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METHOD FOR PREPARATI ON OF PCOLYOLEFI NS CONTAI NI NG
EXO- OLEFI N CHAIN ENDS This application clainms the

0, filed August 20, 2004. FIELD OF THE | NVENTI ON The
present invention is directed to a nethod for
preparati on of polyolefins conﬂaining exo-ol efin chain
ends. The nethod invol ves quenching a cationic

quasi -living polyolefin polynmer systemw th one or

NyELEY nder efBEDDED ANTENNA AND FILVTERAPPAR BAE ERNBND
OF THE | NVENTI ON Li near pol yol efins nade using a

nmono- f unct i GEfHODOLOBYOr containing a single
"exo-ol efin", "di-substituted" ol efin, or "nethyl
vinylidene group,” end group are useful precursors for

the preparation of pol PRRORITYCLAIMI Ng specific
functional end groups Polyners nade usi ng

mul ti -f l’lﬂﬁé %[9 tlémsltafn‘?é tﬂéﬁewgﬁijrcﬂ thvlsro%éﬂrfapkggl(i:cla%ilor& No.

exo- ol efi containing s

a I [
&@/EM&S sn@fe&ﬁﬁﬁ%?ﬁéﬁa#ﬁ% GRh R TR EF TS
J but e i .0y n

Fande REifOBok DG, e AOLETY, 0% iy B pbEieg herely
gg%ynﬁ¥s mglh @otentlal for further reactions.

VEIRPYIFAPT RORY PP yneri zat i ons can be ani onic or
cationic. Anionic ﬁﬂﬁﬂﬁiﬂﬁiﬁﬁiﬁgﬁﬁiﬁﬁfed in the
presence of a base and favor
nnnoners havi el ectron withdraw n rou t|on
pol ymering 4 ?%ﬁfg sybigetdnatterigeneraly ﬁP%‘g‘%ﬂ% 5“&0" %l%ﬁfa us
t hrough a carbocation, also _called a carben1u31 Q
arendrraeihpdelggy fRSPRE0YidiRg ragie fregyenay commiNealion g and/or from
groupsuS|n1IarIM to the conventional polynerization
s yedeadrieity metersgMpes Rartieylarh, T%P@?Q‘E‘te'fr\*@l nagier enagErs
anionic or cationic. The difference between = |
c awmhingdragio Pequansy filklenanskantemnn ¢anfigHeations achieving
pol ynmeri zations is that an ideal |iving polynerization
priopeads! transhtissietbehatactedstics iaiandior faryassogiatedaiestiicity
term nation. Living polynerization systens are of
grreatereomer ci al i nportance because the degree of
pol yneri zati on may be controlled by controlling the
feed ratio of nUBAGKGROUNDIQF IHE INMENHOMNent i al
addition of two or nore different nononers affords the
abi | i t yTHeoprpsertsobjebt maktercamobnseiodh appargtusranganétbadology
continues until the nmonomer is exhausted, but the
PGSR SréaRy, Bicludiritethe uabiof etmpetidedicaimpaltirtts mmalation to
nmononers any time in the future. A nunber of such

SYSHREE cRéft NRlrd climpvRents, fohralmg.a wardsmittéeor transceiver
devel opnent is the cationic quasi-Iliving

P 0L R [HcPlviti® Bn BYeschrRiify mEtéNg conventi onal nononers.
Quasi -living polymerization requires certain

restrich 'gléﬁer%PGlS]éét'd?'ﬁ%trdidgy i ¥ dhRore Pzl phenomenon to
reagents.” Cationic quasi-l1ving polynerizations differ

I F 08hif &teleord }éf A8 rRSHINORERY éviet(sP NS tHeabiltfto cahimbaiegte

rate of chain transfer approaches zero, chain

t efdty @Qaétﬁeﬂ%ﬁf%?‘d?%%r cfél’ﬁé?ré #A;%de@nmeh ROp&GA
nple o

a cationic quasi-living polynerization is

t he ' ' t

| BEBHP B8Rl fRiha pYibe ndB A cAS. S Basie unction and
pol yneri zati ons of |sobutylene yleld narr ow nol ecul ar
wei ght distribution and one maj or pol yner product
cont ai ni ng the 2-chl oro-2-nmnet hyl propyl end group, also
referred to as the "tert-chloride" end group. Under
certain conditions mnor anmounts of olefinic isoners
may al so be produced. On the other hand, there are two
maj or ol efinic isoners produced during conventi onal

pol yneri zati on of isobutylene with BF3, for exanple,
the hlghly reactlve exo- olefln |soner and the

. B o, o o o
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degree of polynerization from 10 tol100 and where the
proportion of theoretically possible term nal double

alum numtrichloride. The patent al so discloses the

met hod of making the isobutenezpolyners usi ng boron
trifluoride as the initiator.USS. Patent No. 4,342,849
di scl oses the sypthesis of polyisobuty|lene carryin
CPURBRS (Lo B oon pa BRI Bt IPEDRE SisGRIEEhddne
in the case of a linear polyner, qr at all ends_jn the
cBE0grea o mePs B ARG elathdOnetamRIe: RHIYSesERe Thps ey
of refluxing a solution of telechelic g%-halo en
piiclde dhe MANEAENY abeAnsyMRtien PlR Varety of @Sﬁégae@m&ﬁ offier
pot assi umt-butoxi de and stirring to formthe

t eoraaegities, sichaseleerigh, Waldshgas, BBAO!, 19 8Meafewt No.
4,393,199 discloses a nethod for carrying out cationic
pol yneisiasicaby: anneshanitas (umesf ragistehvag sised & YiHVRGIEFS-
a pre-initiator and a catal yst effective for cationic
pSughreniapatdash papdded 1 selatiyelihdepangabledield dedce widiy centaig
living polyner is then treated as desired. U S. Patent
Ninhefer? 5igndidtialadyehtages. Honexamerle df therflopaefithe consumable
allyl-term nated polyisobutylene by allylation with
alcbyhiaditydieing mehsuted vhastmetripted, thalingahaoigpliesm of gauge
pol yi sobutyl ene by el ectrophilic substitution. The
S¥mpiesioppbe @i its place hautbreaticallp reftectiog trer predous aedugation
nmono- or oligo-tertiary chloride "inifer" initiated
PIiBET bRt Avangeimdrie beiny remeredf ahd witboutiamytidss of seh
reacti on vessel by the addition of hexane,

aldclirhtiabart daths infien rsantbtibh béthielflowt efttha cbinarddite, the). S.
Patent Nos. 4,910,321 and 5, 122,572 di sclose a

C h@dnahicar RigRIssbuf than ampll Bxgiafto add eudiional fimei dhiwes to
its ester and a Lewis acid, preferably boron

t Ith& BleRidudeadchulation, Ssithaphdurdte REOWES Sofleotedrat it dines
t he nol ecul ar wei ght of the conplex fromas |ow as 200

t Qe 1&miflerftidohinfstiity Flow in@ieptionsal so di scl ose
pgfgﬂggﬁﬁgfﬁhgﬁ?erent nnlégulaH meights havi ng usef ul

end gr ouds i3 Hizy ﬂ?stér}ﬂéee%%aﬁgé of Rafidtbi ealired A B@%érd%

al lyl, "acryl or nethacryl, "acetate or fornate.

PO DG 2803 aaba Rty BIhatiaiheay fow. Inte

nposed of a conpl ex of " an organi c ether and
Low . | : . _
2B PR LS P et Fdes iACE, blsslichl,
f th I I ' A
i PG PRGSO Ter B8, s ko BnBAE R v

sepol yners o

e PR B 3 Pl Sy i e

20 neoige s SiatEbd @R B BRI - cparing

ool PN BT B LR
t tit et . .
Rl sioea o T N SR 0ol

al kyl pyridi ne. The pol yners._have very narrow, .
olCheHa oS A EegisPr N GREIaN <09t P E=IoD) devioes have
No. 5,336,745 discloses a nethod for the di%igw "
sybeerisirodused, bRy peMIremate Feagding anaieoaial oAV IPFIRTS:
desirabl e nitrogen-containing functional groups such
as term nal azido, cyano, carbonylam no or

t hi ocar bonyl am no groups. Pol yneri zati on and
functionalization occur in a substantially

si mul taneous manner. U.S. Patent No. 5,428,1 11

di scl oses a process for the living polynerization of
aromatic, preferably styrenic nononers initiated from
a living polyolefin, particularly polyisobutyl ene,
chain end for making bl ock copol ynmers havi ng

pol yol efi n m d- bl ocks and styrenic end-bl ocks. U. S.

~ a2 2 AN NN N o o o o



b-Proton elimnation by Free Bases in the Living
cationic Polynerization of |Isobutylene . by Young

weheel2d8822 and Rudol f Faust, Macronol ecul es, VWIT/HR089030193
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7341-7344 (1997). The authors investigated b-proton
elimnation from quasi-|living polyisobutylene, after
observing exo-olefin formation*in the presence of
2,6-di-feAf-putyl pyri dine, (DTBP) aof | ow purjt The .
2P rofisyng G A SR e fiaualghspect blecs Y gotain
hi ndered cyclic i mne base present inckgg DIBP .in a
ceeriadti Feadingn 0bPT e need te vigh pduetaio Yndegpke ¢HiEgn

simulated this inpurity using 2-tert-butyl gyridine

( TEPNUBicationss doRasPIe.iich @ﬁ%ﬁ“&'ﬁ'@?ﬁ) d\'/(ﬁéﬁgifa %ﬂ?d“?‘i?f-
the reactor at the start of the_polynerizatlﬂggéi“e.,

i n t heFprexespie inthreasesr pneleciqiydnetar SIRSHTC Rayver s
percent elimnation after 3 hours of reactjon tine to
pelbeadydlawing tesandihjougtothenegterng erasasuwBgdavics: Sich fact
el imnation had reached 20 percent or higher,

s ke Farancorvenisint supphaef eeeideite withewhayingo atierapRioxiely
GPC anal yses. Bae and Faust clearly considered that
e bh iattetyi aperdjorseresamendthgr souickplelegitisal Poweiic hhus these is
was undesirable and should be avoided.' The first
parragdysduroé avaitabfEioeurovids peweanier onkehrd drangmittsfs and/or
"Finally, strong bases may also elimnate b-protons,
Whiag BtV tisht heayave skatito"rdnatrétreollettey datsf tora tegnate ipcation
cyclic imne base inpurity in DIBP as "the culprit.”

