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. I NVENTI ON 20 Li near pol

METHOD FOR PREPARI NG POLYCLEFI NS CONTAI NI NG 5

VI NYLI DI NE END GROUPS USI NG POLYMERI C NI TROGEN
COVPOUNDS FI ELD OF THE | NVENTI ON 10 The present
invention is directed to a nethod for preparing

pol yol efins containing vinylidine end groups. Mre
particularly, the present invention is directed.to
preparing polyol efins containing vinylidine end groups
fromquasiliving carbocationically term nated

pol yol efi n pol ymers by contacting the quasiliving
carbocationically term nated polymer with a quenching
agent ﬁfﬂmbﬁjﬂ)mt’mﬁwpot@@pmlm ICONPAINING

- pol ypyrrol e, poly(2- V|nylp%r|d|ne) henot hi azi ne,

pol yoXEXYheDINEEND Y BAGROGEN

substituted derivatives, ACKGROUND OF THE
gﬁ de using a

nbno functional initiator containing a single

"exo-olefin", "1,1-di-substituted" olefin, or

“met hyl vi nyl i dene, FIELR) OF THE INVENSEON precursors

for the preparation of polymers containing specific -

" functional end groups. Polymers made using

T Iﬁrbseﬁltlhl@’éﬂltmﬁﬁb dira¢ted tat omsthod firprépavieg pulyblefing containing

APy, bt B RUary Ry PRSP BRRorS AT K cs

@?ﬂﬁ?@m"%ﬂs cBnfalfifd ViARIin G AOLKTRIm GRRIRYiRL N0

atons I's pol yi sobut enyl stccini c anhydri de,
mcmhtmmchkydmeate@pob'elaﬁn ipolyrmsis byt eitasting the quasidiging

PS5 B T B P o

&}%Mﬁﬁ% ofe, @Bly@dﬁﬂngnﬂmej polypRéndtigaginé, PolyodBzine, and
Conventi onal "ionic yneri zations can bhe anionic or

podypysiale co-fierhene ancgwbyh@fqdzmw@r@s Bregoded, in the
presence of a base, through carbanions and favor
nmononer s having”électrdh'mﬁthdramﬁhg groups. Cationic
pol yneri zat i onBAGKGROUNDOR TiHie INVENTEN of an aci d,
t hrough a carbocation, also called a carbeniumi on,
and favor nononers that have el ectron rel easing

lgiﬁgéffgﬁ nByo@ﬂHs lfde Yasin® alriéhoCRBYRHa Rlﬂﬁitor%hﬁéﬁﬁﬁg & §¥n‘gR’:n

I'Tving polynerization systens
’éxbh@ﬁnéimlolndxeswsummdi' olefio, orTh@ﬂml‘fmﬂn@n@ ebégwew@mre useful
alions

SERSS FS T mrB ST NP e finesPedBe fimotions! end growps.

' Polymers made using multi-functional initiators would have multiple exo-olefinic end

groups. Polymers containing specific end groups are useful as lubricating oil
additives. One example of a functionalized polymer containing hetero atoms is
polyisobutenylsuccinic anhydride, which is produced by reaction of olefin terminated

polyisobutylene with maleic anhydride. Functional end groups may also be desiréble

- for synthesizing polymers capable of undergoing further reaction.

Conventional ionic polymerizations can be anionic or cationic. Anionic
polymerizations proceed, in the presence of a base, through carbanions and favor

monomers having electron withdrawing groups. Cationic polymerizations prdcéed, in
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proceeds in the absence of chain transfer and chain
termnation. Living polynerization systens, are of

great commercial inportance because the degree of

pol yneri zati on may be controlled by controlling the

feed ratio of nmononmer to initiator 10 and sequentia
AdsERR dFfan biR, FouPRI S atldch@8iE Also WRMAIEESLARANES, 2hll Tavor
abi'lity to produce block copolyners. Polynerization
wonemers dsit bantd dledtive releasmggrougs.exhaust ed,  but the

- polyners retain their ability to add additional

nmononers any tine in the future. A nunber of such

Sinfila8to BeQoPétioh QYN hétidatien s¥stems] Bvidglpolhiéization systems
devel opment i s the cationic_quasi-I|iving )
pay Yereither gniopie asypetieme Thsididerenesrhetveangearenivnsher s.

N
probacds uihe BBRYENs BchairGedristn aad ghias terininatiog. Living
pal ynmerizations differ fromtruly livin

( g '
- POYprRsation sYSheres #15 of gERat COMMmEEIA Emperéance becagse thelgesse of

PR BioRRRY R YRRORG, ccnllBlihe R el B héndh 36 Mhtiator

anglt sequrintialopddionl dftwn @r peiry differend riconmiess affoedsctht mbititycto
uasi -l i yi ng pol rjization of isobutylene. Typicall

Sitresrhieckareb Ry Aot omipr it e Rty e peAbstcd.

Bhit PheTo IR &S WotaiBhEE WiRfy WAL AHdiEbSd] thdhdhieA ardNtEm O fiethe

mej or” pol ymer product containing the 25

fature Ao member-afsuelysysteopyare wal kgpwopn thelasto referred to

as the "tert-chloride" end group. Under certain

condi tions mnor anounts of olefinic isoners may al so

AGunitticd deetsbmerfOil thb Catidriequadbliving bbBheriabtor yWetefd) Bing

ol efinic isonmers produced during conventional )
soavennalaaenamersfQuasolivieg palymspizatiorgs bestprhieved whes certain

. fip i ) £ )
RaRohY BB 1R ek o i eadE: CRRIP AP ROfhe
pdymériatids differfromdrulir Heing pobniorizationprio pleatydlthosghrthe rate of
i.s, alsp referred to gs.the "tri-substituted" .isoger
I ERST BPRIPFSIES PRrBlRin ETRIPRUSTS PESSCRIGR Seriblar One
iﬁﬁb'oi/tﬁﬁreixéﬁfﬂe%f aQhtiohié QRAS YivBRG oY 1Rbiskatl6h YIBE Satirid)
broader nol ecul ar wei ght di stributions or
ebiylivisgpelyinerizationiof éwbutylanet ypi cal quasiliving

- polynerizations. 2 Exclusive production of the

exo-ol efin i soner has not been previously achieved

- DRelly, GeoNe flﬁﬁlhﬁflﬁﬂing)ﬁll iNeiZatiohs eNiscRrplehd PieRl ndrobher e

are two established nethods for producin

pelesHlarorrigly disiabeinm andrang ghagen RPLtAe prasus? epwtininehe
%5@&%‘-'—2%&68@%%?? gfﬁ@%x?hﬂ,ea?so%fe@eﬁ% as the "tert-chloride" end group.

ehydr Gha .
Under certain conditions minor amounts of olefinic isomers may also be produced.

On the other hand, there are two major olefinic isomers produced during conventional

polymerization of isobutylene with BFs.. The highly reactive exo-olefin isomer is the
most.abundant and the relatively unreactive 2-methyl-1-propenyl isomer is also

30

produced. The 2-methyl-1-propenyl isomer is.also referred to as the "tri-substituted"
isomer or "endo olefin" isomer. Furthermore, conventional polymerization of
isobutylene yield polymersr with broader molecular weight distributions or
polydispersity indices than typical quasiliving polymerizations.

2
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tert-chloride term nated polyi sobutyl ene using
potassiumtert-butoxide in a post polynertzation
reaction (U. S. Patent No. 4,342,849). The other nethod

involves in situ quenching of quasi-Iiving
I sobutylene with nmethallyltrinethylsilane, which 10
converts an active, living carbeniumion to the

exo-ol efin end group. See for exanple, Roth and H.
Erylosivé/pedoctonatthesxo-219fin Gbikr hd09E beanpredoakly @bhieved under
L.V.; Nelsen, RR; Gao, B.; Kops, J.; lvan, B.
pg}v}f;ﬁtéqnaig@lyr,negga(tm)qon H90S. Po| yi sobut yl ene pol yrers

cont ai ning nore than one exo-olefin end group may be

15 prepared using the above nethods by the use of a

heért iard toodstablisiedimithodst for prodiitieg pelyabutylenn coritaining only the

I T

- iSGiSRRAcRHIAKES PEFisbBhtyTERK uSid g Pelaydismlert- Rl in a post

pol yners contai ni n%exo- ol efin end groups, but none
pelymgrigationaeactign §USaPpignt No. 43tk$49)i Thawther method involves in

PR AEREHA A 0SSR 0 B R AR LB bl
JdiRcRE 85 &itive) 'Iwﬁ‘%‘l tarbéning igh ket edo-blefinamtl gheupa Seefdreglample,
for pr?faring ol yol efi ns_25 cont ai ni ng_vi nyl_i dene end

VIR, Meensewieciisi 4% $104.d99 6 ang Niplsgn, L.V.; Nielsen,

P
RUESA. M. \ap€ 31 BARSHI PBGB) Lout BTONAIs98. ol yol ef i n

yner, ¢ontacting pol ymer i'n"step a) wth
at | east one quenchi ng agent selected fromthe group
[r.0

B SpbityiRRy PymRe B Yning Fiase An R £59-Alin sBe gem pascbe

| ﬁeba&éwgiﬁg {HR-db8vd RiefRAEBEIhe RO LY 4 B PhitioRallikFiatbk.

and substituted derivatives 30 thereof. The contacting

- Ehepreparademel ol yalefinsdinclusling pobyisotwdylane paymersoisevriidinewn in

he uenchin ni to.interact W the.r i
it LA OB st RED e ol Bt BblstBinstone
PRy coptainindéal sl6fih eadEioSs, batsdevinghaleAclingla cationic
thereby formng the vinyljdene end group. 3 The
Guraistiving pelymesizainsatysishl wih fhe seirsied, g@t@@cb@l g cospppunds of
RE f QLB DYoot acting at | east one cationically
polpyms-ri zabl'e ol efin nonomer with an initiator, in the
presence of a Lewis acid and sol vent under suitable
quasi | i ving pol yneri zati gmm'gon 5 conditions and
t hereafter adding the qu gent. This type of
reaction allows for in-situ formation of the final
vi nyl i dene contai ning pol yolefin. Qher suitable

The present invention is directed.in part to a method for preparing polyolefins

| containing vinylidene end groups; this method involves providing a) a quasiliving

carbocationically terminated polyolefin polymer, and contacting the polymer in step
a) with at least one quenching agent selected from the group consisting of

polypyrrole, poly(2-vinylpyridine), polyphenothiazine, polyoxazine,

poly(pyrrole-co-thiophene), poly(pyrrole-co-furan), and substituted derivatives

thereof. The contacting step is conducted under suitable conditions to enable the
quenching agent to interact with the reactive chain end of the polyolefin and facilitate
the removal of a proton from the reactive chain end, thereby forming the vinylidene .

end group.
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quasi l i ving carbocationically term nated pol yol efin
pol'ynmers can be forned by ionizing a polyolefrn chain
end, conmmonly halides, in the presence of a Lewis acid
and a sol vent under suitable quasiliving

pol yneri zation reaction conditions. 10 The initiators
may be nonofuncitonal, bifunctional or nultifunctiona

‘and various olefin nononmers can be enployed. In one

Ehbgatisitbrtg carbeatjoeinalyi tngnmgtedl poiymea cgobeyfmnect by ewtteding at

[S:r&?tggnlg}a E%l(ﬁ%?#]&ﬂ%@gﬁ&%l)@ l ﬁ)@ihr an 1n1t1a’tor in the presence

804 VOB ACHBAHUREIvenP Ak mlﬁgléquﬁsihvmg polymerization reaction

pol y(pyrrol e-co-thi ophene), poly(pyrrole-co-furan) and

euideitans anédtheraadtef afkhﬂg/&@ qtlﬁmlmagentd ahmutmranfl rgaction aflows for
xt.ur es

gy Xttgt oprsx?ti)ofdl ?gﬁ?€ h‘%l{e S gonLAning HOllXe eﬁn @ther %mtakse

: tfmmm atrﬂf&aﬁmmatmeﬁﬁm@t@a ym@rb&ﬁnrmwdms Saiﬂﬁﬂohﬁ&d%biy

such as po%%égubstltuted pyrroles) or, copoly
ioRiZngER PRJ khaip epd| cpprananly bglisdied,dp ﬂmrgwggféof ae},%ms acid

B o Sl AR et ot g

upon the ultimate result. Preferrably the quenchi ng

s R

ﬁ@ﬁnﬂRhMH%ﬁﬁﬁh%eeH{ eqmore preferably polypyrrole,
pol ypyrrol e-thi ophené and pol ypyrrol e-furan, and even

nore preferably 25 polypyrrole and substituted

B B ieBe e e RER T b ol PRE SR b Frour
@TBisaNeof ;bdlyﬁrrhﬂéﬁp@@eihglﬁnﬂﬁx% ?Jof)fpﬁﬁﬁdtmﬁzm@ﬁﬂ 951ybheﬁomgzme

car bocatl onically term nated polyolefin polyne Thus,

mqiﬁmq@@ﬁtqsmgf(pgg@mcott@ﬁpb@eb @ﬁtymréﬁe-ﬁmfwatlh@d substituted
é’éﬂﬁiﬁtés‘th&goﬁ gdﬂ%ﬂ%ﬂf %&%%Q’orftﬂgé X@ ng@é& ;i*)ﬁ Bg&%ﬁlf’ég g{‘g'tﬁé 30

ersign or
mbehtatedﬂansatma Itiieea)ftchne belemmplolhed s lagentin tle 4t tieas pblymers

S\E@% ?‘}bggwft%ﬁgr&‘»ﬁ 2%9&'5@3&%@%% aﬁfqlﬁé'oggggq V‘?‘G‘%SH@“ding block
mﬂ&e | diblook POty diahblbbklionGus BRRIiR heABRfing, Subitiy,

e, this contacting can be performed in a fixed
lbecmondcamtms, aod thus canbk eptimized depapdingaipondhe Wiimateresult.
In a

h
BrelshaBy T S RDERERN s iR RIS erohP eHRPE ogpeigpymote,
mﬁlﬁﬂb&ﬁ&m q:.ot)tp?ﬁoteh@mpﬁeﬂd 4l foBiReroleSfufiasd) atoewflﬁreferably

pol ymer has a ul ar wei ght d| stribution

palysrols pabypyrrole-thisphens andpolypyrrelecfupang prd esnyngre praferably

pﬁ)ki)ﬁ)%oi‘e and s%bﬁﬂﬁtéﬁ p%ly%yﬁ'gg. V4 IP Eﬁnect, copolymers of the above.

~ In one aspect, the quenching agent can be employed in a heterogenous phase from the

quasiliving carbocationically terminated polyolefin polymer. Thus, the quenching

agent can be contacted with the quasiliving carbocationically terminated polyoleﬁn

‘polymer as a dispersion or for example in a fixed media. This enables the quenching

agent to be easily separated from the final polymer. Likewise, this aspect can be

capitalized when the quasiliving polymer is contacted with the quenching agent. For
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preferably less than 1.5. DETAI LED DESCRI PTION 10
Definitions As used herein, the follow ng terns have
the foll owi ng nmeani ngs unl ess expressly stated to the
contrary: 15 The term "alkyl" as used herein refers to
strai ght chain and branched chai n saturated aliphatic
[ I
g e R e SR R R
aaioe besthehaiiabls dbira@kaebwtygehaddter. gr oups are mat hyl ,
ethyl, propyl, butyl, isopropyl, isobutyl, sec-butyl,
tert butyl and the like. The term "branched al kyl"
i u%Eiﬁw gl ¥ SEHAR goreombl@éa solifat the

on 2 aton1 epresenti'ng the pornt of attachnent of

vingh@ﬂm ugrntivatedpolyest hasfa blecwiat weightdibtsibugont, My/Ms, from

e 0 01t 8oy, FRaPEpieeSHRy BTt 1 135 pb o yif more

p@ﬁ@&ﬂyggnghqgrwee ot her carbon atons. The term
quaternary carbon” as used herein refers to a carbon

atomthat IS attached to 4 other carbon atons. 25 The

terms "carbeniumi M%En%ggeﬁ&g Nas used herein

refer to a positively carpbon at om beari ng

t hree sp2- bonded substltuents and an enpty p orbital.

