2 Decenber 2003 1 METHOD FOR PREPARI NG | NTRI NSI CALLY CONDUCTI VE COPOLYMERS
The present invention relates to a nethod for preparing_.inhtrinsic
conductive copol ymers (1 CPs) from pol yneri zing at | eastztﬁ%‘&%vg?f 266‘%/5

het er oat om cont ai ni ng nononer such as aniline, thiophene, pyrrole, furan,
and the derivatives or substituted fornsjof the respective nononers and an
emul sion | atex which remains substantially stable in the presence of the
cyclic heteroat oMEDHOD FOR) PREMARI NGANTHUNENOALDY CONBE CHTViHe

pol ynmeri zation. This invention furidwporsghatges to the conpositions of the 10
intrinsically co%tive copol yners prepared in accordance with the_ method.
In addition, the 4§ Iéfﬁ?%hnweé%mm%% P& meiBeh & BEPBFESAHESIBHENds of
| CPs with c&PB8RsdwuPRbirBeTsal §CPRkt BPmoxpdrmesinrg setangapol are gslipmer s,

| CPs ar e Sknéwherostore-aastdining srorpmambsh of angpid, ¢hiopbase, Forolel Sufarst ance,

| CPs maybe @gedthesdqravatives car sobatitwepdf formslodthemedectivamdidmeg ambanosi ons
of metals, partlkon brbty whioh mmainersubasatciniit aksbls uahtlas pearhosn of sheel and
di fferent typelsc dietsimittinesmtaireel, mthdMdtymnadl gatingmbe | @isse &f kel and
others. |t ipdlknomMPaditiat PhiBURbestioh fayedrCrehelegr@atRMddhosPiof@ésNhz 20
cont ai nijng ARAABESLE USShBRtRBI lebi§lymldws a&eﬂ%&wo% ?&%&9 e fRd chbei r
der i vatives ;¢amoRe BPLYARIIZ Aol @Y atz&;h TeldtDSho Af 101 ROLYIEL,Pr 0duct s
are Kknown ! $101d HICH GRhCarbyRL &R s ird s ML NIV allldhd pola

sol ubl||t|6§ g;}n% monl y Used sofven S, an ?hey are usual 'yt &t hd Fy
unstabl e, i PusTBI®e and brittle. As a result, nost | CPs cannot be processed
25 easily by conv€Rti araknnwinhoaddeuseeul ofor pi aoesbéngf cigidicapiohy meFer

At t enpt 95t 0 issthvee,t KEPpooybesustg p earesd aoxatiddfrpathtise Vier ahheAhg
produced onkyrrokitint ed metals SEartidalaly esm és ildRYadeAedballs @ash thatarbbese’

conductive pedelneid ditadedt USBEE dfNstBOMeds BERUUEHENSHER, asuR¥iBLlloys;
batteries, ehaehknhaa)ihd €S, or capacitors have largely not been realized.

30 Polyaniline is an exanple. It is commonly prepared by an oxidative
pol yneri zation Q?F animaven  thathe prabencel efcly petroniosm al.dS, Byel POt ymer
product 2Ps &pRimBBISUBOBOBER $USh| dsdapiine fitrat, epyrrolst thicpienpe o i
general |y i Asvivabives i sanc bempalyoreysardc teoytebhtICRsseeManhiaf etctalpolyBynt heti ¢
Metal s, 22: p9dduct9863 knoSmut batintiactdh]l@3 Xyeddald€Ter dbest kanuveey hogh 35
pol yani | i ne ssladbtlstipy eparcedmbyly eaeti stdvantsy amid ithey iame tiudesRaeRal)f an
acid such aasthideciylfbbrened dulttleni £s adlegult] rivsoapht hahapedh pebéaais acid
and p- bel ueasilpuby opireatiothal THREBoRO! ¥RAI IfhNepRRbiSndr 61! YoBRALISNT! ¥
sol ubl e in AnpAREtsAto SOIMERLS . S Rik3 288k dvbS5H3282 453 FGSE e t he
synthesi s obrod@leYadiili MR ifH0R R XA & WhiEh rﬁQH?'p%E&ic@fon@%h%@'-ﬂh‘eQ@ '
MONOMETr, @ conductive polymers would usher in novel products such as polymer
batteries, electrical wires, or capacitors have largely not been realized.

30 Polyaniline is an example. It is commonrly prepared by an oxidative
polymerization of aniline in the presence of a protonic acid. The polymer
product is an insoluble green solid precipitate, mostly amorphous and
generally insoluble in common organic solvents {see Annis et al., Synthetic
Metcls, 22:191, 1986). US patent No. 5,232,631 describes a number of

35 polyaniline salts prepared by reacting polyaniline in the presence of an acid
such as dodecylbenzene sulfonic acid, 1,5-naphthalenedisulfonic acid and p-
toluene sulfonic acid. These polyaniline salts are only sparingly soluble in
nonpolar solvents. US 5,232,631 and US5,324,453 describe the svnthesis of
pelyaniline from a mixture which consists of an aniline monomer, a

40 protomic acid, an oxidant, a polar liquid such as water and a nonpolar or
weakly polar liquid chosen from chioroform, =xvlene, toluene,
decahydronaphthalene and 1,2,4-trichlorobenzene. In such a process, post-
polymerization removal of residual organic solvents in the polymer products
to an acceptable level may pose a substantial challenge to a prospective

45  manufacturer.



40 protonic acid, an oxidant, a polar liquid such as water and a nonpol ar or
weakly polar liquid chosen fromchloroform xylene, tol uene,

decahydr onapht hal ene and 1, 2, 4-trichl orobenzene. In such Qﬁ%’%’é@"sgqoz’post -

pol ymeri zati on renoval of residual organic solvents in the polynmer products
to an acceptable | evel may pose a substantial challenge to a prospective 45
manuf acturer. 2 Decenber 2003 2 The present invention relates to a

(co) pol ymeri zation method which overcones, many of the difficulties
encountered in the prior art and/or provides inprovenents to the chemcal,
physi cal, or mechanical properties of the resultant | CPs which are prepared
from at |east ope cyclic_heteroaﬁon}containing nononer. .5 The present

p
invention also r h%P%eﬁto‘n&ve’ﬁs tes P i_‘)l("eo@&?lm@“@ﬁoprfﬂ?rbﬂ% iveteh gvercomes
conduct i ve £opoby TRIaifRINIeS Shtfined e AXhk BetoR B SRR bR Rbrd BB Réliyym
formng a mxture by adding at [ east one cyclic heteroatontcontalning
mononer to theeiesphysioal, ot meehenical propertiedofithe rasdltant ICPswhichadi prepaedfrbect i ve
to maintain the emul Sf)ic(:)ﬂcﬁl atex in g first stabilized enmulsion state;

causi ng t heP ot Ps RO IFURBE PISBY rer i ze under a 10 second
condi ti o effectmeeﬁ;eeerﬁr&%a%gt 8, GRRECH M%Etﬂ@&"t}mgfreﬂhaﬁn? S GRAfsic ly
an Il ng t'he y

stabilized emnulsioh state; optionally, recoveri ntrinsica

conduct i ve wogoitivesopol¥iner ppmpesing: preparinigoan émulsioarlater linteemedioma formtihpd,
wherein the cyclic heteroato cont ai ni ng nononer.is sel ected fromthe group
Consi sti ng MBItV HEITES B Ieeh SeCt <L Rel SRAor e P FOTOBED 7 Ao, Fap o

thi ophenes, JafekiiRthe rSdddgth inHérSEhsd donaition ePiéEdvelt8 makBRithé BheRidPakR e8] first15
and m xtures thereof. Another enbodinent of the present invention relates to

an i ntri nsistabilizgd cordsion state; ceens theemorurgses it themprrersatoaepliyenidecuniday ent ed
nmet hod. ;Jhe_present,. .nvent. on. furt he rel i.fferent_ neth . Of

Lot ng-i KD ReREanch MELLE, b tne LEBERR Sofikld bl kedihl 10h;20

t op- coat i ngnaNgsn §the; dnd@tiosdnt picbidithgitheinkiiicallMaseigpectdpotahdry, the
present 20 invention relates,to a nethod of using the intrinsjically

conduct i ve copolhpfdressrieipyprion furthe laks to @ methpdnwkerein thesyshinkatrpyam-

conpri sing cPﬁtﬁﬂﬁ%&ﬁ}gn&n&qgtsEl@%éﬁ; W@E?r@%pﬂ%ﬁgn 8 ﬁpmfiﬁé SHbdtiied anilines

intrinsically co ctive copol yner; e coat’i’ng conposition on

a surface dtfiophemet substitotefiahivpherfes,r Siran, aykstifutab fiiramsa plyrolap pibglitutedapwradesc oat
| ayer oyver the.first tlﬁg.yer. 25 It has been di scovered unexpectedly that
| CPs cal? b@ QPR hettfdni cal Iy, electrolytically or el ectrochenically by

emul si on pol ynenindtHet ORbSAIA{AT of180 PlesBRihvedlibR Relattd &1 indifidally conductive :
copol yneri zation of at | east one cyclic heteroatom containing nononer in the

presence ofoRelynemtcmnosition reermred bin thenipuentebmgthodo heeressnt invention fradhar ai n
T Lt aky
U ) AL kgn et oo byt cussint S alosnge gDy

20 invention relates to a method of using the intrinsically conductive copolymer prepared
according to a method of the invention comprising preparing a coating composition which
comprises the intrinsically conductive copolymer; and applying the coating composition on
a surface of a metal to form a first layer, optionally applying a top coat layer over the first
layer.

25 It has been discovered unexpectedly that ICPs can be prepared chemically,
electrolytically or electrochemically by emulsion polymerization and/or copolymetization
and/or graft copolymerization of at least one cyclic heteroatom-containing monomer in the
presence of a stable latex emulsion under conditions effective to maintain such stabilized
emulsion conditions in one, two- or multi-stages. Examples of a suitable heteroatom

30 include O, N, and 5. More than one heteroatoms may be present in the same cyclic

heteroatom-containing monomer or in the ICP itself from different monomers incorporated



into the ICP. For the present invention, the resultant |ICP product should
have an intrinsic conductivity equal to or greater than 5x10-4 Sienens per
centimeter, preferably greater than 5x 10'2 Sienens pe? Dagembef 2003 npre
preferably greater than | Sienens per centineter. It is also within the
scope of the present invention that the conductivity is increased by 5
doping with a suitable dopant. Cyclic heteroatom containing nononers
suitable for use to be (co)polynerized im,the present invention include,
but are not necessarily limted to aniline, thiophene, pyrrole, furan,
substituted anilines, 2 Decenber 2003 3 substituted thiophenes, substituted
pyrroles, sybstjtuted_furans, and of

m xtures the f. The the .
fol | owi ng gémerths IGedF aithe prese dnveripn, the Icﬁlét@tﬁi’&dﬁc ?gol?]fd Ve AN IRErIngIC

and z are i n e 5 I j r ,
a=5; qur -4 EORRUAPANL REGSECRE G0 SRR D R R RO R e
t he group CGH$®'§Sicmn9beﬂ-bcaﬂdwEﬂ, thore Greferablyngresterothab | ierhed =k kgdtingnauds, H
and CH3 are preferred; R2, R3, . R4, and R6 are_independently se|ecte rom
H Cl to Cl8 Pispedupthe seapenridtia  REgient grseran that ‘Sm & %Wﬁvubﬁhma@&ﬁeﬁm or
substi t uted 8 A oup 10 (occupying two adjacent sites on the
ring), :O)d?ﬁﬁg)é}(@&ﬁ'l%é%ﬂﬁ CH2OC(=O R7 where R7 is selected fromCl to
Cs |linear or braQyblédhekiogtom-cumaipsg nRHREEEOHtablSHseON, beCle@)iemetzedimH2
CH2CN, O R8 where R8 is selected fromCl to.CG.linear qr branched_al kyl
groups, O ~SyFReSRERECentiRg Hhelide PULATE A0t Fpssarly, misH P entine. BHORPF I PETRR: and
m xtures thgieofohdidadPatififesextent that it discloses such polynerizable

het er oat om cont'ai ning cyclic nononers, US 5,648,416 is incorporated herein
by reference. Many of these conpounds can be purchased from Al drich

Chem cal Conpany, ICN Bionedicals, Inc., and other chem cal suppliers.
Exanpl es of substituted nononers include, but are not necessarily 20
limted to, alkyl or aryl substituted nononers such as 2-nethylaniline, 2-
ethyl aniline, 3-ethylaniline, 2-nethylthiophene, 3-nethylthiophene, 3-.

hexyl t hi ophene, "benzo[ b] t hi ophene, 2-nethyl pyrrole, 2-nethylfuran, and

m xtures thereof. Many of these cyclic heteroatom containing nononmers may
be considered as "aromatic" in nature. In general, these cyclic 25 nononers
are characterized by being insoluble or substantially insoluble in, or

i mm sci ble or substantially inmscible wth water (less than about 1 g per
100g of water). An aqueous enulsion latex is a preferred emulsion |atex for
the present invention. Exanples of such an enulsion latex, also referred to
as . R



30 a binder in many references, which nmay be used in a stabilized or
substantially stabilized enul sion state, include, but are not necessarily
linted to honopol ymers or copol yners prepared from one2&eqember 280dner s
sel ected fromone or nore of the follow ng groups: Goup A® 35 ethylenically
unsaturated carboxylic acids and their esters such as acrylic acid (AA),

nmet hacrylic acid (MAA), nethyl acryl ate (MY, et hyI acryl ate (EA) pr opyl

s o Tl

met hacryl at e F‘rli‘)‘c'glgo REEMRA 86’?“119?00/ 400]

nononet hacryl ate and m xtures thereof @& oup B: vi nyI conpounds such as

et hyl ene, propyl ene¥EHut adi en (BD) s substituted Cbut adi enes such as

al kyl but adi enes - _i8Qpr ene, acr at al Iyl acryl ate( ALMA), vinyl

chloride (VCM, vV acet te AM) '\ﬂ%‘? (ST thyI styrene (PMS),

4- vinyl pyridine Y4¥¥), 2-vi yrerr n rPL/py ol i done (NVP),

styrene sul fonic acl d(.SSA) and,m xtures thereof; 10 |Group C unsaturated

am des such as acryl ani de, matthacr yl am d&: N met hyIPOI acryl am de and

m xtures thereof ,wkkup roghterwuqsgl Ul %dalrg)ﬂgd“gi,readg 8§ené gdrﬁgﬂclogen or

si licon suchposiBvasn@LbRf byl dH9E héé AQLYLEST £ Lyl 0B (ie @ and

mi xt ur est he,gof 1debEn&e§nt§g'(§‘§fe§E ow%hete%ug‘ i s‘%% % and
R

el sewhere |, her as
wel | as ot Lni?ﬁel {Q}Z%ﬁngenﬁ eﬁ i re Qécﬁ E etf? Gl BQ%Q i@'
anount (s) of Y ﬁ? Rt §rest 8 ea‘T‘r hd/ or
shoul d b% PH@Sr%W @TWP? PO 8SBRPYLRIoFUPSHtEEes BBesv Er &R @FOWPFB 100%
by wei ght’ of\° “r’g‘%@ PaARISERY FEes ondbedriag)t REPKEI GisYR: GH
pol yner in tHE2@f{T nwrlaree% 1¢ﬁéi%ﬁ%ﬁ10&§1@ G hipaaITer beﬂnﬂhmbnﬁsryl
m xt ures sel@Ered @H@W@Iﬁ &R ENafdgrHR, C(HOXNE:, CHe@NafyRE sttwué d be in
the range ofR¥¥celepied fonsGuto Srdingaatinbrnohedadltyd g6t paiiECYRefdreabl y fr om
0% *to 2. 5%Rbi¢ sedéayed from Gitte Goliprer allhdsedups thd moitakesvhayhss oTot he
pol ymer lisn tthe estartstham it Hmtkxes Exanpblymatzaplebetdregtopolynrisinghiyader s) for
the enul si omb=dmars, US 5,648,416 is incorporated herein by reference. Many of

these compounds can be purchased from Aldrich Chemical Company, ICN

Biomedicals, Inc., and other chemical suppliers.