FigAaldr Yo rddafie \aiaua comethndamdéomtconizolsigrals desigred tagnodify
that the elimnation process should be avoi ded for

p@rxamolnﬁ@aﬁé@tib@af periiasetenl t hough it night
facilitate the neasurenent of kinetic rate constants:
"Whi | e RagBFofeuchuBes fop Rosfraumicitibes, andnderent poblelre
synthesi s of well-defined macronol ecules, if diffusion

C%’%ﬁrtéjbué’fn bt B PEISQISatCARebE relammly larde nyberafisude a
novel met hod of establlshlng the concentration of

actd o i L Giih aRP kUt ddViespgatitroothead@vices
ot Gl ad d"&éﬁfzﬁg}ﬁ%ﬁgt Sd SSUMARY OF THE

| e ( ( . ; :
ne%g%lrﬁ}@rn %\ﬁnlgf fe6ncieRY 83K £r@Btd Sird¥s irehieg8cdpion of

e preparation of polyolefins containing

ﬁgfal'rlsﬁfiﬂtéh §haid cSHﬁ‘érsig;%i’syfzsPdr%% {HaVAfiNaReRHEPABH dttntpts

oni ¢ quasi-l1ving ol efin polymér systemwth

0N B fadd RSSO RPN prdofdrh ] ary amines. The

SO 1 hvol ves use o acid and an el ectron

donor, l_?’_gnﬁefe%a . 7i9(§%.t8%a1rra1% e# LiStdP RS Metdrthd, %irsglﬁd

t he cat i~ 1ITVing pol yolefin polymer to wh

i s, added nchin . e

oraud. 20 STFRER RRRT rhlel oMD" oAy Bifer features
directed to ne#ﬂgg for preparing a polyolefin
coﬂ?ﬁWﬁPH@SW%ﬁnb re exo-ol efinic end groups on the

oL o A PSR S BT B B,

hi nd d d terti . am t &b Al
ARG GOF e ORI
e BSOS TR S 07288, o

Tri hexyl am ne; (d) Triisooctylam ne; (e)

2- phenyl pyridi ne; (f) 2,3-cycl ododenopyridine; (g)

Di -p-tolylamne; (h) Quinaldine; and (i)

I -pyrrolidino-i-cyclopentene. Preferably the quenching
is carried out at a tenperature in the range of from
about -1300C to about 10C. More preferably the
guenching is carried out at a tenperature of about -80
OC to about 00C, even nore preferably the quenching is
carried out at a tenperature of about -700C to about -
10C, and nost preferably the quenching is carried out
at a tenperature in the range of fromabout -60Q0C to
about -20C. Preferably the polyolefinis

o o o "



about 20 carbon atons, cycloal kyl of about 3 to about
8 carbon atons, aryl of about 6 to about 30 carbon

war@aim26329 karyl of 7 to 30 carbon atons, or aredkRyk200$/030193
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7 to 30 carbon atons; provided if Ri, R2, R3, and R4
are hydrogen, then R5 is a brag{ched al kyl from about 4
to about 20 carbon atons, aryl “of about 6 to about 30
car bon at ons, ar al k f ab 7 to about, 30 car bon
o 80 ARSI Tty g Moy e e DR ROTEREE O 2HED s,
and R4 are not hydrogen, unless one of R or R and
oféegsal iRA rEn eendustive B?@ﬂ'&ﬁb@‘eaﬂa??r havi ng from about

4 to about 20 carbon atomns. parti cul ar{@/‘ ,
pr ef er ALQ0R @isde ARfitieds CurrRat %ﬁ%% ARYPREEF 1N ﬁrtﬁefm%%ﬂy
amne is a secondary or tertiary amne _of the fornula
whielly disesses the dsegidrCd rwrmlﬁ&‘-ﬁwoder"rﬁ \é{%@H@m%%P'@PV'&W
enbodi ment of the above nethod t he hindered secondary
ometerrepding syatems Urirg preprigienearienia ity centaied veinin ke

i's hydrogen or al kyl containing one carbon atomto
alomier @@ssiar bon atonms or an aronmatic or an aliphatic
ring havi ng about 3 carbon atonms to about 7 carbon
atoms. In a paBRIEHSUMMARYOF TiE INVENTIONnt of the
above nethod the hindered amne is a tertiary am ne of
the formubwaof tire ecbgnizeefeatures encaunteset dtthertior aft ande
above nmethod the hindered anine is a secondary am ne
ofaddhsssba bythepleseatnsitiest natef,empeded ppdiatumandf t he
above nethod the hindered amne is a tertiary am ne of
t hgethedsg@for trany@issimadfhadio reqtenaygRF¢ sigodisrrelating fo

t he above nethod the hindered amne is a tertiary
arh&gol8dy bperalieiswitian eldteridhewes ad distasedaryorerparticularly, a
tertiary am ne in another enbodi nent of the nethod of

”}%rﬁ’é pseitbetindfeRkHamerhiBsdihbats 3 fiey prieséntrsubjeat matter ei n
( |s a di val ent hydrocarbyl group of one carbon atom

nfbr&fE A ENAd Ehdiion RB3itte R4, fronY ant@anasioougR tar e
Bependently hydr ogen, al kyl contai ning one carbon

att rrgtté’rg‘o‘r“traggcéi\?ér?%@s&ﬁéi@&wrtﬁ)(ﬁiht?&hhéﬁr‘s of about 3 to

carbon atons, aryl of about 6 to about 30

car bon or s aﬁ ﬁéc#@g‘éséhft a8 ts 16 dcBorABRH impPoeRy ARGmated

at ons, about 7 to about 30 carbon atons,

anﬂg{a?ar'? ?%é)cﬁrﬁéorﬂ%nﬁahang‘é{rﬁj&l%%rm doim@hd18Ad kéntrol

Fom one carbon atomto about 20 carbon

iy oA Oy e hove 110
f th
gno: th'é%Qgt& nﬁ{gﬂ? .#d??rh %ﬁ@%ﬁa#ﬁ%@%ﬁé@ rof kb prekent

It E{\‘éu nrge(hg‘{lét errf?%lg §rp?d c@népeeddggcé ﬂwtéﬁ%&h@é h %H]O\E‘Bar‘?dC signals

201 GBI %ra?%ot?ér%%%wgrs ) Bl Bt e dterd R bt

gg;&ggxtg{ % gegé'a eg%af fg pgabs%lrjﬁ ﬁ%bé%ctﬁ%%&? W5 pr)bQ/Ide for
hyd | k f t t
a?éﬁ?r%gg%?ra rcyqugﬁcglﬂga@P %rrl] {rgm g]\glﬁ%s r%rhs&%?(grs a{%%ﬁcg,gted

aryl of about 6 to about 30 carbon atons, al karyl of
abwith ufility¢gneiBtut 30 carbon atons, or aral kyl of about
7 to about 30 carbon atons; or at |east one of R and
R2, R and R3, R3 and R4, and R4 and R5, taken in
pairs, independently forma fused aromatic ring of
fromb5 carbon atons to 7 carbon atons or aliphatic
ring of from about 4 carbon atons to about 8 carbon
atons, provided that if R and R forma fused
aliphatic or aromatic ring, then RS is a branched

al kyl of about 3 to about 20 carbon atons, aryl of
about 10 to about 30 carbon atons, or aral kyl of about
11 to about 30 carbon atons, and provided that if R4
and R5 forma fused aliphatic or aromatic ring, then
R is a branched aIkyI of about 3to about 20 carbon

oy AN 1 . ~ N o oy



carbon atons, or aral kyl of about 7 to about 30 carbon
atons, R3 is hydrogen, al kyl of one carbon atomto

W@bwan263® car bon at ons, cycl oal kyl of about 3 POI/ERHN$/030193

10

15

8 carbon atons, aryl of about 6 to about 30 carbon
atons, al karyl of about 7 to akout 30 carbon atons, or
aral kyl of about 7 to about 30°carbon atoms; or at

| east one of R and or R3 and R4 take

| ndopeRiRRRAtST S BropgenacRattr ol e PSR! Biied Siftr t
carbon atons to 7 carbon ato or aliphatic rin of

f eguaniaerAUSl \iize SMbeOaRd rado HBAKANCY CIIPPARN St o
provided that if Rl is hydrogen then R2 agd R4 a e

i paEiseigd¥nior §xanre) ingiuch gentexth ids aHreRant gdvaage

carbon atons, c cloalk¥ of about 3 to about 8 carbon
arcertain emadimenisisevidetar siripipeer Bicrelinesiier affaﬂeemems

al karyl of about 7 to about 30 carbon atons
arcaftibjrledofitharienna feaiurapoillin 20 epahesidrd sopiext. and
further provided that if R2 or R4 is hydrogen, thenRi

i s al kitlis efstibfsthea presentadiantageafos someasiguirPreseiis,
cycl oal kyl of about 3 to about 8 carbon atons, aryl of
alsmtiodiménts aloquroviae aoantesmaziement configurgt 268 ragsmied such
to about 30 carbon atons, or aral kyl of about 7 to
ahpatt oRée therdhentricityonster 'a;rfdll;( @sentbiadzithe netdroarsiiteel{ c)
Ri, R2 and R3 are independently hydrogen or al kyl of
onneRuEad @ pahoutll Ba cadibiny elemest. cycl oal kyl of
about 3 to about 8 carbon atons, aryl of about 6 to
about 2Qdrhbraspaictand @lvieatages of thebpeserit subjeaboatter3de
carbon atons, or aral kyl of about 7 to about 30 carbon

at iH¥ortH iR, &r Will Bletippatert td fidseonbrdniary bkill abieartfedrhottie
the hindered amine has the formula: In a further

emglléaedgscﬁﬁtld%rémmmsdmﬁ dhedid teefuhthedap@rdciatedripatiths
the forrmula:1n yet another preferred enbodi nent of the

abr‘ﬂtﬂ&ﬂ&'%tdﬁ@%nﬂ%nﬁh&%ﬁb@ﬁe apd difsalip Blubthgtell orefarbaced, and

of the present invention the polyolefinis

BAlssdq i Giﬂé%%tl'é?&psahé}é@ﬁhat b¥ brEtiBsd yolagibus

@yner pro uct containing termnal tert-chloride

¢ hé%Bocﬂ ﬁtsoa éeﬂsxéf‘tﬁls sﬁQj@Et%éttélﬁmth%ﬁﬂH@@értuﬁ’é gbinthé spirit

chai n en rmnal tert-chloride chain ends with

a hid gced\g%dthér%%f) |¥ue°§f ﬁr@éérL t REREreHEL Weerbfd. IS\ RNR/FE GRS

anot her enbodi ment of the

pfesem%&g%g ér%ﬂw hﬁuteawoﬂius&ftu?drﬁo RAIeH nfdans and

uasi - |v n I n po yner product

hi FabirayoRsan Dot St e Ctﬂéfgrén@sd Y88 i

am ne presence

e TSR 0 91

is a,titanium halide. Mst preferably Lewis acid is

20¢ i prified tetrachloride Preferably t he concentration

f th
Conbi neSHILGRBERTYSId 66 ingirs{gBg G Eifelo hiEm g, 45w
d
QueRSHEFRT gAY rpr%%ﬁ‘g ﬁmgatggeﬁ ? &f ﬁ%ék@%ﬁﬁ%‘i ey
inshideotanis COTBINGHRRS B Candon %raé’ Lo SEoS fogystons o

one percent to 100 percent based on the to
endeatureseridhaib Ieﬂu't’ﬁ@nﬁd!wd@fg GPPRIBRIRNS qtg@epgtor?%aég@sg r
percent exool efin chain ends, nore preferably at | east
20 percent exo-olefin chain ends, even nore preferably
at | east 50 percent exo-olefin chain ends, stil
norepreferably at | east 70 percent exo-olefin chain
ends, and still nore preferably 90 percent exo-olefin
chain ends. Mst preferably the pol yolefin product has
at |l east 99 percent exo-olefin chain ends based on the
total chain ends. In the nmethod of the present

i nvention the quasi-living polyolefin polyner is
forned by contactlng at Ieast one catlonlcally

o o - .



initiator is 1,3,5-tri(2-chloro-2-propyl)-benzene. In
the nmethod of the present invention the nol ecul ar

waowdogheeseld st ri buti on, Mwv Mh, of the pol yol ef i nP@DUY2985/030193
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is present in the range of about 1.01 to about 3.0.
Preferably the nol ecul ar wei ght, distribution, Mw M,
of the polyolefin polyner is pFesent in the range of
about 1.1 to about 2.0. More preferaply the nolecyla
WERTBHTEIPSE He56e n9l SXRIRSIN eTBenCRa e HERS o SPg Hiie
is less than 1.5. The present invention is also
dietatiecbdescsipiomur t her met hod for preparing a

pol yol efin containing one or nore exo-ol efinic end

gr oupsOom exerapigsy embedigteat Af the Prgsant siRjeefeaitalirplgtes to an
cationi c quasi-living polyolefin polymer systemwth
oimeprovedranienna desige thal seanegas jn @ positiya Mapperthe ywgvoidable
contai ning only carbon, hydrogen and nitrogen atons,
wrestiefrequdney R paregitice pasented yrmeeianical pSeagiatien of an
conpounds are pre-reacted with a Lew s acid, and

pantehde dvithinea metalis kousiegemdraninest, this proxidingdaT o
not: (a) Tpethylam ne; (b) Tri-n-butylamne; (O
Tefflorxgl aftatigtiond) Trii sooctyl anine; (e)

2- phenyl pyridine; (0 2, 3-cycl ododenopyridine; (Q)

