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GROMH - AND 2 ES| ON. OF ELECTROACTI VE POLYMER CQOATI NGS ON Cgﬁy NTlgwﬁ? g
PQ;Y@5F2§,;B ©F SHELNVENTION 1. Field of the InvéRti"SR®

i nventign rel“ates to a process for enhancing the growh and adhesi on of

el ectrically conductive polynmer coatings on a substrate. The process calls
for the nodification of the substrate'ls surface via graft copol ynerization
wi th hydrophilic nononers and contactinibéhe nodi fied surface with a

react i on NESTHOR B0 FRAMRTE GROWTH4 NI RHENON OF REHESCIROAGTIVE
counterion. 2. %ﬁmh%%&%ﬁﬁa%\bgcgﬁv%ﬁgw&@%mﬁ@@g@scat I ons of

el ectroactive polyners are Ibility, cost
and strength. The el ectroactive polyners, polypyrrole and pol yanili ne,

whi ch have hi gh conductivity and are fairly easy to synthesi bl e
only in a very limted nunber of solvents. The filns of theWM@mﬂ@@ﬂmm‘
ei ther synthesized el ectrochemcally or cast fromsolution, Tac cal
strength. Thus, these problems and the probl emof cost of using %8t e"

el ectroactive filns haveg£aRSEROUNS OF TRIPISVENTRON | NCreasi ng attention
to el ectroactive coatings on conventional polyneric substrates. There are

vari Qus net hods of depositing an electroactive filmon a nonconducti ng

substrate. od i nvpolves the synthesis of the el ectroactive polyner,
di ssol utlron%gelgﬁg%gpyﬁ’é‘roni n an appropriate solvent and exposing the

substrate to the sgliuilofy d‘l%lc’j&‘e%‘? eSyfok Qﬁfa;n' &g tROLASAR hnld Vi3 f

pol ypyrrol e sal tssngﬁOW Pﬁ“}% te so{)alg?ﬁet y. ' Q ér i o
electrically conductive polymer coatings on a substrate. The process calls for the
modification of the substrate’s surface via graft copolymerization with hydrophilic
monomers and contacting the modified surface with a reaction mixture of

monomer, oxidizing agent and doping agent or counterion.

2. Description of Related Art

The potential applications of electroactive polymers are limited by the
problems of processibility, cost and strength. The electroactive polymers,
polypyrrole and polyaniline, which have high conductivity and are fairly easy to
synthesize are soluble only in a very limited number of solvents. The films of these
polymers, either synthesized electrochemically or cast from solution, lack
mechanical strength. Thus, these problems and the problem of cost of using “pure”
electroactive films have caused investigators to pay increasing attention to

electroactive coatings on conventional polymeric substrates.

There are various methods of depositing an electroactive film on a non-
conducting substrate. One method involves the synthesis of the electroactive
polymer, dissolution of the polymer in an appropriate solvent and exposing the
substrate to the solution. However, as-synthesized polyaniline and polypyrrole

salts show limited solubility.
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",~ ~ 16"" June 2002 2 Various mnethods have been enpl oyed to inprove the
sol ubi I'ity of polyaniline and polypyrrole salts to facili tatgvﬁosts thetic
processing, eg. (i) introduction of sulfonic acid groups i n€o Hézﬁé mer
backbone via treatnent with fum ng sulfuric acid (J. Yue, Z H Wang, KR
Cromack, A J. Epstein and AG MacD armd, J. Am Chem Soc., |13,
2665-2671 (1991)) (ii) use of ring sul¥stituted aniline or pyrrole nononers
(K.G Neoh, E.T. Kang and K. L. Tan, Synth. Met. 60, 13-21 (1993)); MT.
Nguyen and A. F. DiV@Fousnaedads diaye ebeepg epplpyed 3t 5mpiayg ther solvbdiipacf S.