Examples of substituted monomers include, but are not necessanly
20 . limited to, alkyl or aryl substituted monomers such as 2- methylaniline, 2-
ethylaniline, 3-ethylaniline, 2-methylthiophene, 3- -methylthiophene, 3-.
hexylthiophene, benzo[b]thiophene, 2-methvlpyrrole, 2-methylfuran, and
mixtures thereof. Many of these cyclic heteroatom-containing monomers
may be considered as “aromatic” in nature. In general, these cyclic
25 monomers are characterized by being insoluble or substantially insoluble
in, or immiscible or substantially immiscible with water (less than about 1
g per 100g of water).

An aqueous emulsion latex is a preferred emulsion latex for the

present invention. Examples of such an emulsion latex, also referred to as

30 a binder in many references, which may be used in a stabilized or

substantially stabilized emulsion state, include, but are not necessarily

Limited to homopolymers or copolymers prepared from one or more
monomers selected from oxe or more of the following groups:

Group A:
ethylenically unsaturated carboxylic acids and their esters such
as acrylic acid (AA), methacrylic acid (MAA), methyl acrylate
(MA), ethyl acrylate (EA), propyl acrylate (PA), butyl acrylate
(BA), 2-ethylhexyl acrylate (2EHA), methyl methacrylate (MMA),
ethyl methacrylate, propyl methacrylate, butyl methacrylate

L)
wn



30 suitable for the present invention include, but are not necessarily
limted to: poly(MVA-BA = 15-85), pol y( MVA-4VP=85-15), M\E\Ol y(M\/A MAA—SO 20),
pol y( BA- BD=60- 40), pol y( MVA- EA-4VP = 70-15-15), pol y(

65- 20- 15), poly M MA- EA- 4VP=45- 40- 15), pol y( MVA- EA- 4VP=70- 15- 15) :

pol y( ST-4VP=85-15), pol y( MVA- EA- SSA=50-4%-5), pol y(MVA- EA- 35

ALMA=95. 8-4-0.2), poly (BA-ST-ALMA=80-18-2) and m xtures thereof. The solids
content of a suit@&ie)ageboustienthsi gRcdlfiE@X4d@r ndimehassnitd me@Ntion is
in the range of fmeiE%s tR=8080 by wei ght, based on the total weight of the
aqueous enul si | at ex, pref erably in the range of from 10%to 75% by

wei ght, nore p WBY in the range of from 20%to 50%by 40 weight. Many
emul si on seed parYitgl £8mpougds puchea eihpiens. asapfepedbutddiens (BP2 derived
froma 30% sol | dss%ﬁﬁé?ﬁd hytasbereemiths pprmlkplbukadipnee miserirene] alelk having a
desired conposi tIW%edéBE} miz¢badrelate ALMY, voupraddaride V&M, pohylneri zi ng

t he sel ect ed nonometsteby (eAMDNbetyrefie 2 (BELenbetetAOBByeneet RIS),or4-pr ocesses
di scl osed in the ypmytgyradine SUSP)a-vinplpwiidihe PV EN-vdalipnraidoer ylic
Mononers: My, 19@6VPRubiiesbedlionid dted RSNy arihshikinaes osreany, Phi | adel phi a,
PA., and_"Pol yrl%r S%f}} heses,” Vol. I, Chapter 10 by S R Sandler and W
Karo Actleni ¢ New York NY -5 (1974). To the extent of rel evant
descriptions or d?%?ﬂtBE%ﬁeésaB‘Pa%‘%@ﬁcﬁe%%ﬂaé@ r geedwssylapydn, MEf er ences
are incor por at ed Betkilplagyylasride apdeniaurmsiberedf net hods or processes are
within the scoggqifpthe present invention for prepari ng the ICPs. A nethod

or a process is wh%f\%%a{ﬁratw on%rug%s% %‘%‘; gl ¥ i agueovs

emul sion,d atex c a
stabili zled or subst %fl at S t?L zec?c erru S| ONS ﬁlgan %& tﬁ%lrapr ocess

when the cyclic he%}ér oa o S%nt ai ning nononer(s) is pol yrrerl zed
copol yneri zed anditornsguafitrstogbl sirer ithed, mixpards ctibAtibyed nabéwe: pme&ence of
- hi ghly char gadewhéteorthasts pecickemadidlyoramd pHlysicallvheompghtible maitgeondny

significant afothubatanill & oeaser @R BtindRyr (AS rétldNsR dNOT
aggl oner at| on of the d| per sedgd&pended emul sion latex mcel I es or

particle® woul d r 2 EPE3 RERGTEY PEEEE STIBPLARFEE Appsuresrselestedhar i ng t he
desired | CPsTeR Creupy ésand/or i shpRksh! eAEct@PdiﬁrgeyOf frae Banto 'i80%st anti al |y
stabi | i zed erhsfeniadly dremed7-8%%edo NEI®F nbxreegieht oat thehaesaltantnpolyshei f i cant

| oss of the Radediorathectpidlsweighs phthe polyimey inrbe aitwsiondet@0 formation of the

initial mxture, spd Qusi %Pa%% %19' %I&n%ﬁn J"Mﬁﬁleges%lectd&m
pol yne“%at'@pé - €0 HVJJEJ o %gm ) he fard ?‘ AR

| ace via a ne
ohoce s e N W AR ewgs; §> i 552. vfg o
intrinsical ¥ @bena ‘?fe (o) ‘%)Io{j"nré%e WA ISP ght 8} PaRi ng an
emul sion | at®¥n a nedi um formng a mxture
Examples of preferred polymers (binders) for the emulsion latex
30 suitable for the present invention include, but are not necessarily limited
to: poly(MMA-BA = 15-85), poly(MMA-4VP=85-15), poly(MMA-MAA=80-
20), poly(BA-BD=60-40), poly(MMA-EA-4VP = 70-15-15), poly(MMA-EA-
4VP = 65-20-15), poly(MMA-EA-4VP=45-40-15), poly(MMA-EA-4VP=70-15-
15), poly(ST-4VP=85-15), poly(MMA-EA-SSA=50-45-5), poly(MMA-EA-
35 ALMA=95.8-4-0.2), poly(BA-ST-ALMA=80-18-2) and mixtures thereof.

The solids content of a suitable agqueous emulsion latex for the
present invention is in the range of from 5% to 90%, by weight, based on the
total weight of the aqueous emulsion latex, preferably in the range of from
10% to 75% by weight, more preferably in the range of from 20% to 50% by

40  weight. Many emulsion seed particles used in the examples described
herein are derived from a 30% solids content aqueous emulsion latex.

An emulsion latex having a desired composition as described herein
may be prepared form polymerizing the selected monomers by a number of



whi ch conprises at | east one cyclic heteroatom containing nononer, the

emul sion latex in the nmediumand an additive under a first c d|t| .
effective to maintain the enmulsion latex in a first sté%pPFﬂﬂik i on
state; and causing the cyclic heteroatom containing nononmer in the m xture
to 30 polynerize under a second conditiog effective to produce the
intrinsically conductive copolyner in a second stabilized enul sion state.

Anot her aspegbifdst Q@ RE&EREMs 'd}élﬁsge'do%f @h@t ﬁof' 0aft @%Eﬂogsf oL m.REi8RAr i Ng

an intrinsicall, M}% Bﬁtg’gc%& e??”@ é%% Cpqu t Qrﬁﬁﬁﬁ' ng an
emul sion | at A&IEI}J orfrgL ad x thnre«; eses %)frplrl ses at
| east one cy |c ?’u e{)o d n the

aqueous rredl ?ﬁj%? Fg%r%o‘% r&Sfe F cg\gl nt ai n
the erul Si or F’P ? ENGR é‘éfl%‘i’rﬂﬁl PBH*%C O§HEss © %if&lﬂ‘@ &s than

10% by wei gHtf %PC%%% r@ FERSHE SRETBATAIR A egenphERfeTeds8sed on t ot al
wei ght of the cych namiRirefoaé1BIHE 0RhabREOS AQ WRAMEKe bdbpehd thE piadett O
pol yneri ze %v@nﬁbﬁ %r beaft AN HLIPRS alUh e 1oy HE6Fes386 Q0 bR tihon

effective tq e ml%e 9PEnd Q%lﬁ&ﬁls LS §2lekVeanC @Q&H&h{é{ﬁeégpo' y”er
ina Secﬁ”d % ) r.Jer ?ah SE{f‘ ﬁ‘é’&“’%ﬂ 's-ﬂgsta&l Eﬂ@&éda“
remai nder of f e t

second reacti6n %

ae urm Qc On? Cosnsta aLn ma%et 1: tainl ta
rat ng&’é? T% Fa 2 aef’ime ‘H get
produce the IBB’FI%I‘E‘ cg ‘?Fé?e r}coé’ W?’E}Z% BRYPL eef ‘F°§| €ttt e,

wher ei n t he REE ’GH MRS IR EFCe 9t dsk éa’FlPP’sctSHeé ot e 8P

Decenmber 2008 6 err@l@;?cr%geneté%a%lsmﬁfaﬁ@a@mlﬁ@wtmpha%lsep%&%rs

many of 15t hewl@BrsiadeYedaggloperarionmt the Aisparsndésusapedetraralsiop 1aigsl ubl e
in an aquecnireHedicarpatsislescanubh remddrsite sxthedior pyootRsr netopditzblerfor 1 n t he
presence of rmpermigsiberddsatedx CRshaf\thearebmthimvepubyneydceetinghopod yereni zed 5
or graft copehpsmmizély dsgbAizedserlsoh stetdiodedirebindinagns bhit tiete is no
necessari | y digmificedt t mssadf ahkCofixiddt eorulpohy geftez duriz idhdamfaei dhe
aqueous medifufnacbacfthe heifiat atixanedbad dRROS 4hOprafash 19 HFidRabe dasired her eof .
A net hod of pz:a{&ﬂn@f\ﬂzﬁnewcd%ﬂ%eﬂeéﬂmﬁaz@tmﬁ lePiz8R0ACHHCioAdHRO UG ke B UM

(pH val ue | QygEe Lo sind®, the- BE &l QL& Eocte € present invention. |0 One
enbodi ment of the present i nvention reFa es to a nethod of wusing the

i ntrinsically condbet ispeciepdy.ypee ppeplartdhacerrsenhgnyentipe ingp¥er osed

met hods her ekpthathéomprerarienmy ineindieri ngndugdes icorplymenpogirdsdiomhi ch

conpri se¥ themmtsihgsimpabhyingmmavtilsien deps ymenpediuxi;niprmihe acmattiuneg

conposi ti on which emhppsevat ilogstcanpagelid bateroafomt woataihered mcanatherl Shappl yi ng

- the bl end oremaukind dsrxoin aheeinetiuh nay®tamnaidigve amiedi aefiist oforidixdopr esent

invention, affeetieteatn®iinta@OtHead ALURGPDItYHRY iaZfh) &t £Hilike € «FMIOBR st e; NONONET

mxture i s nip@edausthbthancemedl sdterbakSheb ndgsshé ReshAeL LM the HORMA L Xt ure

under copdi tj@PSerize under a second condition effective to produce the intrinsically
conductive copolymer in a second stabilized emulsion state.

Another aspect of the present invention relates to a method for
preparing an intrinsically conductive copoiymer composition comprising:
preparing an emulsion latex in an agueous medium; forming a mixture

35 which comprises at least one cyclic heteroatom-containing monomer, the
emulsion latex in the aqueous medium and an additive under first condition
effective to maintain the emulsion latex in a first stabilized emulsion state;
causing less than 10% by weight of the cyelic hetercatom-containing
monomer based on total weight of the cyclic hetercatom containing

40 monomer in the mixture to polymerize at a first reaction temperature and
under second condition effective to produce a precursor to the intrinsically
conductive copolymer in a second stabilized emulsion state; and converting
the precursor and remainder of the cyclic heteroatom-containing monomer
in the mixture at a second reaction temperature and under third condition
effective to produce the conductive copolymer in a third stabilized emulsion
state, wherein the second temperature is lower than the first temperature.

£
Lh



whi ch are effective in maintaining or substantially maintaining a stabilized
20 or substantially stabilized emul sion state when form ng such a m xture
and during subsequent pol ymerization, copolynerizatior aﬁusembegﬂ&m

copol ynmeri zati on. The anount of a nononer or nononer m xture used depends
on a nunber of factors, including, but ngt necessarily limted to: the
desired I-CP conposition, the conposition of the enulsion |atex, the 25
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suitable for the_present invention is
One way of maintaining a stabilized emulsion state is to have a

complexing agent and a non-aromatic emulsifying agent in the agueous

30 emulsion latex. It is preferred to add such a complexing agent or
emulsifying agent prior to or during the time when the monomer is mixed
with the emulsion latex to form the mixture.