Di - p- t Qkpdraxemdlary inbdinmaitsioftbe paeseng sybject matter may make
1-pyrrolidino-1 -cyclopentene In a preferred

e ke oF BRbbdaséd filkes abmvit herhdrid radisiobdhatsmay inpaisthe
titaniumtetrachloride.ln a yet nore preferred
ersReritBR ¥ offer BaHYMromts dyuibrhdre. Levarottesiadpés of the
titaniumtetrachl oride and the hindered anmne is
1;_%es7e_n§ stbjeBaNhRSEE I Shbeddedi fiters ay empldyea desigh etilizeg a
enbodi nent” of the above nethod the Lewis acid is

t 'ré@@lla&‘é? drifféAERUMHdRRd and tiehéoyhinmititleattedfonethesexpensive
2,2,6, 6-tetranet hyl pi peri di ne. DETAI LED DESCRI PTI ON

OE ENTI ON Definitions As used herein, the
f(ﬁ#ﬂﬁénhggferns have the foll owi ng nmeani ngs unl ess

expr es%t%elsé&trﬁg?@%rﬁ&ﬁiirﬁgms%ﬂﬁé préBéntisebct mbity! relsdsto a

used herernre to straight chain and branched

ha. i : and oranc

e L
| i ght. chai . _

S3PEPTGsl THARRRL AR L TR vatiol. s

? @r{@r@(;?ﬁ) %@P %llgpﬂ%iifh%wttﬂ traﬁ&ﬁﬂt@ﬂ;%rltion hlylacRehidgeo

ardmati ¢ or aliphatic fused ring"

giﬁuﬁgéﬁ@?ﬁé?%ﬂ%Eﬁétgﬁ;%"tsﬁt 455 sBer) RESpaAe g there,
i ng., The. " y
noray nerspuied il oe Ui ot ke Rl £ e ESpestiel

20 { oomheSdastis e e grea ol an B Mhertorfigl oS P

quat ernary car bon om .The term/ terti )
saietarablmanasdne tey Bend parioiedtatned e el i e
to three other carbagn ato The .term '.guat ernary
caalbf@nna-aédd@eaalw@ﬁ%ﬁ??ﬂ'@n@feé may be e "&?gﬁ\gt hat is
attached to 4 other carbon atons, The_tgtns "C EbeHjHQBe
i oambodinerds Hisseafi(hieugh sotresessRIreAUIre & ofngrs] in whic
positively charged carbon atom bearin thr?e i

s p fllernomptises BRredeterised AHMAAT %frﬁjﬁ'iteg'W@P’Bi \ngd repenators
Carbeniumlon The term "chain transfer” as used herein
refers to the cessation of growth of one

pol yneri zation chain with the possible initiation of
anot her pol ynerization chain. The term "comon ion

salt" as used herein refers to an ionic salt that is
optionally added to a quasi-living cationic

pol yneri zation m xture to prevent dissociation of the
propagati ng carbeniumion and counter-ion pairs. The
anion of the common ion salt is identical to the
counter-ions of the propagating chain ends. The cation

o " o N R - N Y T .



term nal carbeniumion to a polyisobutyl ene exo-ol efin
chain end. The term "conventional polynerization" as

wais@dohseei n refers to pol ynerizati on wherei n PE¢EUS2005/030193
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chai n-reaction polymnerization involving ol efins
proceeds with ions as chain carrying particles, either

ani ons or cations. Polynerizatﬁon proceeds through the

steps of chain initiation,, chain propogation, chain .

{ kifiedrtep RERGeEIEINAC PEbeR 4k Saleeted iRl of dne prgelermined
product"” as used herein refers to the product which

r 88QVeECYwhen two separate pol yi sobutyl ene termi na
carbeniumions react to forma coval ent bond with g

si ngl eSHLEHBAT. e peptenismeedimentpnag seaig ganglectricity
contains in its structure a residue fromthe quenching
agwter witthembeddry radio semiency {radiges fepioyideontrol of out of
"exo-olefin" or "nmethyl vinylidene" as used herein

r bed hagnenic cadidtion. gBlofrasesearti gkeMelgnt elpelripily mgters may
exo-ol efin chain end as shown bel ow. The term

" fhicluos, EortexBpnghien @ambelyologuportioed prnted pirewst kgasd tptransmitter
hydr ocar byl group which possesses two poi nts pf
atstppdrtaznen sucht dn eprintest ciiittbloardnaideearnfiguretirie traasmit raig
product"” as used herein refers to the product which

r fequescyvdigmale ata peddeiteratingd/frequenty ran ardénneaebeddad in
ion reacts to forma coval ent bond with a single

04868 hiphigterbErtuit ket whe a fliéSembeddext incwich rintedi girciiit s
structure a residue fromthe quenching agent. The term
" @JoRed. " Pie flEdrOndy grefarasid beeoahected betweendha traasinitter and
and/ or nucl eophilic substance added to the

PQhy BRichAa h@Md\earetdraably Bainpiise end biea stfipline/filteomptexed
with the Lewis acid or fully non-conplexed with the

L &WicroliRé ifler. THRGER eRBhpRY praserit beditynetdanEbvierd editis
the concentration of the protic inpurities, for

e RIWFLED freflBnéPIBIUrEs, 815é FeRRltid éhamiced@ldctricity meter
substitution or EAS" as used herein refers to the

Pr & glﬁ Hg%/%%hﬁnl c%ﬁ%s&&seﬂ%c‘ﬂ%‘ ebmirfunia86l 6Edata Baeh ke fion

"gent carbons” as used herein refers to the

{ORLREmERE AR AARRLhRATIGHR GraclRE um i on or {he

Eh ori de bo on o e pol yol efin polynmer chain
3¢ G R bR el Y Ao RS e gl a5
BB o LS AR il BB o
Cripeiator & Goleakfenin HNERGE, Sor QRN e may

o1 eainsE Healts GRETESaR g sRkbfiod Fo 4°R i ihina P

20T, BB, S5 T3 U D oo o

obeadp it ARG HE HaryREPTEa PR A ER e the
t he val ence at the head of tqtgﬂg.ppol mer Chai@etu%dt he
moFisiplines tramsRisPBiNGRNt : 53C0RGi RANPT AU 42

nmono-functional initiator is used, the chain en CE
corrsenatoss fusedde apesont grqdﬁtqrqng}egrhaé@ﬂelg@? ing prgﬂge{eﬁrgbed
a nmulti-functional initiator, when the f%ni’%ionali%ud1

of frefieenayiandaogplesdadne siipline,Eansygsien i gertain o

concentration equals x tines initiator concentration.
The term "hi ndered secondary or tertiary amne " as
used herein refers to a conpound that is appropriately
substituted such that it is sufficiently sterically

hi ndered to be not fully conplexed with the Lew s
acid, yet sufficientlysterically hindered to allowits
reaction wwth the carbeniumion. Preferably the

hi ndered amine is a tertiary amne. The term"Lew s
acid" as used herein refers to a conmpound that can
accept a pair of electrons to forma coval ent bond.

——r . - . - Y



pol yol efi n pol ymer chain. Unless otherw se specified,
all percentages are in weight percent. It has been

wa@ledoenmidped t hat sufficiently hindered secondaP@I/v82005/030193
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tertiary am nes, such as 1,2,2,6, 6-pentanethyl
pi peridi ne and N-nethyl di phenyl am ne, used as
guenchi ng agents in the preparétion of polyolefin

pol yners of the present invention are capable of
qEXETORIaE StRIING f%h@@b?ﬂlﬁ&%|%lné$qa ﬂf%ﬁ\?ﬁé may be
endool efin chain ends and tert-chloride chain ends to
t peovished. where the sitipline &ansmisgionipa the dirsi gak & AHAmS -WAYP
theory it is believed that these quenching agents
stinediresanajorsathg spsend pair ef quaAriesivayA tejedIegpratgrs, and the
exclusively fromthe gendi net hyl carbon of the =
phiftly qeartertwaverioned igsonated agsalk ermRAddad ipdhe piped circuit
Car beni um I on Exo-O efin PIB The quenching agents used
i hoarde |pratbemaltémative stopling fdtea mbodinenis @lisugh featurpgs may
convert polyol efin polynmer containing endo-ol efin

¢ baifornesiden, aattiet than-eptbiasidied én, dhepssosiaded pidnted gircuit board.
exo-ol efin chain ends i ndependently of whether a

nono- f Stilcfurtbeapreisant aspeots reltaemrespending methodology, it
mul ti-functional. Furthernore, the rate of conversion

i pelreniended s undasmotibycthosmal ordindrydskilfinribe ad tadt such
initiators. A 100 percent conversion was observed
Wichf8pckaliny methedolaty equaltidfotmepa bf theeresent disclosure.
nmono-functional initiator, 2-chloro-2,4,4-trinethyl
PERbAIG sFeAGdR lonBrexeppidre slier pléseptanethodeiogy relates to a
Pol yolef in Pol yners Containing a H gh Percentage of
E’fﬁétﬁk@fdr'?etﬁﬂﬁh F &rvihi O dutsicihadiatioh fror aqaintear ciresit ioard,
for the preparation of polyolefin polynmers of the
Pr&RfisingIME BldpeTdr sro@bivg Biredtedkircliterdzrd Sadlinafudirte
present T'nvention nmay be conducted as a batch process,

2 fi&dbh %E%rrﬁl{t)@& g%ﬁion%o‘ﬁﬁgﬂjree ArafhrRRSRSSofTadiDyretfugncy

process known ersons skilled in the art. The

o S e A e St e
TRt SR ool B oo o
rofBrsY aibcitin AGpANER HhE, pocdy 4N, BpAier inclucing
e

rated a esiread tenperature,

' f b - 1 , , :
o PEHESEP Bt 2h 'd 4o Tag tpd 1R et dfecH e Fehutting
desired pressure, atnospheric, sub-atnospheric or
SUB@?Q%?Eﬁgﬁh@ﬂ?%m%ressure. The progress of the

FRU LETR L ERMER I A e
e LD I SEF el NS STBEAToBl nc

determ nation of the pre-quench cha.n end . .conposiii
betiagantroliahle suFaes radiatioq lsﬁg’ea@@}ﬂ fromp e U8’ hbfual
pol yneri zation reaction in the aliquot is term nated
wi filtersoompepedisr i at e al cohol equilibrated at the
desired tenperature. 6. A hindered secondary or
tertiary amine is added to the reaction mxture to
guench the polynerization reaction. Although, the
concentration of the reactants nmay be varied to obtain
the desired product, it has been found that certain
ratios of the reactants are inportant for obtaining
hi gh exo-olefin chain end yield. The ratios are

descri bed bel ow. The nolar ratio of nononmer to
initiator is in the range fromabout 3:1 to about
20,000:1 . Preferably the nolar ratio of nmononer to
initiator is in the range of about 5:1 to about
2,000:1 . More preferably the nolar ratio of nononer

- . " - A PN oA a A ™~ A




of the endo-olefin and tert-chloride chain ends, is
guantified using 1H NMR GPC spectra are al so obtai ned

W0 e0ogozd3ee ati vel y determ ne the anmount of coupP@mUS2005/030193
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product. Conpounds suitable for use in the preparation
of the polyolefin polynmers of the present invention
are given below. Diluents D luéents influence the
ionization equilibria and rates exchan e of, growin
speci edd ?'H?’@ﬂ(] @H‘WW?“%BF%@ F’cr?SGr&ﬁPleJﬁdc'Hﬂ He" Cﬁﬁ?ae@'
fromtheir dielectric constants. glca , _Solvents
PRSI BlEUETT TS SRR S B LOR a8 dlcoaspraiengous
ion pairs are |ess dissociated. Suitable solvents

i ﬁ@mgm@tlompf asneciFAf featHieseEOMRONANR, O SiaPS ReferanegA 43 the
and al kyl nono or polyhalides with reasonably |ow

f semmaigeg@bm@ve%ameug@ﬂomthﬁhf@aw%ﬁ @Pm@nents or steps as
pol ynmeri zation tenperature. Illustrative solve

i niardisedliscuseed '(r&gﬁap@lwqtloaz Theseof erdinary el in the art wil

i ncl udi ng normal al kanes such as propane, norwm

b betterappreciatel the éertaies and@spectsieb susteembedimentsh apd giners,
normal octane, normal nonane and nornal decane, and
bmonmedewlokmmamﬂau@fﬂ'@ speoificatione, i sopent ane,