Tanak d K ' , . 33 72 89 d (iii),.
Count o+ on i YA R pQUBiole s Piteoltn? oliskmBel? ProdRind. bl i) e
protoni c aci ggrdd¥ctiémef suffonR1adid gesigs Matd -thd‘BﬁﬂﬁiExlfvlé?%kaﬁb viXBieatridht Wity 97

(1992); J.Y. Lee, D.Y. Kimand C'Y. Kim Sznt . 74, 103-106 (1995)).
Al t er nat i vel yumingesublyrigpaasid (Jnd'usaZiHcManpeKRdowack oAtlh Epsteiearid Anwhi ch

i i tabl L | i N- h i di . Al | | os,
GE Aot ur adtecipmity 0o At g0 Sop, VSRS BRI ull piea OF ek o
F. Kiss and Ruiktinklsbfilite dYOhyrrdi ¥ifdnonletd(K G. Wdoh, 9P, Kand w38k (1988) ) -

However, such base filns are ’insutating and nust undergo Subsequent

redopi ng wi t BymthpMer.offl, d3azl ¢ 993))bdM.codlguydn sl AAL IDinheMabawe/eoridsi 2Zhed
nmet hods suf f jor ck of being a tep process, . a

pol yneri zati Z#@f@sgé??‘gmdﬁh@ f‘H‘&E? ﬂ@‘i gé‘é&’fﬂﬁ%% ‘é&?’cMeﬁf%"ﬁéﬁbr t ed
in US Patent 4 i > I cld iJ ms by
di pping a no%g%gﬁg%%? i %gd Sgggéo?g%élgﬁﬁg%cr%dgérﬁéegsgmggiy C n@ggﬁé ngtI %Ilﬁteaiohl
substrate w tfimctianslidetl girctahicsacsde(ys i@uo, Bf Sprithysndr A0l Heegerclyrls Mecg8r ed
froman oxidi zing agent_and pyrrole. A sinultanequs palynerization and
coating proc@ i PIPd-NgLebilhsy Kimiaed 5V ek emavnily Meat dr 10316518988 s t o
prepare conductive fabrics has been described by H H Kuhn in US Patent
5,108,829. An alternative nmethod of form ng a conductive coating by

i nbi bi ng an aqueoustenitivelye tieQoliianilhe@alt ash be Gidvped td thebake forewhiank
polynerizing the aniline in-situ by contacting the fiber or filmwth an
oxi di zi ng catuitabde fon fidm easting usingc Nompthpipyrrohdisord €. beegelopoplost édEby C. H.
Hsu and E. Vance. i n Europea | iLgat Lgn 0355- A2, . d .0rm ng
o “Tune 2002550 F0 ERRge At Pt Gubee Piraid Wb PG du Kif 1
initiators i andeserERednbyol Gysiang etrys@licol ns Ugs QIQ%@?)_. SHé%Rv&DI3ucH N t hat
nmet hod, the substrate is first contactéd with an initiating agenf. In the
second st ep, basecfipnerecasdatingist naiseundsrgoo sutsequedt widohing with @t protondf  t he
conj ugat ed m)nﬁrrerb and, an oxi di zi ng agent having an oxidation potenti al
greater than2PR3P DELORHEUYSi tiating agent. It is a requirement that the
initiating agent have an oxidation potential |ess than that of the nononer
and is capabl e when oxi dized of reacting with and coupling to the nonomner
to initiate pol ynexll #etdbome afentitreednmetbods suffehin snajert dradback ofciming & dwo-o

result in strongly adherent conductiv ol yner coating because of the
coval ent bond€PHEPSRSEMR Pmnwsﬁﬁmstﬂg?%’gw Y the goating step-oMN-Morateliffes

Patents rel ati j WlganacYl : 060
i sl oses. an TAcHdn IR RHRL £680 2560 SHIEpIoEELDBE okl odfibult fifd
coating of amyidibpihgnd hyn-condiictihg \sabgiratey i rar coth@ivivel edntacsing tha Substrate

pol ypyrrol e, poalythiophene, palyaniline and their substituted anal ogs.
with, "a colloidal suspension of polypyrrole which is prepared from an oxidizing

agent and pyrrole. A simultaneous polymerization and coating process utilizing
polypyrrole as a coating material on fibers to prepare conductive fabrics has been
described by H.H. Kuhn in US Patent 5,108,829. An alternative method of forming
a conductive coating by imbibing an aqueous aniline solution on an organic film or
fiber and polymerizing the aniline in-situ by contacting the fiber or film with an
oxidizing catalyst in an aqueous acid medium has also been reported by C.H. Hsu

and E. Vance in European Application 0355-518 A2. A method of forming



US Patent 5,266,617, relates to a Lew s base catal yzed phase transfer
coating process for coating a substrate with an acid substgguted