Without limiting the scope or the spirit of the present invention, it is
believed that a complexing agent like B-MCD, as described below, provides
a function of transporting a water-insoluble aromatic monomer(s) through
the agueous phase to the surface of the emulsion seed particles. Example of
a suitable complexing agent include, but are not necessarily limited to a
cyclodextrin, a partially alkylated cyclodextrin, a saccharide, a
cycloinulohexose, a cycloinulcheptose, a cycloinuloctose; a calyxarene: a
40 cavitands and mixtures thereof. Preferably, a complexing agent should

have or could form a hydrophobic cavity with a hydrophilic exterior surface.
More preferably, the hydrophobic cavity is large enough to form a host-
guest relationship with the specific polymerizable heteroatom-containing
monomer(s) used to prepare the desired ICPs. Descriptions of such a host-
45 guest relationship and the relevant chemistry can be found in many papers
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characterized by a solubility of greater than 0.5g/100g water, preferabl y
greater than 1.09/100g water, nore preferably greater than 2. 5 /100
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Examples of an emulsifying agent include, but are not necessarily
30 limited to a non-aromatic sulfonate and mixtures therecf. Examples of a
- non-aromatic sulfonate include SOLUSOL®. Other common commercially
available emulsifving agents are sodium lauryl sulfate, TRITON X-100 and
TRITON X-200. SOLUSOL is a registered trademark of American
Cvanamid Company. TRITON is a registered trademark owned by Union

35  Carbide Corporation.

In addition to a complexing agent and an emulsifying agent, it is
preferred to add an additional chemical or additives which tends to further
improve the stability of the emulsion state before, during, and after
polvmerization, copolymerization, and/or graft copolymerization. Examples

40 of such a chemical include, but are not necessarily limited to poly(vinvl
acetate), poly(vinyl alcohel), partially hydrolyvzed poly(vinyl acetate) which
contains vinyl alcohol units, other OH group containing polymers prepared
from monomers such as 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylate, 3-hydroxypropyl acrvlate, 3-hydroxypropyl methacrylate, 4-

45 hydroxybutyl acrylate, 4-hydroxybutyl methacrylate, and mixtures thereof.



conpl exi ng agent and an enul sifying agent nmay be added continuously to the
reactor to effect the desired polynerization reaction. A mxture which
conprises an enul sion latex, a heteroatom 10 contai ni fgDe6eyRETZ003 e
nononer or nononer m xture, an enulsifying agent and a conpl exi ng agent nmay
be fornmed before conducting the desiredgpolynerization. In a continuous or
sem -conti nuous process or nethod, the enulsifying agent and/or the
conpl exi ng d bot h
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alr a.lso may be used provided there is no interference with the
30 stablhty of the cormponents used or the desired polymerization reaction.

In order to effect the desired polymerization, copolymerization,
and/or graft copolymerization, either a proper initiator is needed, or an
electric current must be applied to the reaction mixture. It is preferred to
use a chemical initiator. A preferred initiator comprises a redox pair - a
reducible metal compound and an oxidant. Many such initiators or redox
pairs are known. Examples of a reducible metal compound include, but are
not necessarily himited to Fe(III), Co(ID), Cu(Il) compounds and mixtures
therecf. One such compound is FeCls. Examples of oxidants include, but
are not necessarily limited to ammonium persulfate [APS (NH4)2S20s], t-
40  butyl hvdroperoxide, H;Os, alkyl peroxy bicarbonates such as n-propyl

peroxy bicarbonate, peracetic acid, trifluoro peracetic acid, perbenzoic acid
and mixtures thereof. A preferred redox pair consists essentially of FeCls
and (NHy)2S5:20s.

W
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When a chemical initiator is used, particularly in an aqueous
45 medium, it 1s preferred to have a pH value in the acidic region, te. lower



than 7. It is nore preferred to have a pH lower than 4. It is nost preferred
to have a pH lower than 2 when iron (I111) conpound or cgnpounds ar sed as
part of an initiator or a redox pair. The anmount of a ck ?Spgtor
needed is in the range of from 5 0.001 wt%to 15 w% based on the total

wei ght of the nononer(s) to be polyneri2ed. Wien a redox pair is used as
the chemcal initiator, the nolar ratio of the reducible nmetal conpound to
the oxidant fxadn tHR rﬁ@f&@re@érr&&@@hﬁe;m 1dwd P00 n BI et @4 sy phdtete@ range
of from 1: 10 Ravks 4385 | ASSURLAD t«t@h irdl BTOXoHI O S AR BdsOedalehon
state equi V%@B&&Jf%nhﬂ%gtoﬁ?%?'& tpgdrl ratio of 1. If the ratio is not 1,

e

then the nolar ratio has to be adjus accordingly. For instance, if the
reduci bl e metal chemgawuntsofoxichatmioal sitinwr heededarsdin hee grndarmt fc¢tanges
only by 3 tiBt@Oiie#@t»itvelamtt%r tarednin die thiel voxigtawnt thasnboodkerEnes dased by
a factor of ghlymeeizpdl Wien zatédonpdieds usehas ¢honbpaboaienitzebr othe molar

copol ymer i zatdtinef thbSredneibly afeltalCapepMR iz thd ofidaht icongiderags dfdrde Wi thin
the scope of 1:t1hjoS1: 1000, e0¥etaab1v0fn @hes%ﬂ@&tﬁ&wqm@rtmﬁobeagﬁﬁﬁh@%}%t under
a number of yRf fggbiivg &andi b QR/acHC Bta&@ dil-2Rsrdyst HEBl 'E‘hﬁhge CH

subst ant j@l Ilsam At arnga $ab Agé)%@iq o545t At ALk Yo 91ADH bée%é isi on

state of the from

§1v°'If ?(-igé?é SRELALUr g IS a4

about 0C to ‘lé HIEE m f%g%& %OEE Oun(J‘iprfeﬂ &rred

t hat the poI r|z ~ r1e ‘tev\Bl 3t age "o

different te ?1& ‘?tmf%‘a rbé’?) %CF%W that the tenperature of the

second stage is |Mpol§bﬂihﬁah@nt1@ﬁﬁﬁbﬂ,t Woeroploltheritatis, copbR@eeritatidhe fir st

stage, arm nandigreft dpoleh@hitated eENtondiBéredOto MR @it25n t fhans&Pener gHik

percent, bas@@efflohhef hodidtatiei HbhoREr hhey MRNQBIdSIutia@der al BulMeyBEri zed

to pr oduce B RICOEHr 8ditiBnt he Figsi rc@ﬂdlltlgﬁs A dihen gaehiaf thé%stﬁﬁﬁQEy the

product shoukd;shih |4 té%am&é'& adln n@laﬁ'%ragta{ttﬁ?éh U St antdabt

stabi | i zed eJH;tE&E 1&&%&& e o St e adg 3, %tcttﬁ
nmononer(s) 30

begi nni ng, of age

qul val eﬁjt t%ﬁot e arm pre?er ef ?ecursor de5| red may be added for the first

stage and the rerimlmqbeefemfedtthmtrthaqnﬁyz(aesza‘soaddechqm ioratreedoudur ktwg t he

second st agesteeactdtonwo Adiffexenplterglersiiebs.a it eGURRRE psefbhedptieparhti on of

| eucoener al dienepeshiireasti theRcdsd bhigzeSellededhas thleteeitrh urledfefhoat amt

cont ai ni Nng NRBBEENn Hie ARR 836! 4 QRIAIIMREIAI W Qelt HReRLCANINSE BfiRel S

changed, 2s5pr efh@hadh WeididWedr@tnt BALEDGnltheSoSQACRBE S IRGRe thhShEN®) RE&s, of the

mononer (s) 158 poidhENeEd RPbYIRLL 2665 eEQrsBEQG‘%Jﬁ@ dreEt‘?e@ &bl e {{Fe Ry Bf'f:i:ﬁ s. For

the present sth Y %ﬂ%' H & s}tzoﬁld‘%h%%cﬁiﬁﬁ% b‘?ﬁ%&’ 01p t}’éﬁﬁﬁéﬁ)éa' | the -

monomers  pr& zed e a_l]! %he n%o%or%ler s) nttae 4‘% MOYP +h aC]E on

fg;é?g]r S? agbegmmng 0 the ﬁlc-’set age ﬁc(:a ms ance an an{o%rlllt 0 ‘ﬁlc ;;n%rr]lozm%rzl % of a

£ equivalent to the amount of the precursor desired may be added for the first

~ stage and the remainder of the monomer(s) is added prior to or during the
second stage reaction. An example of such a precursor is the preparation of
leucoemeraldine when aniline is the selected as the cyclic hetercatom-

containing monomer,

35 The reaction temperature for the second stage is changed, preferably
lowered. During this second stage, the remainder of the monomer(s) is
further polymwerized to produce the desired ICP products. For the present
Inventicn, 1t 1s not necessary to completely polymerize all the monomers
present.

40 If the reaction is conducted in a continuous reaction system, stage
one and stage 2 may represent different reaction zomes of a reactor or
different reactors. The reaction times for different stages, if there are any,
are adjusted to produce the desired ICP. The reaction times may vary for
the same reaction if conducted in different reaction systems. In general,




different reactors. The reaction tines for different stages, if there are
any, are adjusted to produce the desired |ICP. The reactlon tinme y vary
for the same reaction if conducted in different react oW ?%*@W% 63
general, 2 Decenber 2003 10 the reaction tinme is in the range of from 0. 05
seconds to 24 hours, preferably in the_range of from1l second to 12 hours.
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An ICP produced by the method of the present invention can be

further doped with a dopant under proper reaction conditions. If desired,

30 doping may be repeated several times with the same or a different dopant

by the same or a different method. Suitable dopants are known to further

increase the conductivity of an ICP. Examples of suitable dopants include,

but are not necessarily limited to: HCl, BFs, PCls, AlCl;, SnCli, WCls,

MoCls, Zn(NOgz)s, tetracvanoethylene, p-toluenesulfonic acid,
trifiuoromethyl sulfonic acid and mixtures thereof.

L
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In one method of doping an ICP, an undoped ICP is brought into
contact with a dopant material as a solid, liquid, vapor, or solution.
Examples of solvents suitable for making dopant solutions include, but are
not necessarily limited to N-methylpyrrolidone, methanol, ethanol,

40 tetrahydrofuran, acetonitrile, diethyl ether and mixtures thereof. Selection
of a solvent depends on many factors, including the solubility of a particular
dopant, chemical and/or physical compatibility between ICP and the
solvent, chemical and/or physical compatibility between the dopant and the
solvent and others. Preferably, a solution has a dopant concentration in the

45 range of from about 0.05 Molar o about 2.5 Molar.



contact with a dopant material as a solid, liquid, vapor, or solution.
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The_ graft copolymerization of the aromatic monomers within the
latex particles is efficiently initiated at room temperature and thereafter
30 continued at 0°C to yield a colloidal dispersion.

As discussed previously, the addition of methyl P-cyclodextrin (-

MCD) to the emulsified monomer mixture increases the compatibility of the
aromatic monomers (aniline, pyrrole, furan and thiophene) in the aqueous
phase by complexation. Because of the irregular size of the monomer

35 droplets, the swelling of the latex particles in the absence of B-MCD is
nonuniform and exceeded the predicted maximum particle size for a given
ratio of monomer to latex particle concentration. In the absence of the
latex, a typical mixture that composed of monomer, emulsifier, water and p-

MCD, separates into distinct organic and aqueous phases upon standing
40  undisturbed for a few minutes.

We have further discovered that the stability of the emulsified
monomer mixture can be significantly improved by the addition of a
minimum of 0.02 weight percent (based on the weight of aromatic
monomer) of a poly(viny! alcohol-co-viny] acetate=88/12) (PVOH) copolymer.
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of sodiumc ‘?‘broﬁt% n%eﬁh wthilee bgasingptr JOUCr GFhoreparge rate was then

changed to a sweep and 2.8% of a 10% aqueous solution, of SOLUSOL-7

was added to the mixture. The temperature of the reaction vessel was then

raised to 85°C. At this temperature 124.96 ml of the initiator mixture that
30  consisted of 0.35% of sodium persulfate and 99.65% of deionized water was
added to the reaction vessel. The monomer mixture was then fed into the
reaction vessel at the rate of 51.84 ml/min. As the polymerization
proceeded, the initiator mixture was added to the reaction vessel at the rate
of 124.96 m! every 15 minutes. The accumulation of solids was measured
every 60 minutes just before the addition of the initiator mixture. At the
completion of the initiator and monomer addition the mixture was held at
85°C for one hour.
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COMPARATIVE EXAMPLES 1-3

In these examples, 10.0 grams of an acrylic copolvmer, polv(ST-

40 4VP=85/15) latex, (concentration = 30 wt % solid content, average particle
size = 90nm) was combined with 3.5 grams of a 10 wt. % sodium dodecyl
benzene sulfonate solution and 7.0 grams of each of the respective aromatic
monomers: thiophene, pyrrole and furan. Each mixture was vigorously
agitated for one hour at 50°C. It was observed that in each solution the



hour with nitrogen while heating to 70C. The sparge rate was then changed
to a sweep and 2.81/0 of a 10% aqueous sol ution, of SOLUSOL-75 was _added to
the mixture. The tenperature of the reaction vessel wasZtPRgpmpgr2@883to gsC.
At this tenperature 124.96 ml of the initiator m xture that 30 consisted of
0. 35% of sodi um persul fate and 99. 65% of dei oni zed water was added to the
reacti on vessel . The nonomer nmixture wasthen fed into the reaction vessel
at the rate of 51.84 mi/mn- As the polynerization %roceeded the initiator
mi xt ure was cueldedrewatisemosaeeryiiwess giyreletard thiophepe) 1oMagyEhfsery 15
m nut es. Theepzosawhase.chABLEShIl i ds was neasured 35 every 60 ninutes just
before the addition of the initiatorgfrpigegAtgthe conpletion of the
initiator and nmononer addition the m xture vvas held at 85C for one hour.
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61.1 g of distilled water, 6.9 g of a 10% SOLUSOL 75 solutlon The

emulsified monomer mixture and catalyst (IM FeCls plus 1 M (NH4)2520s)

were added to the latex dropwise. The polymerization is carried out at 50°C

over a total of 3 hours. At the end of the polymerization, it was observed

30 -that a significant amount of coagulum was formed.

e |clefor

The polymer was isolated by centrifugation and washing with
acetone and acidified (pH=3) distilled water. FTIR spectra of the effluent
from the acetone wash showed no evidence of the P(8T-4VP=85/15)
copolymer which was soluble in acetone. The bands that occurred in the
FTIR spectrum, at 1550 and 1197 wave numbers, were characteristic of
pyrrole ring vibrations. A comparison of the FTIR spectrum with that
published by Chac and March (Hand Book of Conducting Polymers) for
FeCls polymerized pyrrole revealed that our emulsion prepared polypyrrole
possessed all of the spectral features present in the Chao et al spectrum.