CH3_C;H3 PIB-CZ- i -CH2- i O+ X CH3 CH3 PIB Carbenium

e term"chain transfer” as used herein refers

E Eé?lene?ﬁﬁ Stﬁ% T(QR)V\Q&C% %Fxﬂ%gve%e ifowiR ? Hégi'ﬁﬁ 55&%39 Rxpressly
arn wt 0SS e |n|t|at|on of another

slatey tethie zahtray: chal n. The term "conmmon |on salt" as

used herein refers to an ionic salt that is optionally

5 added to a quasi-living cationic polynerization

The'feHh alk91"RE eN&Iersth $8@R 18 5k AB A hald id lﬁﬁrﬁﬂé&&&duﬂ@amrated |
carbeniumion and counter-ion pairs. The ani on of

Pipkrtngioups typically baving ot enel carhont dhem do alpaus 20 p@\bgn&ﬁtorns

§ome xan?pqgs fl %glg‘l“lb&a?n gﬁ]cpg’ran&%g cﬁgltnisgtlara%d attl.pp%agg E&'Bﬂs are

methyl, ethyl, propyl, butyl, isopropyl, isobutyl, sec-butyl, tert-butyl, and the like. The

“term “branched alkyl” as used herein refers to an alkyl group in which the carbon _

atom representing the point of attachment of the group to the rest of the molecule is
cither a tertiary or quaternary carbon atom. The term “fertiary carbon™ as used herein

refers to a carbon atom that is attached to three other carbon atoms. The term

~“guaternary carbon” as used herein refers to a carbon atom that is attached to 4 other

carbon atoms.

The terms "carbenium ion" or "carbocation” as used herein refer to a positively

charged carbon atom bearing three sp’-bonded substituents and an empty p orbital.
' CHs - CHs

PIB gzc!; CHZ—!@ °

CHs  CHs

PiB Carbehium lon
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ion salt is typically a fatty quaternary anmoni um
cation, such as tetra-n-butyl anmmoniumion, which

confers solubility in the organlc nmedia. 10 The term

"common ion salt precursor” as used herein refers to
an ionic salt, optionally added to a quasi-living
FAL {PR!ChaR krﬁﬂﬁ’éﬂﬁ ééhééarhe% f LS ip E‘;ﬁﬂﬁﬁ‘ 6f %%h of one
counter-anions t are i denttcal those o
pelypegattionghainaiith émqbwmhle anitiatici afmnoﬂleiamlymmmtlbh chdip.
Lewi s acid. An exanple IS tetra-n-butyl anmoni um
chloride. 15 The term"controlled nol ecul ar weight

Bt iRion 169 54k 88y RANRkdIn FEERNS af RnidNiMRAif bftionally

pol ymers having a desired nol ecul ar wei ght
adedito bquasthivinpreationic pelyrmerizatinn ginturdits prevenitdisseciafion of the
@1% %;\Itl%g cpibe em¥1m lmrjgg((le g F)Dlt uhter-io E{el égfrsn hg ﬁlgl%ll‘lf% lttl%tc%mqléln ion salt is
mlaﬂmm tdothe bb@ltauiiﬁihﬁbf thy Qf(fp@gatmgl ob@ihl ends. 12 cwmgdmtthe common
Q& The term "coupl 1 ng" as_used, herein refers to
dnfvpicatly &fatly ProtepRsy amEom R Patianafush i thirary batyl
Bﬁm%ﬂﬁ&lﬁ%Pwﬁk chilfe i ﬁgq?]£ﬁﬁ SuofRLE, When the
olymer Is ylso BRI s Fefers to the
addltlon of a polylsobutylene termnal 25 carbeni um

on to_ a y| sobutyl ene ol efin chain_end. The t
J”af‘ot?apeao sl hocyion” Fomefl HOT a1 HES ogayipe g pipnally

:;Q:fde@%jh hhé%'ﬂ-h?fng%an&ﬁb }ﬁﬂgfnef&ﬁfcm rﬁﬁétur@ %llﬁ@ﬁ‘ bEarkon to

a polynmer (exo-olefin hai n end. Coupl ed product has
@untﬁmgxonaﬁ@t axgadenticelda those wéﬂghxropdga‘ung chain ends, via in situ

BRI bR el b€ A Saniiic s Iy P B Ehogice.

used herein refers to polynerization wherein the
chai n-reaction pol yneri zation. i nvol ving ol efins

Predern deonfiollnd pedesules weight Risiributian’ 9 usgd perein rgfessto

ﬁ}t’%ﬁ%‘h 6{?&#&1‘% ti%&mg 4e9ﬂ%% rlnﬁfélc%ﬁf @I &Q&bﬁﬁ&? %8dSnolecular
mghngahbmmn mf}aall)rdm;je&u@ﬁm:texa(ﬁﬂil):Mm id elgulated bpdividifethe

term"di- used he elnreferstothe
PG O 4.0 the FRRGHET Bk S S apsmgsdlecular

‘R,@IFH@ Rel/ngar beniumions react to for m a coval ent bond
Si ngI e quenching agent nolecule. D -EAS
product cont ai ns inits structure a residue fromthe

i etglgl’rtl] “'c&lp?gg? as'used herein refers to the addition of polymer terminal
carbenium to a polymer exo-olefin chain end, for example when the polymer is
polyisobutylene then this refers to the addition of a polyisobutylene terminal

carbenium ion to a polyisobutylene olefin chain end.

The term "coupled product" as used herein refers to the product of addition of a
polymer {terminal carbenium) ion to a polymer (exo-olefin) chain end. Coupled
product has a number average molecular Weight that is approximately twice that of

the main polymer product.

The term "conventional polymerization" as used herein refers to polymerization
wherein the chain-reaction polymerization involving olefins proceeds with ions as

.
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The term "vinylidene" refers to a polynmer chain end
wth the follow ng generic 10 structure: Pol yol efind~
R where R can be H, alkyl, aryl, aral kyl, or alkaryl.
The ternms "di-substituted ol efin" or "exo-olefin" or
"met hyl vinylidene" as used 15 herein refer to an

|.ef iL.n I i t ai.nj ~ [ j
S Lol HERO-E R LS TGRS o
f1epsf.ch&il3niGhZon, hidn GHibo@atik chain GHBsfeiHmd Idhaint temmniRAS
product"” as used herein refers to the product which
results when one polyner term nal carbeniumion

Théf _"H%ﬁgmcﬂw@o&\é%ﬁ‘e grgﬁr}gfeﬂ tgrih@pl%h{ﬂ&lvﬁli&pr_esults vgrhen

quenchi ng ag mol ecu EAS product contains in it

.t sephnatepodymerseohiealf cadrenine iong weact fui fogn agewalent Hoed with a

SR opisnecen T Tk ARG fif oflee ERsfaue

RONBLhSRhingRgERact ion that is either fully conpl exed
wth the 25 '

Lewis acid or fully non-conpl exed wth
the Lewis acid. The concentration of electron donor

ceeds the.concentrati f .G o b -
FCCEY B 60 1 pBr b P s I Beri
QHRALét Uti on or EAS' as used herein refers to the
process by which the EAS product is produced. 7 The
term "gemdi net hyl carbons” as lsed herein refers to
the two nethyl carbons al pha t@_the carbeniumion or
the chl ori de bonded carfaiyolefint he ol yol efi n pol yner
chain end as depicted in the structure below. CH3 |H3

wihere R qrbe H, allgyl, arglyjarabieg, orpll@ryler t - Chl ori de 5 The

“term "hydrocarbyl" refers to an organic radica

primarily conposed of carbon and
The terms "di-substituted olefin" or "exo-olefin" or "methyl vinylidene" as used

herein refer to an olefin polymer chain containing an exo-olefin chain end, for

polyisobutylene the structure is as shown below.

G g
PIB—CHZ——?WCHZ-(I:
CH;  CHs

The term "EAS product” as used herein refers to the product which results when one

polymer terminal carbenium ion reacts to form a covalent bond with a single

quenching agent molecule. EAS product contains in its structure a residue from the

quenching agent.

The term "electron donor™ as used herein refers to a basic and/or nucleophilic

 substance added to the polymerization reaction that is either fully complexed with the

Lewis acid or fully non-complexed with the Lewis acid. The concentration of electron

donor exceeds the concentration of the protic impurities, for example water.

The term "electrophilic aromatic substitution or EAS" as used herein refers to the

process by which the EAS product is produced.

7
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hydr ogen which may be aliphatic, alicyclic, aromatic
or conbi nations thereof, e.g., aral kyl or al karyl.
Such hydrocarbyl groups may al so contain aliphatic
unsaturation, i.e., olefinic or acetylenic
unsaturation, and may contain mnor anmounts of

t eroat QUs,. S X |
6t R RS oo B9 i Herdth TR he g WA CHDons
BIph& tdthe eh®esiuindoh be thelvhidriialborddadaybdnhutthespaiydlefin helymer
polymeri zation and satisfies the val ence at the head
ehaif ped godapirted iafbg sirucgpre blOW. ol ecul e that provi des
that noiety. Wen a nono-fgmztional ¢Hyi tiator is used,
the chain end (CE) concent|ration equals the initiator
concentration. F a Pti - unction 15Cinitiator,
when the functi ogé”ai ty “of t,({ne irdn"’zti af or elqual s X, then
the chain end concentratidn equals times initiator
concentration. The term "LéWss aci d"Cles used herein
refers to a conpound thaty,gah @gsapt a pair of
el ectrons to forma coval ent bond. 20 The term"living
hé yemarhydiobabyl" asfersde dn begapiaradiehlgpranardy composed of carbon and

Pibebaanfih it byl RSERE mb o SRR B herag

8F RraliGH 35 hikhiyy] Sih RYUNRBILYE Sobf ma alssl 66aih@lifhdlic
%gf’émraéﬁ!t‘l% 'l vi'ng pol grreri zgtigigns _ 3%1 wher ei n '9' )
nesaturatid, &e.¢ blafinictos apdtylgnicomsatimationand imay, coptgtn minor amounts

_ L eegblsfinctoesoiiyienica _ |
abfiRRans. SuRasoRR e ARl b ARTES

herein refers to a chem cal conpound which is added

toa polynmerization reaction to react with the &3' ﬁger
Thatonme indtiatertas asgst keseinaetersdodipe ghiymieal mpdety Higt stadds fhg.

: g&gr{rl%ﬁggfoglirﬁﬂg SRS L tfeddrch ﬁ{aﬁé hbdiEof" ﬁﬁg&?}gfﬁh&, or the

eactive chain end.

frpddcyi! thiti ppovidss thstadoibyr &Vhenreahencsfunotienap dlityateris used, the
produced by the additio 5.pal yneri zation of .one.. .
At Ry %iﬁrf@,m%mﬂo%sw?wﬁ élﬁ_@?%p%{ﬁw@ﬁlg{" g Aanctional
RN WER e BhGiondRE JrehdiniifiGldgBalk RPMheA the 'chak eaged

erein refers to inparities within the polynerization
cawehtiraivnriqueiardindsanitigton coigentgiiati. ¢ hydr ogen atons in
their structure, 10 for exanple, water.
The term “Lewis acid” as used herein refers to a compound that can accept a pair of

electrons to form a covalent bond. .

The term "living polymerization" as used herein refers to the polymerizations that

proceed in the absence of measurable chain transfer and chain termination.

The term "quasi-living polymerization" as used herein refers to living polYmerizations

wherein reversible chain terminations is operable, but irreversible chain termination

- and chain transfer approaches zero.

The term "quenching agent” as used herein refers to a chemical compound which is

added to a polymerization reaction to react with the polymer chain end in the presence
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The term "regiospecific" as used herein refers to
chem cal reactions that give exclusively or nearly
excl usively one of several possible isonmeric products.
15 The term"term nation" as used herein refers to the
chenmical reaction that termnates polynerization
oce i he ' Yol t
s 3ERs EhbdGa iR DRak ARl SRRis HRAEhEYE Jrahubn rom
thet@ktvd ¢haihendchem cal conpound t hat term nates
pol yneri zation process or the quenching reaction, but
may not sinultaneously initiate 20 a new pol yner
" ddition
A e i B e s S
ﬁdiﬁnemmﬂ pote aithaeioltdinss ek ns ethplendgropylene, styrene,
chl or o- 2 met hyl propyl end group on a polyolefin
E%h ¢ &ffain. 25 The present invention -is directed
in part, to a method for producing an vinylidene
term nated pol ymer conprising a) providing, a
'ﬁln,taisrrn "miotig iropirbipt 2t used hergin rpfers tor imphatiesWEBINEE ef i n

Btateraig? Refin SERMRTEY ot 4EhaTuoheR Mhitthbiure
B kyaNie,Oldler. POl YVi nyI pyridi ne, 30 pol yphenot hi azi ne,
pol yoxazi ne, pol ypyrrol e-co-thi ophene and substituted

derivatives thereof. 9 The quenching agents of the

SR el Qb cRARET ehAfbns that give
E%a%gﬁ regi%\éﬁélg%é?%g?gﬁ lge%é@g%?rys tgr‘?nﬂlnat ed pgsyoal gfl n
arlusively c&ﬁﬂ@ﬂ}a baflisivetp aheofsederabpsiblerisemertid proiaess.
chain ends to the exo-olefin chain ends. Wthout being
bound by any theory, for exanple, it is believed that

TR teRR kR AR Ti&y" a%'il%ed Hé%@iﬁ‘%@fefhg:o e Hemie! rédeion BRS Bfhirtates

I nvention selectively catalyze the elimnation of a
Polphenization prachss ag g qnepm]mng reaction hpdeastivatipm of the Lewis acid.
pol yi sobutyl ene chain end as shown bel ow. CH3 CH3 CH3

CH2 H2 (c) XH2i-CHZ Il P1B-CGCCCH_C CH3 CH3
TitefhBteBhBatoar Ronkd Redeivefxotothe themiPAlBompound that terminates

polymerization process or the quenching reaction, but may not simultaneously initiate
a new polymer chain. A number of alcohols may be used as terminators. A common

terminator is methyl alcohol.

The term "“tert- chloride" refers to the 2- chloro—?.—methylpropyl end groupon a

polyoleﬁn polymer chain.

The present invention is directed in part, to a method for producing an vinylidene
terminated polymer comprising a) providing a quasiliving carbocationically _
terminated polyolefin polymer, and b) contacting the polymer in step a) with
quenching agent selected from the group consisting of polypyrrole, polyvinylpyridine,

polyphenothiazine, polyoxazine, polypyrrole-co-thiophene and subsfituted derivatives

thereof,
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~This result was unexpected since the quenching agents

wth very simlar structures are known in the prior
art to quench quasi-living cationic polynerizations by
an 10 electrophilic aromatic substitution (EAS)
mechani smas disclosed in U S. Pat. No. 6,969, 744.

i i t i i . r ITTE]
e A P e o L R SR RS S B Pasiiving
cobatatidnmellsterminagidpopaditin prigmerentibelefinndpain ¢nds igd tert-

B0 1 S A OB S
frahhple, 9 BeliRO&HY BP BolgREPEPIHE Jueshidahts Witk présent

olefins I1n the ring. The quenchi ng agents used in the
pyventéon selastively icatalyze thetpdinungsionyd @ prejon Higvethe gem-dimethyl

i -al.nin ef.i hi.c chain ends and
F%Hfr?éﬁhg ?P@géoﬁﬁgﬂier? : gﬁ%@ BFJci) ag?}hg)kmebf 2"."‘& efin chain ends
i ndependent@ty of wHébher a nono-functional inchs at or cH,
i's usedupr PO a mulltd - functional. This ratg o'
COrrRrSCof-G-s—eNpest edk t 0 L] ar g C——CH,—C
functional jand di-fjunctional initiators. Tenpgerature |
dependence gdrg obsergygd for the preparation ot ,the 4y
pol yi sobut yl ene pol ymers containing a hi gh ? s
concent 2R YaiMyP Y- xo0- ol efi n chai n ends basé&d-@kinPiRe

TR Rl Yt s shef B RS EE R T Rl sBes e
Rxviinghé Pri®yarStonfuicREsquAsi-BaHP bathgic pilyheriitiongby an

- . seen. as a peak centered at 4.82 just up-field from

¢lperophiicarematic gbsiitugen (B Bmphapismps diseiqsed BhUﬁe BRt-i n
N 360 M CORGRLRAT AR pR A e BAS FRRE iR jcany

sobistitufpdakith dlectton domatigsgreaps lotdied ataeicgicgrsitmns on the ring, It

R o sl e B AP RS P

desired elimnation reaction i's in conpetition wt
eleBnpindbkting.on of coupl ed product through reaction of
the carbeniumion with already-forned exo 5 ol efin.
Therefore conditions that favor elimnation and

Theqrwcting Qi M@dad the ppésehtdhvafion bhigbeempRaed toddnvert
temperature has been found to favor elininatiaon

Reirmgdihey Rty vy, FheQiniple] foljiSobuBAbhefd@istnthAaors hﬁdct with

nd tc : .and
- eRix¢lalippolymgprenigining plefimig ehain ¢nds gng tart-ghprdde chain ends to the

ﬁ(%'—éﬁ@ﬁﬁ bk RS ifde ég&@%ﬂg%'f HiEthesd glog&%ﬁéﬁgﬁélqmtﬁﬁr 4 dsed or
etween actrve, carbeniumions and dormant, -
4 muiti-filnkGodalleThihaiterof ndasiollieexpedied teebgpsimatar foe nafnot he

TS0 Rl T S e
Hepdr e o e psIHsEBuiPlene b1y Al doRRAIARGA high concentration of exo-
olefin chain ends based on the total chain ends. It has been determined that raising the
reaction temperature increases the yield of exo-olefin by suppressing coupling.
Coupling is seen as a peak ceniered at 4.82 just up-field from the exo-oleﬁn_ peak at
4.85 parts per million peak in the 'H NMR spectrum and also in the GPC spectrum,

represented by a low clution volume shoulder on the main peak.
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- cmHbgEm exifoPriwern agiyg ecarbratum iws ppd Apranah. et

coupling to an equal extent. However, higher
tenperature al so shoul d displace the equilibriumfor
t he conpl ex between quenchi ng agent and Lewis acid
toward un- conpl exed quenchi ng agent, which is
believed to be the agent that causes elim nation.