pol yaniline. US Patent 5,494,609 discloses a nethod for th pH@Bgzgpgon of
el ectrically conductive coating conpositions which includes the steps of
preparing a dispersion of an intrinsically conductive polynmer in a film
formng thernoplastic matrix and the 8teps of dissolving the dispersion in
an organic solvent and formng a filmfromthe dissol ved di spersion has

been cl ai nedcondyctivg palymsr dilgy g subsitgiasderstreptesh withi initiatersyis idskeriped by

pr ot on- doped | yani Line.i i I i t.h rot.oni¢c acid which_.is a
sol vent ther gg?‘ , Mglrluf k'a"rq' & ?{Sccﬁgzg 8{33?2%51&% hlnatﬁa oB’thé’Qr I f‘fbéﬂgﬁfaﬁseﬂ{s?

el ectrical | ycoRadE Withear RY@dtinkigeRd fif @8 ebshdSQpItth Pretreatt@’ subdidis i£002 4
SUMVARY OF THE | NVENTI ON The present invention relates to a nethod of
enhanci ng t heorjaatest with agobutine of the cohjugated menpmiec and 3n exidicing dgest polipgrer
coating on a substrate Wni.%h has bee fng{i.onal.i zed vig graft .

copol ymer i zaf® SRR PAYRRY sHFiTt ?f‘bﬂ@ﬁﬁ 16 PHIRURE SRR, JH TS FRAWLeedt ang
the best advgpi ﬁ&eiﬁitféftinh Qgeﬁrlﬁ%@% oxi4B0A b@i&nﬁél%&%ﬁﬁ e oA nRAbMRET | C
substrates. The polynmerrc substrates used thereof may be selected tfrom but
are not i nm amtlis capableywhef oxidized|ofasscting, witho lapd avobplireg ts thet mondimer ¢bj ect s
and advant ages.of the present jnvention are obtained by providing first a

met hod for niWiaty Redyrmerization ofclbs mPnames. s dhist mathed ipniepprted &0 methlivift hod of
surface modi fst'r&rfgtlzsé Qar&hér%nv'c%%&g(@adollgﬁx&r %%ﬁlghkéséh{léeg B% thé d&&ﬁﬁn? Honds €

graft copol yner tiron o re-activa trate surfaces wt

functional nb&oEen the cthumg?ﬂ@rma ah@initidter.sur f ace graft copol yneri zati on
are selected froma famly of vinyl nononmers which readily undergo

free-radical inaiated polynerization. Mre particularly, the said

functional nonone ar lected. fr the. fam.|l f . r,-sol ubl e or

hydr ophi | i ¢ nono r%%erstﬁscﬁ&ggts Bﬁgmﬁot?qlﬁ gr?rll%{eecgg}legx?lﬁn@n\g\%&r %IPVCV ‘aci d- based
nononers, acrylam de and acxyl ate nononers and sul foni ¢ aci d- cont ai ni ng
mononers. This allows the obj ects and advantages of the present invention

to be achi eved usiiSgPatenteh937s060Hksodesey am inongatiapewdene ot graniilag nufteridl ds

el ectrically conductive I r on.the surface nodified substrate.is
carr1 ed out BYREbNCE oo e oY cay edney Sapd i Pew bl il A0k B of ¢ he
conj ugat ed npgy le O3d1hZdpRene2 B8R nifiRC aiPRE R QuiBgieRtd Malgunt erion. The
preferred aggl ?ggrthiog’ aﬁﬂc-ll tphe E)gs? aldva?]t ages %f t he prae(gge%nt i nvention are
obt ai ned when t he conjugated nononers are aniline or pyrrole nononers,
their derivatives_and anal ogs and the pol rreriz%lﬁi on ig@c rried out_in an

t

aqueous medium THe 5Bkt D0Hd: éﬂ@tﬁﬁttag%édeéi“fis ¥ Grta Rhaske ARRYAT ar e
achi eved \meeoa{dag 99&&%%8%&&4 ABEEatE BAh AR aEf&%B&Ruﬁ&%ﬁB@hf?i%.m and
el ectrostatic In ePractl ons wth the graft copol yner chains on the
substrate's surface. 16" " June 2002
US Patent 5,494,609 discloses a method for the preparation of electrically

conductive coating compositions which includes the steps of preparing a dispersion

of an intrinsically conductive polymer in a film forming thermoplastic matrix and

the steps of dissolving the dispersion in an organic solvent and forming a film from

the dissolved dispersion has been claimed.