L
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40 Further evidence for the formation of conductive polypyrrole was
obtained from qualitative evaluation of surface resistivity of a compression
molded briquetie. Because polypyrrole was infusible, a binder was used to
produce plastic flow at the molding temperature. The resulting briquette
was fragile and showed evidence of macroscopic fissures. As a result only



EXAMPLE 7 To a m xture that was conposed of 10 g of, P(ST-4VP=85/15),
copolyner latex (30% solids content), 99.5 g of di stl |l ed water, 20.63 g of
a .10% SOLUSOL-75 sol ution was added an emul sified non@nRecempen280325 The
nmononer m xture was conposed of. 100 g of pyrrole, 2.0 g of J3 -MCD, 61.1 g
of distilled water, 6.9 g of a 10% SOLUSQ,-75 sol ution. The enulsified
nonomer m xture and cat al yst (IMFed 3 Plus 1 M (NH4)2S2C8) were added to
the latex dro W, Se. The p ri.zation is_carried out at 50 over t ot al
of 3 hours. #F H?er%an%fo?ttﬁgﬁ%ﬁ‘gﬁ%%f&ﬁa&ﬁ SHqweghevihoes widneatirablt o

si gni fi cant ERTRAYITOf coagul um was forned. The pol ymer was isol ated by

centrifugation angl;e\g@§,kgn51&1t\§n 5ﬂ1thea@,§}fala@ &Hgtéﬁéed"f!@ﬂﬂ H?ﬂ:?&” Wléﬁétltéﬁd
wat er. FTI R 30664d aoaf oL R8s efﬁ dt ooé‘E'atc o?f@ﬁ%ﬁe W@% 15 PEHNR)/

cvidence of  Es gl isbaialdal aaorg %fgﬁéifru%ﬁ% sl fyee ore

The bands th ccurre
nunbers, were characteristic of pyrrEi(éMPh@ &i brations. A conparison of
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, was formed. The average size of the latex particles was 6685 nm.
’I‘ABLE I: Composition of Emulsified Aromatic Monomer Mixtures.

EX: P(ST-4VP=85/15) NaDDBS Monomer
30 30% Solids(g) 10% Soln. 7.00 (=)
1. 10 3.5 ' THIOPHENE
2. 10 3.5 PYRROLE
3. 10 3.5 FURAN

TABLE II: Use of methyl #-Cyclodextrin as a Vehicle for Improving the
Solubility of Sparingly Soluble Aromatic Monomers.

[
LA

EX: P(ST-4VP=85/13) NaDDBS Monomer g-Cyclodextrin
30% Sohds(g) 10% SOLN. 7.00 (2) (g
40 4. 10 0.5 THIOPHENE 7.00
5. 10 0.5 PYRROLE 7.00
6. 10 0.5 . FURAN 7.00

5
W



water was placed in a 0.5 liter reaction flask. The polynerizabl e rmnorrer'

m xture was conposed of. 75 g of aniline, 0.15 g of PVO4H, 133. 33

distilled water and 2.25 g of NaDDBS sol ution. The enti 2Desemb iefge

nmonomer m xture was added to the latex in the reactor flask dropw se. The 20
contents in the reaction flask were heldiat 50C under a nitrogen bl anket

for one hour. At the end of the hold period, the tenperature was reduced to
25C and t he t| nvvas arried out w ition cat al yst

(75 m of 1. W % %%S»ist?nﬁﬁ (%H&?z%r ﬂ?egﬁgg a%afep 2°¥

m /mnute at t Lﬁ’ 4 %mPB*Elé? of 3 hours At _the end of the 25

urim 31.0
‘nm  TABLE | :

pol ymeri zati G PYAT P )
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Corposi ti'on df EmilosiPrewlafRataSTc4XBrsaErFKPares. 30 90
EX: P( ST- 4VvP=85715) NaDDBSVbnoner 309501 1 ds(g) I0% Sol.n. 7. 00 (e) . .
1.103. 5THI OPHENE 3% 1985%PYaRpIas the193bls Urpppilipe MInOmAT FEKTyE is
P- Oycl odext r icampesed \aéhiky dolicsringningeiieptehehss Swighi PRToEnsf olssadiumyl y
Sol ubl e AfomgiodecNorrens . sUPh@atP( ST a¢rei8s pesrNs RIDESKOED medPeDyesighext ri n
30% Sol i ds( aptsnsChiNdistld gate) all. keC Rk ORHENEFagGl Snlte: SRYERORE?. 00
6. 100. 5SFURANm&fbrdér. 2 Decenber 2003 15 TABLE Il11: Surface Resistance of an
Ermul si on Prepared 7VSaKg) rT& ¢ ro e)/PoI ST- 4- VP o |tl EX:
Pol ymer Resi st ance L 5%9 gp% ﬁ%% pBaziqs ﬂ;ew 03
9.0 In these *ZR&HF %Cbtrﬂau%% &S ?R}F‘ i PH APt gt
conposed '8f €H&: Lo ekilig P g HY PTepAF 1 Ferg ARt MEFFE At 10
dodecyl benzé‘ﬁéh%%lrﬁﬁ%?f-&?é tooso,éldme;ﬂgmer BREades dﬁsmm:\reéhdf“eznwé}egﬁﬁta
percent of dilisted frdARBEEIV, aﬂtlcaaeb%élmcag@@i verte thaserbtinn cheacisi ghthof
monomer. W lseneydetrepmitiaes iy abdide opmogadr direplescome antingtioni ef thsi ze
anal ysi s t eckningnesiert battest abide mEimsicil onstwe ofi ther kopoedinet abiretpant i cl e
20 group(s). Another interesting observation that can be made from the data of
TABLE IV, is the reasonable agreement between estimated and
experimentally determined swollen polymer particle diameters.

TABLE IV: Comparison of the size of single and two stage emulsion
prepared polymer particles before and after absorption of aniline monomer.

25
EX: Emulsion Particle Size Estimated Size Swollen Size
: Polvmers (nm) (nm) (nm)
9. PMMA-4VP=85/15) 89 141 102
10.  P(ST-4VP=85/15) 90 143 134
30 11. PMMA-EA-SSA
=50/45/05) 685 1087 843
12. PMMA.EA-ALMA
‘ =95.8/4.0/0.2)/P(BA-ST-ALMA
=80/18/02) {1:4) 270 429 378
33 13. P{BA-Butadiene=80/40) 259 411 338
14. PMMA-MAA=80/20) 107 170 112
EXAMPLE 15
40 A mixture composing of 269.38 g of the latex, described in EXAMPLE

8, 20.00 g of aniline, 35.55 g of distilled water, 2.5 ml of a 2.0 wt. % PVOH
solution and 7.3 ml of a 10 wt. % NaDDBS solution was heated at 65°C for
one hour. The mixture was then cooled to room temperature (25°C). After
cooling 10 ml of the mixture was added to a glass reactor at 1.8 ml/min.
45 The reactor was previously charged with: 25.0 g of a 1.2 M aqueous HCl
solution,25.0 g of a 1.2M aqueous (NH:)23:03 (APS) solution and 10.0 g of
distilled water. The contents of the glass reactor were constantly sparged




15 size, TABLE 1V, could be easily prepared froma 3:1 weight ratio m xture
of aniline nononer to solid polyner particles respect iz‘(;ﬁ' % Er o bge dat a
listed in TABLE IV, it can be discerned that the sorpti“nm€ r?%;) f the
copolynmer particles for aniline nononer droplets was a function of the
conbnoner content and physical nature ofgthe cononomer functional 20
group(s). Another interesting observation that can be nmade fromthe data of
TABLE 1V, is.the reasonabl g e%ement bet en est i n%%(\j? and experinentally
det er ni ned 0\@ Bht B?Wr%ﬁ E‘ﬂ%@é‘;gl“&ﬁ%&p §°nt‘?REL 400 TeaHIp &P 8?1 %f the
size of si nBPES ZREEH MPPSRERTE e gFEd o) Pg aalfsefrteﬁ T ore and
after absor B%lil&FFS@fﬂEnF’MW%%‘PFE‘FTe ZS‘dEXatEﬁffﬁtsl(% Pard | ol &-5iMeAPSt i nat ed
Si ze Swol | epolstr MHyisyateP@ ml of 1.2 MnflCl solnpppnwpre fed into the reactor at

. 9. P( MV 4VIRE8 571/rB )8 Gl D02 mﬂ/mmmbw)mmmgmd@@md BlnvahEss SSA
=50/ 45/ 05) 6851di8&¢84Bad 2nR(viehiige fariachd MzA o£8368/d. 0/ 0. 2)/ P (BA- ST-ALM A
=80/ 18/ 02) (1:4)270429378 3513. P( ?%@%ﬁ;& =60/ 40) 259411338

14. P( MVA- MAA=80/ 20) 107170112 EXAMP m xture conposi ng of 269.38 g
of the | atex, dekcrthedekampXAMPLEsrfins 20. 80 gceoflicarbpolveger35PBIMA-Of
distilled wav@=352.5), Hteofthat doffipvded 46 BYQklrcentlsulilqgdlamdr padtitles ofasa 10 wt .
% NaDDB%; sobathbffedvesheatcthlatic @ oddher 813€110UThe Thdndthadt thietusasvydshen

cool ed to reanLb&iMss atsug &1 (¥nakhe, A4 8Tof £204 RADIIRTsobltid s MBXUSE Was
added to a gla36.d §aGLOGA! 0 Fo5 e 1 8 ﬁﬁoﬁlrea u%%ﬁgogolmn pmlm

char ged wi t fqp ng eaﬁt e&/ﬁﬁqg%gu% r% 9030001 12 M
agqueous (NS, (2 en 0?11 o? hiipadl rﬁ%&‘ﬂ%i ,E“g;“% QPR 16
with dry’ nlg(g ﬁ? E]e ‘Oﬁ 5‘% “the r@%f) %0k on a
dark green & ?} 2P REEEe 4 ool or had persisted for 10

m nut es, the nonapethendad lcbf&h@f’;ﬁ’olﬁﬁe@-izﬁ&bn(5&:-‘5@9143%111@151&:1Znﬁé AB&ins@! uti on

plus 50. 00 heOfcrd1id-aNhlifC copOluldrofhs WRAdf 8 bl NtlecirbRichBRCEHduative. 1. 6

m/nin. andsghd2dTbhflhe LESROGtANME dhd TRRIARE 8%, thdeddnvuediibs Qmdhesa

condi ti g, B&@sége@va{ﬁg%hgawmke Bhdbct®fe 6% Whge polymer should be
processable by current thermoplastic processing techniques as extrusion,

molding and thermoforming. The conductivity of this composite is recorded
in TABLE V.,

EXAMPLE 17

25 In this example 20 grams of an acrylic copolymer, P(ST-4VP=85/15),
latex that composed of .30 percent solid polymer particles was combined
with an emulsified monomer mixture. The monomer mixtire was composed
of: 18 g of aniline, 5.4 g of a 10% NaDDBS sclution, 31.68 g of distilled
water and 0.72 g of a 0.2% PVOH aqueous solution. The entire mixture was

30 then heated in a constant temperature bath for 3 hours at 35°C. At the end
of the thermal treatment, 10 g of the mixture was cooled to 2°C and titrated
simultanecusly with 6.0 ml of a 0.1 M (NH4)2S20s solution and 6.0 ml of a
0.1 M HCI solution.

A stable emulsion was obtained at the end of the polymerization.
The acrylic-aniline copolyvmer was found to be electronically conductive.
Optical microscopy has revealed that the monodisperse polvmer particles
were of the order of 25 to 83 um . Since polvaniline is intractable and
insoluble in the conductive state, it is envisaged that this highly conductive
two stage polvmer should be processable by such current thermoplastic
40  processing techniques as extrusion, molding and thermoforming. The

conductivity of this composite is recorded in TABLE V.
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EXAMPLE 16 In this exanple 20 grans of an acrylic copolyner, P(M LMA-
4\VP=85/ 15), | atex that conposed of 30 percent solid polyner rticles was 10
conbi ned with an enul sified nmononer m xture. The nono &E@&%Z@Qg‘
conposed of: 18 g of Aniline, 5.4 g of a 10% NaDDBS sol uti on, 31.68 g of
distilled water and 0.72 g of a 5% PVCH %ueous solution- The entire

m xture was then heated in a constant ternperature bath for 3 hours at 35C
At the end of the thermal treatnent, 10 g of the mxture is cooled to t5 2C
and titrat e@ABHE ManGomskyisant of the osunfacst resigtamze N NH@) SEES8 AnddR%t i on
and 11.0 nm cepolan®Ere2 M HO solution. - At the end of the polynerization a
stable enul sion was obtained. The acryljic-aniline copolynmer was found to be
el ectroni calBY: c@QUEMBR. Si nTHIPHENABE! i ne SSRFMTIREESST AANAE nsol ubl e
in the caeanductive state, it is 20 epgyisaged that this lghly conductive two
stage poly } i ng
techni ques d$- exthalsfaonine) MMy et her mof or mi ng. The conductivity of
this conposite | &83Fddd in TABLESY. EXAMPLE 17 25 138t s exanple 20
grams of an IicrylHoly(@opohe)Raly(SA-&VP4VP=85115), |atex that conposed of .30
percent -i0sol i d peidpnen)=parti cl es- was0conbi ned with an4@fl sified mononer
m Xt ure. The—+REAFEF—HHHFe—WasS—eQipose 8—g—of—antt+ne—54—¢ of a
10% NaDDBS sol ution, 31.68 g of di Lva)a%er and 0.72 g of a 0.2% PVOH
aqueous sol ution Th'l%h@mﬁmlbﬂi B oArXd 15 1048 8o 3R d e He fteiledth Hdveav £ONSEN DS
tenper at ure Rabhr-d Ghe AcRAW SoRllyrdefladl, HIRNAAdLVPESLMSG).t MEHdTRA tek T ©AE TNt
10 g of tsheﬂﬂe éférdeiﬂwésaclgﬁlreﬂatz&rz&lﬂ Oy i %Eﬁ'th%dperﬁéﬁw&%ﬁ@%iﬁﬁbéﬂﬂrth 6.0
m of a U. 1 %ﬁ % ? &%m 20n it y1<91deﬁa 9@39\(1:'\/'%"9}11&0&&{%&%? A
stabl e emul 519 g1 ¢ w0 of e Ralyirer, skl e ol

nd bhiTe QOtl cal

acrylic-anil l .ran Were nrI
m cr oscopy H3& %‘g %%BIZ#& g ?‘F’é’ % opcﬂ %%SH:‘@r 8]1 ymer paratl C vvere of the
order of 25 3% ?ﬁ?ﬁ%’(ﬁ ine is intractable and i nsol uble in

t he conductive state, it is envi sageE}QAh\EPIIEIils hi ghly conductive two stage

ol ymer shoul d be ocessabl at Si n
Fec%nl ques as. extt %& p&?% é]ﬂg‘?iﬂ %eég iﬁﬁgﬁlg J
this conp05|1t8E21°soor%8 FH’éHlel 15‘ VE%WEe Zﬁbg RBLE