Ig?né LRt it ct,o?lﬁgﬁ)g@%ﬁ gg{eﬂg‘sfopﬁl%i-ﬂ?ég ?% g ettdnl 48 be

vant'age to t esir reaction. ature

* apdimrindd iodighhef tha geehchinghstapt Without beighbiunddryciny theory, it is

concentratign.and.its relatjionship to guenchi agent
eBrtenbadhs i §limiBeS el BoRGRROY LI OR TLHE protiion of
doBRA pRsHuc @R r8sctiohloS MR cafRBiulr BA it Hea-Fitie@ Bfo-

whi ch beconme necessary when | ow nol ecul ar wei ghts are
dlefig dihexgforp cenditions thai fayorzdinfination and disfayor eanpling gre

siace. t.ha rocess is second.order i . I Ng.
Eonafe T e e R BRI 5L ol B e kiR 2
digfheor@buglinglinaidslving ¢enaiid pgyagenition of iobiyleat, xmn

and/ or tenperature should be increased. Both o&@t_gese,
ride chain

i A R L S R e
fanes drslonganfebamhindg, buf hisgentd deorasnthe attésoof elimination and

di m. ni sh t trati f Lew id i b
ST e oot oD o Lens sp e Bass il
eﬁgﬁﬁﬁ'iuﬁmr BRYMoSn A& Shtw Jeﬁélﬁné"ﬁ’ééhﬁandﬁléﬁi@ L&A tdR&d un-

car enlun1lop C ncentrapi n_S|nce t he atter varles‘ .
cappionei quershingrigent, whiv is beliaved tof be the agenfthat e@ises elimination,

G b A PO e S PUR T AT g rsction.
R EaReR bk isROBe vitbitansit.and hi gher 30 Lewi s

aci'd concentrations and preferably run at higher
tenperatures. An expedient way to reduce coupling at

) . ) , | .
R bR SR s M bt o berlhipll et cndcRB R Ak

Ticnds poié smﬁtrmtﬁm_saré froporéant variabtaenﬂ‘rgaeﬂ cam-afd ca)nbfemiadons,
EHE hecBE S oV T T Rl e R s Je R s ats ey

AR ORHT FubGhy bificdihht ﬁo&és_?_ Es_téeé’(?thﬁdérhﬁ pElARE chdidd, Mlerefore,

chain end concentration. I's suggests’ that under
t0 hedgaio dheldesiroh dpminapcaofithe titeof eligeinetiopaguershingrigot a

 BranBut O G BRBRRT A S P OGAIES pmeer.

. HobeverBehhe Snd@Rible BERYCtRE fedabing tieadontbtfitatib® bf carbentum ions

elimnation, and the el ectron donor nmay serve as a

apd thusnetarsirgpthe convrigion gbchsin ends éa exa-pighn Jpecatingdayanehiag

 EOASEMIERAREADGEELRLI KB eoroBbliBh b PARR ack] pOBTF A the

formation of a complex between quenching agent and Lewis acid, and this would

diminish the carbenium ion concentration since the latter varies approximately with

the square of the Lewis acid concentration. Therefore, recipes targeting low molecular

weight should be formulated with higher quenching agent concentrations and higher

‘Lewis acid concentrations and preferably run at higher temperatures. An expedient

way to reduce coupling at any target molecular weight is to dilute all reactants with

additional diluent.
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econoni ¢ advantages in practicing the nethod the
present invention. On the other 10 hand, in the
absence of a basic el ectron donor; for exanple, when
the latter is replaced by a conmmon ion salt or its
precursor, it has been found that conplete conversion
@tfhas %Q&l ol that ﬂgﬁle!:pi)eﬁ%'o‘f ls@fricibnt S&i&,ﬁ@?ﬁioﬂs of a basic
stolchionetric or higher concentration o qguenchi ng
algeimon ddsmad gmpréresieconverdions mrsxotdiefimcdanc fidsgan e attaingdy

serve as bagth catalyst and.proton acceptor. 15. . )
B Py aeP i R Posiocpirelipar B PRIGhTRAUoRSY i deRiiving chain

B YoRESrARA! ®hRishEEik A uRldrih&R LondHiONY theQftichdiing agent may
Chain A typical procedure for the preparation of

prohapslagirotengdoing pher carteiiunh iongnd subsequéntlysransisrs the pryiterete the

l.ow ,The hod of the present inventi e. ..
ek o0e® L N D bl DGR E ey PRl BFnasion, and
He@texs%n denSieihy Bat€hs @ﬁl@ﬁﬁﬁa%c@ftotb%@ 0¥ P OIeQSthalknNOWN
by persons skilled in the art. The polynerization

plaichiqnyiric soncppiratian (yelativertp sbpip gnds) pé apenchipgrageyfseuldipenter

R AR b o ORI BT b6y AL Bl

- Barldyenthe ab&ncaof a basid eledran ddnog foredxanipte) when fter later is replaced

omon ion salt, or its precursor, 4. one or nore |
AGBON 1 8P1ser 15 Pracyreas lé_lcl%ﬁéreap foymddhaticppiplete pqpversion of
#EPRA AT B JBLdI86 Riquirkd abidto etﬂ?co&g,ﬁ' hel R6ndehalidPoY
m xture is equilibrated at the desire enperatur.e,
quenghing agersnUndaydbese caBiitiGistthe gixmghingGrg@it mafheervestsihoth

of ;the present invention nay be carried out at any 12
%y{l@gﬁg@ggmc&to& nospheric, sub-atnospheric or
super - at nospheric pressure. The progress of the
&ol yneri zation reaction i s nonitored in situ by
aacsal Braeadurhfos Prepgeation 9 Bekyols haners Coniainling Hxo-
Eh& E%ﬁ‘iﬁcj@@ il xture. After high conversion of the

erved, an aliquot is renoved for '
Aeypicatipnadeilore fof thelpeearation we polyokiimpaiyimendf the present
conposition before_ addition of the quenching agent
KROS5 REER g’slp%ﬁherf@almogﬁhq PFORRE LIeRRIpMAY b€ conducted asa
%aﬁ%H&'nBé‘és@,da Wrttduddl FBERIORN defi-Barh pPRRLs SHBY dnlyMrdeSkdwn by

persons skilled in the art. The polymerization reaction is typically carried out under

inert gas and in a substantially anhydrous environment.

‘The reactor is charged with the following reactants:

a diluent,
an initiator,
an electron donor or common ion salt, or its precursor,

one or more monomers, and

NS TR S

a Lewis acid, which typically comprises a halide of titanium or boron;

- The reaction mixture is equilibrated at the desired temperature, ranging from about -

'130° C to about 10° C. The method of the present invention may be carried out at any

12
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desired tenperature. 6. One or nore

ni trogen-contai ni ng pol yneri c quenchi ng agents is

added to the 10 reaction mxture to-quench the

pol ymeri zation reaction. Although, the concentration

of the reactants may be varied to obtain the desired

bk L j L | od €1h

e i el AN O
plogiass efithe piobirebriz3tien reattionds aweitoed ¢u sibelny det¢roninatibd of the
The nol.ar ratio of .nonoper tQ ini.tiatqr, is jn the..
PR OF RPN eI {yhe Besstion DY BG0ALer Biehegpugign of the
f080BF Bobdd an Rfiqu¥e RABRLVEPJr QbfehAt@ior 8f the pfeluench
range of about 5.1 to about 2,000:1. Mre preferably.
elreén el eomposition beforgradditien of ibe gnenchingagents Thihpelymerizgation
tg 150. The lLe r.ati nmononer. to.ini.tiator
{eftottindns ARl Rl Euith s 0PRE igh flogpbrcqliBlated at he
dalv@ksfipetaturBhe mol ar ratio of Lewis acid to chain
ends:is in the range fromabout 0.1:1 to about

2,500:1. Preferably the nolar ratio of Lewis acid to

hai n IS s e af . ' :
Goo: 100K8E mofs iftobetfydr e ROl ARA porching et idded to the
t 0 cheactiendixhirs t@Guenblo tte polyimérizafion feactidre nol-ar ratio

»of Lewis acid to electron. donor is in the range from

abo_ut 1.1:1 to a_bout 10, 000: 1. Prefer _abl y t he nol ar
%}Bﬁé&h?fhelze%ﬂéeinﬁﬁérgoﬁ tﬁ(i gég_@{%hfs QRayiN el $o bktainliBe déshege

about 2:1 to about More preferably the nol ar
pratuas, ibhad wesh foundi thattcertais Gatiisexf themgactantp areipgefatsedifor4: 1

Bt Xt P s 3 FloR e GRRABSRER, '°

the polyneric quenching agent and is in the range from
about 13 1.1:1 to about 150:1. Preferably the nolar
Fag melap ratiocfimeongaied ta initiagariiy H) harange diogyeivut Arkdoaboyts

AP0 BPRABDhe B ity S HGpAREe lbinty it Bctanse of about

24w wiadue 310001 1t Muge pefaaliy the mslaatmiotof Zachotmer fbinitiatdy is about
i kew se he ratipo of quenching.agent based_.upon . th

@qﬁm L Thrpolg e ol wafiome fp i 9fpcn9r1§rﬂ§rfhecﬁreiﬂ e

RESHE ofitRe fA1gbRERNAS is in the range fromabout 0.25:1

to~ about” 20:1. Preferably the nolar ratio of

equi val ent nitrogen amount to chain end is in the
TSP e B il BBt i e MBEEBROLSLAPEN o Bout
2,500:1. Preferably the molar ratio of Lewis acid to chain ends is in the range of about

2:1 to about 200:1. More preferably the molar ratio of Lewis acid to chain ends is

‘about 2:1 to 15:1.

The molar ratio of Lewis acid to electron donor is in the range from about 1.1:1 to

| about 10,000:1. Preferably the molar ratio of Lewis acid to electron donor is in the

range of about 2:1 to about 100:1. More preferably the molar ratio of Lewis acid to

electron donor is about 4:1 o 30:1.

The ratio of Lewis acid to quenching agent is based upon the molar equivalent
nitrogen amount in the polymeric quenching agent and is in the range from about
13
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~appropriate reactor sys

nitrogen anount to chain end is about 0.5:1 to 4:1. 10
Addi tional aliquots nay be renpved fromthe reaction
m xture at various tine intervals after addition of
t he quenching agent to determ ne the concentration of
the exo-olefin chain ends on the polyolefin polyners.

0 I.zatl Qn. ction. is rm nated in I e
P B g iBE ol iy ot g b B oot een
Wnbihtadinlthe fRRE 0Paboat B: 1ababhtl 100U Mdre prif&ablgtthd elar ratio of
desired tenperature. The concentration of the
Eswisgciditp gquinalent iegent amewy igakant EHdoddncent rati on of
the endo-olefin and tert-chloride chain ends, is
quantified using 1H NVR. GPC spectra are al so

Dikeaisesthe raticpfa]veheiing fleyit baed nppmiheteheivalentnitrogdn dnwaint in

S product, the 20 di-EAS pr.oduct. and the coupl .
@é&&ﬁ’é‘?‘?ﬂcﬂﬁ‘@%‘a%&%@%@rfgé‘&gﬂ“%&rlpil'z‘ft RS ﬂi&/ﬂgPﬁt F3si110
t 864 | PQfAHI tﬁehﬁolgyﬁﬁs%E@%@Q@ﬁ%iué%‘é\%ﬁdﬁﬁ( f&)chBYend is in

e conducted batchw se or as a sem conti nuous or

themangeuwdabout@el & atwuat 51i. Wuire prefasably theounslas tatiearsqeivalent

i.ngredients are.deljvered to,the . reactor; 25
et e G EFEFE A% M Fte but ar e not
limted to continuously stirred tank reactor systens,

wherein an overflow of a slurry or solution of_ polyner
Additighal liguats may berenaoveddinr fhe reactionanigsirg pyarious time

. | s
PUELAL IO soBip o8 B RIS PP b epblin e
exeslefig akidinbids ol thé polpulefiapolynsreiThe pohetaizatiemmaction is
guenching a effectively contacted with_ the

t
{GrRSRIeAIF Al herligptepTos e dia e BERFASH iR B Jvith an

" 1 . . d
SRR MRl SR O iy 2P €0 25

rn a he preferred node of
reaction is a batch process although theoretically a

| ug fl ow reactor na ave. process adyant ages. .
P FhaspoR BF I e Tlothr i S T nentR e R Semption of the
drigaLtighPaRSerticAlorRid eRaif enda iiianafieMdsih® ' i MR EGRE spectra
linear or chain type polynerization in

arp alsp alitainadie ghaiiattvsly determine heamaynt ofthaEASprogyct, the
. i e ' [ us under anbi ent

%g@g?ﬁ%ﬁégﬁdﬁﬁ% é&ﬁ’gezifpg?@gc to control the reaction
pressure and/ or dissolve the feed in an inert solvent
or liquiddiluent, .in order tqQ maintain the feed in

Hheeauasiying nohaasization anliprsataciag ¥ithiheauenrchied agents

. | : S j or
FRRFLR00 17 ARt fng bl fhclidify B pon o muands
afietationtin whind: dostipena tstreansof npiedientstaee dﬁimreiddn $heareactor;

carried out is | rtant, e . .
7 telq:g‘ ?nctlucﬂa But are not limited to continuously stirred tank

- reactor systems, wherein an overflow of a slurry or solution of polymer is taken out

for the recovery of the polymer therefrom, or plug flow reactors. Preferably, the
reactor contents are stirred or agitated-to achieve an even reactant distribution therein.
Heterogeneous quenching agents can be effectively contacted with the quasiliving
polymer using fixed bed and shurry reactors where the quenching agent is prepared as
dispersion or in a fixed medium. The preferred mode of reaction is a batch process
although theoretically a plug flow reaétor,may have prdcess advantages. Typically,
the rea_ctioh(s) are conducted in the liquid phase for ease of handling and to induce
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dependi ng upon the living or quasiliving system too

high a reaction tenperature can dimnish or elimnate
the living character of the cationic polynerization.