US Patent 5,618,469 provides a solution comprising a proton-doped
polyaniline in combination with a protonic acid which is a solvent thereof, and an
article coated with an optically transparent, electrically conductive layer formed

from the solution.



5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In the first step of the process
of thiss invention, a substrate is subj ected to pretreatnent to produce a
surface coverage of peroxide and hydroxyl peroxide speciesﬁ6NbFﬁ&£9
generate these species include treatnent with plasm, ozone and corona

di scharge. The peroxi de species are subsequently deconposed thermally or by
near-UV light to initiate surface graft copol ynerization reactions in the
presence of the nonomner. ‘g gﬁQEQ'gﬂg @e used in this invention
may vary w dely. The onlygaﬁﬂﬁr E&Qﬁ% tﬁ tlﬁﬁﬁ) urface of the substrate
can be treated to generate the species which can initiate the graft

copol yneri zation reactions. The choice of surface pretreatnent nmethod wl |

be dependent T firbeensinyshti@t elatebhte anmethow of erilancigg dlid grooplo hydradliezhi gth  used
inthis i.n\{ n are vinyl nononmers which contain either polar, cationic

or ani of¢ qecgrt" Iy saaductive pplymer reating| o Subpiraie Wiked hep hesrefunetionakised uiei on | s
t t] i 04 tian.is 10 w %
For e SR Yy SRR S p RSN 05 Y B RIRGEG gk el 1

used t o adekitenes dftheprasi irtshiesi ardobitiedagieh golfintlie Subskras "Ehé pellyaieric
contacting the surface-nodified substrate and the reaction m xture

cont ai nisHBstrates usad thereofanayphe sedictednisers st aregiet Himited do rglyptefiapcpdynsiag agent
may vary w dely.., One sinpl t hod ,i nvol ves .soaking.or dipping.all .or part
orthe Rebichfiafaef i, “TREORHE phd ol dhifiel 8T R BeuiE illenfiu Bt Bulinea Wor o
rel ati velryviaherirstd fethol 'To@ﬁﬂ@i‘fﬁhg 1R fiBfacdsT (R Qb8ESe OTTht e fbidERiettRR 1 S
conducted to a point at which the polyaniline or polypyrrole filmis still

subst antdfakinfader amsjification. isNtin thermokler aoacamrdy¥;lighteinddbetisonfato gilaft
substrate becones,. ogﬁgé. The,tﬁ%ﬁ%ﬂfss of the c abinﬂ al so depends,on the
conposi t‘iOBHIYH‘r‘FHZi“éﬁ‘p JRve-aghivaieesybsate isyraces Yif BngHanal jao ?'agr@eof t he
grafted foRol u r ' : X t

oxi di zi nlg ageé{n%r%n%y gmzﬁ%m |§ﬁ%§%§#§l§{:g¥e Eé{e?ér@}@dé ﬁg g‘r ?dggl}grolg ‘{}ﬁyel

dopi ng agenimdrawhixh eadilynotdpegy freoradival ariiiatedipolgmetizatidne Masepaficularly,

pol ymeri zation of, aniline, if the oxidizing agent used i s amonium . .

per sul f 8@ said fenghioaalaperamersaismiclested frem dhe familyof wajeiolplle pahydigphilisat  of

t he anil j Yo ' . ri ' f

pyr ot o, MOPrRE SR af BuLaB LGP T4 Top bl ReliRRe InROKAT AL SRR By,
amount  iggryatk imi@sonidi@and bulfdific piticohRininn aivROomers. aThilatiodhe objdbtsaaiddi zi ng
agent/ nmononer ratio substantially |ower than those reported above wll

resul t iadvantages'of thapresendmventigndw bgrachiersd wping waterasthe selyentinagdivher eas a
substantially higher ratio is detrinmental to the properties of the
conducting polyner. A reaction tenperature of not |ess than OC and not nore
than 50C is prigf ebatath oEXANVPAESNIINE Ctohdewd hobyid bh CtheX AiFRlce SmdtHied
provided to illustrate this invention and the , manner in which it nmay be
carri ed svbstrat¢ tis wirried lpait (hydeangactiog, thé seid vambstrate avith haeagiivni hixiurgeofathes

gi ven in_each exanpl e have.been selecied for purpose of .illustration .and
ar e not B B GoHERIE CXIAGE MER: W AOPBRCEDH PheoRTG of RERRIEnt | on.
EXAMPLE ghplication and the best advantages of the present invention are obtained when the

conjugated monomers are aniline or pyrrole monomers, their derivatives and analogs and
the polymerization is carried out in an aqueous medium. The objects and advantages of the
present invention are achieved when the conjugated polymer chains undergo entanglement

and electrostatic interactions with the graft copolymer chains on the substrate’s surface.