I sohexane, 3-nethyl pentane, 2, 2-di et hyl but ane,

2, 3-di met hyl bBRIBE DESCRIPTIONIQH THE| DRAVWANGSI al kenyl
hal i des (such as vinyl chloride), carbon disulfide,

chl or ofaorumane tehyibliry disclokire IF thet preserttsobjediematien nglugding
chl oride, nethyl chloride, 1,2-dichloroethane, 1,1

, Ah@ bbstrhagdireras! dirsvted Budrfelst odinanydsill inthed art, is set forth in
anhydri de, carbon tetrachloride, acetonitrile,

NeRP 8péaficatioR CNEICA Srakies Ireferehce e thiyyappended égares, in which:
chl orobenzene, 1, 1-di chl oroet hane, 1, 1-di chl oroet hene,

1, 2-di ¢hyhpE Q85 %Qﬂ@graﬁmliﬂ’tl@m}dstrﬁmmbﬂ ﬁﬁexdrﬁ@a@rdmpﬂguratlon of
chl ori de; 1, 2-di chl oropr opane, or 1, 3-dichl oropropane,

Ni 41 OxcthiianSitef Esdirudtedh beasiana@th the prasentaubjest oitter;
the representative liquid diluents or solvents useful

in cat '#?@gr%%ﬁgltbﬁ%ﬁbh 2@t iheiNsive Mep R RéXaRISs Of squivalent

exanpl i nati ons of those |isted above) can al so
n%ﬁﬁg at blﬂbFénﬁrEgﬁeHcTBst IO ExSRPIBAUMES illliStated W F@uﬁﬁd
asi -T1ving carbocationic polynerization are wel

kno inthe art. Initiators may be nono- functlonal or
mufY - f unct i onal dependi ng on the desired product.

Mono- f ?8%%1""&' @é%ﬂtaqwe&gmﬁria%%e hfjuht 81" 51'1 &htenna within

enploy R ges)'r polymer 1s to ['i near. For

N e S it E%*‘f”‘aﬁéﬁv.enf‘?fit or

(X * CR %seﬁﬁeeﬁeﬁéﬁ?%eﬁé%g@l%é 5 IR RaeRE et 1y
{
o ovmsticatgr anf Eppaptra A DY el B reriesd Sine or

X is an acetate, etherate I
haﬁ@@@ﬁouﬁ@aﬁiﬁs £lene ﬁ@ésﬁ’sﬁg r%eﬁegq gﬂgiﬁcprh?@%rer of
one to 4. Preferabl -

gr oupse X -a%%;= '

at ons, preferabl one carbon ato o about 8 arb ns
atoms. ApeissHatainghe Brie %Jm@@ag&’ AR SoRtRne En1
chloride. In sone instances it is preferable to sel.ect q
t heresentisuhiee reatteRis Paticady FRNGEEGH Wik MRV %%%’i@tus an
species or nononer, e.g. a l-phenylethyl derivative

for polystyrene or 2,4,4-trimethyl pentyl derivative

for polyisobutene. Suitable conpounds, include for
exanpl e, cunyl, dicunyl and tricunyl halides,
particularly the chlorides, i.e., 2-chloro-2-

phenyl propane, i.e., cunyl chloride;

1, 4-di (2-chl oro-2- propyl ) benzene, i.e.,

di (cunyl chl ori de);

1,3,5-tri(2-chloro-2-propyl)benzene, i.e.,
trl(cunylchlorlde) 2 4 4 trlnethyl 2 chl or opent ane;

~ e o o o T T




An exanpl e of a sulfoxide conpound is dinethyl
sul foxide. Diethyl ether is an exanple of an ether

w@orvpoeaed and nmet hyl acetate and et hyl acet at BCHDS2005/030193
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exanpl es of ester conmpounds. Phosphate conpounds such
as trinmethyl phosphate, tribut ib phosphate, triam de
hexamet hyl phosphate nay al so b enployed.

Oxygen-cont ai ni ng netal compounds suc ) .

t S191apdRlegNiey fhe Fangmission astosfbeqs@e%(f@sswé%tet%wg to
donors. The concentration of the el ectron donors in the
t Greffology-enaralipns within etilianetrss, far examplangehiassedbo ut
0.001 noles per liter to about 0.1 rmples per liter.
Pmestersaifs/a gReerabmtlimiting icsamele, areedivadionsiediBiors i s
in the range from about 0.001 nol es liter to about

0 ieBsmijtes oppeatingiin the, 900VHZ pingge tng/)l&l\ﬁ dndustrial, Sc'ent'flc
concentration of the electron donors is in the ran

f MedicaiphandoffeRiusnties (ganerallyt992 Midz imB28 Nkbtzozen@ﬂa%
per liter. Common lon Salts and Common |lon Salt
Proensidermbie Gomercoutpuirat $3 thisd douglaend fifte barmseries gy faljdnto
optionally added to the reaction mxture in addition

t FQC (FexjgraldGoramunichtidrscCernmitsion) relstricied banes. cHtusy specific
these salts are used to increase the ionic strength,

s Uppmesiss filteng ismeedad tb trémethe devesll bf/emissionacnded gdvernment
| i gand exchange. Particularly preferred are common ion
sabgmafe@qmmmrs for exanple tetra-n-butyl ammoni um
chloride (H Bu4NCl). The concentration of the conmon

i on sakfradifénat dbsighs atlizedomped bahdvpasotad/or leaeiassiilters to
m xture may be in the range from about 0.0005 nol es

P&larlyi duR thd RisRRPHAMbASsupPréssiderimpléragntafredfesuehlfifters has
the cConcentration of the conmon ion salts or salt

PIiSeh’ difficalt, 'rﬁoétg dudso rc?é&@nfof parasitie Wasd-barddand lenieled
liter to about 025 noles per liter. Mire preferably

t h&qRR8A FBh ﬁ%'f@t@r l‘t’éeltt & 2681HRthé @Be BRIndiviiuas abriponents
precursors is in the range from about 0.001 noles per

Su%c?fsbtfrﬁteﬂg n@?gqﬁg oV So e sLikh fitersMononer s

e nono or use in the nethod of the present

i nvent 'Wﬁggg&ﬁmf %W%%ﬁ&é)ﬁf'ﬁ OT® GiagranaticiMIEAAUGE & shown

conta|n| rogen a carbon atons, especially

%@3&93& Anfibiidfon stﬁ%ﬁr@hl of 1br&@§trﬁ@¥d ﬁ'gaécbﬂiﬁnce

carbon at ons ut preferably from about

£ obfte R WesEnics FDE‘*%F LB Tl Bs B AR R faRlPSiogiRb aked

I'on of 'such nononers to produce

P gﬁlaé/(&%hﬁﬁ? gstrgd:h}\fs %rb o%ihgg{%‘v %bflﬁéﬁgé%eegigﬁ g?é r !ﬁgl?rlﬁtgtrl]-
I gﬁ?rdpr l{e‘t'/PE%LB{F% i %ﬁ@}"’g‘ t‘%"’ dqrggésu\r%%"f Jhe

of from apout_ 200 to 10 /nDI t

pl gg'fqe‘gns @Pa{fé?sdt‘%'%ﬁsequ? IFHe q%’é oﬁéﬁ%nltﬁdecu Xrt. Wore
wei ghts of from aboyt 100,000 to 1..000, 00 I
ToFReGiAY dOP STIRIRG LS O HECRYE-RER IR BF?&SUE%%%? math
i sobutyl ene, styrene, beta p ren

buBvRIRRINg Ui AINAVUEFOERBIIRBS ey HBnEbes e gsource of
types, and others. Particularly preferred nononers are
i supeanjraiable radigiemy| - but ene, 3- met hyl - 1- but ene,

4-met hyl - 1- pentene, and beta-pi nene. An even nore
preferred nmononer is isobutylene. Mxtures of nononers
may be used. The concentration of the nononers in the
total reaction mxture may be in the range from about
0.01 noles per liter to about 5.0 noles per liter.
Preferably the concentration of the nononers is in the
range from about 0.1 noles per liter to about 2.0
noles per liter. Mdre preferably the concentration of
the nononers is in the range from about 0.3 noles per
liter to about 1.0 nole per liter. Mst preferably the
concentration of the nmononers is 0.5 noles per liter.
Lemns ACIdS Lew s aC|ds that are SU|tabIe as catalysts

o o a1 o, .



7 to about 30 carbon atoms, or aral kyl of about 7 to
about 30 carbon atons; or at | east one of Rl and RZ2,

wO200a/026388 and R3 and R-i, taken in pairs, PCT/US2005/030193
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i ndependently forma fused aliphatic ring of from
about 4 carbon atons to about carbon atons; provided
that no nore than one of R-i, and R3 is hydrogen
and provi ded that ot all line

kP B tated n Elshkn et SUiRIGS e GinEpidanEh Wih the
enbodi nent. of the above nmethod the hjndered seco da1
oPresent pubigCtaRRliRs cREPrsR®Aa YensminsiondiNmRACKIRHE T y ﬁ%
of R and R5 is hydrogen and the other is a branc
alexigndisyg katwaen 8 f*f?d pa%&ﬁita@oa 8RGANGPOsk %stll%n mﬂscﬁo Snd 22
about 10 to about 30 carbon atons, or aral kyl of about
1 maybedesignaed eairnsh and orput ports, REheyeh e Oa’@%r may be

i ndependent |y hydrogen, al kyl of one carbon atomto
aletratriczlly cevepead, asmexw@awdnlneyster@eram i§ about

7 carbon atons, aryl of about 6 to about 30 carbon
atsymenetrtalaSyich symatetytmay net kepexhibited, bewexss, inwodias designs
aral kyl of about 7 to about 30 carbon atons; or at

| esasthatosyenroétryRof filled dBdgn RONGimonaRBsSaRS liepiteition of the grawent
and R5, taken in pairs, independently forma fused
arsubpict matteng of from 5 carbon atons to 7 carbon atons
or aliphatic ring of from about 4 carbon atons to
about &vigefupber RifeeRce o Bigudet thénatriplifie Rierdfdn Recdrdamae
a fused aliphatic or aromatic ring, then R5 is a

bri@neihehrasdait subbctrhatidr riay coredupond 20r exarbple, @tzopisrality of
aryl of about 10 to about 30 carbon atons, or aral kyl

of h HRQIGukferinve estnatdts f@;@hb@ﬂy atranged larpialrp raodidiktibuted
that if Rand RS forma fused aliphatic or aromatic

i 18ng tHeaParBmissorliny fRCBE6h gldner-viveabssriatdrsintayalbout

20 carbon atons, aryl of about 10 to about 30 carbon

al Qiffiguidld & r%t&é/hlté?& ARQEAs blv-pasEhPBnd Pass Ardemay have

atorrs I'm a preferred enbodi ment in the above nethod

%ée?] tgégé @ﬂﬁ%ﬁ@ﬁ%ﬂgub@ nflIoRd | Wotl%?%o;mguralcﬁﬂﬂt_%4 néi-e

rog ered”am ne enpl oyed in the nethod of

t h%g?lfn%séﬂﬁo iR 'opﬂhe'f‘?yTH@s %uﬁl‘tét’ Wg@é‘réégﬁét%kd@@gnd 32,

o-aromatic rrng havin the | ow ng formul as,

( a%ls ﬂﬁ@at@ﬁ,&aéiéaé@%e g‘ﬁ%ﬁ% th 'EFurE %m’l{)ﬁc Q)Nhe‘%%sﬁfltté?'