10 Conpounds suitable for use in the preparation of

the polyolefin polynmers of the present invention are
H}&%ﬁ? @5 Fl%(l)lg Wg 5' ly%‘geqtzétrlﬁlgn Cf%ﬁg%cgsst o¥ luliI ?J‘lﬁlggléma?ch formation. If

@ fedi mgseliﬁwlﬁaeisl gasecub nadighnibixeit Corpidliats] it ¥s pmfmea t€ eontrol the
be estimated fromtheir dielectric caonstan

-~ mpphempessuresd(as issolyg diraniged Buandnert slventer ila\%iéltd;;hl?%t in order

i , -
& oL MR R PRaBe: £ Re (R POt Shprising
thevedsioire liggidaindemeessurermhdér kyw tempecatares pml gdadt nted a solvent
withre onab | ow freez points to sed at_the

61 sk a5 farmab AL pitasT bERsB RO T T olis Hppgpant
§6ﬂeﬁ§ﬂk% b El{el-lﬁﬁ?ng%ﬂ?ﬁﬁﬁﬁvﬁlg% QER! loy hﬂ?%l abtforGéRhperature can
al'’kanes, " i ncl udi ng nor nal anes such as propane,

disrinish obelimiete the Ewmg ch@r@ﬁpmfethe psionid pAwREREtoROr el

hept ane, normal octane, nornmal nonane and nor nmal

decane, and branched al kanes i ncl udi ng i sobut ane,
Compeiidiaitatle AR Bintie piepafatisa Bethe pdlyatifinyobaném o€ the

2, 2-di et hyl but ahe, 2, 3-di nmet hyl but ane. and the |ike),
W&F%éﬁ’&ﬂ‘é@ argjeRER&SI0%ich as chl or of or m

et hyl chl oride, n-butyl chloride, nethylene chloride,

25 methyl chloride, 1,2-dichloroethane,

Dilderids 2- tetrachloroethane car bon tetrachloride,- 1, 1

Pﬂ{l‘%ﬂ% ﬁa&l%gécggﬂg }O@angpxg éwl oﬁli Ira?e% of exc 8¥ Igrowing
Qpe@neg ﬂﬁr@ﬁ%{ HEik Bl%ﬂgnr @Jhlﬁ&rh%ﬁ RR&NALD %ﬁ%@ﬁi dﬁe'lé%@ﬁ@@onstants

(‘'such as i de, 1, 1-di chl or oet hene, and
Imczdlyc hcvlmmham@ow dialebloie canstarits alﬁ@refslmtcf smccdliowanéare

Ry RRON SRS o R PRt R WSDAFREY 5. J B Hine atkancs

ARIUABy] &Sordi drﬁ;@%@ﬁmezhﬂi RaftaBlydol eWedihg bbﬁxts to be used af the
representative liquid diluents or solvents useful in

RISHSH Pelypsization ErpPHY e [psteive splyent wchidgalionghigeaerally
- GEBRBlkaBES ity iRl kBl SN B R PGl Horma

mammue Ihormahhjeme mocasl leptane peiryasdtane iamabnenansehd normal
nown | Injtjators may be nono-functional or

SeRee, and el kangt s b S e o AP JsoRexane,

%féﬂlyfl Fednk ONAldi RAEy Blutah @3-’dﬁﬁéhylbﬁ]ﬂaﬁé ﬁid’ﬂh@ hﬁe)ahﬁog:nated

enpl oyed when t he deS| red p is to be |inear

- atkdaies guaktaschipodfprmy @hylchlonde n—butyi chloride, methylene chloride,

methyl chloride, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane, carbon tetrachloride,
1,1-dichloroethane, , n-propyl chloride, iso-propyl chloride, 1,2-dichloropropane, or

-1,3-dichloropropane,alkenes and halogenated alkenes (such as vinyl chloride,

1,1-dichloroethene, and 1,2-dichloroethene), carbon disulfide, sulfur dioxide, acetic
anhydride, acetonitrile, benzene, toluene, methylcyclohexane, chlorobenzene,
nitro-alkanes (such as nitropropane) to name a few. of the representative liquid
diluents or solvents useful in cationic polymerizations. Mixed solvents (for example

combinations of those listed above) can also be used.
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the initiator should have nore than two reactive
noi eties. The contenplated initiator conpounds can be
represented by the general formula (X -CRaRb)nRc
wherein Ra, Rb and R are independently conprises at
| east one of alkyl, aromatic, alkyl aromatic groups,
qd can be the sane or dlfferent and X' is an
@E@f—%ﬁe, etherate, 10 hydroxyl group, or a hal ogen. &
hast@ BalpeiaR f6f living anttqiisi-Bviag chbbegienicqfolaneridatod are
Preferably Ra, Rb and & are hy drocarbon gr.qu
wohkeawh inghos ledisisnmay BrgoABRIonaLs R dSRetiorahs,
SEATHE e BB SIGH B iR SR Rer
4rb emploged whm ﬂmnhmraals;to&ymms td bd ]snea;o Fef erakbigestdrgolymers
el ect t ructure of Ra, mmc th
{6 iinoigr shoulinase BIowS oo raptvngiehes. 15 frforalaih
igﬁfa'td{"%fnﬁ@u dsQhn B@i‘eﬁfz?ésé’ﬁt@d‘ Sy He g2nérafforinbFRNWIR REIR Wherein
eri vatlve or pol yrsobutylene.” Suitabl e conmpounds
R &b a0 RE e iedepeppicaily compiises atlleasimpe obaliiyh, atomatipl alkyl

| %ﬁllél:q d?e %ﬁog%gr L& @ lée [y E%’H@?rc‘ﬁ rgpfj ggd X" 1s%n acgta{éh LRl

ﬁhdu%r I&ie”geﬁrmmdshh@[bﬁeé@f n,ian@ n,is an integer of one to 4.
écurryl chl oride);
Breferably Ri, Ra-a08 ﬂ?@mlwdmce{lw)%@w épelainingone carbon atom fo about

i}f %g‘ﬁoﬁn%.l)rﬁg pﬁJngg %%arbon a om to about 8 carbon atoms atoms.

T SFope &t
I&e&@aﬁﬂy I Qaﬂﬁﬂ@e&h Bﬁ@@ﬁﬂﬁpreferf&)ly chidmjld Ims@haimtances it is

BB povie R .5 b B PR S
lé 4%113%% ,Igmr@il gﬁéﬁ%l&%ﬂ cggﬂ%it?v@ L5 styrenon 2,4,4-trimethyl pentyl
der3ativet foi ptﬁyrsablttpbcye Ellpabig yompeundeniacluie €or, examplé, ;umyl

r
e S BRS R BT TG Ch ke P e o kg

AdBropate, .49 eyt diisHdrt I ¥-aefigsroes 128ne, i.e.,
Izlhreeﬁgrchl orlo g 5!4 tri met’?:r I(Zeéent anep%?/g?:é)

C]!(@IIUII(@EH@@ dsbS m@r@m:p)%@rﬁgﬂa@n;e@; ge., tri(cumylchloride);
|
R 1

: Zﬂbﬁ)pﬁmm}&-@)hé@tl ipopaaé, 1Iebeumblhpmpmnd3 I-rndﬂlw{y*ez}p]a&nyipropane,

reactlon m Xt ure

n the range 30 .from about
g0 etheethea; | f‘wfﬁ(@rm? R LR VR epéﬁz ﬁ?ethyl
&5 qraa?'uy tlﬁ&ho @?@}y@ggﬁ&ﬁ? g; ﬁf‘&u&'j}ﬁh&hflnﬁﬁer %nti Bimilar

eréﬁge roma per ITter

cbnﬁaonndie Othee suﬂtalﬂcesxamyﬂnse:ap befamdin §J.8 tRatQm; Noe ﬂ19|4§189%n

bl ShEn el P B e oA RdkR) foaie GRS,

' ﬁm?(tzrc%r&qg%ﬁylﬂeﬁgéne o3 8AAE- &ﬁ&%\@pﬂ@ﬂ)b&ﬁ@m ah@

donvert traditional polynerization systens into
1,3,-di(2-chloro-2-propyl)-5-tert-butylbenzene (bDCC}. .

The concentration of the chain ends in the total reaction mixture may be in the range
from about 0.0001 moles per liter to about 2.0 moles per liter. Preferably the
concentration of the chain ends is in the range from about 0.001 moles per liter to

about 1.0 moles per liter. More preferably the concentration of the chain ends is in the

| .range from about 0.005 moles per liter to about 0.5 moles per liter.
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l'iving and/or quasi-living cationic polynerizations
systens. The el ectron donor used 5 in the present
invention is not specifically limted to any
particul ar conpound or class of conpounds. Exanples
i nclude pyridines and al kyl am nes, aprotic am des,
sul foxi des, esters, netal conpounds having an oxygen
atom bonded to a nmetal atom and others. Pyridine
Eamp@undﬁnhnclude 2,6-di-tert- butylpyridine

6- dlnethylpyrldlne 2, 4- di net

Efeatrw @quﬁSelaWbsyla shavApio cppvet lﬁgw%w ycHzatigystems into
i'%ykg gb %%ﬁh%?@l%&hﬁgzﬁﬁgg syesrt‘%nso;{‘gg elegtrrﬁnd%onor used
mdh@pmm?h‘t inventiodes INI Naeldlﬁcaﬁh jal‘rﬁtad hamiyderticular compound or class
%{%}I—dl e I ace‘t (Ele and N e4<§ I acet am g A@Ps

FoUs EXSBhIcF SIS OGO B IS Mgt Aprode amide

SokRIek, dz’%‘terth%HT YbmPbiiRls Ha$in@An % HFe Ko fboAdedabhghetal atom,
compound, and methyl acetaté and ethyl acetate are

mdammrssl’}@ﬂlmpwnﬁmmghdg 2 G%dgﬁﬂﬁt}ép}!@% rrp ounds

PRI R ERB R s FAHRHEOBIT o

e liePddd figidived BN clidphyiladiine and N, Nalimethyltoluidine may

‘tetrai sopropyl titanate are also_usefu seletron
rorlen emplyhied. Agnide sompewsls 1%?1“406@ l%ﬂléraftdaﬂ%r@a%%@

ﬁfi\?d[xﬁ{}ﬁgg&‘iﬁﬁfa}e%ﬂd@@wq{ B fgb'ﬂnte plE%F‘Q@ule@d@

bou es per
¢ontimiund By difretleyd biylfd}hdb Iﬂethyirmlmnus at emmprbé of dvectidreomponnd,
donor isin e r efromabo 001 no
iiiarihylpeolsfn g Ackia o8 SEm ?SP&F“@WP%P%‘PS? Thashgte
I kn the
R itk 8 A oA LTSRS idmide D 02
ks thylrhobphtats mayalserbe emhaysél @wgamom@mwp@hcwqunds

N

-

R 'ﬁlﬁ@édnb&ﬁrah@n QF tHeQiMohOa MR RbTS @Iﬁ tHehetableactionanixtia afay be in the

Typically, these salts are used to |ncre?se th n| c

B fgIRbO ) 1o peEieb ADOHH Y | AN e R Byereranly th
éc{ﬁ'iﬁ{t?a@ﬁ)n‘@f{ﬂ% eléclnl%?'agn&)é GORANEEran g@ ﬁ{)hlcéﬂoﬁ d) %o an%ie% IefBter to

conmon precursors, exanp
ﬁl:e;ut 0.0h ntulésmiea e niViore refepatilylthe (conGuntiakixin) of thi electron donors is

b i o ahobh 02l SRELP B R P b Bl bery ¢ e

‘range from about 0. 0005 noles per liter to about 0.05

m)l es per Ilter Preferably the concentration of the
NI vill s oIk ~é"~-|s in the range

FT e TR T

fab@ue @ ERAtiod ¥ or replacement of the electron donor. Typically, these salts are
used to increase the ionic strength, suppress free ions, and beneficially interact with

ligand exchange. Particularly preferred are common ion salt precursors, for example
tetra-n-butylammonium chloride (n-BusNCI). The concentration of the common ion

salts or salt precursors in the total reaction mixture may be in the range from about

0.0005 moles per liter to about 0.05 moles per liter. Preferably the concentration of

the common ion salts or salt precursors is in the range from about 0.0005 moles per
liter to about 0.025 moles per liter. More preferably the concentration of the common
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ion salt or salt precursors is in the range from about
0.001 noles per liter to about 0.007 noles per liter.
Mononmers 5 Suitable nononmers for use in the nethod of
the present invention are hydrocarbon nononers, i.e.,
conmpounds contai ning only hydrogen and carbon atons,

[
R 7 pee Qs P PRl g £ Rl o BABE
60T nodestper Hitout 8 carbon atoms. The process can be
enpl oyed for the polynerization of such nononers to
produce polynmers of different, but uniform 10
WRhSmElar wei ghts, for exanple, fromabout 300 to in
excess of a mllion g/nol. Such polynmers can be | ow
Hitabba ingnomeis g?d:rtusb |1rqﬂuednathod/¢ﬁh©pnesm fiyvertion drahydigcarbon

nol ecul ar §‘¥ glo t ,200 to 1Ob000t &{smlé all
BPRYBFS - ‘?Na‘i?\}“ ﬁ‘%‘ngB Y YQ%%S%’P‘? FArONLRIRPS LRIy
HeFhNshdMbREHE, Ahd ﬁ@hﬁﬂy&h@é‘e Hat R0 b oud 2 10 Qb9 00t

1 OOO 000 g/ mol, or- more. Suitable nonomers incl ude
forablp fromy st 4t aboybd cybematoms; Theprecess sembea employed for the

T

mr)&f:@lar @dlgﬁanﬁﬂercanpie,efrmabwwoem@ in Gccomtdfylmitlidray@ol. Such

met hyl - but ene, | -1 -pentene, and
Yraerwﬁ% %@ lo‘oﬁ\ﬁml%ﬁr ﬁisrgéﬁ éﬁ@fi &F VISEOUSROKERRSF hadng a molecular

¢v§1 Rt SR Gbodvhy Pb ¥ E@Oﬁ{f %ﬁo{?rﬁe 1UFsbEd WYy %lh‘{tﬁdor elifomeric

centration o rs 1n the feaction
mwtlalls daving nhﬂeauiarlwwghtsmﬁjeoxﬁ mbmtab](ﬂOIOOO 101,000,066 g&‘nﬁbl or

t bout, it f bl y
Bt Siibable BRoB e inrlidh e Eabin i RohuyieRs, SpeL it
1iﬁ| el lsgﬁ/ﬁnmu@aﬂierﬁeiubkﬁﬁl&ﬂ chRpahislof @he%rgwdﬁ% tﬁﬁ‘é

referab y t he concentration of
e reohass. ?artscuaaﬂytmeferra% gwnpmer asbisabutglege, Fomehybbutene,

% hlteﬁ{erotl ODu% k}l%ult )61 “psht % en%e&mf bett mcncb%éq Re ﬁ { ecnrl'f?gre¥ened

ncen ratl on rTbnorrers 'S

thotfider is Zobligkns. Mdt@ss bmb@oms daytbeaked The &umdeaﬁht&m of

tgs catal ysts for %éiooses of the invention_include
gimogpmers{gihg tofal feaguionymixtie sy i laﬁle.e HBEOHORADPHCLO] moles

I[lgérr] %Jo irl | éJt 3. O{%&l@@ PéPTH&Ie f’fe?&%lg Ith atiB g? the monomers is

e'titani es an
1pahet rapgd Eomyabbirt G imodestrer titee b airqud% Oltﬂolé@pqmiaefre]vio_e&j.

Y B R Rn b P SR e P e o
1Astctb tabOmal b yholdshRr Rfer. VIS l@raérasmﬁgc&ﬁ%@tﬁﬁlo@&eqa&mm

is 0.5 moles per liter.

 Lewis Acids

Lewis acids that are suitable as catalysts for purposes of the invention include, but are

‘not limited to, titanium and boron halides, particularly titanium tetrachloride and

boron trichloride. Use of the titanium halides and particularly titanium tetrachloride is
preferred. The strength of the Lewis acid and its concentration should be adjusted for
the particular monomer. Additionally, the strength of these Lewis acids can be

adjusted using nucleophilic additives. In some instances these Lewis acids are also

- referred to as co-initiators. The amount of the Lewis acid present in the initiator
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adj usted using nucl eophilic additives. In sone
i nstances these Lewis acids are also referred to as

~co-initiators. The amount of the Lewis acid present in

the initiator 18 systemmy vary. However, it is
desirable that the concentration of Lewis acid is

suf ficient t achi eye jate r

Soleher Sum! Ba0as G RRnTE bk VoRegReBaf bpLowis scidis
SERG et a&m@ﬂ: @%@f@nﬁ@tra’&mfmlﬁm@ﬁaﬁﬁn hred {uicachipg tEHee
t he formed The concentration of the Lews

besvig apid Cpn@enfr %{%n shoalslcrat & saighasdo Respimate the foraed gplyaer.

