thiophene, polypyrrole, copolymers of the monomers of these
polymers and polymers or copolymers from the derivatives of

these monomers.

6. Polymer according to one of the previcus claims 1 to 5,
characterized in that it is present in a dispersion and the

dispersant has a relative viscosity of < 10,000.

7. Process for the preparation of a polymer according to one

of claims 1 to 6, in which, in this order

(a) an intrinsically conductive polymer is prepared from
monomers, wherein the temperature is controlled during

polymerization such that it does neot rise above a

value more than 5 °C above the starting temperature,




nmononers, wherein the tenperature is controlled during polynerization such
that it does not rise above a value nore than 5 C above the starting
tenperature, 23 (b) the product fromstage (a) is ground and/or dispersed
in the presence of a non-electrically conductive, non-polyneric polar
substance which is inert vis-a-vis thesconductive polyner, optionally also
in the presence of a non-conductive poFyner, applying sufficient shearing
forces, wherein the weight ratio between the conductive pol yner and the
pol ar substance is 2:1 to 1:10, the product fromstage (b) 1is optionally
di spersed i n({la f witdhesrdispersamt atage tenpesagubendelaem /250 G spwhesrein the
wei ght ratio betmeeqj&ye conducti ve_pol yner and the.difgersant ig{ smal | er

resence [ of %d qodicp_hca l‘f‘?{

than 1 : 10. 8. Process afcor Ing to cl%ﬂrHQE_%:%ﬁ%ﬁﬁ%ﬁl
stage (a) an optimattyo @otaeniec coyntlern on duwarsedaur iwlgiclpol yirer i ziatéon. 9.
Process accordin _cl.ai r ' char iz i t .t roduct
fromstage (b) igvﬁﬁf%Hgﬁghgggefgéghgkﬁge ?%%Sg%gﬁuregBég%%;?goa&E%iﬁ“
particul ar bel ow QOO Eres@nchr oeks$ aceovrdbngucéivre bdlyghal ns SPriy g

characterized in g{hpi-{de digpershonbscearrigd Qut, i phihgeoprpsence of a -
non- conducti ve polynmer and the tenpérature lies 5 to at nost "80C above the

gl ass-transition poirtenf the neredenalieei vePomarer. ant Prlages$AEdor di ng

to one of clainms FuH e charactenized: 160 that pkBeukat eroh thesdenperature
rise during stage,(a%_P S a{ no time nore than 1 K/ M nute durlng t he

pol yneri zation. 12° PPbceddl atcdraPREoEd dRe of FefHiwe Fifpeigait at a
characterized i ndi@drdtherenopecondurdid vécpol ynereis aHehewsbghastiatio

between the conductive polymer and the dispersant is
smaller than 1 : 10.

8. Process according to c¢laim 7, characterized in that in
stage (a) an optically active counterion 1is used during

polymerization.

9. Process according to claim 7 or claim 8, characterized in
that the product from stage (b) 1s further dispersed at a

temperature below 180 °C, in particular below 100 °C.

10. Process according to one of claims 7 to 9, characterized in
that the dispersion is carried ocut in the presence of a
non-conductive polymer and the temperature lies 5 to at
most 80°C above the glass-transition point o¢f the

non-conductive polymer.

11. Process according to one of claims 7 to 10, characterized
in that the rate of the temperature rise during stage (a)
is at no time more than 1 K/Minute during the

polymerizaticn.

12. Process according to one of claims 7 to 11, characterized
in that the non-conductive polymer is a thermoplastic

polymer.



pol yner. 24 13. Process according to one of clains 7 to 12, characterized
in that the product fromstage (b) is subjected to a secondary treatnent.
14. Process according to claim 13, characterized in that the proportion of
t he pol ar substance or of the non-condu?tive pol ymer in the product from
stage (b) is reduced by washing or ext 4ction duri ng secondary treatnent.
15. Process according to one of clainms 7 to 14, characterized in that

sol vent s and/ BFOGRS | RAFPELLRY e taPEE® ViR cRLaUPPOT t tOt HE /s ubsaxcpmetrriopd onal
di spersion stage.«1lf RiQce rdj t a8 Off,\Cl qigs o7yt

characteri zedﬁgi nﬂ%—%t I%th%e %?8%%? o{‘fgt eossecond{bcii s%gr SFSRBigg%gﬁbj te%t ed to
a secondary tFeemdMEY Areaimesdess according to one of clains 7 to 16,
characterized in that there are added viscosity regulators, wetting aids,
mat ri x poLze/msrs, stabilizers, wetti ng auxiLiaries, evaporation regulators
and/ or other 2SFTTEr PESCARUNYadd t FYBE™WAP ch hapsterdgedptimnghpf the

fol | owi ng shapifigorpiecess. ti8. pPLagesshaceardi g toF ol mdi-cshaiactwr i zed
in that the addition,takes Ia&e be%]%)re or duré}r&g t he second .di sper.sj on
stage. 19. PriRCeSEChHAr Hingd 16 BHe OFOR IS FHE 19 o-S1ge BARerTFEYN] n

t hat during tée seconcaryn tdedtmentecohdhe predueentrom stage (b) and/ or
during the second dispersion stage an organic solvent is used which has a
surface tension of nore than 25 mN'm 20. Use of a dispersion according to
one of cl&pnsPuotess ercopdipar ed aceordi ngldiong hé proddss cltaoaatienizeal one

of claims 7 iz? é‘l’?aif: Oéoixtf'gmpsr e%)aéé Oﬁl}?flfg}aipeesd Y] ta'lsddezc? which support

the subsequent opticnal dispersion stage.

16. Process according to one of claims 7 to 153, characterized
in that the product of the second dispersion is subjected

tc a secondary treatment.

17. Process according to cne of claims 7 to 16, characterized
in that there are added wviscosity regulators, wetting
aids, matrix polymers, stabilizers, wetting auxiliaries,
evaporation regulatcrs and/or other auxiliaries and
additives which support an optionally following shaping

process.

18. Process according to claim 17, characterized in that the
addition takes place before or during the second dispersion

stage.

19. Process according to one of claims 13 to 18, characterized
in that during the secondary treatment of the product from
stage (b) and/or during the second dispersion stage an
organic solvent is used which has a surface tension of more

than 25 mN/m.

20. Use of a dispersion according to one cof claims 1 to 6 or
prepared according to the process according to one of

claims 7 to 19 for the preparation of shaped parts,
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self-supporting foils or coatings with electrical conductivity. 21. Use
according to claim20, characterized in that the shaped parts,

"~ sel f-supporting foils or coatings are el ectrodes, antennae, polyneric

el ectroni ¢ conponents, capacitors and _double-layer capacitors (DLC). 22.
Use according to claim20 or clai m 2T, <haracterized in that the shapi ng
takes place in anisotropic materials and/or anisotropic fields or the
deposi tion i sedfiteuppnrsdbgopi foslibst rates. coatings with electrical

conductivity.

21. Use according to claim 20, characterized in that the shaped
parts, self-supporting foils or ceoatings are electrodes,
antennae, polymeric electronic components, capacitors and

double-layer capacitors (DLC).

22. Use according to claim 20 or claim 21, characterized in
that the shaping takes place in anisotropic materials
and/or anisotropic fields or the deposition 1s onto

anisotropic substrates.