gen an e Ot one

cnorauy Blddhs ca?%e%r%*g%°ﬁ"@3§‘r°”°¥ﬁ&ﬁﬁmn°?“ay
?2?%%%36%9@%bg%vt%?dqs“kﬂyﬁ'ﬁwéout@b?“ At
21 fippemeniy Foplins3 by SR aded BF "%ESE%‘W"&*W

cycl oal k% of about 3 to about 8 carbon atons, aryl of
ab8ii¥ Methe@tapout 30 car bon atons, al karyl of about 7

bbout 30 kAo BaRIALS 4§{ano@s@%aln@?ra?e%%rn“tag@aﬁﬁﬁpmd to
and R3 and R4, taken in chl rg epende #gl% forrr|1 o
f ugUartelrwaNa lesonatats typeq o §XMRIARLRAP

atons or aliphatic ring of fron1about 4 rbon at ons

t 0980 Mz BequansywhiteoREONIHALP R MRAYIGR PSR q B -Wae
and R4 are independently hydrogen or al kyl of one
carbon atomto about 20 carbon atons, cycloal kyl of
about 3 to about 8 carbon atons, aryl of about 6 to
about 30 carbon atons, al karyl of about 7 to about 30
carbon atons, or aral kyl of about 7 to about 30 carbon
atons, R3 is hydrogen, al kyl of one carbon atomto
about 20 carbon atons, cycloal kyl of about 3 to about
8 carbon atons, aryl of about 6 to about 30 carbon
atons, al karyl of about 7 to about 30 carbon atons, or
aral kyl of about 7 to about 30 carbon atons; or at

| east one of R2 and R3 or R3 and R4, taken in pairs,
|ndependently forn1a fused aronatlc r|ng of fron15

oy a — - oy - Y



Pyrimdine Pteridine Structures of other hindered
secondary or tertiary that may be enployed in the

woredokozb3ed the present invention nmay be obtai nBCI/D$2005/030193
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substitution of the nitrogen atons with phosphorus
atons. The given structures arﬁ only intended as
exanples and in no way limt t é scope of the present

i nvention. The concentration_ of the $uenchi nt in
¢ Fesanstel tinedl o e TiRNRITPRC ah Perxemplanioass Age Mo
about 0.0001 noles per liter to about 2.0 noles per

| iffeSKene¥. ef er abl y the concentration of the quenching
agent is in the range from about 0.001 noles per liter
t o abofigure®2a#Iredgipdd individially gprraspangtaeggivglent circuit
theconcentration of the quenching agent is in the

r depfesentstiorseiithe slripine filgreld gnurespprding tathghage figagency
nmol es per liter. Termi nators Any sol uble al cohol nm
beandgwdmpoics dnereabpasticuierypesipierast f. i thind rfewrdh.iasd fifth
the present invention. Preferred are nono-al cohol s

c @rcaidingty the presebbsiwbjestenatterbon at om t o about 8

carbon atons. EXAMPLES Exanple 1 Preparation of

Pol vi sdibpanticelae, Rigira@aaemesentativaly illosisates anteqaivelenhaigcuit
1,2, 2,6, 6-pentanet hyl piperidine A four-neck 250
mdflthe stripline filterd-Okest it may b pedr, eledricaiy edhileiopkrading at a
over head nechani cal stirrer and platinum resistance

t hendammehtar frequihicl mithizdhé @00 H2I18M GeqaerkyaRdl Rspr obe
whi ch is connected an FTIR spectroneter via a |ight
Camektiatechin Flgwerdd)adthiresgéct fo a indamentaQopératiidfreasency, the
Macr onol ecul es , 2003, 36, 5065-5071 . This assenbly

Watrip| MEES P 40 infyCberdpfsticAtRl dtpd Bertds arfdPralsl donfiglration of
nitrogen gas in a substantially inert atnosphere

'\/Egtﬂiéfbrﬂb@’%bﬁﬁhetriﬁallﬁéﬁraﬁb’ﬁélﬁﬂi@m&i@pmd@bm&d lengths.
acqui red and subtracted fromall subsequently

?WF%%&%W&B@WM fhe cH8 df iskind@pehideReglitiicy eshrabdratidmeof

low'ng reactants: 113 nmilliliters hexane _
e s , [ - [
CoHphEse o2 OBy dnd bl g I aliat

 SOhchefd G NS e e g 1o
L . .S . .
bl S BT e R e

Ig%%rhscfﬁﬁg J%PQUE Qécﬁ{jofé@‘ﬁ% fr%&%%ﬁéﬁye%%h@rhvﬁgtsﬁom b€ coupled to

sI'y “aéqui t oug tes to

o ?Eihf?'@@@ﬁéﬁlﬁ?‘?fﬁﬁg SHEBAREfntopRentlong IgThae b
o Fiopias 2 rovarca e BELCHie) P istuPBrsieqd o, e

flask. The reactjon was allowed to proceed to high
corppEesanb WavelsReixi nat el y 95 percent as deternined by

in situ Fourier Transformlnfrared ctr .
noni t or FRPled te the J%’W‘OEMOTti)@éﬁﬁeg\“’o ?‘E@&R‘Wﬁgg”%@umed
procedure used for the Fourier Transform Infrared

s pBansaissiopinaBAre d Pak §T sarissi GPaReHE! M2 tRaNsPUSTINMIGS

aliquot, approximately 5-10 mlliliter, was r n%ved
f r ORPEH EOMMESKCANSERIPrEPYUNTIBAY be FrRATeIENHel a8 ﬁ%‘ﬂ@% by ey of a
a scintillation vial containing 4 milliliters

anhydr ous net hanol equilibrated at -60C to term nate
t he polynerization reaction. The aliquot was used to
determ ne a baseline for the quenching reaction with
the 1,2, 2,6, 6-pentanethyl piperidine and to provide a
reference for structural and nol ecul ar wei ght
characterization in the absence of quenchi ng agent.
The pol ynerization reaction in the round-bottom fl ask
was quenched by the addition of 0.71 mlliliters
1,2,2,6,6-pentanethyl piperidine at an isobutyl ene
conversion of 99 percent. Post-quench aliquots,
approximately 5-10 mlliliters, were term nated at

- . " e o Y - o a1



described in R F. Storey; Q A Thonsas,

Macr onol ecul es , 36, 5065-5071 , 2003. Procedure for
w@eiobezseng 1H NVR Data 1H NMR spectra were coPCBUS®O5/030193
usi ng a Bruker AC-300 (300MHz) spectrophotoneter using

sanpl es concentrations of 3 percent to 5 percent
(wei ght/weight) in CDCI 3. 1H NM:@spectra were used for
anal %si s of the end groups. Fractions of exo-olefin,
enlyg dlaspmissiondine.conngsied do HiePrewaps s mentianedh comaton
ends were obtained using 1H NVMR integration as
deksdereneriplanet(sre BRRareaArtiag of doe illystratiopas figuse La}-
Col l'ecting GPC Data GPC data were used to determ ne
nunber \Bftbfurgrer nefieeansede Figsirg Re, it wilf)be obgervsist that/toe disd
nol ecul ar wei ght (Mv) and Pol ydi spersity index (PDl),
i . desaviped/iequigRienikepresestationad theosteplinei filigr il 0 eray hixivgber
ol efin coupl ed product. Procedure for Cal culating the

5 Fr eestuicedhab represented o tiehanmaikad sigbiharitkside arrow head to a
Pol vi sobut yl ene Product The fractions of exo-olefin,
e ndioperefoinm jlluainateti @ntthe higbir hahe poitiomofdrigere Zm dSUERSeduced
di - EAS, and coupl ed products in the polyisobutyl ene
saopsiaplified #Husirationisndadpresenigtidircodidspontie &y apaiviof cagacitors
was assuned that these six species represent 100
peeoEiéd Afspebitvethiai poreisand 22 aodre conesponciesy repSentation of
di - EAS, and coupl ed products were deened to be absent
by a@daindragriovad ipifeaséthsr with &lihgldtraddmisges line segrasst of
for di-EAS and coupl ed products, by confirmng the

10 abggperintited N eslipied bétwaeh portl2ovarel pbrt 20 vol une si de
of Fﬁg mai n§pol yrreﬁeak [ nlbt@he GPC F?:ﬁhr omat ogram Two

pr ocedufasecafdangt Wit the bRMentBBhndrSG\E td thitt OREAH A fifth
was used when coupl ed product was detected; the

" SRefrhéHi y @SR Rb RS HS HHlusRSted |
degrgr@:l&%tlg B@ggg@%ﬁymeggﬁglgyﬁoce%re The fracti gnal edin

mlF%r@é@b‘ero@éh %qgs;fé’o%elg.f ASKAIl Be 8BEES froRf 81 8@fnination

usi an equatTon anal ogous to the equation given
be| qekeruih | Uajent circuit
xS I LiRRET G At eh RS ) KR Ao G alent grow
+ + %ﬁﬁ’i - + %mﬁa! i : i t he
15ar @%ﬁ%er{t e gi'%g?%Ctg e imn@b@ﬁé%@ﬂ@‘éﬁ%@ﬁ E@ggerr? ac‘Aexo
is the a - LG -
ac St SeHiER B oo Rty SRR fe bl e TS
- 1.72/ - A Ondo (2 - o1 72
| neugther nd e AN Bl B than™ion e BelsBehBlgns or
wth t em di net hyl .protons of. the endo-ol efin and
t h@af"%aﬁf?gﬂF B@P{@egﬁ%f'ﬁ? %Qﬁ?ﬁ.poﬁ'ég FWEgsr ated area of
EAS or di - EAS praduc when present, .was eval uated. 0. n
= o ¢ ualn et le s boes hoad Rl e e i RagRA AREiscn
det erm ned based on aa}Je,ak hat i s pot conéol t ed, by
200t fjBe reRrgRaNtaliong foRbeXaEqUSAAMANGRa e AGFOBAEEUE T t he
nunber of protons that have that characteristic pFak.
| t caMpongR easivaent GHEUIbrepERsentations fighthand ppiiens of ¢3eh
equation (_1) for both di-EAS and coupl ed product, to
ac ¢espective HlustrationaftFiguias 2k fuaughhAdksiten somewhat TroReiaat of
products consunes 2 polyi sobutyl ene chains. _ACQJ_Pi ed
washe Bindamentflequency to Biksvariags tipimeeni¢ Kequswiesas illustrated,
.5-4.75)/2 (3) where A5.0-4.75 is the integrated area
of respectively,dh theedghidwind pestinnoifaeh ofiherigures @a thrgegh 2d.
exo-ol efin protons and the two identical protons of
the coupl ed product, and where A4.5-4.75 is the
integrated area of the peak associated with the other
exo-ol efin proton. Special Procedure In the
qual i tative absence of coupled product, the fractional
nol ar anount of each type of chain end was obtained
usi ng an equation anal ogous to the equation given
bel ow for determ ning the fractional anount of

exo-ol efin, F(exo) = (Aexo) / (Aexo + A endo +
Atert-ci + AEAs + 2Adi-EAs) (1) where Aendo is the

S Y a1 o o o o o - o, = Ar_ o~



DPA is an abbreviation of diphenylamne. TTA is an
abbreviation of tri-p-tolylamne. DVA is an

w@bsewizad i on of N, N-di net hyl aniline. BET is aPCT/US2005/030193
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abbrevi ati on of N-benzyl-Nethyl-mtoluidine. 2,3DVQ
I's an abbreviation of 2,3-dinethylquinoxaline. DDA is
an abbreviation of 10,1 14

1- di hydr o- 5H di benz[ b, f Jazepi he. 4, is a

albiMEYPRtin SACH NSIANGE dinRes ﬂf&ﬂgﬂaw'a'?%e SN ungersfand
abbrevi ation of 2,4,6-tripheny|-1 , 3,.5-triazine. THA

i hatrsushBlustiatiansonaks use pLiRdigated caRptitors fiystrationg,of right-
abbrevi ati on of 2-phenyl pyridine. DTAis an .
athiene sidst ofdTigwes @r-andtZs) ¢ eusiers (illveiaatiansef right-hand side of
abbreviation of tri-n-butylamne. 2266TMPip is an
alftigures 2ciapd Zddraspwel] s wriass QAL HHPNPEEiaNg dyithecommon