ﬁlefé RRARRGH of %%mé&; iPRE (bihi Bhotldh AR iy belR UiRYange
concentration of the Lewms

ﬁ@mdbbﬁt 0 (FOltlheIeﬂ ﬁﬂg&elftmabmabb(mmo(lbsq{éﬁhtml Rrefepﬂxly thiet er

to about 5 _nol es liter t he

BRERTIPB ! 6 TGPis P FURtes BEEITPE 10 003 Rl @oF Hisho

fﬂ&gyi Sangés 659? hi&S, Pote Aﬁljef'e%blﬁ heAldRtnirhtiOn BPIHG IRMs acid is in the

It enchi'ng gents Quenching agents

12DgH ﬁmplabbwd) &omoles pet hitepiosgbantt.Domle et liter. pol yol ef i n

in the present invention are described herein bel ow

The primary characteristic shared by each quenching

o8aRrhinefAddhe present invention is that they are all

olyners produced by the polyneri, zatl on of
mencbr@gragmmtﬁnn@teérf@rmem prapatstien of theqiolalefininghe present
hliRioh e FREMR RAGRbER. T8 rifhY (RERidrRaBeRLO! B) bt

@ﬁm;hlﬁg) BEHAC thhS prdsalt(im'ﬁanaﬂb mlﬂhaahtey alteradal mlanab prtgluced by the
ent . I1s a yner selected fromthe ¢ 801n01%on5|1

YIBeARHoR PEP@EG$6¢WPW|WW% Iﬁggomers entally,

iggt:%a?%%glggg*e facﬁg@er(sp k) {S&%Y' fnéﬂﬁ)ﬁ 1cﬁ9)ns, such as conductors

andlsgpyondrcmre 0- t hi ophene) and substi t ut ed derivatives
thereof. Additionally, mxtures of the polyners or
m xtures of the substituted derivatives thereof can

In@ne BRIbeYRthnt, Ae HRAVRINS Bgérfﬂ@s {))(Sl?mfeh@él&tétpﬁmlﬁ oliBY

be substituted such as i tuted pyrroles etc.

:c&usjsmg Qﬁpmycrame@@bvmﬂpm nesh anbpherpthiazipes ppiyplenoxazine,

R T

dpie BigVs RigregeAtidicianal lye nintes yof the polpmbs o higeresof the

i i 1 e e
Etlﬁ%ﬁ&pﬁ&%(}fﬁ&?tﬁﬁé HYiPo188 TRE KubdtfiGtion can case in the

structure wher el e Ting menbers are carbon
tabdling, aoldbiling rédcfiomkinsties, 80d thius cagbnoptinized Hependingripan the

- ﬁtmatetrlgs%l ¢ nr (?n%nasgéc? r]r:ﬁe qué{‘lchﬂl%lalég& c%xlil ?)g teh‘itp oyea na Heterogenous

phase from the quasiliving carbocationically terminated polyolefin polymer.

. Pyrroles are known chemical compounds having a five-member ring

structure wherein four of the ring members are carbon atoms and the fifthis a

nitrogen atom. It is known that the carbon atoms may include substituents such as

alkyl, alkene or halogen. Polymerization of pyrrole is also known, and particularly

elegtrochemical polymerization of pyrroles has been disclosed for instance in the
J. Chem. Soc. Chem. Comm., pp 635 (1979). Po_lymerization of pyrrole at the anode
19 '




10

15

20

25

30

al kyl, al kene or hal ogen. Polynerization of pyrrole is
al so known, and particularly electrocheni cal

pol ynmeri zati on of pyrroles has been disclosed for
instance in the J. Chem Soc. Chem Comm, pp 635

_ (1979) Pol yneri zation of pyrrol e at the anode 19 of

ORRIETPDRSUER i B ey A RGaclESaf b By ims having
a@aﬂaﬂ ichivducyvity8uh f@ﬁminglcﬁgdmmd y6lybViRolROhup wcmlees
may include counter-ions, particularly BF4 F6

@Epoipr-iongnparigdarly Biry oy, |C5I 4 pfmﬁjﬂ% 4 ohymisally, productlon of
}Z(ﬁ@aﬁyd'lé I aikck :sigﬁéqujé? isHoh 4Gl ﬁysel'e&r(gﬂc s eﬁﬂ?qlﬂ)fm ation in a

em ca merizationin a ona

' @in&eﬁtn:mlalyﬂecﬁrdﬂd celil‘th‘ctt mayomphiaibynalciude |ardmdphm employing

SHIERE R8T Bl G i R
%Ebﬁ?biﬁ‘er&ﬂeﬁ‘ﬁé fe%ingg p@lyf)ﬁ%!uﬂlﬂ%ﬁﬁé t@moalc%ﬁddn@h is

rmed” by anodi c oxi 1on"is deposited on the anode
éﬂpds@dbsﬂqm emdeyand em@t@bnliy rempyeuidiynsgripiveg. Adetbodsdor

t|nu for m i tructure a

ESRbi B i e bk pad ool e pARg e srugure
ﬂa@\ﬁ%nlaﬁ@db m&e%@{ gesftar f@:@mlp%, il U.9JPS:. Noat, 4684291, In
4,468, 291. In Chem Sac. Vol. 106, pages 6861

l dredeEm. §994V01+ 106, pages/$8p1 &216343, BIS4: dis Fnered biind

- OXI {:}Y ?fngeMndlfarﬁ;Igg\bhé%g Sl%g%c{)lgﬁ#ﬁolbg &Rﬁlﬂé&‘@)‘jm{?}\ﬂlcﬁ&ﬁﬂtﬁn in

dredgesusanlugion ibg misink éértddyadide & (d?a{laﬁk ) ééiddﬁahty pyrrol es
(PPy) including polyners of substituted pyrrole and
copolynmers of pyrrole and other copol yneri zabl e

Iflﬁ ey (PPHY ﬁéﬁﬁﬁﬁg%ﬁﬁrﬂ%@ﬁﬁs tiffd o?e Aedopblymefs of

present I nvent ese eter yclic nmononeérs.
If)mrqha dnd dthercopplygetieable pmhymmssemesdnt tieclpsstof polyalers egeful

d duct | t
15 S TioSRt Ireton, e R OEHE Resr ot gt SONefbeld®
ﬂ‘él}hh&s withale Ebtbhtlaﬂf& dopk@ eosinetiviey WRAPPEFmMeAHRA occurs in the

£ yneri zed an oxi dative coupling nmechani sm which
%nosa@onsmStSh@wmbyf@lqvﬁ@g sdigEt cal or el ectrocheni cal

- means. El ectrocheni cal poI @grl zation of pyrrole is
W

general ly bellmfollo radi cal step=grgwth
£

N N 4]
H . H .

The heterocyclic monomer can be polymerized by an oxidative coupling mechanism
which can be initiated by either chemical or efectrochemical means. Electrochemical
polymerization of pytrole is generally believed to follow a radical step-growth
mechanism where the monomer is oxidi-zed atrthe anode to form radical cations,
which quickly couple and eliminate two protons to re-aromatize. The pyrrole dimmer
thus formed is more easily oxidized than the monomer and is re-oxidized to allow
further coupling. As the chain length of the growing oligomer increases, it becomes
insoluble and deposits of the surface of the cell anode as a black film, where solid-

state polymerization continues to occur, The term "polypyrrole” means polymers
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25 nmechani sm where the nononer i s oxidized at the

“anode to formradical cations, which quickly couple

and elimnate two protons to re-aromati ze. The pyrrole
dimer thus forned is nore easily oxidized than the
nmononer and is re-oxidized to allow further coupli ng

S 0SB Bt 0 RO i 8 s

thfesefbd bpMedBll@sing f¥nagkT:fi I m where solid 30 state
poI ynmerization continues to occur._The term

"pol ypyrrol e" neans po rs 20 %%talnlng
pol yneri zed pyrrole rings i ng substituted
pyrrole rings such as tho resented by the
followng fornula |: RL rmula | 5 wherein Rl
and R2 are each independent™yhydrogen or a | ower
al kyl group containing fromHlL to about 7 carbon
atons. Exanples of |ower alkyl grgyps,include methyl,
ethyl, n-propyl, i-propyl, etc. In one preferred
whaes Eemd, RoRre sl ilkibpandently heidpeadend loyveﬁem(blygroup containing

Copol f | d N-nethyl
g{)o:ps S Rol yrrersq)o gyrr@se in L lgﬁgry 5 fﬁ:d% czcﬁyl
i c
étﬂﬁ‘lf tp}cgi}(i),fl'% lné% T Shy re?éi'ferdcéléa%gﬁfméxﬁ l‘élluéiﬁl R4

type rep esente Formula (I) can be
inderengenlyi raettly grotps. Gbpmiyrmmprﬂ'lpynah anle—mettmh pymsels or

ERmanREr S eiin e i 18 PRIy Shch e BE GG or
Subkia%alp§rroRk 6f the tj?}%{l@ﬁr@é}ﬂed By PRARIK(D) 84n WY ddpoBiniteized with

aronmati-¢ or substi aronmat’i ¢ conpounds.
cﬂhqcxtqomlymehyatrle afoppmers, anshial pprtisularnteer hpterenyeli¢ tpgn

and rr.oI i.pphene, I

Pt el PP il R 50 P BT R B e e
ﬁ@éﬂ’ £dshiophdRY olowitlireihef @ctnatiedr Msﬁﬁtddrwmﬂﬂ& Mmhﬂounds
known to those skilled in the &u_ For elx/%nnpl e,
Rastiguaheprsforyogd cppelames arp ByBele/Aag ang pyrrole/thiophene.
el ectropol ynerization as reported in U K Patent

2,184,738 and. by Diaz et al, J. Chem -Soc., Chem
Filyanets af0 c6@Byrhd8 o9 pymold armavhilalih eomn@ogally fwera variety of

Conm . 397.(1980). P | | ¥
Ft e o A i YRR U S P bl e o

ﬁﬁd:x&h réulsmﬁﬁnleﬁ dfﬁsyﬁoles;faﬁtbe oBirRl fb?te!d@ﬁ@bdl?ﬁéhmidn@@

I f pol (}/rrolels conpletely reduced to the neutral.
reported in U.K. Patent 2,184,738 and by Diaz et al, J. Chem. Soc., Chem. Comm

.635 (1979) and in J. Chem. Soc., Chem. Comm., 397 (1980). Polypyrrole is

electrically conducting in the charged or oxidized state (black), and produced in this

 state by electropolymerization. If polypyrrole is completely reduced to the neutral or
.discharge state (yellow), it is an electronic insulator. Polypyrrole, and in particular,

pyrrole black can be formed as a polymeric .powdered material by oxidizing pyrrole in
homogeneous solution (e.g., with hydrogen peroxide). Gardini in Adv. Heterocyl.
Chem., 15, 67 (1973) describes such a process and product. Pyrrole can also be

oxidized into a polypyrrole with other oxidizing agents such as ferric chloride. Porous

electronically conducting compositions comprising an elecﬁopolymeﬁzed polypyrrole

or a copolymer of a pyrrole useful in the present invention are described in
UK. 2,184,738, the disclosure of which is hereby incorporated by reference. Briefly,
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- acCl

di scharge state (yellow), it is an el ectronic.

i nsul ator. Polypyrrole, and in particular, pyrrole

bl ack can be forned as a pol yneric powdered nateri al
by oxi di zing pyrrole in 25 honpgeneous sol ution (e.g.,
wi th hydrogen peroxide). Gardini in Adv. Heterocyl.

{5F Stiviees eabeg Aot cob T et U e AR By or o
RoKRYrizabIE n¥ikiuke Q@ning%l Pindld Yy aaghRtrenisalbhcastuétbrersudface
chl oride. Porous -electraonically conducting

mmﬁé@hpl}@lﬁsba%d?m%)éwfﬁﬁg an @'@W%‘aﬂlw@pﬂ%we surface in an

DR P ernBrnE ARRHIRE of s af IR gl e

&ﬁﬁhﬂmﬁﬁhﬂsmmﬁmﬁﬁmwhbohaMtheﬂe@yndnm@ﬁmnnmwﬁmdbye

e s e
QIP L\V I?P ltt%nm‘,lﬁhbg RurOR 18 B wAnBHNlS) Mids dfing

ectr y conductive surface in an electrolytic
ﬁdﬁﬁldmwf (ﬂﬁ) pdiyperalé ngcepolmheof lasn thealabguidhh dud (il an organic

%;;Hng d IQ% @Sﬁpg !&:;lﬁ (ré E‘.@#cyctglrr%g}tﬁﬁgqugﬁ ggﬁ rbaﬁlI %g v{oltggeasufﬁcwnt 1o

é‘l@&%pﬁfﬁﬁé&@ Ik cEpyFRINO BBEopolyinhorizapie nﬁktuﬁ’@é@tduﬁiug pyhiolei dt yhe
ani ons ‘which are incorporated into the pqlypyrrole or

doguinjeatly cgndxmm siEacan q/mwenolahéf f%%ﬂsa’é}t‘%‘i' predpeorpgated

R ERIORIR i Bt

ﬂlbbﬁi@j@@f ﬁiﬁ@hnﬁﬁmhs&ﬁ@cxﬁﬁbﬁﬂhﬁbmuhclﬁdeltrmrtd)n(metal) caanplexes such
organic _diluent, and (B) .passin n.electric curr.ent.

BifyRANige, U eRFidR: ef& BE‘}I&t ow Jnqhility anjons gre,qyganic anions
ﬁmﬁ}(&h{ qR&le c{éﬁ%&ﬁoﬁi@g?&éf EQEResUr sﬁl‘f&fb!té’s%hbﬂﬁﬁ Q); alkyl,

e contalnin at the el ectronica
cyustilictl] argl sﬁhyifoaaﬁca:ﬂrselfatmnmfpmtgs The enionsiag isontpia more

i ncorporated, i,nto th onp05| Qns e
H\aagﬁ? EIGRICSHeyd GarRere Tt ] %“’8? R befiofhbee y fpore than
eﬁe M‘fbhﬂ:ad&icpgrbﬁﬁ BeidRsIehib EkahlppssifRulffdl ueids tnchris |ht=:x3dn .

onpl exes such as ferricyanide, nitropyussi d_
sﬂ&md:aced octyd elulfqm acithi doidesy] avifamie adid.depreps i Homf o

| udi |
el B0 i A T BTt oL fFAER RSy Pl BRlE oy e
Hj’rdr@éd@e’u&fate%ﬂﬂfpatyemmﬂ }fydfofgem ailfses oftvariavs mnbcwlaywelghts

contain nore than one anionic site, i.e., nore than
one ionizabl e group per nol ecule, e.g., nore than one

i é&%ﬁgﬁ)&h&ﬂ%g %F%hﬂﬁ{&r g@.htﬁ%a 85 RMRARLER 0P theptbdeani C

s°in oni c aC| octyl sulfonic .
ammomﬁmaadgpolymefmmn;dpmxn@amse:hmtgt@ﬂfvmlmlmw il as

t o Lljenge;sgxpul y %Iglfne? g{bggtug%@ﬂmﬁﬁmn@ﬂ?ay ?.ncllﬂvﬁb T coﬁglymenzable
ﬁwrlé@hﬁ saafias%irylﬁi Qydrgnee. b@@ﬁférsséﬂdfo@bsmﬁs weafiil nithe

ar wel ght

. present invention may be derived from 2-vinylpyridine as well as 4-vinylpyridine.