In a preferred experinmental scale process, ozone pretreated polyneric
substrates of 2cmx 5cmwere imersed in 20nl of nonomer S(;rl HH on i(réa
Pyrex tube. The concentrations of the nononer were varied fl Bomu96,40022 50
(by weight). The nost preferred concentration was 10% Each reaction

m xture was thoroughly degassed and seal ed under a nitrogen atnosphere. The
seal ed tube was then immersed in a corstant tenperature bath naintai ned at
75C for 0.5 to 2 hours. The reaction tinme was dependent on the reactivity
of the nonomer arBESQBIBH@NOEfTIéEé?REEEBRMBfBQﬂIMEN'S&ui red. After
each grafting experinment, the substrate was renoved fromthe viscous
honmopol yner sol uti on and washed wi th copi ous anmobunt of deionized water. It
was then subjigchedirktostep psatiRdpiasdi 0 a8 AneadiohNd §ubsRats OBt dubjust 4 i rred
water bath for at |east 24h at roomtenperature to renove the residual
horopol prasteatnng te prdduce ansiuface edverags g? acroxidesanslubydsopd meroxidy spatidsy

i d . LE 2. A pi fol d i
Dol et nhs [DpEfTe PP s rrobap orpart Bt R T EndLsaropAAG)
accor di agchfgl NTHEHRFRKIMY Spebids BYAEIsEqubnty idRSHrHRL A RReRIy %P'bgtd;%él da

pol ynmeri zation tinme of 45 m nutes. An 80 sol ution contalnin g of

pt ol yendight foomitmtasirthcepnath gopdymeriZBEo) reavtiofls #Hthe presehcenef the mencanérz ed

wat er prepared.  Anot her solutiaon of 20mlL of dejonized ter, 1.90g of
p-tol LenBs Sigales “émlbcanmfelseg LR 1D¥RRSion may; Wy Widely- oFhepmty Aedwiepent Ul f at e
was the r f] I Lt Y ous Stirring
for a s oll?ltEl F%grslﬁ%é&oqﬁ t??%%%{r%%oéag%g t}rﬁgﬁgttg%%ﬁg q}l%cﬁ eglreg?% ?%ho%%)l 13'3 rﬁiea?% zed
LDPE fi kive pvaft dopelyntéripiixch teattionk heltradhoideat. suvhédpetrédimehnieth®dd willgbeen
transparent filmwas obtained and the filmwas lifted out of the solution
and ri ngependeathon  the Mulpstpates o) Tihe arpnomerse dgv eradin goralymerizaipn usedt igothisrer i zed
pol yani L6, of JfG: SHBRLERLE SLANTEACR: e Lidmansid fen drisdunder
reduced [breésure V&Y 2OReUFS. the SUFT a&e’T 891 %t Shed Of" THE™F i THYWEY 6x 103
S2/sq. Ehspadires sQectih of e MehoRe bt st bartitilar]p uRpértat, althBsgh
excellent and did not peel off by the application of Scotch tape. In

cont r asthe pre&irmeid| cancentrption ae b Wwithn dbert lewenimonomen eonsentrasionDREd,f 4 langer oduced

a thinner, coatin i.e. lLower, absorbance) which | ess conductive and
el eq GPRIREANTY R iy ReSHL RO PO hosriE RLea S Sarehehe | mpr oved
adhesi on of the polyaniline coating on the AAc graft copol ynerized
substrate was retained even after heat treatnent in air at 85C or immersion
in water for ThédmethodbPtdnt&tibgphe serfak-thdificd sibstratesangrthé reactipro imireuwre zed

with AAc according to the procedure in Exapple 1 usj .10% nononer sol ution
and a p&PYAEIRE e awing FepBrols Snoomsre T kstera 854 doriog aBEM BERIAY 7. 61 g