NNDI PPA i s an abbreviation of o
N,gvbutid plepes @yd-spepidin eyermpiancaprogiael ansnassion §neun
abbreviation for the m xture of 1,2,2,6, 6-
pdenginet hyl pi peradi ne and titaniumtetrachl oride. Tabl e
I1 2 a 2.087 granms (66.3% of the total Ti Cl4 was used

t o cat aVilzesféreace aby e Figuse Boan addiiiarsth asyeat wbihelprogent
grans (33.7% was 3 pre-reacted with the 12266PWPi p. 4
b té2amidgvRNiD beadisqussed manbedletsit, imdre GpEcifjcalysnvoivingsh 4
and 0.0475 liters diluent for 33 mnutes prior to its
adgethbasloyp farfpeovidipg layrepnbetiiet @nteneadooassobiatodwith 25
liters (75% of the total diluent was diluted to

di traHstittdreorpRingosivérzadsboateafwitrs btiltty hreter, schvaban eteetrisity
(25%9 was used 7 to dilute the 12266PMPi p/ TiCl 4
pPrefegaction. 8 9 10 1 1Table 112 a Concentrati on
during I B polynerization; nunber in parenthesis is

final quneemd AtFiQied itah dMBtEHMhSBE fereralBAoDitioat ingddes,
3 quencher/ T C pre-reaction were conbined. 4 5 b Fina

C ' tioROA YER4lliZ Réusiiy 1 FRBLWISIBh be couple a
qS‘@ncn@%t?Hr‘?%E%’ﬁ%Pg?eacu on IWer eéprc‘:gonbi ned. 6m$®l:i nal g

v onlnggﬁlggy %?%rﬁ&%ﬂéﬁéiaﬂ?ﬁ BO thdt ARHL BLPMuGHEl into matching

guen re-reaction were conbined. 8 9Exanpl e
2 : N . : o
i e et SR
Pol vi ‘ _ : .

anife 3 HiS HRENE (RSB RRR TG A8rciBS AjseRity) O mcAy!

asi ng € con ons listed in

SR R B g AR S 0k beenavely
o SRR P aT i o SREBAgP brdichrf 140, 2 radig

re e BT SO RO BLYA el e P epdeo
T hE‘é‘ixﬁtmlnsf ?é@ %fa&?co%%fa?c‘m”oﬁﬁ %ﬁq{cﬂér‘vﬁ%ﬁﬂ%@%ﬁ ZL%B%%& any

! nother et e WER bs SelsR Trlt dibseKngwhif fibatBpyet t

the tinme given in Table I11. Exanple 3 Preparatian of
PobgidsuBIanga-chke Bartietoh B (P Ve (Bn BIoSeRPE P ioy does
2-Tert-buty|$yyidine Pol yi sobut yl ene ggﬁﬁfrigaéed as
deset fopa@ limitatioarip the aregept %&@J%émtaﬂ@f- qfi YRR cpnopRgNts
in table 1. Exanple 3 conditions are identical L

Ex firgp) tbe Mefenienyt beard 14Qcbpttransaitterfanserivet oAl %ﬁbﬁfﬂd the
was 2-tert-butyl pyridine instead of

1,2,2,6,6-pentanet hyl piperidine. The polyi sobutyl ene
sanpl es were collected and anal yzed as descri bed above
for the Exanple 1 polyisobutyl ene sanpl es. Exanpl e 4
Preparation of Polyisobutyl ene Using a Mno-functiona
Initiator and 2, 2,6, 6-tetranethyl pi peridi ne

Pol yi sobutyl ene was prepared as described in Exanple 1
and using the conditions listed in table 1. Exanple 4
conditions are simlar to exanple 1 conditions except
that the quencher was 2, 2, 6, 6-tetranet hyl pi peri di ne,

o o oy o, o a1



0.48 mlliliters 2-chloro-2,4,4-trimethyl pentane
equilibrated at roomtenperature. A reference

wab®eobarre at 887 cm 1 was establi shed and t hegiT/8S2085/030193
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milliliters isobutylene equilibrated at -60C was
charged to the 250-mlliliter reactor flask. A
separate 2-neck 500-mlliliter 121 ask was char ged with
the follow ng reactants: 28.5 mlliliters hexane
edisplaymanek $6Qkare soupled dogatherinyisugakle fietepnnestions (ort
equilibrated at -600C, and 1.02 mlliliters

1 shown bubwpk Hoderstoeg tp ithnsei o ordinarny kil i fhg &8 astMaw B,
tenperature. Both flasks were equilibrated in the

- BpedfitadiytraquirddHin @ gixgrxembadiment of the ipresest sybjgefi rager to
tetrachloride was charged to the 250- mlliliter

r geohib prddeaskeraiine of tte ©@mnplary ir¢preserdativet elaetieity meter.
tetrachl ori de was charged to the 500- mlliliter

f | ask. WAfit farther refdrgnes fozthe transmitie/trons@d/eambaaidets0, gn
pre-quench aliquot (5-10 mlliliter) was renoved from
t hdtarmat €0t raap be tehebe2iBBd intd tHa prirtted cireuidicard dh adiichathd
termnated with 10-15 mlliliters per-chilled
nejohfnkntsaddfrespemdind & theltyamemiteatransceises age erechied. by
pouring the contents of the 500- mlliliter flask into
t hent@&t 170 haly Ibet@rnbadizatio thef $amsk maAhégamwvas werviously
renoved at 1, 3, 5, 8, 15, and 30 minutes and

t efigBuasd & ditMirédpet & BBistrptide ARéMANWIth reférenbal@Figaresf1 and
the reactor contents was term nated at 60 m nutes
UstifGreR 2@ tRRIUGh &d, FExpBaimely. Ihfkertainlentssiirmeyts@hee present
sanples were coll ected and anal yzed as descri bed above

f Al iR ot heRstyhiieP s AR ESApIHRMMNee 30 nixaPEMbedded

Preparation of Polvisobutylene Using a Mono-functional

I( %%"m%*’?%ﬁ% Ef%(m-bé}yé%rﬂﬁe@@im%r%thwgé cbaesmImgling

r-neck 250 milliliter round-bottom fl ask

W0 (S EAREE. A i A NREIALoEREIIRIAAE0SIA binel and

rmum r esi stance thernoneter. This assenbly was

L}%%@@%e‘a@ Gnfenfi§ HV@W@?@%&@EP oRARECHHNER CirEiiiY board rather

as I n asubsta nert atnosphere

19 Lﬁ%\éé\%g}ypgedﬁgg gﬁéargils( é’}@g%ﬁ%%ﬂﬁér??g ?geﬁé%iéggg%nt may. be
ggﬁr:ap#i?ﬁrg@% Z)gac%: of:ageggﬁ!neﬁtig‘ }r\r!sh éétﬁ%élrl)g‘%né’ihg oPhRfidd@se

2- -2, -t hyl \ iy 4

¢ ehbray hepeabieh R R Re Y 1) R ingy o or
ilib d at t { 1L

Bk renee Py ol BB e suice 1 el il 4S8 ofy fuy

round- bottom fl ask were equilibrated at -600C. Wth

coftsamRied-stirring, next 1.82 nilliliters titanium
tetrachl ori de was ch

d | ask. . T i
20vgs. ol | OGN PGPS SRR PR BEIARCThEn g G eTna 170

mlliliters of the polynerization sol uti ! char ged
{ owithisefos exe@plsn the Fransmitierranscevetieatd 186 wibRg Pt

t hreaded caps. The pol yneri zation was, allowed to
conengideration @atannecyiertaiige asayell.Astna Phy2iFRlIPrateie &od effect
16 total reaction_ninutesz at which point 1 of the 4

t ubsghevastenaa nadiatiandpatier that e ¢|¢¢tr'@lg/r'§e@f hAwsiRg ABY ah
provi de a conparative exanple prior to addition of
quenceatigg ageduits andélectrieatayiingh@ay hawve gnithmanigena

allowed to proceed 8 mnutes with intermttent shaking
(24 total reaction mnutes), at which time 0.1270

grans tripentylamne (a m xture of isoners) was added

to one of the test tubes containing a reactive

pol yneri zation. After addition of TPA, 1 of the
remai ni ng polynerizations was termnated with 5

mlliliters of nethanol to provide another conparative
exanpl e. The TPA quenching reaction was allowed to
proceed 15 minutes at which tine 5 mlliliters of

met hanol was charged in order to termnate the

. ——r e - . - N a



Initiator and N, N-diisopropyl -3-pentyl am ne
Pol yi sobutyl ene was prepared according to the

wpe@emelisee of Exanple 1 using the conditions |PEI/ES2005030193
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Table 1. Exanple 15 conditions are identical to

Exanpl e 4 conditions except thq% t he quencher was

N, N- di i sopropyl -3- pentyl am ne.'Yhe pol yi sobutyl ene
sanpl es were_col | ected and anal yzed as descri bed ahove
f GerferBamseanfhieantenta oy GerRA eerioned igPEQViderEggigiionin two
bel ow sunmari zes the data obtained at various tines

i mridegana pefarigationte L.ad dvalinalprEatiomehaiaeiRusicsginRyeeH s
Conpar ati ve Exanples A-E Preparation of _
Pancreasshiianandipgionsangg andushabilityitin aeaprdanee with die pRiiggent
Vari ous Quenching Agents Polyi sobutyl ene was prepared
actibjedt mgtten Ineany easeduelectdeibomptesdiwillnad oamithin e line of
above but using various gquenching agents other than
TRight Dhracemittersdransseiresyisbisg te peraguinicatewiin the gleetrieity
tertiary am nes which did not yield exo-olefin PIB
abmester.t maduchfcasé @oRriBatipendiversisdmiay betnf assiatanoé in improving
aliquot. The reactant quantities for exanples A-E are

| ithé ealiabtiityleftdueh honTihe ofreight cayoranticaiias. of t he
reactants in the final reaction mxture are given

bel ow ivithilesthe @rédent sdbjettanatier-hak dieen deesriledsin ddetail with
various tine intervals are sunmari zed in Table

| 1rbsgdct tdespediidEErhbdimehEENS B oANEVIF bk HpBretRIRERATELS 108D
METHODOLOGY PRI ORI TY CLAIM This application clainms the
begxaleidtin @fe &t SipoRradtsirinaninderslandimbiodthéNeregoing may readily
60/ 604, 973, entitled "EVMBEDDED ANTENNA AND FI LTER
ARG SiteMblid i¥Ed HdXki6ke of, ahd kgdivAleatsstd sdch eRBddiments.

which is incorporated herein by reference for al

PUARRS@Rgly thElsLofE ofl e préldeNEiseiisiieas BY a%sTBT exaMprOtather

matter geherally concerns inproved apparatus and

\RYoffifitaBE R\ tRE sUBELiSdIGAE B6¥s not preclud
Tohan vishof IlﬁJﬁta%ﬁ)’dé/rfg{r frso?jﬁ el elct ricity Srrg(t)eprrgéul\/%re

conmunf cati on to an
paiﬁ%lh&i%h%ff 's%ch Hl?@iﬁ%f?&%m/a 21Bh& Gha/GR bl @tioriRRE Present
conbined radi o frequency filter and antenna
confi.aurati NINC A ¢ oo i
CreE e B8 VR B ) B o Y Rl te ot
nmeters. BACKGROUND OF THE | NVENTI ON The present

subj ect matter concerns both apparatus and net hodol ogy
in such areas, including the use of enbedded
conponents in relation to printed circuit board
conponents, for formng a transmtter or transceiver
associated with an electricity neter. A general object
of nmetrology is to nonitor a physical phenonenon to
permt a record of the nonitored event(s). If the
ability to communi cate recorded neasurenents or
nonitored data is inpeded, then the basic purpose of
the netering device and/or effort fails. Such basic
functi on andpurpose of netering devices can be applied
to a nunber of contexts. One broad area of neasurenent
relates, for exanple, to utility neters. These may

i nclude the nonitoring of consunption of a variety of
fornms of energy or other commodities, such as
electricity, water, gas, and oil, to nane a few