Conpari son GPLWHe anffiag ek st 30 e & &al?%ss%%%mmqﬁ AGkdrs. .5
EX: POLYMER oHd ImiESEhe mixture was then cooled to room temperature (25°C) After

25  cooling 10 ml of the mixture was added to a glass reactor at 1.8 ml/min.
The reactor was previously charged with: 10.0 g of a 1M aqueous HCl
solution,10.0 g of a 0.81M agueous (NH4)2S20¢ (APS) solution and 40.0 g of
distilled .water. The contents of the glass reactor were constantly sparged
with dry nitrogen. After a few minutes the contents of the reactor took on a

30  dark green appearance. After the dark green color had persisted for 10
minutes, the temperature of the reactor was reduced to 0°C and the
monomer mixture and catalyst (141.00 ml of 0.8 M APS solution plus
141.00 ml of 1 M HCI solution) are fed into the reactor at 1.8 ml/min. and

0.8 mlmin. respectively. The thermal properties and electronic
35  conductivity of this material are listed in TABLE VI.
EXAMPLE 20

The emulsion polymerization technique described above was used to
prepare the acrylic copolymer latex, P(MMA-4VP=85/15). The latex was
prepared in a 3 liter reactor using 2.75 weight percent of the emulsifier,

40 SOLUSOQL-75. These polymerization conditions yielded a 29 wt. % solids
latex of average particle size 63 nm. The glass transition temperature and

the thermal stability of the isolated polymer particles were evaluated by
DSC and TGA, TABLE VI, respectively.
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um SURFACE RESI STANCE S2/sq. 16. Poly (aniIine)[Pon(INN%—41VT =85/15)=3:1
60 17. Poly(aniline)lPoly(ST-4vP 10 =85/15)=3:1 10 18. 75 49. 9k LE 18
The emul si on pol ynerization techni que descri bed above e epare
the acrylic copolyner |atex, P(N Lk-4VP=85/15). The |atex was 15 prepared
in a5 liter reactor using 0.5 weight percent of the emulsifier, NaDDBS. The
pol ymeri zation conditions yielded a 30 { % solids |atex of average
particle size 203 nm The glass transition tenperature and the thernal
stability of the |solated polyner EBBQMEHEEiMBre eval uat ed by DSG and TGA,

TABLE VI, respec |ve EXANPLg 1% re co osm g of the
| atex, descri bed‘ ’:Eposi’%g 0585654 %‘T rtF‘Fq | |l ed
water - 2.5 A% & 9"200"l ine o ¢
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room t enper ereiheur-29bp. mAftuE: W25 thes doalpdi® yomtemprraiig (FR8Chasiifdded to a
gl ass reactoroliang 10 8nhbf the mixTire weactdsledwasa less mastyr ehdrfaal/minh: 10.0
g of a 1M afheasmctdd] wasgiraticosly dx:Fed witha 1.8 Hbhgudodsagiey)2BAIS ( APS)
sol uti on angbl4fio, .0 ofdi 881M aguesnat &VHITROLEGRBrdodutddn bhd 4].@gsofr eact or
wer e const aftsk¥ledpRagnd Tha domtekits ¢f tHeOgRRs rAhétef wherk edynBiantlespip@edcont ents
of the fgackem &ﬂoﬁlt%ge% 30rtshas ko3 eRIM AP PIRAEANERLs ftherehdir dedlkkoaeen
col or “had pgg @g %t@étl fPbedncll NNEES thh NearteBRRhAtJIL hall fdRidie@abporionas
reduced to He% P ﬁ] tH{e r@Q of:atgt yeguéeldﬂmoe ot 1 0] @e8 M APS
sol ution pl Hﬂ%n@ (Jj’ Aﬁéos&lﬂﬁoﬁeﬁﬁ}sor at

: o Be M
1.8 m/m ipae?;l c*lufﬁﬁn | ?%react %Pi%o ﬁ

1 ec”on%ﬁ 08 m?q S a XH50 ¢ e a"tm

20 The I tech e S

prepar e theC‘Ht‘f‘i?I Ve {EF%W@FHF%L(@Q ﬁg ggg%f 85/ 15) . The | at ex was
prepared in a liter react or usi nm@;ﬂ@mlmht per cent of the emul sifier,
40 SOLUSQOL- 75. T se | ynmeri zation conditions yielded a w. % soI i ds
latex of average Esree R A L %rBﬁrf”é%p%%eat re and

the t her mal PERPAEP |the yacaY L ppalsBpaidgxpSPrien Hailsred éé wet8 18YeX WdSed by

DSC and?0rGAprepaReE 1y a 5 Btgyeraactas| ysing 2.75 weight percent of the emulsifier,
NaDDBS. These polvmerization conditions yielded a latex of 30 wt. %

solids content and average particle size of 80nm. The glass transition
temperature and the thermal stability of the isolated polymer particles
were evaluated by DSC and TGA, TABLE VI, respectively.

EXAMPLE 23

A mixture composing of 252.54 g of the latex, described in EXAMPLE
22, 25.00 g of aniline, 44.44 g of distilled water, 2.5 ml of a 2.0 wt. % PVOH
solution and 7.5 ml of a 10 wt. % NaDDBS solution was heated at 50°C for
one hour. The mixture was then cooled to room temperature (25°C). After
30 cooling 10 ml of the mixture was added to a glass reactor at 1.8 ml/min.
The reactor was previously charged with: 10.0 g of a 1 M agueous HCI
sclution,10.0 g of a 0.81M aqueous (NH4)2S203 (APS) solution and 74.0 g of
distilied water. The content of the glass reactor was constantly sparged
with dry nitrogen. After a few minutes the contents of the reactor took on a
dark green appearance. The temperature of the reactor was reduced to 0°C,
after the dark green color has persisted forl0 minutes, and the monomer
mixture and catalyst (141.00 ml of 0.8 M APS solution plus 141.00 ml of 1
M HCI solution) were fed into the reactor at 1.8 ml/min. and 0.8 ml/min.
respectively. The emulsion obtained from these conditions was unstable
40  relative to that of the initial latex described in example 20. The data is
listed in TABLE VI.
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EXAMPLE 24

The emulsion polymerization technique described earlier was used to
prepare the acrylic terpolymer latex, PIMMA-BA-4VP=45/40/15). The latex



45 2 Decenber 2003 18 EXAMPLE 21 A m xture conposing of 252.54 g of the

| at ex, described in EXAMPLE 20, 25.00 g of aniline, 44.44 g of distilled
water, 2.5 n of a 2.0 wt. % PVOH solution and 7.5 ni 3Decerobex 2008 NaDDBS
solution was heated at 50C for 5 one hour. The m xture was then cooled to
roomtenperature (25C). After <cooling 10 mM of the m xture was added to a
glass reactor at 1.8 m/mn- The reactot9was previously charged with: 10.0 g
of alM aqueous HC solution,10.0 g of a 0.81M aqueous (NH4)2S208 ( APS)

sol uti on amg

2p3:0f indistd h &d MALEE- ulhe 00Ns eRbEel pbheng! a53he eact or
wer e const anﬁq’ ypﬁé)arlggﬁD]ég rﬁ/og]}nﬁ1 hQQ&B‘n c%f[ﬁl%ox?s f-eM44d nutgsy tie
contents of 00k on

I O] AL ao%r% ARP %atﬂcg‘gmﬁf e 'rgnle;,sdark
e i TR el b, |
A. PS sol5ut|IEﬁ=Ft %ste¥4ﬂ" B:fr?faq’é' s %?é’ lﬁel nto the reactor

at 1.8 mM/mn. and 15 0.8 m/mn- rgmmmm% The thermal propertles and
el ectronic conductivity of this te[|a a

L % (a r% { I\/PLE 22
The enul si on pol 4 MEREYE SORPISTRHH tR1eo HEL PR S 5a F?c’r ? prepar e
the acryli c2€ckob§ gef analies 44t § CBAISKE nd waEery 5) mof (%6

prepar ed i ns@uBohiangr7.paatoba 1@5‘??1@/02\737131')@&3 gﬂﬂltlﬁér‘&%%be%?edt?feo °Lifier,
NaDDBS. 16Thesiee hoty nfhezatitore weadhen onsleditolndet s ekt (2300 soI i ds
cont ent andcavieraye mpiacf tld enishwe whs 8dded tThe ghssreactanst tlr%ﬁﬂ/mé?rper ature
and the therHalrestRbI &kt profioukle ¢leokad edithollyn®rg phrt i MesguemiseHélal uat ed
by DSC and JfRiciodABLES W 2 0.83PEELhRIsYINTRE . SRAMATES) 281 wtion xhdret.@gmiosi ng of
252.54 g of gibglelakder. de8Cidnbdsi dif EXANBEE re2or 28er@ogsbinthnsparsed 44. 44 g

Of distilleg; nitfogen AfRfr @-fe%w Chithutes /éﬂovéaﬂteﬁﬁ ditthe@Rreadtdr fodk oi aof a 10

x ‘%:jN?DDB folyOl} ‘@@?a&%a %Q&Jr@ fof tﬁ@‘%eﬁ'&gj% wr;'Efk%fm;:ééig) tggio;g&vas t hen
coo ed to ro m:ae Ler t oQ) i:ig ofh ure was
cdded 1 %h i 4‘018. R R o
( NH4) 25208 % EEjPEFP hveé?l € &nré’ g‘? t g &r%%l‘?l gt of the
gl ass ré%ctﬁ?qp\%%"%lbns fitaog ﬁ?t PB ﬁon ﬁg} ew ni nut es
t he cont ent zelative e waaddh etléﬁ’kalolr?t%lx S%Fé}f’ oF SSATID AT a

t enper at ur eligfedtinel4BREt ¥ was reduced to 0C, after the dark gr een col or

has persisted for1l0 m nutes, and thgampqnerg M xture and catal yst (141.00
m of 0.8 MAPS solution plus_141.00 m of 1 MHCLl soJution) were fed into
the reactor at 1TBe RIWE9D AADErigatipn feghnique described earhier ‘was used to

25  prepare the acrylic terpolymer latex, POIMA-EA-4VP=45/40/15). The latex

was prepared in a 3 liter reactor using 2.75 weight percent of the

emulsifier, NaDDBS. These polymerization conditions yielded a latex of

99.95 wt. % solids content and average particle size of 215nm. The glass

transition temperature and the thermal stability of the isolated polymer
50 particles were evaluated by DSC and TGA, TABLE VI, respectively.

EXAMPLE 27

A mixture composing of 252.54 g of the latex, described in EXAMPLE

26, 25.00 g of aniline, 44.44 g of dlstllled water, 2.5 ml of a 2.0 wt. % PVOH
solution and 7.5 ml of a 10 wt. % NaDDBS solution was heated at 50°C for

35 one hour. The mixture was then cooled to room temperature (25°C). After
cooling 10 ml of the mixture is added to a glass reactor at 1.8 ml/min. The
reactor was previously charged with: 10.0 g of a 1 M agueous H(l
solution,10.0 g of a 0.81M aqueous (NH4)2S20s (APS) solution and 74.0 g of
distilled water. The contents of the glass reactor were constantly sparged

40 with nitrogen. After a few minutes the contents of the reactor took on a
dark green appearance. The temperature of the reactor was reduced to 0eC,
after the dark green color has persisted forl0 minutes, and the monomer
mixture and catalyst (141.00 ml of 0.8 M APS solution plus 141.00.ml of 1

M HCI solution) were fed into the reactor at 1.8 ml/min. and 0.8 mVmin.



respectively. The emul sion obtained fromthese conditions was unstable 40
relative to that of the initial |atex described in exanple 20. The data is
listed in TABLE VI. OCAMPLE 24 The enul sion pol yneri za{TBJ?PQQ!EPﬁT 40@3
described earlier was used to prepare the acrylic terpolyner |atex,

P( NI NLA- BA- 4VP=45/ 40/ 15). The |l atex 2 I%Qc)enber 2003 19 was prepared in a 3
liter reactor using 2.75 wei ght percent<0of the enmulsifier, NaDDBS. These
pol ymeri zation conditions yielded a | atex of 29.32 w.% solids content and
aver age partespéatiwilye Dhe 88nisiofhebigiresk from ahese iconditonperat wmetalid t he

t her mal st akidtfity tofththef tboliakred lptdy descrilpar {1 ekampheRd. eVhe uttadsby DSC
and TGA, TABtEdVh,TABEREC i vel y. EXAMPLE 25 A mixture comnposing of 252.54 ¢
of the latex, described in EXAMPL g of aniline, 44.44 g of
distilled water, 2.5 mM of a 2.0 \%‘}.{&%B@%sol ution and 7.5 m of a 10 wt.
% NaDDBS sol ut i crhavasmligishashlpheb@6tibArtetbniofie dedribedhariiextsingedas then
cool ed to rHQELLE TRE R Ak Qekpddfrher Mkl POAVOA IRW 41 P85/ 20/ 15)heThe Xdtdke was
added to a&&@Sﬁrerp%il@& Ofy 3t 3L18cf fdlctbr wElSs I2AST RLidMRS pRF@YE O4S ltYe Char ged
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t enper at ur & VEERTY ’r‘a%g tgi@c%rﬂ:? 6}0 CHHTE k green col or
has persisted forl1l0 mnutes, and tEKAMF(DJEBB m xture and catal yst (141.00
m of 0.8 MAPSEO|U'[IOH plus 141 f%l HCé sol,ut,i.o ed into
the reactor at & ?Fﬁ%mp&%H‘gOOfB‘ ‘gfrf’ t3p 1pte %ﬁﬁf&)’@f si on
obt ai ned f r¥n2a W&o AR 4Gkt shwater, g 5l 0é 2t {ita b e
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EXAVPLE 26 dmeehewtil Sihermpsryaneas zhen sacked dhricquietedersat wed(288F) i éftelfias used
to 25 prepaobinghtl ael of the mixpobywes addedxoe PEIAA- RACHI\F=48100/8) . The
| atex was Prepaacdriwaapletivedy ceagedrwithi 1§.Q g75f wel it apeaosenHf t he
enul si fi er,sdNaDBRI0.Theda Qblyneguaatsi OFHQebudlst (AGHD sphweicdesnd Ml exiof
29. 95 wo %Uistilledsween! Eht dAtkravefate glass rehdos maee abntbhnin sgdreedl ass
transition &ambhatiFReanhtdia fheumutsat il dontdmmfoftthe résdbatet gohynmer 30
particles wei& &\vahUgipRdrdite DBfe 3BRpEGurd ABkEe Ydacthe o8 Gy dyto (e QAVPLE 2 7
A i XtUT € CORPOBAGA0L g2en eblof Hald ﬁ&%ﬂt@a%ﬂcﬂsﬁﬁme@e%ﬂmhﬁl monOMREE 26,
25.00 g of gaillpens Aatéﬂrsg (Pf1.60 341 54 69 VP4 BE, so%uéorf'{plwsg 181.80 Quibr 1% PVOH
25 M HCI solution) were fed into the reactor at 1.8 ml/min. and 0.8 ml/min.

respectively. The emulsion obtained from these-conditions was stable

relative to that of the initial latex described in example 26. The data is

listed in TABLE VI,

EXAMPLE 30

30 The emulsion polymerization technique described earlier was used to
prepare the acrylic terpolymer latex, P(IMMA-EA-4VP=70/15/15). The latex
was prepared in a 3 liter reactor using 2.75 weight percent of the
emulsifier, NaDDBS. These polymerization conditions yielded a latex of
29.74 wt.% solids content and average particle size of 126 nm. The glass
transition temperature and the thermal stability of the isolated polymer
particles were evaluated by DSC and TGA, TABLE VI, respectively.