of TSA 37ge1): bhELiniE hithifod BvaSeLRaERE of@igping @BolfaFRi iR subSRAE RRb B! ut i on
of 20mL o gei oni 1ze wat er la‘rlld 1. 1369g8f fpg)rl}l C %ﬁ ori de %ueiaﬁyérate was
t hen pr eg@atien nmixtirea dBledsitbstrathés Eoatesk fos alrelbtivaly whdrhtimeg dn geserslt terms, e f or

about a mnute, The AAc graft copol ynerized E fil s then_di pped into
the sol PFASSFS oAheHPY¥EnsioBHs condpeisdoly 2 Point gbw [zgs@etpﬁgﬁ\‘,\@@erﬁrrﬂ?ﬂ@% € dar k

coating i . L S . ri ufy . f iffe tion
i mes,  SHRGs S Aoy AL ARGk WE B chfel e ihedtn LORETbLERE 0T
dei oni z@dcomadsepodrer. I EeVEickasys 6f thepSoatihg balbk dpsdndswmni eredcamposition’ ahd on
the substrate's surface. The filmwas then dried under reduced pressure for
2h. As itempstalivgs ef the regetioraixtyreoand e foyigrageraf, the raftedaconndyraer emdhaac
graft c I ri.zed LBPE s I s Lhicker con Y dhered
et t er - CROVHITLHEERe Py ol onbre, Mo Qg Sl e SRR Fertitn 10

st rongesk férfie chidgide aad tHAfopM spentingy belbs irigdnid biyorkhido afidr nthe Gselokar to
Exanpl e 2, the adhesion of the polypyrrole coating to the substrate

r emai negobuessization ofvamling,t dr thaeoxidizingaagenhtused iai ameon@ET persulfaieertBe on in

wat er for 24h 16t ". June. 2002 8 t copal ynerization gf

ol yet nPeRE! erapth AP pREIRERSen 1y MU o (C oD Me DR PoRmET Ete
sul f oni gaggi diy N@S@se\/@uf;)&%eﬁzéﬁ%hw FyridId0 [Tomengdisiak UWidefN udtdl fefgfitbed in
Exanpl e 1 except near- light irradiation for 30 m nutes was used instead
of a heahbulidapthe prdfetrdrl amdbumiis 2 hieeg izt of thy pyxyeds noBemer arhe meEETbEsis. rdmas

treated as,described in Exat

. lel,. .. . .
oxidizing agent/monomer ra HP su%stantlally lower than those reported above will result in



For the polynerization of pyrrole, a solution of 6.5g of ferric chloride
hexahydrate in 20m. of deionized water was added to a soluﬁégp of Bgﬂ of
dei oni zed water and 0.6ml of pyrrole with vigorous initial P??%g. The
NaSS graft copolynmerized PET filnms was dipped into the reaction m xture
mai ntained at 0 to 5C. A dark coating was obtained within 5 m nutes. The
washi ng and drying procedure is as destribed in Exanple 3. For the sane

reaction tine, t.hi cker, nore conductwe (by an order of magnitude) and
more adBEMERE n‘?@@i}g? PPlymerizetion Whergasa %@ﬁﬁaé%;%lb’l lighgt retie ispdetrimpnta) to' the

5" pi oD TRt R GRTRAAL 'R rbdtfbn Mt dsiHol e iy ot 7
acr yl anmnshee (HMSBPCasprefatiadg t o the procedure in Exanple 1, using 10%

nmononer solution and a polynerization tine of 45 m nutes. A polyaniline
coating on the DMAA graft copol ynerized LDPE substrate was obtai ned using

t he procedure described in Exanpl simlar experinental
conditions, the coating on the raft copol yneri zed substrate was
t hi cker and nore adherent than that on the pristine substrate but |ess so

than that on the AAc graft copol ymerized substrate (Exanple 2). 16°" June
2002,9 CLAI M3hpgfollpwing specificraxamplesaire prvadesi fogillubicaty tlistinvention addabe on of

oF a5 ERREL PR R OB o PR bbbt iR hlind P
subst r alggtailé BlvenQRleadt ERSnpidhalel bERG iserebRl fEeslirpdR Tt iBiEratibh An@ afeSitft tth ON