These polymers are commonly referred to in the art as P2VP for poly(2-vinylpyridine)

~"and P4VP for poly(4-vinylpyridine). Polymers and copolymers of vinylpyridine are

available commercially from such sources as Aldrich Chemical Company,

Polyscience, etc.
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The pol yvi nyl pyridi nes which may be. utilized as
guench agent of the present invention include

pol ynmers of vinyl pyridine and substituted

vinyl pyridine as well as 25 copolymers with pyridine,
substituted vinyl pyridines, and/or other

SRR TR C R RS R 0 5y
theseiticluda pobymiiazeles andegblyphenvtBiavingy [Papticuthirlyeisefal svel |

as. 4-vinyl pyridine, _These polyners_ are commonly
el il hamuiitmidaolsh ol Pspothiazine:

pol y(2-vi nyl pyridine) and P4VP for

pol y(4-vinyl pyridine). Polymers and copol yners of
Vohy{pymsolé-ch-fgany and ol Wpairdlatsb ¢hiophene) €The polyfpyoniesuch

P83l SRR PR e Bt i o
. piirblegriche@d atidpHene ﬁﬂg.quﬁ@ksis@,gﬁlﬁ{)ﬁbmsffwan) ndtitute

these include polyim dazol es an ol 'yphenot hi azi nes.
mpeativaile af # pywelefitpchyd o a fupy pag.slhys copdlymens) 4B block

“vinvl i e 5
BV bR me? B REAL U0 S ficdPariculpely preferred are
repdatanito whéreythe tisphesobhpyapile ialirccynbaited & & gyirole ringat the

- Ln the present invention constitute repeat units of

Ay ePostiops espeetiyely s thpientesenterhby the tesmp l%

15

pol y(pyrrol e-co-fpran) constitute repeat units of a
pyrrole attached { ®g furangyd ng. Thus cppol yners, AB
bl ock polyners, jmxed copgl yner pol ynerfs are
contenpl ated. Particu preferred are 10 repeat
units where the thniog irectly
bonded to a pyrro| e nd §2,- positions
respectively and ! e _ formul a: R2a
23 X NI H R22 reijn X i s oxygen
or sul fur and eac F% R24 is
i ndependently 15| sel ecfjed fro oup consi sting
of hydrogen, alky}, aryl, al klBazyl andRarjal kyl groups.
In the present injention, for exanple en X is
sul fur, a conmpoune- S

Formula III

Wherein X is oxygen or sulfur and each of Ry;, Ry;, Ra3, and Ry is independently

selected from the group consisting of hydrogen, alkyl, aryl, alkaryl and aralkyl

groups. In the present invention, for example when X is sulfur, a compound

represented by the following formula is used as a monomer:

Formula IV
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represented by the followng fornula is used as a
nononmer: R24 R23 4~ 3" S 5 2, 25 R26 RO N3 4
R22 R21 Fornmula IV 23 wherein R20 and R26 represent
hydr ogen, ‘carboxyl group or a salt thereof, preferably
hydrogen and R21, R22, R23, and R24 represent H, an

‘@hx}%in R %c‘l’ g% §rep usg}grh\%ﬁﬁyrﬁ%( c?tfbox?({/%hﬁﬁ/ B%:g%gﬂpﬁrec?f méfé‘ﬁbly

nononer< can

nwehogear snd WﬂERszRbaS asdiRfrepleaunt Bl anplkel, htlogere etheer) abg or
@ 1oned F -thienyl p rroIe mheg R20, R21, R22,

;%KY SiFdlapsynamers;¢ ‘SZG’X-Ytgﬁ?enyl pyrrol e

or 4- ethyI 2,2 - thlenylpyrrole also preferred are

4' -met hyl -2,2' -thienyl pyrrole or

As ﬂieswpbn@meS; whereXyib pylfurdbmegxampli, thedd crat eythertioped

3 EEKBYRGR, Gl i Koo Moo Ty b, Fnd it S PYTr Ol e

A-rhét Z'rt?uensfﬁiyﬁmg - étﬁ&lel 2'- thleniripyrrole also preferred are
4- et -t hi enyl pyrrol e or et hoxy

Bapethyly?, iﬁ;nepylmmp@ Ot divetnyls2 3 Hbispylpyrrple,
| | abl
4/ SMARYrT 81 RicolIEIEGIRRURARy R 2% BRSNS | 201 ©

4-ohlbmak Qgthwx@twmle d-brbeiocy2'ahieyylpyirele, conpound | s .
4cjonverted into an imdayl chl orglde deriyvative by the

wethory 4.4 eaﬂpmlé&g Arithaycde Ahientlpgglnang,
eﬁﬁfﬁ ﬂ?kﬁ 1edi chl oride, and then 1, 5-di pol e
9 |on re I oh takes place by thetreatrrent of
a strong base such as t-butoxy potassium 20 The
I I t hi oph I d
bbbl SPRRDR oA BB s ey v

PR Edekss: I NUENY eﬂl}laﬁﬁﬁe Gﬁh&%dqgkﬁivféﬁgd B¥o ki 8nidoyl
el ectrolytic oxidation of the nonomer descri bed above

qmpridﬁélepwets‘@rbethgﬁseo@mf@bkeIrmgeet sk ppplasgene or
tfriphenylphosphine dichloride, and then 1,5-dipole cyclization reaction takes place by

the treatment of a strong base such as t-butoxy potassium,

The poly(pyrrole-co-thiophene) copolymers and poly(pyrrole-co-furan) copolymer
quenching agents of the present invention are mainly obtained by the electrolytic
oxidation of the monomer described above in the presence of a supporting electrolyte

and a solvent {(having high dielectric constant).

The supporting electrolyte includes various compounds such as, for example, an
organic quarternary ammonium salt, an inorganic salt, a protonic acid and an ester. As
the organic quarternary ammonium salt, there can be mentioned, for example,
tetraethylammonium tetrafluoroborate, I:etra—n—butylammonium tetrafluoroborate,
tetracthylammonium perchlorate, tetra-n-butyl-ammonium perchlorate,

tetraethylammonium p-toluenesulfonate, tetra-n-butyl-ammonium p-toluenesulfonate,

K tetraethyl—ammoniuhl hydrogensulfate, tetra-n-butyl-ammonium hydrogensulfate,

tetraethylammonium hexafluorophosphate, tetra-n-butylammonium
hexafluorophosphate, tetra-ethylammonium trifluoromethane-sulfonate and
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and a solvent (having high dielectric constant). 25
The supporting electrolyte includes various conpounds
such as, for exanple, an organic quarternary anmoni um
salt, an inorganic salt, a protonic acid and an ester.
As the organic quarternary ammonium salt, there can
mentioned, for anpl e t et raet hyl ammonium,, .
PPy GRS Biseih o B FnSinanst 0B PreRhi Bt inchudes
tighindf $ddxie aiiabtand Si10ér ARE hiagTiRAhioN ek aBdcabat ghove. As
t etra-n- butyl - anmoni um perchl orate, 30

thetpraonipack ifnacid ans| nitsiseasid ate mgndioned. The foregoing
e - i -1 0 f onai
PSR IRt TR CNERFEY AR o e

wedtemtrile pubyserrnmapiuinagtr) dyckitod suigedida™Nemethylpyrrolidone,

t et raet hyl ammonj um hexaf | uor.ophosphat e, . )
PREDSFENERIFPRAHRRG lqrh'j peramidadd phdinesthylformamide,
i I N A
conpegtaatians o4 010 1 Mt M asspectivdly dmthesdition thieetitained ik electric

silver salts,havin he ani on rts describ above. ..
Rl o RbeloSes it ot PicBlecDntiRe e B aptinum,
8F EorlBYNRH codee Wit RAN Ak condifBlethétal Sli@ctheRbY, aPplying
and nononer are dissolved in a solvent such as water,

8n iderelsaireds vadtagp ot ineve thearllOM apreferally petmgte than S0V and a

I i | pyrrold . i far ,
A e B A L0800 . SRERBF I oty of i
Preberdiimehtiyh taf tesbtaaed. Wl@@h&hébl&yﬂrolpﬁ@ﬁﬂméﬁmmm conditions,
net hyl ene chl oride, pyridine and tetrahydrofuran in
f srampleap;ipleslestrode palipge gnd pourraisiepsityy ayiyide the rapges
P g i )i T bl B e SR OB it s he
repeat strectoial asitpsm@tified ip the@resenicionchiioniaud isgtastirallyacgear.
with an electric conductive netal oxide thereon,
applying an interelectrode voltage of not nore than
100V, preferably not noperpARATRONSand a current
density within the range of 0.01 to 10 mA/cnR, whereby
the polynmer of the present invention can be obtained.
mgﬁlrafigﬁAel ectrolytic polynerization conditions, for
exanple an interel ectrode voltage and a current
Bernis ichloride (3 i ehets] 118 miclew) esdidsolvbddn 60tk paraod\distiied water in a

TR N R T
BB PALE 0381y L Al gy o

PaCt Ehe RixBunens sigyed & ratins sahpeeatuierfoS@@Qiayaaltesvedfto stand for two
I st [

Llle ter 1.n a, en 45 s . .
ays, ﬁlterecij, aﬁﬁ the remgue is washed with distilled water until the filtrate is

colorless. The residue is dried overnight in a steam oven and dried in a vacuum oven
at 120°-125° C, The polypyrrole salt.prepared in this manner contains 16.3% nitrogen
and 10.59% chiorine.

Preparation B

A 3-liter flask is charged with 66 parts (1 mole) of aqueous ammonium hydroxide and
1940 parts of distilled water. The polypyrrole salt of Example A (IOO'parts) is added
and the mixfure is Stirré_d at room temperature for one day. The reaction mixture is
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5-liter flask. Pyrrole (67.09 parts, 1 nole) is added
dropwi se to the flask over a period of. about 45

mnutes as the tenperature of the mxture increases a
maxi mumof 3 C. The mixture is stirred at room '
tenperature for one day, allowed to stand for two 25

s, filtere and t.he res| e is S W.,t h .
ity gt leSidne B O wB 2P PatrSof BRR, Wi hyemight, The
518y IBldred, Al ek revithid s dhikd ifa RaGiufPdted\ee N5@NT. Thd Revder
in a vacuum oven at 120-125 C. The

a vacul 1 . ol ypyrrole salt.
obtaised Gutbis etk oiains 49 OomtaErisank). 9% chlsisen  and

10.59% chl orine. 30 Preparation B A 3-liter flask is

charged with 66 parts (1 nole) of agueous ammoni um
hyepraxonle and 1940 parts of distilled water. The

pol ypyrrqle salt of Exanple A (100 par .1 5. added
Bensiek gk i clived Shts o P gartat)- 1 BRI SERbERia dHa degterapuirate

. SCY . or | o
%@’37(9&333%{15 sgﬁueem %lﬁﬂ&Lc?fzS %::%5(0.1'8 h&IEFSE pRREnf1RE&ohol (Mw

resi urried wt 000 parts of” di'st’ill’ed water
MM i M0, pafisef walen is repaed by heating to AHUCt Wish sémingfer abput

el it SR A3 B B8 R ot St

0.7 Hd1O9s addcdrt6 By rBddtion flesi®overlal fefiod bf atsdut 115 ntihaegedd the
wth 491.7 parts (1.76 noles) of ferric chloride

blesdarepetion lelxtfmlq ds irod ogfamig_htoThéwiaiXéwe igthew filferedrengtheg black
B3ihE e ob B Mpled R0 larB 0P AR sl 3 idbbul e

Aitérd STHerredithg: ik @pain bivwtied vith 0000 pas. of Witer, stotadifon.5 hours

also is added to the 5-liter fl ask. l.e (50.8 .
gl filkered, I hg residyeds dyied i algrred PR étpg 4% ﬁ&ﬁ&hqqf%&w ina

QUL RE G P U rRB9%bud 5Ag§1£&ts‘8ﬁd iﬁtﬁai%ﬁiéwhﬁh@%htains

reaction mxture 1s stirred overnig m xture is
1 514% diirbgenrand 9.08%6 chilbend] ack residue thus obtained is
slurried with 2500 parts of water, stirred for one

hour and filtered. The residue is again slurried with
PRORak bs of water, stirred for 3.5 hours and .
filtered. The residue is dried in a forced air oven at
Bpotypyowledamyliswfatmig prapatedis agensdanee sidrthegenerd progedrre

8 hour.s. I | 4G i ' heh- i
SR B PO, R LA T BT R e o
pﬁlreée,whaoo |gﬁadlsﬁﬂ4ltl)6| mslué)gﬁtsadihgl c)lag@paﬂm, EOQ gcaierHK@fan ce
w th the. general procedure escri i , K. .
iy hyIonsoRots (riechion ot 29 G0N a0 L3 BaliRs ol arepiigg and
Hgétﬁﬁ)l)l)%erized using a 17 inch.times.36 inch.times.0.05 inch 10/10 steel anode

cleaned with a fine wire brush. The anode is bussed along the 36 inch top dimension

with two 1.5.times.36.times.0.1 inch copper strips using 5 bolts passing through the
anode plate. The inner 3 bolts serve as the anode electrical connections. The

electropolymerization is conducted at 100 amps for 120 minutes. The power is

~ removed and the mixture is cooled to ambient temperature, washed with water and

filtered. The residue is washed 3 times with water, ground in a Waring blender with
water and filtered, The residue is washed with water and then methanol. The powder
is vacuum dried at 75 °C. overnight. The dry powder obtained in this manner contains

62.31% carbqn,- 10.77% nitrogen, 5.33% sulfur and 0.010% sodium.
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pyrrole, 1200 grams (4.16 noles) of sodiuml auryl

sul fate, 600 granms of polyethyl eneoxi de (nol ecul ar
wei ght =20, 000) and 15 gall ons of water are m xed and
el ectropol yneri zed using a 17 inch.tines. 36

inch.times.0.05 inch 10/ 10 steel anode <cleaned with a

| Wi B brush: The anpde IS bussed. al ong thg, 36
1|Sr?gﬁmtop di mension 25 with two 1.5.tinmes.36.tinmes.0.1

Arﬂelgtecﬂquds chdrpédowithd POG pErtb 1.3 o of 'thwgnoliq)myum@gdauﬂyé sulfate
. The i 3

Broued oBoringn heend Skt menae 16 o8 T fhwe &
SRREBHITRD Rtts bOPodsAin hPdrodrie (05 FTiRR) inl ) PARIT waer is

renoved and the m xture is cooled. to anbient )
prepged andadded v thiedtbshiover aeriod offwio heurs withetiringy dhe mixture

resid i S hed tines w.th wat r ' .
PR Fos BB Al it T e Frene S et & sturied
Arfll Wahed dith 1000 padtesf Beadd ero0ahaspiquedidanghatd (50/68) and
vacuumdried at 75 C. overnjght. The dry powder ,
eally, eaitimes withd 0AQ nerés ofapethanohsI heghurnyis ilterpdpayyd the residue

1Q: 700N . I % [ .
i G Bh S e o i € ol r REn Gy UIAR e ntains
h88%ulfte.3 nol e) of the polypyrrole lauryl sulfate
prepared in Exanple D, and 900 parts of nethanol are
added to forma slurry. A solution of 20 parts of
]ﬂ@bﬁ.ﬁﬁ&ﬂjﬁ] hydr oxi de (0.357 nole) in 300 parts of water
IS5 prepared and added to the flask over a period of
Tawa SHoer faskithdre ateiaddedhgl 4 mivts (Fimalen) ef o-teluidinerand 00 garts of

several hours.at.roo r re.and filte; .
Rl e O FRES b BRS oAt Ffe i i
dR1daaD 6l °C. DY selaribs oPb.28 gate IS0 INRbRARRIous RO hemalg/drate in
finally, two tinmes with 1000 parts of nethanol. The

20 parisypl veptariis pdded dollcarrst Bshasaleennfd 12 partatdmeles)ef apgonium
A 8 A0 SREOT YR PR BOES) Srcst

to-3l 9Q. éys thisaskativh & ®ldad ahacdetibrRthppantrsrid toabad 22GC. The
o-t ol ui di ne, and 600 parts o~concentrate
RYFICBIRRBIS i maptpined 25 abeyt 3@) i Y a’z@@ﬂp%ﬁggs&fldd\%% Rersulfate

aHaRidH iX E&hfleled it abGRB! LR Sirtng BRENBEA YNt Bhd the
0.28 part (0.001 nole) ferrous sulfate heptahydrate in

reactisamuistuné thentefiltered SKhwadsifus s shededoyit 2 59 parisef water,

| A%%%FE%L%%%H%E@% a5 Al TR U The PG SMtainRd s By

2Bt Rkt 3 BeRR) 8fammenfnChydioxild sl 2000aite Bf distideib@ster and
the reaction tenperature rises to about 22 C. The _,
stirred overnight. The mixture is again filtered, and the residue thus obtained is
slurried with 2500 parts of water and stirred overnight. The mixture is filtered, and a
black residue is obtained which is dried in a steam chest for about two days and
finally in a vacuum oven at 140 °C. for 24 hours. The solid obtained in this manner

contains 8.55% nitrogen, 0.11% sulfur and 2.85% chlorine.