EXAMPLE 31

A mixture composing of 252.54 g of the latex, described in EXAMPLE

30, 25.00 g of aniline, 44.44 g of distilled water, 2.5 ml of a 2.0 wt. % PVOH

40 solution and 7.5 ml of a 10 wt. % NaDDBS solution was heated at 50°C for
one hour. The mixture was then cooled to room temperature (25°C). After
cooling 10 ml of the mixture was added to a glass reactor at 1.8 ml/min.

The reactor was previously charged with: 10.0 g of 2 1 M aqueous HCI
solution, 10.0 g of a 0.81M agueous {(NH4)2S:05 (APS) solution and 74.0 g of
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solution and 7.5 m of a 10 wt. % NaDDBS sol uti on was heated at 50C for 35
one hour. The m xture was then cooled to roomterrperatgs 25% rﬁ%f IL'ﬁer
cooling 10 M of the mixture is added to a glass react & DgremBerg003 The
reactor was previously charged with: 10.0 g of a 1 M aqueous HO solution,
10.0 g of a 0.81M aqueous (NH4)2S2O8 ( {A‘ PS) solution and 74.0 g of
distilled water. The contents of the gqass reactor were constantly sparged
40 with nitrogen. After a few mnutes the contents of the reactor took on a
dark gr eendiapledremee. TEheontarperdtibeeglobs rhwctoe ssrecopaanibdsrE@eio 0C,
after the wthkdrgreergenl otftdras fqve nsnstedtHeorb@ntis it e rezgidr t4ok smAoMer
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was unst ableydiel o%!le!&‘) bard 119cfo éﬂ?eeréal?:u;csﬂ L) 1'9%%5&:{d begl rilmexanpl e 24.
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to room t eerpenpleul e apd503).0 gAfht distilledol atey. The whnisints 98 the elafserepg®radded to |
a gl ass rewetocorstatl® sphrgddnwithTéey neacgcr Thasteprmaratuesl of disaregewiwi t h:
10.0 g of wadrMwegdenus CGGhd gel mbhomet GnitgreofndcaBit (AgL8oubof NBY) 2S20s
(APS) sol uM aPSaRelufich Qg QR120 dilséf bl U HEt sexlutidhe weontfedt mtofthehe gl ass
react oo Wefe cE et BBthYmSRASOED.8 Wthird r¥splctivege Thébiailsianfobnaimedut es t he

contents Ofrohhﬁlerss%h&&mhe%soaame OBRK d8f LRI APPSR THRIEE VIDe terrperature of
the reactor was_reduced t after the dark green co Or@@ﬂﬁ .si sted

for10 ninutes, BpE € H%?néhﬂt@% atps hgr dhsaey GRPAPRRTRE 14F -0 8 M APS

sol uti on pm%mraucmlmebf by pEtiRtiael the| mplvereriaadion redhi ibe gk Heactor at

1.8 n/ mi npreamehsdy repaned poly (aeypiscaniiliob)seeRinrefonnl-si on obt ai ned fromthese

-conditions was stable relative E&%@? faathe initial |atex described in |

exanpl Ee’ 26. The data-is listed in I‘:T"%33 . |
The emulsion polymerization technigue described earlier was used to |

prepare the acrylic terpolymer latex, POMMA-EA-4VP=75/10/15). The latex

was prepared in a 3 liter reactor using 2.75 weight percent of the

emulsifier, NaDDBS. These polymerization conditions yielded a latex of |
30 29.99 wt. % solids content and average particle size of 83 nm. The glass

transition temperature of the isolated polymer particles were evaluated by

DSC. The data is recorded in TABLE VII.
EXAMPLE 34

A mixture composing of 252.54 g of the latex, described in EXAMPLE

35 33, 25.00 g of aniline, 44.44 g of distilled water, 2.5 ml of a 2.0 wt. % PVOH
solution and 7.5 ml of a 10 wt. % NaDDBS solution was heated at 50°C for

one hour. The mixture was then cooled to room temperature (25°C). After
cooling 10 ml of the mixture was added to a glass reactor at 1.8 ml/min.

The reactor was previously charged with: 10.0 g of a 1 M aqueous HCl

40 solution,10.0 g of a 0.81M aqueous (NH4)2S:0s (APS) solution and 40.0 g of
distilled water. The contents of the glass reactor were constantly sparged
with nitrogen. After a few minutes the contents of the reactor took on a
dark green appearance. The temperature of the reactor was reduced to 0°C,
after the dark green color had persisted for10 minutes, and the monomer




EXAMPLE 30 30 The emul sion pol ynerization techni que descri bed earli er was
used to prepare the acrylic terpolyner |atex, P(MM A- VP 70! The
| atex was prepared in a 3 liter reactor using 2.75 wei tbeé’ the
emul sifier, NaDDBS. These pol ymerization conditions yielded a | atex of
29.74 w.% solids content and average garticl e size of 126 nm The glass 35
transition tenperature and the thermal22tability of the isolated polyner
particles were eval uated by DSC and TGA, TABLE VI, respectively EXAMPLE 31 A
m xture caompasiragndfca2adRsb414)1.06 nilhef ¢ 3tXAPSestuli®e @lun 1EXODRLE0f 30, 25. 00
g of aniliMeHCsotdtignowesd $dd (dt@Gthaetictor?ad 108 ndlfmsh.2add \0t8 nBWEH 40
sol ution ardpdetbeW. OTha 48 ulion %eABRERRES fBRLhUIRAR YARIi116AL adadlstBe for one
hour. The yaixh¢l @ Wagt bReRe qﬂ&la@qafs& ORI TRE R b HipFe (3%5C)I‘beAth%rls cool i ng

10 M af tlﬁegﬁﬁm added to a glass reactor at 1.8 m/mn. The
reactor was previously charged with: 10.0 g of a 1 M aqueous HCl sol ution,

10.0 g of a 0.81NL. aqueous (NM)EKMP@ES? solution and 74.0 g of 2
Decermber 2003 24 o"s\’?&ce fzaTJ‘§4 t%gtlgte%édgﬁlb%ldaiisl‘?{. wer e

constantly. ents of

t he reacto%élfgo(%? Ofgam ?E @ Eg ﬁ g@ l1?he 18 e‘T’ {lur e react or
was reduced ¥ mbén PtB o e 891G 15 1 m nut es,
and t h€ no Put-g %(f’i‘}?‘eurénﬁaﬁ A9 r@GmnfeIBPerGt‘SrEI\/l ut i on
plus 141. 092 r@c?fct% VRS RRgree8 it ol \He? aflobfl aasusHEC %eﬁep,

m/min. arfd 20081M Aareous NEEpe?aQ svfe@lIiS Spllretlerrxml%O@mfdbﬁrallﬁ@éwartﬁbﬁpdhese
condi t i onsthaof skapply(agrsligriniieng datdrade stibeddni axanipde 2% {lde agssentsbed in
exanpl e 2&f the ¢hkisa irsactbi swede i poiRABLEY VIspatgdaXAMPhE B2ogemi xt The
conposisng tefnf2s2i1b4 of Gfe tdaetdravex redesst tdH@Ci andEXVRIdnomd, m2kt 3@ g of

ani line, ldhdddagpledt 43100 in¢dbi\Wed &, APS Sohdtied phus2101.00. mPePYQH Hl uti on
and 7.5 msobdtien)lGvere. 196 NabPBSeS Alubio®Nat S1lBeahpaiial &HAC d.8r ml@A:hour. The
m xture wasshdteivetPo! Ttet OMLDINM tATREIA Wn (2RE) - cotiddtidds WL istahiass

reactor waslahdl 684 bhihd OnRiad 19fed REsdr¥RXiPLeRALEA 28N TEXaIRkLE 17 and
74.0 goof j¢lirsd i) TodkM@tgg- The contents of the gI ass reactor - were

constantly sparged wwth dry nitrogen. The tenperature of the reactor was
reduced to 0 C, and the nononer rﬁ%i-t"ﬁMBI&haﬁcat alyst (141.0 m of 0.8 M APS

sol ution plus me&mcom‘ okirld 69550} Utdran) 14BLC Al &dlientin fRENAS Feact or at
1.8 nilmn e%cbd) S'prsfs s\éﬁ A %'eé gg'ffl vfgbf LA 9egvdgom these
?S

condltlons
el uci tes e a% ml o? QBEBF:JY e%tﬁ DE%SE %éol ynmer by
nt e \ﬁagﬂ GFP. ?1 te erature
i nitiati ng U pl%l % é[
e mixture was adde to a glass reactor at 1 8 mb’mm
The reactor was prekusly charged with: 10.0 g of a 1 M aqueous HCl
solution,10.0 g of a 0.81M aqueous (NH4)2S20s (APS) solution and 74.0 g of
distilled water. The contents of the glass reactor were constantly sparged
30  with nitrogen. After a few minutes the contents of the reactor took on a
dark green appearance. The temperature of the reactor was reduced to 0°C,
after the dark green color has persisted for10 minutes, and the monomer
mixture and catalyst (141.00 ml of 0.8 M APS solution plus 141.00 ml of 1
M HCI solution) were fed into the reactor at 1.8 mlVmin. and 0.8 ml/min.
respectively. The emulsion chtained from these conditions was stable

relative to that of the initial latex described in example 26. The data is
listed in TABLE VIIL

Ly
in

EXAMPLE 37

The emulsion polymerization technique described earlier was used to

40  prepare the acrylic terpolymer latex, POMMA-MA-4VP=75/10/15). The latex
was prepared in a 3 liter reactor using 2.75 weight percent of the
emulsifier, NaDDBS. These polymerization conditions yielded a latex of
29.81 wt.% solids content and average particle size of 123nm. The glass




previously prepared poly (acrylic-aniline) seed preform 25 EXAVPLE 33 The
emul si on pol yneri zation techni que described earlier was_used t 8 are the
acrylic terpolymer |atex, P(1VMA-EA-4VP=75110115). The ?:R%‘?@mﬁﬁ'é és par ed
ina 3 liter reactor using 2.75 weight percent of the enulsifier, NaDDBS.
These pol ynerization conditions yielded a latex of 30 29.99 w. % solids
content and average particle size of 823nm The glass transition
tenperature of the isolated polyner particles were evaluated by DSC. The

data is recesfftiohtedpBizubeLof EREANBlES &ﬂé%ﬁﬂt&l@@%%é@u@iecﬁ@@ 54 g of

the | atex, ]ﬂ@@%h@%‘étﬁf‘swlﬁn'ﬁ@ﬁ% 0 g of aniline, 44-44 g of
dlstllledwater ) wt . /oPVO—| solution and 7.5 mM of a 10 wt.