m xture of conjugated nononer, oxidizing agent  and dopi ng agent or

count er iberconsirfed mebeing diatitatignoén therspegaifele inxedtivmne pol yner, and (c)
removi ng the substrate fromsaid contact after the formation of the
conjugated polyner film 2. The nethod according to claim11, wherein said
functionalization of the substrat gyt syl gved first through pretreatnent
wi th gas plasma, ozone, corona discharge or UV-irradiation, followed by
thermal |y or Inegrefeied egpdrinentil Gedle prockac ez@leajrttreaiopolpetiZ siibsaratewiof h
pol yneri zabl e _functional nonomers. 3. The nethod according to claiml,
wher ei n 268 & 3¢Msteret Enmersgd B| 30mk of monomes sRlutisy imec ByExngtube cilhem 2,

wher el o0 f
er &1 1 BEATRRGILS ofOhoBHRLAGROLAL ROROLITR! HEAL LN BIBySRetady (T om

the group o C Vvinyl nmononers, I nc i c aci

MONONET $refaiGéd cafdedfatioH ME 19%. S Baéld actiqe inflxmen hak Mhétugiy AleBéssed and
acrylate nononers. 5. The nethod according to claiml1, erein the

conj ugatsealedrondered niteggn strbespheist efhe pealgds tubstwasiithewn irmiersed einam donstang
conj uQattgrgpel:Drgt%k(ebgé]tﬁ &a?rﬁg&% W% §°d for 0.5 to 2 hours. The reaction time was dependent
on the reactivity of the monomer and the extent of graft copolymerization required. After
each grafting experiment, the substrate was removed from the viscous homopolymer
solution and washed with copious amount of deionized water. It was then subjected to
repeated washing and soaking in a continuous stirred water bath for at least 24h at room
temperature to remove the residual homopolymer. The surface modified substrate was

subsequently dried by pumping under reduced pressure.

EXAMPLE 2
A piece of low density polyethylene (LDPE) film was graft copolymerized with
acrylic acid (AAc) according to the procedure in Example 1 using 10% monomer solution
and a polymerization time of 45 minutes. An 80ml solution containing 7.61g of p-
toluenesulfonic acid monohydrate (TSA) and 0.46ml aniline in deionized water was

prepared. Another solution of 20ml of deionized water, 1.90g of p-toluenesulfonic acid
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Scotch tape. The improved adhesion of the polyaniline coating on the AAc graft
copolymerized substrate was retained even after heat treatment in air at 85°C or immersion

in water for 24h.

EXAMPLE 3

A piece of LDPE film was graft copolymerized with AAc according to the
procedure in Example 1 using 10% monomer solution and a polymerization time of 45
minutes. An 80ml solution containing 7.61g of TSA and 0.14ml pyrrole in deionized water
was prepared. Another solution of 20ml of deionized water and 1.136g of ferric chloride
hexahydrate was then prepared and added to the first solution with vigorous stirring for
about a minute. The AAc graft copolymerized LDPE film was then dipped into the
solution. Within a short period of time (less than 30 minutes) a dark coating was obtained.
Experiments were carried out for different reaction times, after which the film was lifted
out of the solution and rinsed with deionized water to removed any clumps of bulk
polymerized polypyrrole on the substrate’s surface. The film was then dried under reduced
pressure for 2h. As in Example 2, for the same reaction time, the coating on the AAc graft
copolymerized LDPE substrate was thicker, more conductive and adhered better to the
substrate than that on pristine LDPE. The adhesion was the strongest for the coatings
which are substantially transparent. Similar to Example 2, the adhesion of the polypyrrole
coating to the substrate remained excellent even after heat treatment in air at 85°C or

immersion in water for 24h.



15. A non-conductive polynmeric substrate having an electrically conductive
pol ymer coating on its surface, when prepared by a net hod I ai 5882' n any
one of clainms 1t0l3. .Al.A AY. Al 9. AF. A . A3. A A3?. A3! #(*a8Vy

yt oj e_ZU] ca] caV] ca] ca] ca] ca] cal] ca] c<al] c<a] ca] ca] ca] ca] ca] ca] ca] calJcalJcalc
aJ cal] caUl c<a]ca]caU caV]ca W]caV]ca]lcalUca "4nyRbsn

Xygi DDl wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] cé] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV
] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV]ca D*| 0G

rrrarrexn~mroggx*x* +++| wgl gb] X] c] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ggh@fPERI«cal ca] ca] ca] ca] ca!l ++,Y,,, - T-00%w
2221 566; ; ; <S<<<Wed==7?7?7; @B