Preparation G _

A 1-liter reaction flask is charged with 72 parts (1 mole) of acrylic acid and 700 parts
of distilled water. To this mixture is added 100.7 parts (0.95 mole) of 4-vinylpyridine
dropwise over 15 minutes. During this addition, the temperature rises from about
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reaction mxture is nmaintained at about 20 C. by
external cooling, and the persulfate 20 addition is
conpleted in about 3.5 hours. Stirring is continued
overni ght and the reaction mxture then is filtered.
The residue -is slurried with 2500 parts of water,

T EpbRiac3 D W MORIGA AN e BIBEHART LTINS, e
2520000 | mmnhy cikrheatadteandlpdrg%ﬂ Gethpditrbgenctd adempérhiveclofei°dr.
overn| The m xture.|.s again filtered,

stirr
yﬁarewfél 3 vtmeo R alasf" 325l i iarippane iy dochlotide in
e b e
7 IRy 1 e RO N SO0 C, TR et
ghauetive daya, stdghemmittestis trensfermito atppoexdglgss dishoandfdriedling
|nava oven 140 C. for QUrsS. e sol.i.d
KR Ts EhF Sockbimactee o e 1428 Bsir 4D HPgion Bravp ol
fmwlﬁearwmadc&tﬁﬁ% ShY@fiirBgn, 30 Preparation G A
1-liter reaction flask is charged with 72 parts (1
nol e) of acrylic acid and 700 parts of distilled
th| s mxture is added 100.7 parts. (0.95
%FSJ)&U 01 *4-vi nyl pyri dine dropwi se over 15 minutes..
E)Llr hﬂéﬂrdabtll(ﬁl fodiddiis tlﬁli’gedt\fhiﬂl S epaer(alsuneley bﬁeesmfymmdaimo ut
t o _about C. Wen the addition of th

AQH WSM distillp water- e%%%?aé@ of methanpl Jhe pHRtUES s%tsmr%d purging
%ﬁﬁh@oﬁog%g qs RURGE Skt‘é{'téﬂﬂ é}h LFHbo tco eﬁsoth?lmi&%ﬁi &t 6f 60

pon a sol'ut o one
22'2azoh$(ﬁgam{dih@mpﬂmamhma¢fﬂorldh 1h3t*d0 @etts of waler israddé&d. Stirring

Hisatmed o6 g 46 B Frgmpgass SpTet Sy i the

hb&m@@%a’i&i 4 A119R3 ft@gtaﬁcﬂo&eﬁngmpmﬁf&u% 3682 dipihs %5 mole)

dried a steamchest for 18 days and in a vacuum
@fmmrcms su.lzse gentlgrdrate it 26 parts af petsrand 300 parts of methanol is

gpRe 8 i8S R BRTEN0 o Sodfl  bRRTca Ry Rl e

20

25

.30

feRetfonThix@ire & trahsforey kY plasd ﬂ‘l@h arﬂD&l'ldﬂlaﬁtaS;teﬁfn eliest fok B eleys
wat er and 200 parts of met hanol The mxture is

iofipyeed hy uieg i Wga VagRINIg OYFR ﬁfolg?én - for Hehovey A hrpwg solid is
o f f
(%tﬁ%n azo Pg?g&még/ r{%gi?ro ée%d gj‘%]% rg%ﬁl g?irfjeoi n two

parts of water is added. Stirring " is continued for
bout .36 hours at a tenperature of about 60 C. At this

']?rieﬂ@a‘?r}‘flg 15 mixture is cool ed and al | owed to st and

RMSBY @Rttion Nk X HaloellwifiP2 4 pPartd 2(8) 19 ndoleyeH of

cuprous sul fate pentahydrate In 0 parts of vvater and

- RoY2panylpyridingydtdradddri¢hsChemical and 250 parts of water. A solution of
126.6 parts (0.106 mole) of cuprous sulfate pentahydrate in 150 parts of water is added

over a period of five minutes. The mixture is stirred overnight at which time the

reaction mixture is filtered. A green filtrate is obtained and transferred to a pyrex

- glass dish, The green filtrate is dried in a steam chest for 5 days and finally ina

vacuum oven at 125° C. for 24 hours. A brown solid is obtained which contains

8.53% nitrogen and 9.2% copper.
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prepared and added to the reaction flask. Stirring is
continued for two days. The reaction mxture is
transferred to a glass dish and dried in a steam chest
for 8 days followed by drying in a vacuum oven at 125

C. for 24 hours. A brown solid is 20 obtai ned which
contains 7.33% nitrogen ﬁg& 1#@ copper. Preparation
KA l-liter reaction flas charged with 22.4 parts
(0.213 nole) of poly(2-vinylpyridine) from Al dr| ch

Chem cal and 250 parts of water. A sol u&ﬁon of

Dhe wvpritands figthepdiusisnted b thedoHewing cxampleswhich are ot 1o bo
BFRBRIE Hpfiohi0e bPi: B30k 3 HrBhRlerd Al S0 onflon can be
hmhnnhegfmﬂloa’ﬁng/ﬁnm:hutmg@rephlatlommdtﬁmmpﬁﬂsxﬂﬂwmilil gnless
filte eenfllt ate i s obtained and transf
pipresshyasd inghs Syl omptrgE A P ap s SaEED BRfes  the
@cxﬁ%ﬁ@ s?ﬁ%l%tanﬁ%e @nﬁa‘){ﬁbﬁ:ﬁg Jri“Pedinh YenhpRrftureV a&TB T QYA

at 5 C’ for 24 hours. A brown solid’is obtained

Ahiockh” €bThaters “pBEest G390 mifers sywnighhperoertod hedepe f'equrgalent”

LES The nven s f I
L I Lo R b G e Ot SH BB Rt aBhe RS
Sucbddaigl regetat rédited 36 atexamplelint theiis aﬂfd&te&h@leﬁmr@uwf welght or
the invention can-be 5 had in the foll ow ng

YRIWREi ti ng Preparations and Exanpl es. Wierein unl ess
expressly stated in the contrary, all tenperatures and
t enper at ures ranges refer to' the Centigrade system

Exmglla term"anbient” or "roomtenperature" refers to
0 25 C. The term " per ent 0 I% tef

D onyef, Rolyigobutylgne Usige a Monasiu

ﬂtf&ﬂt Lo 296 3398 R EbHlonk ﬁaém’vz%seqtug%ca bl es of

e preceding or 10 succeedi ng reac recited in
mwdteadmmwbmcal istitrerandl phdtinfuimiesistaned srmammétenithis wei ght

ShemllS g A aD srheplank pefi 2 S b SR A o

ﬁbﬁiﬁhlﬂiallgﬂﬁ&'t atbsphdrk igldveedx. The Adskoahd Msh thapkd wah the

wi th an overhead nechanical stirrer and

f;gclawm&,rﬁaqt@g$ :J08 meidlilitere heme eavilibraggdsat 568 A milliliters
%?@chﬁﬁ)gidé @éﬁhgrape%oaﬁ @ fi‘)tttk Flliﬁl@% fcMBf&eﬁ 49 ¥imethylpentane

stant i nert at nosphere
@‘juﬁil‘ﬁdite& at r'dihm tenaslatung 9. ZMﬂllhﬂamrzgédlmcﬁlﬁpyhdane equlllbrated at

room temperature, 16.4 milliliters of isobutylene equilibrated at -60° C, and the

contents of the round-bottom flask were equilibrated at -60° C. With continued,
stirring, next 1.82 milliliters titanium tetrachloride was charged to the flask. The

+ reaction was allowed to proceed 12 minutes and then 20 milliliters of the

polymerization solution was charged to nine 60 milliliter test tubes, equipped with

. threaded caps, irﬁmers,ed in the heptane bath.

30

The polymerization was allowed to continue in each test tube for 12 additional
minutes (24 total reaction minutes) at which point 1 of the 9 tubes was terminated
with 5 milliliters of methanol to provide a control example prior to addition of
polypyrrole (Control 1). 2.094 g polypyrrole (20% wt. blend with carbon black,
coated on titanium dioxide and purchased from Aldrich Chemical Co.) was added to
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follow ng reactants: 108 mlliliters hexane
equilibrated at -60 C, 72 mlliliters 20

nmet hyl chl oride equilibrated at -60 C, 0.48 milliliters
2-chloro-2,4,4-trinethyl pentane equilibrated at room
tenperature, 0.23 mlliliters 2,6-dinethylpyridine

i thx?fe@tt tﬁgesaéonfalﬁrgﬁg? é%ggfé ﬁélgﬁm%uzag‘lﬁg ﬁ?(ﬂg |okﬂ'é3¥ Hﬁtﬁ{cﬁer@ fvere

I sobut yl ene equil tents

~ glded het oothedeieining fubes KThegrotyparguid quencttiegireattiont@as@llowed

iliters

O AP ru RS A Seh B s i e b kSed i grder to

#Eni8RGhE RACNEAS Thb FANEbITRera86E RE: thBe WadtheR ferAtithtdd@ith

20 mlliliters of the polymnerization solution was

%mﬂ@@ds elometharoldo pravidei 4 finab contend exanuple {Contepl 2p g control
f\%] estvtr]e%g?lgega{) oL v:%%gr;r%{ng © ox L qtuggc}}m rea%n?%}lcﬁ] },]0 provide
ﬂbﬁréncbslﬂﬁ strattudal agdfoldcolantvei gﬁﬂcﬁﬁl’d@tﬂr@ﬁtlcﬁlﬁﬂi th@&@bnce ofa
reaction mnutes) at which point 1 of the 9 tubes was |
qusnehing et with 5 nilliliters of nethanol to provide

a control- exanple prior to addition of polypyrrole
(Control 1). 2.094 g polypyrrole (20%w. blend with
Campaativd Bedmple doat ed on titanium di oxide and

ourchaseo. . s adde
" 1G4 ,l 101 an D'YITOG

m&mcs&ﬁﬂéﬁé WQé"pl%Béie@ a&ﬁ)ﬂﬁﬁgr i E‘ﬁﬁﬁé&n%és%nb@djﬁ%ahﬁ) 1.

or’the Temainihg 7 tubes pol ypyrrol'e quenchi ng
Carnparitive evaspdd Amditlonmm cinaiba t@Eanplatle@nélttlonmmPt that

I|I ters n order to
(s gt il Bos g L GRY g SRS GG 80 e Bl bls
0.0EMMBR teRBEratRs Mad M0 and o045 §yrm1b kniak bﬁlﬁﬁﬁlt&f for
met hanol to provide a final control exanple (Contro
E§YPYﬂﬁ? control exanples were used to provide a
baseline for the quenching reactions and to provide
references for structural and nol ecul ar wei ght
ChapaatierizaiploB i n the absence of a quenching agent.

; K6 : Y. - : Initiator and
Iﬁﬂa{&hng_l%@{}M[%qg yI ene vvas pr epar ed according to
the procedureé descri bed in Exanple 1. Conparative
Boleisqiutylgnecuaprepased asserdingiorthe procediresesepbesl in Example 1.

GRS oG veetf s Lo SRR 2 Rov Bl eI et

tAStotal Pddetibh vbighe! AERRN Al Kliters\'\e qudiithiagaipentCboBderfiration was
p rrole was substituted for polyp rrole.
15 M, the temperature was -70 °C and 0.049'g N-methylpyrrole was substituted for

_ polypyrrole.

The results of Comparative Examples A and B are listed in Table 1. The results

indicate that neither pyrrole itself, nor N-methylpyrrole yield polyisobutylene

‘containing olefin end groups.
30

Procedure for Collecting "H NMR Data
"THNMR spectra were collected using a Varian (300MHz) spectrophotometer using

samples concentrations of 3 percent to 5 percent (weight/weight) in CDCl;. "HNMR
30 |
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Conparative Exanple B Preparation of Polyisobutylene
Usi ng a Mono-functional 20 Initiator and
N- et hyl pyrrol e. Pol yi sobutyl ene was prepared
according to the procedure described in Exanple 1.
Conparative exanple B conditions were simlar to -

it] r t
@é?t??lygre]us&ggjq r?l}l%ﬂ?lﬁs PF @%S??& tgh;eh%é u%r%&ﬁqng%%?m Ofedn! én%-oleﬁn
tertrmmﬁcreaahd Qﬁupllaﬁlsoleﬂn QR&n bhdd werctobmpgudaisiiee MR #legration

0,049.g N-neth Ip rrole was substituted for 25

?;‘? Wﬁé‘l‘ésubﬁﬁ@“ ip8. of Conparative Exanples A and
B are listed in Tabl e 1. The results indicate that
neither pyrrole itself, nor N-nethylpyrrole yield

ProtedusofouiGollecting @Pdwitni ng ol ef i n en'd groups. 30
&g@éie %gr erg%%{f?&'g’}e%ﬁ}gn H%ﬁgaalvué%ﬂ%ﬁsmt Ifs:tﬁarN\la\v/ggﬁP (?\g,b,r%eight
HRAgE nRNEANL RSl (VK) BEd PSI 2&1313&%3?%6)‘? (ibl!():%tcii.é?rﬁ Al .3}PC

percent to 5 percent (\NEI t/ wei ght)

watalspeset tequaitativglyedetdep ple ﬁna‘&by&lﬁé prfdughe end grou p s

Fractions of exo-olefin, endo-olefin, tert-chloride
and coupl ed ol efin chain ends were obt ai ned using 1H
INERduRd fof Caldubifing Sise Flasitdniabaehdubisaf HaEERuRYUn thect i on.
5 Procedure_faor Collecting GPC Data GPC data were used
0 er average nol ecul ar weight (M),

I
B ion YOG B0V pfy Sk oo spd, mad B,
d:@ms tand qoapled pidoidueth n tdielpeMsobhﬁflem samplek quoqmniuﬁw usmg
t he, Fracti onal

ocedur e f r Cal cul
HNMICET R, s et S rorlatprosp ROl percen of
thé aghin O, Bf soROnQhides, 'EA§ rH;-CE!Qﬁ %fnl:l Qouﬁl@(‘ﬂ groduc’cgl were deemed

tert-chloride chain ends, S,
te bapbssat by Q@Bjttatgfeuimppﬁeoqmﬂ tb¢ sIéNMmsem;rm rpil er digiAsS and

PR prEs X el b ahheeh yfdsk pr BRI FRRTR yotome
sideai Mhema. poll ym &Gk intht DR chrofmARgrdth - BASprozbéures are given
coupl ed E‘@oduct s were deened to be absent by

perplRrgeedurey wasrused, éfhmcmi@%y@éwtms detegtedpthe
“§bec%§”r§&qure" was used when coupled product was deemed to be absent.

General Procedure

The fractional molar amount of each type of chain end was obtained using an equation

analogous to the equation given below for determining the fractional amount of exo-

olefin,

F(ex0) = (Aexo} / {(Acxo + Acndo + Atere-ct + Apas + 2Adigas T 2Acoupled) 1)

- where Aengo is the area of the single olefinic resonance at 5.15ppm, A.y, is the area of

the exo-olefinic resonance 4.63ppm, and Aterr.c1 Was calculated as follows:
Agertct = (Ay.65-1.72/6) - Aendo @
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coupl ed products, by confirm ng the absence of a
shoul der on the low elution volune side of the main

- polyner peak in the GPC chromat ogram Two procedures

are given below The "General Procedure"” was used
when coupl ed product was detected; the 20 "Speci al

Procedur e" used en ¢ | ed product

BB e N Pl B B Rt Bl AR R
aealditely] Sofhs by e ealio-olfiniind eittenashl @lleahnig@dnds iThg
an equation __anal ogous to_the equation given bel ow for

uiemeted areagt CAS ardadAoprafucinwhen prgsenbyyis eyslugied P g,

B R S P o ke

threvohiteybyeothbefdaks, and decneneas mirnklii&himsed de e numbehel

area o 30 the exo-o)efinic resgnance, 4. 63pp .
Bilons gt ARG R 4 QL sy et of 2
Q@Emeﬁn 'eéuazi%ﬁgi) for BREULEAD) and3buplRapRodivbt, 8@ accburfidor fhe fact
the Integrated ‘area of the convoluted peaks associ ated
thiat ¢rettivn ofgétherdifrikesh productstconsmests 2 prdyiselitylotesthamsafraupted
t he terlt-ghl%rli de chain ends. The integrated area of
paEcalpulgfed gn@lIOWSH ict . when present, was eval uated on

a situation-by-situation basis; the integration was
determ ned based on a peak that is not 5 convol uted by
ot her peaks, and the Awerd TbdsmosmdkiszedZbased on the ()
nunber of protons that have that characteristic peak.
It will be noted that a co-efficient of 2 appears in

" aheetAQn 7{i thefiteghtddhureli ofEAScanvaltedipdaks appo cidted twitht ane of the

t for the fact ,  that_ creati er, of t

accou of €] ese

ﬁ?‘b@i‘&gP Protefsandae Broidenticabrrgiops o thecaoup 4 Doy ﬁ{l@&’iﬂe
|- . o .