% NaDDBS sol uti on vvas heat ed at SMIPLE'{%S hour. The mixture was then
cooled to room tepperabyhg (a g‘)of fotﬂ o??ﬁ’é W10 18- 3010k ptlh’f?im{’fi e was

added t as@* @ﬁ%d«?%ﬁdaﬂﬁm% BJ d ?te&e %t Io %cP ‘?:‘ by char ged
Wi th: 1% nan 0’1 1 vgas eate a% eous
(NH4)28208 ﬁut‘?o 5% ?ﬁ 2B KR ts of
the glass % %rfea‘hﬁ Omrﬁ ‘ﬁﬂﬂ% afe <A? iy

m nut es t h&of ﬂ%&&gllaf empétae %ﬁoa glas krea fé’ér? apy é’h‘Be The

t enper at ur el R TeAHEOT Seast BreViRRsly shas Oagrd el fieoye dékl col or

had per$i stse{t4sr 10 0ng ﬁiu@é’sSl‘érﬁﬂReﬁéS WP\@@POE (@E@éﬁ@é‘rtwm 20.0hgvfure and
catal yst (x4atibel matef. Th@ comPests of ube ahagsl eclorl were ppnwhntly amgd

sol uti on) wetk fietgent oAfthe areac tuinusds theBcorteniaof thmdeft8r mbolf nhm
respecti veldark HreeeaubsiramcoTad netdpéraanrd bbge samadint wansedvaedsbdble
rel ative taftdratheodarkhgrdeni ¢dléd hhattsdest fdrhodminutexaapd ehd8lmodheedata is
S5 listead | mikABtEaVh cabXAMPUE 13D AlBIXLYINE mﬂ@@ﬁﬁﬂﬂl Phus26Q2. 6% nd «Ff1 t he
| at ex, desquiiled sbutfNPAE fed0intd3h00edcRt AM Bi A®mMik0a44 @soheiistil | ed
water, 2.5 glpQtival2. OTME . en:(‘&P}Q" ob? il E‘Bnﬁrtﬁege ofhitnsawh@ %able/o NaDDBS
sol ut i on i S eakes %%@t%%a 9{1 ] 1905 BUMbedNE XS RE W8S ’rg@faa%)

room t enpengal tmyc? reactor was charge W|th 10. a 1 M
aqueous Hd ution, of a 0.81M aqueous (NH4)2S208 (APS) sol ution,
74.0 g 8f EABLElI ¥ Wateemaamhd dRcrich]l prlvpepnts CAdnylinsically |cdondctivt ex

descri bed ipoleramblceardBne ltvpotyanteedmsposifest he gl ass reactor were constantly

spar ged WWMW to 0C
and the no PiSPxture ﬁffl&‘%s At st (14 0 MLlsE™ & RicaPs sol on plus

141. 00
osmﬂgnm_' \ >
- stable 19" BY ig/aniline=41 694 1400 2.95 28M
20. P(MMA- 4VP= 85/15) 63 1181 1.14
21. EX. 20/aniline=4:1 753 133.4 3.32 9.4M
50 22, P(BA-MMA=85/15) 80 -33.3
23. EX. 22/aniline=4:1 Unstable Emulsion
24. P(MMA-BA
-4VP=45/40/15) 83 38.9
25, EX. 24/aniline=4:1 Unstable Emulsion
35 26. P(MMA-EA
-4VP=45/40/15) 215 52.5
27. EX. 26/aniline=4:1 Unstable Emulsion
28. PMMA-EA
-4VP=65/20/15) 108 80.7
40  29. EX. 28/aniline=4:1 10,526 92.6 3.29 0.82M
30. P(MMA-EA
-4VP=70/15/15) 126 93.8 1.11
31. EX. 30/aniline=4:1 4,913 104.1 3.04 3.11M 1.13x10+¢

45 *In air @ 200¢C




relative to that of the initial latex described in exanple 28. _The data is
20 listed in TABLE VII. EXAMPLE 36 A mi xture conposing of 252.54 of the

| atex, described in EXAMPLE 28, 25.00 g of aniline, 1@ Racembe a%Q?n |l ed
water, 2.5 mM of a 2.0 wt. %PVOH solution and 7.5 m of a 10 wt. % NaDDBS
solution was heated at 50C for 25 one hour. The m xture was then cooled to
roomtenperature (25C). After coolin@40 nl of the mixture was added to a
glass reactor at 1.8 mi/rain. The reactor was previously charged with: 10.0
g of a 1 WARUBOVSI: HChersal promuriikd. 6 gcBiflica cOpdiMeasiuatlSo(iNEM2i5208 ( APS)
sol uti on andird.dngpoefitesdi stilled water. The contents.of the glass reactor
were constantly sparged 30 with nitrogen. After a few mnutes the contents

of . the reagpt.or poyokv@R @  dark QVGEKPE@HWI%@%LYThePRﬁW"PEBr@Qthhe
reactor was reduced to 0C, after n r per ed forlO
m nut eé and the nononer m xture %ﬁﬁ@g\@ﬁf q; OT%]fé . RPs

sol ution pkus PAIODS. mzega,fjb) M HCI solutionpowere fed into the reactor at
1.8 m/mgg, an@(m@w\fpthﬂﬁﬂe%me%y vel y. 1Bhes emul si Ofla%bé ai ngg from these

condi ti on§3was;?mjg1\eﬂ,—p /4@ that of tlt@g nitial at ex described in
ex?rrpllg 264 The 2_45p. Eﬁﬁl Lo %/%VI liq IaEt 37 & enu) si Otnh

e TTe T B P e 45 5, t‘”ep‘”i repar ed
acrylic tecp T 5 : 45 b e
ina3liggrr | Pt )pofthe ifi NaDDBS.

\ émjf%‘wg
These pol [ rigizlfsé’@sj@ | ded a Ia of 29.81 vvt % sol i ds
content afd av SR Pt %n’%ﬁnfesgflziﬁﬁﬂ% PRE gl ass 2 1B8bnbe?-22003 23
transilti of 't enpEMM AR P-MATHRIIPE8) at ed pol yRE(7 particles were eval uated by
DSC. The déta M@éﬁr‘@e&%ﬂnﬁmﬁoﬂﬂ&mm@@& 38 A nilRfif e cbfiposi ng of
252. 54 g of—the tatex; describedTmEAMEE—5—37—25-00—g—of—antti ne, 44.44
g of distilledThat érreg@ns rkamples 2r0 mtendedPVioHy $oi thieopuamsteZ. & nl of a
10 wt. % NaDEBSisplht possenasnhentied dthe5OEchidd noobe ihestprefBdeontinttur e was
t hen ceool etk tpiritonn temeasfahy MretdOnveAtibewhizokidaiel} Gefiineafbst tie M xture
was addedfdlwanglchams eactor at 1.8 mImn. The reactor was previously
charged with: 10.0 g of a 1 N1 aqueous HCI 10 solution,10.0 -of a 0.81M
aqueous (NH4)2S20s (A. PS) solution and 40-0 g of distilled water. The
contents of the glass reactor were constantly sparged w th nitrogen. After
a few mnutes the contents of the reactor took on a dark green appearance.
The tenperature of the reactor was reduced to 0C, after the dark green
col or had persisted for10 ninutes, and the nononer



15 m xture and catal yst (141.00 m of 0.8 M APS solution plus 141. 00 m of 1

M HC1 solution) were fed into the reactor at 1.8 mMImn,_ and O, 8
respectively. The enul sion obtained fromthese conditi oﬁ@%ﬁ%“b?&@p@:;

relative to that of the initial |atex described in EXAMPLE 37. The data is
listed in TABLE VII. 20 TABLE VI: Thermal and el ectrical properties of
intrinsically conductive poly(acrylic-aniline) copolyner conposites 25
Exanpl es Particle Size Tg W. Loss* Surfagg_VOL. (nm (C) % Res.( ?/sg)_
Cond. (S/cnm) 18. P(1MNLA-4VP =85/15) 203 19. EX. 18/aniline=4:1 694 20.
P(M\LA- 4VP=85115) 63 21. EX. 20/aniline=4:1 753 30 22. P(BA-NLMA=85/15) 80
23.. EX 22/,&;“ li.ne=4:1 24. P(MM A-BA -4VP=45/40/15) 83 25. EX :

24/ ani | i ne=4"Vf ‘Mg P(l 11INLA- EA - 4N-P=45140/15) 215 27. EX

26/ ani |l i ne= 4 1 28. P(NI XLA-EA -4VP=65/20/15) 108 40 29. EX. 28/aniline=4:1
10.526 30. P(MVA-EA -4VP=70115/15) 126 31. EX 30/aniline=4:1 4,913 122.2
0.86 140.0 21.95 28Mnethod. forl pepariyn . an ntdasiellyMeondBtise Wepohybiee Elmpasltmn
38.9 Unstable EmJI spl.ongSZ 5 Unstable Enulsion 80.7 92.6 3.29 0.82M 93.8

1.11

5 preparing an emulsion Jatex in a medium;

forming a mixture which comprises at least one cyclic heteroatom-containing
monomer, the ernulsion latex in the medivm and an additive under a first condition
effective to maintain the emulsion latex in a first stabilized emulsion state;
causing the cyclic heteroatom-containing monomer in the mixture to polymerize

10 under a second condition effective to produce the intrinsically conductive
copolymer in a second stabilized emulsion state;
optionally, separating the conductive polymer from the medium; and
doping the conductive polymer with a dopant, wherein the doping is carried out by
contacting the conductive polymer with the dopant in a solid, liquid, vapor or

15 solution state.

2. The method of claim 1, wherein the emulsion latex comprises a polymer prepared

. from at least one monomer selected from the group consisting of acrylic acid,
methacrylic acid, methyl] acrylate, ethy! acrylate, propy! acrylate, buty! acrylate, 2-

20 ethylhexyl acrylate, methyl methacrylate, ethyl methacrylate, propyl methacrylate,
butyl methacrylate, poly(ethyleneglycol [200/400]) monomethacrylate, ethylene

glycol diacrylate, ethylene glycol dimethacrylate, ethylene, butadiene, isoprene,

vinyl chloride, styrene sulfonic acid, allyl acrylate, allyl methacrylate, styrene, p-
methylstyrene, 4-vinylpyridine, 2-vinvlpyridine, N-vinylpyrrolidone, acrylamide,

25 methacrylamide, N-methylolacrylamide, dimethylaminoethyl acrylate, and
mixtures thereof,
3. The method of claim 1, wherein the cyclic heteroatom-containing monomer 1s

selected from the group consisting of aniline, substituted anilines, thiophene,
30 substituted thiophenes, furan, substituted furans, pyrrole, substituted pyrroles, and

mixtures thereof; and the additive is selected from the group consisting of




104.1 3.04 3.11M 1. 15x10-4 45 *In air @ 2000C 2 Decenber 2003 24 TABLE VI I:

Thermal properties of acrylic copolynmers and poly(acrylic- anjli é
conposi tes EX: POLYMER EXPERI MENTALLY PREDI CTED COND. DE'FEP&WNIEB’ 2@ %:) Tg( O

104 S/ cm 18. P(NL?VLA- 4VP=85115) 122. 2 32. P( NEN
A- 4VP- ani | i ne=68/ 12/ 20) 137. 5138. 50. 5 33. P( NaLA- 4V- P- EA=75115/ 10) 103. 2
34. P(MNLA- 4' VP- EA- ani | i ne-=60/ 12/ 8/ 20) 117. 5121. 90. 7

30. P( MVA- 4VP- EA=70115115) 93. 8 -26-

35. P( NLVLA- 4VP- EA- ani | i ne=56112/ 12/ 20) 107. 0113. 62. 0

28. P(. NL' VLA- 4VP- EA=65/ 15120) 82. 0 36. P( NI NLA- 4VP- EA- ani | i ne=

3. p(. D 1A, avp R it ey FPRR G0t s 0A ). pobivrt aceel o
are intended onlgcigdextringpatisiposkelaei cydlbdaxain aid mixtirkethpreeent i nvention.

They should not be interpreted to limt 20 the spirit and scope of the
present invention which is solely defined by the followng clains. 2

Decenber 2003 - | qi hod .f ' | ;r}ﬁé bl Yed
conducti ve %opolz’a e%e@ﬁg%?g}aﬂxpoﬁdﬂg%enﬁgﬁeseﬁ%ﬁ ‘E%ﬁ%‘%@%&k gtr?rgl rrulrgji?oﬂnay? at ex
in a medsum f orfimoat dedst Xond reondmme heloredr fram thatgrdupa sonsistieg oyfcadrglic acid,

het er oat om cont ai ni ng . nongner, the emulsion |atex in th di um and

addi tive under dnPARYIC e PHEH BeYlFEct ISRl helT AR AL HE BHTI PR 2t ex
ina first stabild i Stat.La LN NG it | methacrylate,
het er oat om cont a‘J'ltﬂlr?lﬁ ﬁ%yﬁog%yg%éélg q?anﬁ}tqﬁ%ﬂrln&g*’%’e&?%nggl y‘?qr'talY rai 28 ropfo me(::nda(‘aziy %e
second condi t i orbutfif methaarglatey polyfethylend lgtycoh {20040 amopomethdery tates ethylene

copolymer in a second, stabilized emyl siop state; . optionall separating the
conducti ve pol yr?gl’“‘? rdéfﬁﬂalﬁ%f ﬁéﬁ?e&ﬁ]ny}é‘f?& ‘@Bﬁ‘&‘ﬁﬂﬂaﬁe eb@’g%ft?ub?ﬁffg"ﬂ% W?BF“\% th a
dopant, jgherein \Iillci}q HRRIdRIstyfent ALKHIRE a61H! alBN 2c60416, 20k RERAEyISONSURhE VS

0

polymer with the dopant in a solid, liquid, vapor or 15 solution state. 2.
The net hod of clméthylstyrenie devinylpyridiean A-sinpipyTidinex Novnppyrekidenep geiylaspide,

preper e oM She Sl ORI REVSEISS, G Roa,FR09SL e

acryl ate, butyl migtivéstheeo

15 5. The method of claim 1, wherein the dopant is selected from the group consisting of
HCl, BF,, PCls, AICL;, SnCly WCls, MoCls Zn(NO3)s, tetracyanoethylene, p-

~ ‘toluenesulfonic acid, triflucromethyl] sulfonic acid and mixtures thereof:

6. The method of claim 3, wherein the cyclodextrin is selected from the group

20 consisting of alpha-cyclodextrin, beta-cyclodextirin, gamma-cyclodextrin, beta-
methyl-cyclodextrin, triacetyl beta-cyclodextrin, sulfated beta-cyclodextrin,
hydroxyethyl alpha-cyclodextrin, hydroxyethy! beta-cyclodextrin, hydroxyethyl
gamma-cyclodextrin, hydroxypropyl alpha-cyclodextrin, hydroxypropyl beta-

¢yclodextrin, hydroxypropyl gamma-cyclodextrin and mixtures thereof.