Hi storically, a mechanical formof register was used
for utility meters. Such an approach provided a

rel ati vely dependable field device with certain

i nherent functional advantages. For exanple, if the

fl ow of the consunable commobdity bei ng neasured was

i nterrupted, the mechanical form of gauge sinply
stopped in its place, automatically reflecting the
previ ous accunul ati on w t hout other arrangenents being
required, and wi thout any | oss of such accumul at ed
data. After resunption of the flow of the commodity,

t he nechanical register could then sinply begin to add

D D L 1 I o M - S



Regar dl ess of such uses for communi cations, an
i nherent problemexists due in part to the fact that,

wob@n/0z63eel ati vel y | arge nunber of such devi ceBCHDS20051030193
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use, interference with other such devices or with

ot her devices operating on simlar frequencies, can
create errors in the reception15f transmtted data or
control signals to or fromthe utility meter. Prior
attenpﬂ!ﬂﬁgJ§£HéﬂﬂEﬂhﬁﬁ to address such technica
problem U S. Patent 6,737,985 to Garrard et al. for
Renot e 1vet eAimgthod &arueduding hargonginequedicy sadiation fiem a
electricity neter including, anong other features, an
arristgtciepg theard, 2ompusigg tresteps o6, 078, 785 to Bush for
Demand Reporting of Electricity Consunption by Radio
in Rel ays t proxidBagse pantediarauit berrd pagdneludiag Higseon a
Wattneters So Reporting Over a Wde Area, issued June
2 Crarz@oifing godiohaseigured ferdtansoiissjomedtredioifrasugaeygjoaals at a
antenna that may correspond to a loop integral to a
ngsredesrmiobd weqpemdy; on of the case. A 2000 article
entitled "Current Affairs - Advances in AMR

t echnol ogy" ehbiedfiing inlsaidwsiates! difcait beardedn @@SN A, vélhezsid
nodens with automated electricity nmeter reading
sysitefima estifigradr sapds ©t radiateasdie predeterhine dcioequeinoygd
within the neter chassis. BRI EF SUMVARY OF THE

I NVENTI ON | embegdingfin t4id priateosiczit hobeid filterssaid filter
encountered in the prior art and addressed by the
PriRgifahg S RisREbndBAiva portioi kmeddo anpadetersinad darmonic of
nmet hodology for transm ssion of radio frequency (RF)
si g bfedetdralildiiréqueiy lgogy operations within
electric nmeters are disclosed. Mdre particularly, a
parti cylgph id fterRiWSdsRdRaAs dHiort Bi&d said

pr esent sugject matter involves inproved antenna
ragi@ation patterns fromantennas coupled to
transmtters or transceivers associated wth utility

et er S ANoLReuIHORARIIRNGR Gierdis BER'stdPof dinbedding in said

acconpli'sh i nproved aut omated neter readi ng

CopmMR Gk LioRs LB oSG fine ARIHPbaid
coPMRiR R Ein AHHE ol B BRI Oe A Cbel
Anot he ae“;&ti cul ar aspect of certain enbodi nents

of p?%gaﬁﬁg@&é) Subj ect nmatter relates to providing
Euce o K bIRER P SRR e o,

transm{ter < {6 ' VEF'S) assocl a

meters. ln such cantext, it | t. At

or sdefie s itSela pple croy' boats GBS BsRRERGin S e
freguency radiation froml ow cost transmtter

s G thae irsReiemingd PHper & qLeriet BRE e Bponajgrs tuned
broader aspecgts, of the present subject _matter, to .

2 it PERSEERTEI P RYTPErcP! SRIBEIRICIFTBHICS of Pl Pl Smined
conponents. Mre particularly, for exanple, in such
COffe@Y¥8NCYit is a present advantage to in certain

enbodi ments provide for stripline or, mcroline filter .
ar r angefrent o Bwidayinglain hiwhssein SPE’:‘%‘%? gse E?ﬁ’d'!‘%"‘a??'d
enbedded context. It is a still further present )
adpantedgircuit beard@nfiltes sPMpEseemMpeddiag o nURIoNae fillsrie saidy
provi de an antenna el enent configured and nounted such
t hatiptedraireuif heardl ectricity neter is fully assenbl ed
the meter case itself contributes as a part or all of
a radiating elenment. Additional aspects and advant ages
of the present subject matter are set forth in, or

will be apparent to those of ordinary skill in the art
from the detailed description herein. Also, it should
be further appreciated that the nodifications and
variations to the specifically illustrated,

ref erenced, and di scussed features and steps hereof
may be practiced in various enbodi nents and uses of
this subject matter without departing fromthe spirit

o Y o oy



may be provided with the utility neter an antenna and
a filter respectively enbedded in such circuit board.
weemb/ozs2exenpl ary filter configuration preferedi/ys2005/030193
i nvolves the filter being connected between the
transmtter and the antenna. Addjtional details of the
filter may be specified in sone%enbodi ment s t her eof
(t hough. not necessarily required.in qthers) in which
Che t iR or ATABTPAES 1B I de WBPIAIM SO StRRRTBeddng h said
quarter-wave tuned resonatorstuned to a predeterm ned
nupfified sifcuithaaed adiltaneoramises eprbadeings Bt inglyding gt least two
frequency. Still further, other present enbodi nents
neRaifes pardonsouped i different predelpsmited harmopiep SHERIE r adi o
frequency features to provide control of out of band
hapredatesmingdife@aUency. Such present exenplary el ectricity
meters may include, for exanple, a nmetrology portion,
a printéed cifosthodssdn ¢laim & waeeain seidstepupirimbeddinga filter
such a printed circuit board and configured to
t riarssid printad ciocuit kapue somnpysemihe sten oferpbassiinginrgaitperinted
frequency, an antenna enbedded in such a printed
ci cicauittboacha diriptine fikerf Gampeisingrdbtrankraission §oe hoiohna gélir of
circuit board. The filter may preferably be connected
b ethivd varmbeic tpoditss] 4 pair ol foudirthhrermnbiepodions damhy fifth
prefereably conprise one of a stripline filter and a
5 mi Raeddniepdrtibher . 1 n such exenpl ary present
electricity nmeters provided with enbedded radio
frequernty f gQingttesl, ad dgint €swihdreinssaithdtep oédrovldieg a pdntey
net er data signal conmunications for effective

COBFaLl o 8Rd fcludiithereh @Bahnitingtporiinedrin@tiaciudes
readi ng communi cations or related. Certain present

eX BFRdiiy/a RsBRMGHdTBOiSN irtlidied dscld pAMted cireulnissart @nd
stripline filter for reducing harnonic radiation from

a bpeaavaly bsSoded UR Saldrarkpftting ipeRicAtfofforming a transceiver
predeterm ned frequency. Such an exenplary filter may

Scorm{cii&?oﬁséfdrél@&tﬁél@/ thépsm ssion |ine extending from
aftirst termnal to’a second termnal, a first pair of

quart ergwavey L8974 OfRerkltned to a first
predeterm ned harnonic of a predeterm ned frequency

and couplig q’léﬂ?O(} RFnst IncRbS the £8P BhrovidRY ad SBetrigfmBter;
second palr of quarter-wave tuned resonators tuned to
a ond predeterm ned harnoni c of the predetern ned
frequency and coupled to the stripline transm ssion
line. 1p. ' f. : i Bl it

o e rbeslio Ry SRR LN o Bd BBl GEreqn

enbodi a pl rcul t | & pr .
sor Sha I8 i RLEANTRAPIbAR el iR i
quareHediiG DHRElr RN p a8 e orsdld sty

printed circuit board. In other, alternative stripline

fi M&P" enbodi ments, all such features may be forned
on, rather than e eddeq he

i t i at i nt ed
ci rcui t Yboard Meeq ps Fh??'h£§’ ‘%W%ﬁ@fﬁ%?‘g%‘%%g’? 8'%5’@?@%%0
corresFondin nethodologg, it Gfénﬁ in&ended as fivel
In@CHEB ST inRbdes BrovBing AR plpolriely meter GaRg oBPrtk Ry

such correspondi ng net hodol ogy equal ly fornms part of
the present disclosure. Broadly speaking, one

exenpl ary such present nethodol ogy relates to a nethod
for reducing harnonic frequency radiation froma
printed circuit board, conprising the steps of:
providing a printed circuit board and incl uding
thereon a transmitting portion configured for

transm ssion of radio frequency signals at a
predeterm ned frequency; enbedding in such printed
circuit board an antenna, with such antenna confi gured
so as to radiate the predeterm ned frequency;
enbedding in the printed circuit board a filter, such

oy



nmetrol ogy operations within utility neters, for

exanpl e, such as electric neters. As a genera
woemwel2a3ee i Nng exanpl e, a nedi um powered RF tr aPSTi$1005/030193

operating in the 900 MHz (nega Hertz) 1SM (Industrial,

Scientific, Medical) band of frgquencies (general ly

902 MHz to 928 MHz) generates nsi derabl e power

output at the third, fourth and_fifth harnopics_ .that

f amterquectpéwlf@e@&%tﬁn@% AAaRit %EWPB%%:B%PE@ 3gting

restricted bands. Thus, specific harnonics filtering

i Cleraedte spld FMEMP-t he | evel of eni ssions under

gover nirent ulated limts. Traditional designs

ut|I|zéolunﬁéﬁmbﬁﬁg@ﬁé§§W&ﬁHDor | ow-pass filters to

carry out the task of harnonic suppression.

| npl enent at aonetedlogrertion;l t ers has been difficult,

nostly due to creation of parasitic pass-bands and

uncont r ol | ed traagimittdr pertiancranfigiere itp frapsmit sadie fregyency

addi tion, the use of individual conponents adds

umigrtzésaaa predeteymiirasl foequeacy; andst of such filters.

Wth specific reference to Figure 1, a diagrammtic
5illustratioadisplahpewtionf an exenpl ary configuration of

a stripline filter 10 constructed in accordance with

t he pr esent whebgie shidrtedrisanitter Poetiqnresgnises algredad ereviter

provi des an economical stripline filter 10 that nmay be

| NScr@eUBB @ tind Bthanamitey udrar withibih Bnleapea@ngrai filtee despectively

circuit board, and which otherw se addresses many of

t hemBEMRRY iR Saidd@rtuitboard, withIsaldefifee bting @opnestéd bstween said

devel opnents in the art. Mre specifically, the

St framdnhingr drid $8d ahnha, AGPRit said €ilted domprisirien presietyrantried
matter avoids the use of individual conmponents that

10 MeyuhbP&BTRubRSE-REvE tuiedIre Sortors Mad to @ prabiétermined number
radiation.As illustrated in Figure 1, the stripline

Fi bt Qe hAmAHEY SraRiENbRhIMed HegERdy. SUbj ect
matt er conprlses a transm ssion line portion generally

12 ext g)y\ﬁt%'ﬂe sfih CRim rq@r WhefRirfsld Alt&ras antrighaet
22. Suc ports 0 an J 22 may be designated as i nput
angiQut put ports, although the order may be
electrically reversed, as the exenplary filter

struct U{ ' 'A Ht‘ﬁ[?( ?ntegéjr dhon Sin DEIR0! Whdlein sH1§ QuandtRive/tuned

may not wever, In other designs so

th% Pﬁ%{{sg%y&}’tuﬁ% d hbShir €F§u 1ahg flﬂmtaﬁn&‘ﬁ&?é id

€ presen ECt matter. urt her
R TRy preLZﬁt SLLLFLL?%LHLF%QS A
cuar tor My & PGS il 0 et bimBiaiig¥Eusne
QuHPein f E*oﬁ%eﬁh%?%tf@gﬁfﬁait°§§§%’8ﬁs' Hhaliofef g e

filters

L I
have ok tybBaMAle SEr ATt BB srbfudndtRs an
of Sty nciem g @e@asa%tegmt Hb@@‘*aﬂﬁergaflludes

as illustrated, may each be tuned to th @
hareasives f%ﬁturteﬁeortﬁrawsqw W%PO@E&F%W'H@S?'S éraueﬁ {gr ppgion for
the exenplary configurati such_ frequency may
coWl’%@@n{%ﬁm(‘@l@bfﬁﬁw@s'foO'SaM-E'e@tF'C‘E’ Pet8yy (Lel, three
times the base or fundanmental frequency of 900MHz), as
wel | understood by those of ordinary skill in the art.
In |Iike manner, resonators 40 and 42, as illustrated,
may correspond to quarter-wave resonators tuned to the
fourth harnmonic of the exenplary base 900 Mz
frequency, while resonator 50 may correspond to a
guarter-waveresonator tuned to the fifth harnonic of
the exenplary base 900 MHz frequency. Figures 2a

t hrough 2d individually correspond to equival ent
circuit representatlons of the strlpllne f||ter 10