MR8 R By R e Rl A g CRRARY RO o1 R0 proton.
of the convol uted peaks associated with one of the

X0: gl ef i rotons and the two identical protons of
Sﬁ%ﬁggﬁﬁﬁaﬁgproduct, and where 15 A4.54.25 is the
Tn'thé ghalteleHbeehcd bf thpldeRtdastShe fatieshalMdolr bheust dfeach
exo-ol efin proton. Special Procedure In the

g chain ord whseidacdsieoupretion serlegousinBerasrtiangn
BBbR o IR iRl 1RAFRtioh BiboRh: HRLbIERE vas obt ai ned

y
uUsSing an equatton ‘anal ogous to the equdti on given

F(ex0) = (Awo) / (Aexo T Acndo + Atercy + Agas + 2AdiEas) 4y

where Aengo is the area of the single olefinic resonance at 5.15ppm, A, is the average

area of the two exo-olefinic resonances at 4.63 and 4.85 parts per million, and A¢eci,
Agas, and Ag.gas were calculated in the same manner as described in the "General

Procedure”.
The '"H NMR results obtained on the polyisobutylene samples prepared in Example 1

and Comparative Examples A and B above are given below in Table I as the mole

percent of the total end groups.
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 TABLE 1

20 below for determ ning the fractional
exo-ol efin,
AEAS + 2Adi - EAS) (1)

F(exo)

anmount of

= (Aexo) / (Aexo + Aendo + Atenci +

where Aendo is the area of the

single olefinic resonance at 5.15ppm Aexo is the
25 area of the two exo-ol efinic resonances at

per mllion, and Ate,

ci

) AEA!

culated in the sane nmanner as
Procedure”. The 1H NWR

t he pol yi sobutyl ene sanpl es

1 30 and Conparative Exanples A
en below in Table | as the npole
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WwMODM FU~vdornVVM E~ro OWo b 'cr2 0W

UVVVo0O aC wa :: Wo Oa G WVvrrnrnooO
.0 d~.azzayi Nc~tl c~=C as OaaaAE W.r Uu
U U The results, shown in Table I, indicate that.

pol ypyrrol e quenchi ng produced exo-olefin at -60C

it ho et ect oupl i ng. seen b ntrol, 1
Bl ok ol g P e B B e
dRol1BE ale¥0°Olvethbutclicmbeneluiping s dedh ¢ ConmbEl, prior to
percentage as the tert-chloride chain end., Control_ 2

afditmmsiieatuenchingpseak shese ap misingd srenleliprhainengbidmlarge
EFEAREL S e GRS L BHENT e ) PUBhofSARLIAR cxolen
@xeen0bfihi Polimer ipaiafireted dathdpose quénchadd post redctiyh bepnand

end, groups by. sel ecting quasj i vi_ng . .

RABoaEt s i qpyarte{étrthﬁfg? s?ép-okéwé PéPhRRSE SRY R prrighgd 1n
H I .

AP iRy O P SRR v

plpietin pgymgeaid cob@chiog theamuasilizingtdatbocatsanti¢adly ¢érminated

p%igﬁgfgl? lt)(l)l\jlfr?leIE\)i(natH.%lsglsfab'?\e algéjncﬁinagra%erlltl. sted in Table 1.

Furthermore, the results of Comparative Examples A and B are listed in Table 1. The
results indicate that neither pyrrole itself, nor N-methylpyrrole yield polyisobutylene

containing olefin end groups.
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results indicate that neither pyrrole itself, nor

N- et hyl pyrrol e yield pol yi sobutyl ene containing
olefin end groups. 34 WHAT IS CLAIMED I'S: 1. A nethod
for producing a vinylidene termnated pol ynmer

COVR A SIS A Ilﬁ] pPig@vi ding a quasiliving

carbocati oni Eiy t'erm nated polyolefin 5 polyner, b.
contacting the polymer in step a) with at | east one
quenchin sel cted fromthe group, cgnsisting.of
pol ypyrr %f gl%&ﬁ&fg,r(pzo THNE R melﬁqqés matgd- pglymer comprising:
pol yphengt hp 3¢l a Wsﬂﬁlﬁ%zdaﬂﬁ)caﬁﬁh%{ll@%éﬁrﬁhﬁe&ﬁolfyb'lreﬁﬂ)
and pol y(pyrrol e-co-thi ophene) and substituted

derivati vespalymeof 10 2. The nethod of Caim 1,

e oL S S AR R Sk L

cationi cal Ise1ec&elfydfﬁmengh;9caisﬁhhgoﬂpdlyﬁsafowwgo (an
initiator, in the presence of a Lewis ac

sol vent underylgpiidiap) pokynheothisging ppbfpwem, tva]w(mmole-co furan)
reaction 15 %ﬂﬂ)?);(g &%—co%hxoﬁﬁ?neﬁ({]&%sﬁtﬁne? (%ﬁlﬁl’it%)es tlher?]{)f

wher ei n the | ona
of Caim3, wherein the initiator is selected fromthe

group 20 conS|st| of 2-chl oro-2-phenyl propane;
2. acet y| ﬁl&h b wherein the quasiliving carbocatlomcally

propi Onylteéﬁa Wc{l%ﬁ&ﬁ@?&meﬁb@%ﬁ&éﬂfngmHéh%Pé!ﬁdoéa‘ﬁBﬂﬁﬁlly

2- et hoxy
2-chl or Opﬁl,ymeﬂlzable nhﬁhyh@mnieamth ad-iatiatoy) in Zhelprésence of a Lewis

i t
o 'ngf;gzggg d et %}tg@ﬁ-ﬂﬁwﬁw‘}%;g&%%%%%@e%%%n
2- ethoxycgmﬂm&mxrlnethylpentane 25 5. The net hod of
Claim4, wherein the initiator is 2-chloro-2, 4, 4-

trlnethylpentane 6. The nethod of daim?2, mhereln
30..7. The

oot ik Settod eainr 2 PR theRisior it Bamr B RioRL
gr oup

4. The method of Claim 3, wherein the initiator is selected from the group
consisting of 2-chloro-2-phenylpropane; 2-acetyl-2-phenylpropane; 2-
propionyl-2-phenylpropane, 2-methoxy-2-phenylpropane, 2-ethoxy-2-
phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetyl-2,4,4,-
trimethylpentane, 2-propionyl-2,4,4-trimethylpentane, 2-methoxy-2,4,4-
trimethylpentane, and 2-ethoxy-2,4,4-trimethylpentane.

5. * The method of Claim 4. wherein the mitiator is 2-chloro-2,4.,4-

trimethjlpentane.
6. The method of Claim 2, wherein the initiator is bifunctional.
7. The method of Claim 6, wherein the initiator is selected from the group

consisting of 1,3-di(2-chloro-2-propyhbenzene, 1,3-di(2-methoxy-2-
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consi sting of 1,3-di(2-chloro-2-propyl)benzene,

1, 3-di (2- net hoxy-2- 35 propyl)benzene,

1, 4-di (2-chl or o- 2- propyl ) benzene, 1, 4-di (2-nethoxy- 2-
propyl ) benzene, and

5-tert-b ( Z 5
The net hgg%gpﬂ%‘%gn%l*i@dl e@gﬁngtpﬁgé 2 inlﬂ%zlelzzl‘t?(r;[ r‘43 2 n?ethoxy 2
5-t ert - boutopybber@end iag@ 5-1&rblokydi 8., 24 (B rohrfinr b2~ Ih-epjdézbmzeﬂe.
The nmethod of G aim2, wherein the initiator is

mul tifunctional. 10. The method of daim9, wherein
thegi ni tiTat fletod oF€NSRE BAyHS QR M IRIEIR WP5-1e B butyl-1 3-di(2-
consisting 1,3,5-tri (2-chloro-2- propyl)benzene and

1,3, 5- trpmgﬂh%phu%&¥MmM@mopyl)benzene 11. The net hod

of any one of Clainms 2 to 10, wherein the at |east one
cationically polynerizable ol efin nononer is selected

f r om t heTHE fithod b (B41RS2, SHticRdn Be thEaRW iy/hEN unctional.
2-methyl - I -butene, 3-methyl-I-butene, and 4-

nmet hyl -1 - pentene. 12. The net hod of Cla|n111 wherein
the;gt | 0

m)ncl)‘?re " ?ﬁg‘ }ne %ﬁ 0‘1"@15181% 3%!31%11 tfffeh otr F]S %P fedglifﬂ/m Bhn Broup
of d ai n’e‘on%mhﬁg 13,5 M{Brcﬁldﬁoﬂvploﬂylfﬁeﬁi@mandQ&S a2 gadthyxy-2-
polynerlzable ol efin nmononers are enployed. 14. The

met hod oPfORFNP@REENG! Clains 2 to 13, wherein the Lewis
acid is 25 selected fromthe group consisting of
titaniumtetrahalide, boron trihalide alum num

ti chl.ori Tks method bétnpoid af Cldens Ztonko), ethkein the at ]mst one

et hyl alun]nun1 dichl oride.. 15. The neth

14, " wher €AMIcARLy pakymer %hqao eEn QANeRIE i Sﬁfeswﬁ 3@@;0“1’
group CORsslih8f Rl iRl MG 1 86RO Aihylh IR nd 4-
tetrabrom de, and boron’ trichforid .

of O ai mntyl-ifpenteher t he Lewi s aC|d is tltanlum
tetrachloride. 36 17. The method of any one of C ains
2 to 16, wherein the quasiliving polynerization

r eagd.i ONTkOMBhbi 0P ELAME] 15 heeile bPlcha b8e BatidiRayat ure

polymerizable olefin monomer is isobutylene.

13.  The method of any one of Claims 2 to 12, wherein two different

cationically polymerizable olefin monomers are employed.

14,  The method of any one of Claims 2 to 13, wherein the Lewis acid is
selected from the group consisting of titanium tetrahalide, boron trihalide
aluminum trichloride, tin tetrachloride, zinc chloride, and ethyl aluminum
dichloride.

15.  The method of Claim 14, wherein the Lewis acid is selected from the
group consisting of titanium tetrachloride, titanium tetrabromide, and

boron trichloride.

16.  The method of Claim 15, wherein the Lewis acid is titanium tetrachloride.
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range from between about -130 C and +10 C. 5 18. The
nmet hod of Claim 17, wherein the quasiliving

pol ynmeri zation reaction conditions are selected to
have a tenperature range between about -70 C and -10
C. 10 19. The nethod of C aim 18, wherein the

qguasi living polynerization reaction conditions are
sel ekt ed The thethed af srgnpercdiClinims2andé, Whervmeahe g@Bil@iand

- 20 C. 20, The nethod.of a one of th ecedin
claims, VIPRFRSTFAIAR rGaEN ?qn\r‘} lipgs awe@gyegaﬁggwe&ﬁe@gpqag}lre
term nat %né@ﬁ&ﬁ'b%ﬁﬂré%nB%M'I?s‘O"'éaﬁ@Hth: by ionizing a
pol yol efin Thain end in the presence of a Lewis acid

and a solvent under suitable quasiliving

I ti j it . Th t
oy L 2 B S s 1200 ferbin Th° syt obfiRizapg reaction
20 term %h&i%oﬁ@hﬂé%l%&bﬂ‘ td’l@dv)é'ﬁ%m*;&aﬁ;@é’ﬂﬁ e Bytwe&Niuhy0° C
a polyolefin containing tert- i de charn ends in

the presemdel®fCa Lewis acid and a sol vent under
sui tabl e quasiliving polynerization reaction
conditions. 22. The nethod of any one of Cains 20 or

21, mher et thétBodioBSlatrh 1 BNghe2bin G Rosdivirg ot ahbryzation reaction
tern1nated pol yol efi n polyner is formed by jionizin

pol yol ef |Cﬁnéléiﬁt1%i“ﬁ isplgeted i havk |aé¢mﬂ@'a@rﬁaﬁaﬁg%h@igfe¢rrr68h€ and -
presence Ht 2 Lewis acid and a solvent under suitable
quasi l i ving pol yneri zation reaction conditions. 30

23. The nmethod of any one of the precedi ng cl ai s,

wherei n the que in step.h) is selected
froml he 1315 i Q‘gﬂéql’é’tq Eh% Eeey WPCII%])né wherein the quasiliving
pol yvi nyl

pol y(pyrro é’b%gd?l all Q%Mﬁ%é‘%ﬂif§%ﬁgﬂ h@{yﬂ% fﬁ i 1omzmg a
wher ei n tmbyomfamﬂalmddg dmtpr'esa:ns& efm br)wissac:dsaaﬂecsbhfdnt under

Lglo;n ( :)S ? Fﬂ{tgﬂg 8&303{th11§)§|1{§%@ }I{ggé{nr)r? coriditions.

pol y(pyrrol e-co-furan). 5 25. The nethod of any one of
the precedi ng clains, wherein the quenching agent in

st e|c21b) Theestysd o Glaim 30, vehenein ithaquadilivaiggayhrocatianically
terminated polyolefin polymer is formed by ionizing a polyolefin
containing tert- halide chain ends in the presence of a Lewis acid and a

solvent under suitable quasiliving polymerization reaction conditions.

22.  The method of any one of Claims 20 or 21, wherein the quasiliving
carbocationically terminated polyolefin polymer is formed by ionizing a
polyolefin containing tert-chloride chain ends in the presence of a Lewis
acid and a solvent under suitable quasiliving polymerization reaction

conditions.
. 23, The method of any one of the preceding claims, wherein the quenching
ageiit in step b) is selected from the group consisting of polypyrrole,

- - polyvinylpyridine, poly(pyrrole-co-thiophene) and poly(pyrrole-co-furan).
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26. The nethod of any one of the preceding clains,
wherein the quenching agent is step b) is a
copolyrmer. 10 27. The nmethod of any one of the
preceding clainms, wherein in the contacting step, the

que in )ed S

sol i phg%h%grg%OA % t2 E’O‘Xéﬁ%?lﬁgwe&ﬁ %gl}‘ﬁg v\#eh?tén ét%?
cont act i rglested Pronsthegtduprsvasisting ¢ polipytioke @ol@ﬁ@rrole—co-
reactor or. a fluidjzed bed reactor. 29. The nethod of

any one driophaehpkpy@yrelesiondiraiher ei n t he quenchi ng
agent in step b) is insoluble in the solvent. 20 30.

The net hod of any one of the preceding clains, wherein

t he 25i nylThdeneghod eff miyrmt ed theqirgwed nghddma, wikrenuthaquenching
wei ght distri.bution, /M ,, from abhout 1.01 to

About 3. GECRT SRS HabRYIONS e PiHsGd PRlvRFER K ¢ he

nol ecul ar wei ght distribution, 25 MWM,, from about
1.1 to about 2.0. 32. The method of Caim 31, wherein

t he 2ol edleanethwl effinydins of ihsyiréasding dlaivnl] whertia thegwenching

than 1.5 'agesng i33 sgtep b) is a copolymer.

27.  The method of any one of the preceding claims, wherein in the contacting

step, the quenching agent in step b) is selected so that it is solid phase.

28.  The method of Claim 27, wherein the contacting step is performed in a

fixed bed reactor or a fluidized bed reactor.

29.  The method of any one of the preceding claims, wherein the quenching

agent in step b) is insoluble in the solvent.
30.  The method of any one of the preceding claims, wherein the vinylidene
terminated polymer has a molecular weight distribution, My/M,, from

about 1.01 to about 3.0.

31.  The method of Claim 30, wherein the molecular weight distribution,
M,,/M,, from about 1.1 to about 2.0.

32. The method of Claim 31, wherein the molecular weight distribution,
My/Mp, is less than 1.5. '
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