B&B* B} xsni d Gfafi ]maﬂi]ma]za&]m aff gl afhykehe atephtbalhteh (BE] & fjmawith) sediaa)] ca] ca]

1199 FRHT SR PR GaC R RS apee Z%Eé?éEt?eamaw%%{?ﬁgﬁ%ﬁ{@ﬁﬂL

-l SFEGHHHHH
}—If?]nfﬂ%%ﬁ%zﬁ @?l??ﬂﬁﬁa%:gﬂ ?L&?Jl(gfﬂg?? %c%cgﬁg ée\léjcaU] cal ca
] ca] ca] x hdatal] wm]echitha]Af&]rcthe} geafiirey @@]enm]enelhea]]’]ﬁ"a]fma(wﬁztfmm%& ribed
:sFllo%)& -1 )10%EE& ()-4'F@)10% " & ()-4!1)10%c5c& ()-41)10%

& ()-48 () - 10%& ()-910%& () - 10%& () - Yss10%& () - s3F10%& ()-

oy OL01t  ARE APRIEAE SRR TRl R
10%8& (3h-Hehi4TaRion@ea094B: wis éd@&/@a(sblull@?(@%ﬂﬂ bf deionized water and 0.6ml
$10%&' () -s10%@& ()-109%@& ()- XybCl 109%&' ()- 10%& ()-"&L0%& () -

of pyrrole with vigorous initial stirring. The NaSS graft copolymerized PET films was

dipped into the reaction mixture maintained at 0 to 5°C. A dark coating was obtained
within 5 minutes. The washing and drying procedure is as described in Example 3. For
the same reaction time, a thicker, more conductive (by an order of magnitude) and more
adherent polypyrrole coating was achievable on the PET film copolymerized with NaSS

compared to that on the pristine PET film.

EXAMPLE 5
A piece of LDPE films was graft copolymerized with N,N-dimethyl acrylamide
(DMAA) according to the procedure in Example 1, using 10% monomer solution and a
polymerization time of 45 minutes. A polyaniline coating on the DMAA graft
copolymerized LDPE substrate was obtained using the procedure described in Example 2.
Under similar experimental conditions, the coating on the DMAA graft copolymerized
substrate was thicker and more adherent than that on the pristine substrate but less so than

that on the AAc graft copolymerized substrate (Example 2).
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(a) surface functionalization via graft copolymerization of the substrate;
(b) contacting said functionalized substrate with a reaction mixture of

conjugated monomer, oxidizing agent and doping agent or counterion to

~

form a coating of conjugated backbone polymer, and
(c) removing the substrate from said contact after the formation of the

conjugated polymer film.

2. The method according to claim 1, wherein said functionalization of the substrate is
achieved first through pretreatment with gas plasma, ozone, corona discharge or
UV-irradiation, followed by thermally or near UV-light induced surface graft

copolymerization with polymerizable functional monomers.

3. The method according to claim 1, wherein said substrate is a polymer.

4. The method according to claim 2, wherein the monomers for surface graft
copolymerization are selected from the group of hydrophilic vinyl monomers,
including the acrylic acid-based monomers, acrylamide monomers, sulfonic acid-

containing monomers, and acrylate monomers.

5. The method according to claim 1, wherein the conjugated monomer is a substituted
or unsubstituted aniline and said conjugated backbone homopolymer is a

polyaniline.

6. The method according to claim 1, wherein the conjugated monomer is a substituted

or unsubstituted pyrrole and said conjugated backbone homopolymer is a

polypyrrole.
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or more dopants.

10. The method according to claim 9, wherein the said dopants are inorganic or organic

acids, acid derivatives or a combination thereof.

11.  The method according to claim 9, wherein the said dopants are from the reaction
mixture from step (b) in claim 1, functional groups graft copolymerized on the

substrate surface or a combination thereof.

12.  The method of claim 1 wherein said substrate is surface graft copolymerized in a
predetermined pattern and the conjugated backbone polymer is formed on said

surface of said substrate in said predetermined pattern.

13. The method of claim 1 wherein the enhancement of the adhesion of the
electroactive polymer coating on the substrate is achieved and retained after

prolonged heating in air or immersion in water.

14, An article comprising of a non-electrically conductive portion and an electrically

conductive portion formed totally or in part using the method of claim 1.

15. A non-conductive polymeric substrate having an electrically conductive polymer
coating on its surface, when prepared by a method as claimed in any one of claims

1to13.