25
7. The method of claim 1, wherein the second condition comprises a first stage and a
second stage the first stage wherein less than 10% by weight on the basis of total
weight of the cyclic heteroatom-containing monomer is polymerized at a first
reaction temperature to form a precursor to the intrinsically conductive copolymer
30 and a remainder of the cyclic heteroatom-containing monomer is polymerized at a

second reaction temperature and third conditions effective to produce the




20 et hyl hexyl acrylate, methyl nethacrylate, ethyl nethacrylate, propyl

nmet hacryl ate, butyl nethacryl ate, poly(ethyl eneglycol 0/ 400)

nononet hacryl ate, ethylene glycol diacrylate, ethylenegégyﬁﬂpge}2°°3

di et hacryl ate, ethyl ene, butadiene, isoprene, vinyl chloride, styrene
sulfonic acid, allyl acrylate, allyl nethacrylate, styrene, p-

nmet hyl styrene, 4-vinyl pyridine, 2-vinylpyridine, Nvinylpyrrolidone,
acrylam de, 25 nethacryl am de, N-nethylolagryl am de, di nethyl am noet hyl
acrylate, and mxtures thereof. | The nethod of claim1, wherein the cyclic
het er oat om cont ai ni ng nononer is selected fromthe group consisting of

iline, substituted anili t hj 30.. t.j:t ut ed thi oph f ,
SUbst i tut ed T ur anE TSR PR EIOPP TS g P Dabiital Sutioh SRS Wit
and the additive degondabiapirathrd isQvdriBarOthe dpst emser&tdeng of 2 Decenber 2003

-26 pol yvinyl alcohol), partially hydrolyzed polyvinyl acetate), poly(vinyl
acetate), cyclodextrin, partially alkylated cycl odextrin and m xtures

t hereof. 4. JThe th feclal er.ei.n.: j.on | atex co i a
pol yrer  pr ear ed KSFPah &F Pelbiieond M s Stephd B "Gt
consi stiny of acrephipgisiagi d, methacrylic acid, nmethyl acrylate, ethyl
acrylate, propyl acrylate, butyl acrylate, 2- ethylhexyl acrylate, nethyl
net hacryl ate, et Pyepaiies paemysgndatey ibpaqueatsiaediViiat e, butyi net hacryl at e,
pol y(et hyl ene gl -%0 . n hacryl , Bl QY hen 0 o

di acrylate, et hyﬁ%em I%ygg#t%gél }rveh@agég;ﬁg Jg%g,axe]t s?logge,gy%lgtgcé?rg%%% 'Tloé%aé?%%e,
10t \ﬁl nyl | C[ﬂ ori ?@norf@hi;éf,ethe eﬁ‘tml;]sﬁcfm{aﬁsxaml ttle 2@&40)415 lnaszilh_;dé ahé,angddld_iﬂvel under g_rst

nmet hacryl ate, styrepe, p-. nethylstyrene, 4-vinylpyridine, 2-vinylpyridine,
N-vi nyl pyrrol i dosendigen effastivede maifisit ther sinalsiond: tex it Sablized £Rkgion

di met hyl gym noet hylacrylate, and mxtures thereof. 15 5. The method of
claim1, wherein the d}zg;\g |Iswgtgyecteg fromthe gi‘;oup consisting of Hd,
BF3, PCI5, Al C 3ca8m@ a8, SwagliiNeB iR, eyt rhateysatorpidoptagneg mpnomer

t ol uenesul foni c gi%lﬁ‘& tté\%-Ll uogh%)nﬁ hy| sgllbef oni.c acigl.and m xtures,thereof. 6,
The et hod of cl BHS" RREFEIEN OHbe EHeirstiTom Goatelare oiouamet Bt e~ oup
20 consi sting of (AhdlhResaChtoffint FdabtioPRipefitiat QHE thilérbecSRIMPRLIAKE! FHeHLE I N,
beta net hyl -cycl odextrin, triacetyl beta-cyclodextrin, sulfated

bet a- cycl odext ri i prasdyes Gxpeewydr i Hheainsmindicadiaxeanidactivey deppkyeerhin 2 second
bet a- cycllsodext ri Eiabiﬂ%é%f %}ﬂ?&Mm . g%ima cycl odextrin, hydroxypropyl
ydr oxyp

al pha- cy€l odextrin, ropy eta- cyclodextrin, hydroxypropyl

gamma- cycl odext r tsnvaniggnihet preesrsbnandofemiindér ofhehemeidlizd hefersdtathdodtainirer ei n
t he second condition co,rrpé’j)ses .a first at age and a second stage. the_first
stage wherein | eRSNPMRgn tepmgfuisat 4 aecoph reagBon kEipsrabire @ad ypdentrdypandiion he

cycl i c_heter oat opa0L &) HloRded MOQDRIuch%e BROWRLIACANRY SBHNIALS Lo RACkLEN

tenperature to forma precursor to the intrinsically con ive copolyner 30
and a renmi nder whertinghesecbnd tehpemnoaisdowenthamiheifivgt temperawee.i s pol yneri zed
at a s%ond reaction tenperature and third conditions effective to produce
t he

9. The method of claim 8, wherein the emulsion latex comprises a polymer prepared

from at least one monomer selected from the group consisting of acrylic acid,

methacrylic acid, methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, 2-

ethylhexyl acrylate, methyl methacrylate, ethyl methacrylate, propyl methacrylate,

25 butyl methacrylate, poly(ethylere glycol[200/400])) monomethacrylate, ethylene
glycol diacrylate, ethylene glycol dimethacrylate, ethylene, butadiene, isoprene,

vinyl chloride, styrene sulfonic acid, allyl acrylate, aﬂlyl methacrylate, styrene, p-
methylstyrene, 4-vinylpyridine, 2-vinylpyridine, N-vinylpyrrolidone, acrylamide,
methacrylamide, N-methylolacrylamide, dimethylaminoethyl acrylate, and

30 mixtures thereof,




2 Decenber 2003 -27 intrinsically conductive copolyner in a third stabilized
emul sion state, wherein the second tenperature is |owel _than th\eza' st
tenperature. 8. A nethod for preparing an intrinsicall yiE’&ﬁ&Umr dc"(r)pol ymer
conposition 5 conprising; preparing an enmulsion |atex in an aqueous nedi um
formng a m xture which conprises at |east one cyclic heteroatom containing
nmononmer, the emulsion latex in the aqueous nedi um and an additive under
first condition effective to maintain th@-emulsion latex in a first
stabilized enmul sion 10 state; causing |ess than 10% by wei ght of the cyclic
het er oat om cont ai ni ng nononer based on total weight of the cyclic

het er oat om ¢cont ai.pi n no dnt 1 re Il i .
reaction tenpera E‘T’é&é}ﬁ ﬂﬂggfmgbéc eagéét?]lgic&f%%?xg@ﬂgz |\‘/;éégt 0 pﬁlghﬁgg és
precursor to thegddtdd Boht@hd Yrapnescistivg cfogaliseyesubitituad sadlims, Hidphere,
stabilized enul sion state; and converting the precursor and remai nder of the
cyclic heteroat ombstimtealhmmgncsnﬁﬁéwbﬁﬁuﬁeﬁ@W%tml%ﬁ“’éﬂ%‘gé‘gﬂ?éirfi’lé%tc"ﬁdon

tenperature and under third.caonditi -.-ef f. i t r adu h ctt ve
copol yner in a t¥¥ e§tt§%rf?f’z%@ gﬁu?@?lgﬁé slgg%egtéédmﬁg’?'elﬁﬁ gﬁgbsg%rgggﬂg 4
temperatygre is | vidyhalohb®, partisily hediobred poly(viadl Retaiepoiptvgd asétate).ai m
8, wherein the emulsion |atex conprises a polyner prepared .from at | east
one nononer sel e@@éﬁlcmnﬁfﬁé"}gﬁlb{lﬁteéﬁﬁPWw& ogreali . et hacrylic
acid, nethyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, 2-
et hyl hexyl acrylate, nethyl nethacrylate, ethyl nethacrylate, propyl |

met hacryl at g}, 25Thuingthodef bhiin \8, athereimpthie\edtitiyt énselegledcivrh 200g40D cynsisting

nononet hacryl at e, hy| I . di te, h I .
0 Mot hacol xt o afmiel Asorappanaly PRlsblrdeois e Rkt PRLind cgstated
sul f oni ggaci d, Zalxéyé.c ek @ine,  BhlaleycOBLRART V| Bin@na-8Ydl6dREin, - beta-methyl-

nmet hyl styr ene, I nyl pyridine, 2-vinylpyridine, N-vinylpyrrolidone,
acryl ami de, netdyabdytan ticetyd hetateyslofexdrin stfeigd beti-arsladoxtam hpderyathy!

acrylate, and 3Q ,m xtures thereof. c [ 135 2 met.hod, of
clai m 8, wherei P%cyé&gff@nhethggrgﬁ %%oﬁ?qg%mlﬁgg%onﬁoﬁhﬁ??z&?éI &tted from
the group consi siycR@eftinahydrbi@romi aihiicyéledexai, | Hydesypiopylophaoplodextrin,
substitute thiophenes, furan, substituted furans, pyrrole, substituted
pyrrol es, and rﬁ)ﬁdt@ﬁé@Wh@@W’FYQ?@%%WWhF@oéel ected fromthe group

consist'gg of 5 polyvinyl alcohol), partially hydrolyzed pol y(vinyl
acetate?, poly(vinyl acetate), cyclodextrin, partially alkylated

cycl odext ri 12, andri néthodsf ¢laien & Girttikt corfiwisimp téyon tie cohdictivg copaimeri with ke
additive is selected fromthe group consist] f .poly(vinyl.al cohgl :
ot Bl Ty hyer oldppeth BhRFI e RpReds GuBpd opb Ry rgriRg e deree 308 irer

with the dopant in 2 solid, liquid, vapor or solution state.

20 13.  The method of claim 12, wherein the dopant is selected from the group consisting
of HCl, BF;, PCls, AlCl;, SnCly, WClg, MoCls, Zn(NQs)a, tetracyanoethylene, p-

toluenesulfonic acid, trifluoromethyl sulfonic acid and mixtures thereof.

14.  The method of ¢laim 2 or 9, wherein one of the monomer consists essentially of 4-

25 vinylpyrnidine.

15. A composition comprises the intrinsically conductive copolymer prepared in
accordance with claim 1 and a component selected from the group consisting of a
carbonaceous compound, a metal oxide, a polar polymer and mixtures thereof,

30 wherein an amount of the intrinsically conductive copolymer in the composition is

in the range of from 1% 1o 99% by weight of the composition.




10 al pha-cycl odextrin, beta-cyclodextrin, ganma-cycl odextrin, beta-nethyl-
cyclodextrin, triacetyl beta-cyclodextrin, sulfated beta-c cI odextrin,

hydr oxyet hyl  al pha-cycl odextrin, hydroxyethyl beta-cyck CPJ%G&'T' pgr 2003’

hydr oxyet hyl gamma- cycl odextrin, hydroxypropyl al pha-cycl odextrin,

hydr oxypr opyl beta-cycl odextrin, hydroxypropyl gamma-cycl odextrin and

m xtures thereof. 15 12. The nmethod of claim8 further conprising doping the
conductive copolynmer with a dopant, whet29n the doping is carried out by
contacting the conductive copolyner wth the dopant in a solid, |iquid,
vapor or solution state. 20 13. The nethod of claim 12, wherein the dopant
is selected fromthe group consisting of HC, BF3, PO5, Ad3, SnC4, WC16,
MoCl 5, Zn(NOB) 2, tetracyanoethyl ene, p- toluenesul fonic acid,

trifluoronetisyl saulnididdofedit drdindinsidallesotdetientofrlymdhpreparied edcatingl @i m 2
or 9, wherein one of the nononer consists essentially of 4- 25

vi nyl pyri di ne. 15laim lg8wgaethed @ﬁm@lﬁﬁﬂ'l ses the intrinsically conductive
copol ymer pr epar C C g}gﬁqls ef FOm
t he group consi st r#aﬂngaa %8£cta ona esg)ttt}’él %@#pg‘oé% 8 tﬁ?'ﬁpﬂ'ﬂﬁi&ége&ﬁ&ﬁ{{{%

pol ymer ahd m xt ld:bﬁéiyﬁlbgm@f 30 wherein an armunt of the |ntr| nsi caI |y
conductive copolyner. in the conpositionis géa g?’g&e of f 1% to 99%
by wei ght of the 283N $AFINE SOPRRUNALRN DHE ce? érs PYSisi ng t he
intrinsically conductive copolyner prepared according to claiml, the

nmet hod conprising: preparing a coating conposition which conpri ses t he

i ntrinsical Ily. coftaatdtine ofsclaopd fiwther comphisigeppiying 2 tep cwblsyagowrthoirdti on
on a surface of netal to forma first layer. 17. The nethod of claim®6
further conprisifpplying a top coat |ayer over the first layer. 10 18.
The met hgd of claim 16, wherein the dopant is a dopant selected fromthe
group consisting of HCl, BF3, FCI5, AtCl3, SnCl4, WO 6, MbCl5, Zn(N®)?2,

t et racyanoetlfyl ende Hp’—thQﬂl Qfelﬂ@@ul@ owhaseindheidonant 13 a erane selpeted fiom Hiecgrasp d

and m xtures the ho g ns Iy t|ve
copol yner pr epar@ gft:% gcﬁbnﬁié?’aﬁjr%%l c%hrﬁbg ?ﬁ@“rrer\p%d (Il:%érr%p?l sﬁe1 8?
a coating COWpOSteﬁﬂaOﬁnM&th}Z]hn&;OpmilmsmulfdlﬁcIan:lidl frﬁlhm&brhythybrsdlfcmtvecxd and

copol ymer; 20 mixing t coating conposition with a top-coating conposition
to forma bl end; MOHRES 9fi ng the blend on a surface of a netal.

15

19. A method of using the intrinsically conductive copolymet prepared according to
claim 1 or 8, the method comprises o
. forming a coating composition which comprises the intrinsically conductive
copolymer;
20 mixing the coating composition with a top-coating composition to form a blend;
and

applying the blend on a surface of a metal.

20. A method of using the intrinsically conductive ¢opolymer prepared according to
25 claim 9, the method comprising:
preparing a coating composition which comprises the intrinsically conductive
copolymer;
doping the conductive copolymer with a dopant,
wherein the doping is carried out by contacting the conductive copolymer with the
30 dopant 1n a solid, liguid, vapor or solution state; and

applying the coating composition on a surface of a meta] to form a firsi layer.



20. A nmethod of using the intrinsically conductive copol ynmer prepared
according to 25 claim9, the nethod conprising: prepaki a_goat,}
conposition which conprises the intrinsically conducti 345]&&’3@?{/%@&9 dopi ng
t he conductive copolyner with a dopant, wherein the doping is carried out by
contacting the conductive copolyner with the 30 dopant in a solid, liquid,
vapor or solution state; and applying the coating conposition on a surface
of a nmetal to forma first layer. 2 Decemper 2003 -30 21. The nethod of
claim 20, wherein the dopant is a dopant selected fromthe group consisting
of HO, BF3, PA5, AIC3, Snd4, W6, MbA5, Zn(NG3)2, tetracyanoethyl ene,
p-tol uenesul fonic acid, trifluoronmethyl sulfonic acid and 5 m xtures

t hereof. 22. The nethod of claim 20 further conprising applying a top coat

| ayer over 4jhe fiyeShethd@¥LElaind @0, wherein the dopant is a dopant selected from the group

consisting of HCI, BFs, PCls;, AlCL, SnCl, WCl, MoCls, Zn(NOs),

tetracyanoethylene, p-toluenesulfonic acid, triflucromethyl sulfonic acid and

5 mixtures thereof.

99 The method of claim 20 further comprising applying a top coat layer over the first

layer.