N a T



approximately |/4 coupl ed between port 20 and port 22.
I n accordance with the present technology, the third,
wo ousds3and fifth harnoni c operational equival BOIL/ESI005030193
correspond to elenments as illustrated in Figures 2b
through 2d, respectively. As will be observed from an
exam nation of such Figures, thinitia
representation in each of such equivalent circuit
r epr eseht at ifSrRlectdcibt mater with ampbedder radia frepgengyfeatures to
illustrated in Figure 2a representing the fundamental
f r BQYERSPNEQLOTAt BRPangt harmenia iadstiphesaiq eleslrichomelarept
that the various lengths of the transm ssion |ine
r epereBesRGit i ons for each differ as illustrated in the
corresponding Figures. In addition to the above noted
di f f er emg@golagylpertipits of transmission |ine
representations for the various harnonics, the second,
5reduced conpoprénied eigguibkdagdit circuit representations
(right-hand portions of each respective illustration
of Fi gua ranghitteh rsoppdrtettion eaifl fpeintesioninewit hoarfdrand ¢dnfiguret to
t he fundanent frequency to the various harnonic
f r equsanit razko frsqudrcysignatsoat,a predeteaninedifrequemcy; he ri ght
hand portion of each of the Figures 2a through
2d. Howeareantehna embledded inesaie pritbd siecuf baard; avad y ski | |
inthe art will understand that such illustrations
make usgfidr énisidurtdan saidpaintddasiult bbhrds ith tsainitepbeing
ri ght hand side of Figures 2a and 2b) or inductors
10 (i bbnisdctart hatwaen baiki tedtsmitesitingisar) aitefmaanmdesomprisinglone of
2d), as well as various nodes, connections with comon
gr ahibliRb ANGSancPd thisrBRed filte®, \PHHBBY 84iY ehdiiciyini@tbegdith
transm ssion line lengths. Wth reference now to

Fi gb8dded %i@ﬂé&ﬁé&?%at@@@ﬁﬁévi@és éitanee & 8R¥ttricity meter data
technology will Dbe discussed in nore detail, nore

s p§§h£li SRhthdnic A HsHbNEF DB EHRRRINRGYoh Bf ddth QvkH BB goran
enmbédded antenna for association with a transmtter or

tr Qﬂﬁ%ﬁ%{t&? h&é%@&&iﬁ@ %gmMJnriba%oH§ bl idited®t €, such as

an electricity nmeter. Illustrated in Figure 3 is an
lectrigit JAYAR ; t whBGk '

et al | 5 LA PEEIRRYRRratin BRmiTE! phBEin 658 yghiiper nas

whi €al,|

th g?grr?aﬂgé(l% Qgsfﬁé{% 316?%?—@% %g%gﬁ{e@%ﬁ%ﬁ? Fof cgﬁéﬁlglglgtfyrn%f?f&

e plugge conhectors

DR RS R S g AR R i
PSR SRR, 105 12T et vt
USR5 RO BN 0 Huf LGP B g hbuces
SR Ao TRk e R oRBhhe e B

(LCD), or any, other ty f, display as . sel ect ed
{ r BiRdetREnth R OB o oD B of 3o B erdefpee.
The particular formof (or even the presence of) a

di §§AE$ Yoes not forma linitation to the present
subject matter. Each of such conponents (i.e. , the
met r ol 0d§- boAR gleclfisity MederasiA ANt oy MIEEcei ver board
150 and thedi spl ay panel 160) are coupl ed together by
sui t abl 8aif eleqticiymerier birtber inpludas avpetaueasme pNd
understood to those of ordinary skill in the art) as
may be specifically required in a given enbodi nent of
the present subject natter to permt proper operation
of the exenplary representative electricity neter

Wth further reference to the transmtter/transceiver
board 150, an antenna 170 nmay be enbedded into the
printed circuit board on which the conponents
corresponding to the transmtter/transceiver are

nount ed. Antenna 170 may be enbedded in the sane
manner as was previously discussed with respect to the

Y oy — - A



subject matter as would be readily apparent to one of
ordinary skill in the art. WHAT IS CLAIMED IS: 1. A

woredokoeb3tor reduci ng harnmoni ¢ frequency radi at PONUS20051930193
a printed circuit board, conprising the steps of:
providing a printed circuit bo%%d and i ncl udi ng
thereon a transmtting portion 1onfigured for
transm ssion of radig frequency signals at a . .
pr edet &2 FEENRF Wﬁevﬁdméﬁmﬂg PivehsthAb OpFe Agid plectricity
circuit board an antenna, wth said antenna confL%ured
somgter issiufy gsearabled; spig MetRcapaPadRrMS agprh efa radiating
enbedding in said printed circuit board a filter, said

5 1 i ¢lewent efcsaidipnignad. tp@saviderar opRipl ErpUlSinisaratetdesien
a predeterm ned harnonic of said predeterm ned
f refiligiogayintetheirastiroacd aprjoachias with nefedyedadditianal garts, and
transmtting portion and said antenna. 2. A nethod as
i nwith keismubconihaliedisurfges thdiatiop. of enbeddi ng i n said
printed circuit board a filter conprises enbedding a
striplitee fiA staplinafiteaifat reducngebamianiuiadidtionfem 3. A
nmethod as in claim?2, wherein said step of enbedding a
st traqnhitter dedigrexd fonoparatiopai apredietErmingdt fraspi@ndy, comprising:
conprises enbedding in said printed circuit board a
pr edet ez siripkrek tnamdmeission line axteadingdroen & first termirsad tad sesond
tuned to a predeterm ned nunber of sel ected harnonics
of tes@irdl;pr edet erm ned frequency. 4 . A nethod as in
claim1, wherein said step of enbedding in said

5 Ppri nt eda fitsk pair bf Heered-wavel thiel resongtoissiened thedicstng a
mcroline filter in said printed circuit board.5. A
nebhRdicihirdd Kdrtioflclof abredéterminal treglie@ityaindestupiddi to gaid
in said printed circuit board a filter conprises

enbeffid @assrhisbibRling;ilqudi ng at | east . two paired
portions tuned to different predeterm ned harnonics of

sai d predetsidpduest cfuraﬁfﬁ#i%%f turled r8sdrRidredums torh §dcahn

5, wherein said step of enbedding a filter in said

pr b@dﬁgarﬁ'niiﬂébqj\édm*bﬂﬁf & s%gmaa%mae 7ehBendf aRNRRBAEINS said
in"sard printed circuit board a striplinefilter
10 S ORI AndniskBASALSSI on 1ine portion, a pair of
thrrd harnmonic portions, a pair of fourth harnonic
ti £ ft : i ' . , :
0P 1y 20, SIS PR b o R R e
oV Bt teRa b ARy 15k Bt SiEhERAROLTARAE LSS,

e BRI Pod el 2 Gohe 1 b8 SR e RepBRE RIS,

ansmtting p orm ng
a transgeiver function on_sai I i CLEY o : :
ret hod 26 orasPIre iR B n SR ) REbIREASY AE Rt sefondbair
includes the step of providi an.electricit X
and" ddaipravays uRes Fesehak ol S il aBEibebeye wBBH Hsangtor
including thereon a transmittin portion further . .
| nars G e g Rgr Bl TR TSEaN dnd 814 VBB opration
said electricity peter for formng a transmtter
f usethaipajdoiirstigimingl ard ??'Gis?wriyeﬁegp'.”ag?reﬁ?‘?ﬁ??@}ﬂ as in
claim8, wherein said step of providing an electricity
metrderchaegeAli® provi ding an electricity neter case
operativelyinterconnected with said antenna so as to
functi oB2as Patiplipe fileraginHaimg e Flthen compriging'd
antenna. 10. A utility neter, conprising: a netrol ogy
portion; a transmtter portion configured to transmtt
radi o frequency signals at a predeterm ned frequency;
and a display portion; wherein said transmtter
portion conprises a printed circuit board supporting a
transmtter, and with an antenna and a filter
respectively enbedded in said circuit board, with said
filter being connected between said transmtter and
said antenna, and with said filter conprising a
predet erm ned nunber of quarter-wave tuned resonators

a o Y o o



transmt radio frequency signals at a predeterm ned
frequency; an antenna enbedded in said printed circuit

whomsaize3and a filter enbedded in said printed BPCT/USI005/030193
board, with said filter being connected between said
transmtter and said antenna angd conprising one of a
stripline filter and a mcroli filter, whereby said
electricity neter with enbedded radi o frequency
f eat ur &PIHed PRt ROAL AW el ectricity neter data
signal communi cations for effective comunication of
data sWVIETEIR SPist SERIGHANSESRATLANG, 83 Tig) Pair of quarter-wave
comruni cations or related, 16. An electrigit neter as
i iupedrefongtorsyfaidserondipgiraf gHatE TWaYE HAs %%Paw% @f@
associated therewth a receiver portion, for o

5 covaidfith geagerrwave tyged resosaier aks embagdadsia sajdyprinted circuit
respectively transmtting signals to and from said
elkagrdi city nmeter via said antenna. 17. An electricity
meter as in claim15, wherein said filter includes a
pr edet 623ai nédstripliftecilten s fuelaime 22, wehasein saiipinied Aiseul kpard
tuned to a predeterm ned nunber of sel ected harnonics
of is sandltigay=igtrioted ciestitboeiency. 18. An electricity
meter as in claim15, wherein: said electricity neter
f ur t her24i. nclAusteplire fitier as ircalgien 2anwheiein said #nshpredstermined
configured and nmounted such that, once said
el leartidnid i theriitierharsmohicl df gaidgseddierined fieduensyesaid sseond
perfornms as part of a radiating elenent of said
anpredsrmireditasmiodie isitheofeartiahbrmasebt $aid) previetayménesd
design utilizing printed circuit board approaches with
nOfré@iBﬁcF/,eéhcatﬂiéi thir®paldefsamired Fanslonictis tHeeffth harmonic of said
uncontrol |l ed surface radiation. 19. A stripline filter

5 T opredietbmired fRsueney.c radiation froma transmtter
desi gned for operation at a predeterm ned frequency,
conpri spg: RsHiblindfiltar@stn aamiResfutthed domepridiigendi ng
froma first termnal to a second termnal; a first

pai r ofg gHRteh ¥frciB¥SarbUaRy resonators tuned to a first
predet erm ned harnoni c of a predeterm ned frequency

and couph&@id £aid 3iriplisd framdrhiBSioh liRE SH B HisOPait bMNQiaridftiade
second palr of quarter-wave tuned resonators tuned to

2 RRGANsARGR! SiFsBethd B uariehwadd dirdtsess et at
frequency and coupled to said stripline transm ssion
5! 1 B8g ffR quBrSH-hbL hedirbbdrRordite dinfdaiaald priftdh el
conpr|3|ﬁb a fitth quarterwave tuned resonator tuned
tobga%hird predet erm ned harnonic of said
predetérm ned frequency and coupled to said stripline
transm ggi on, | . | Plki [ I RNl T
20 whcti n AaRTes fisagih Selihe Afcte 34 pificltiEEbeRre
tuned resonat or nd ' ifth quarter-wave tuned
regﬁﬁHF@FEQ?EPW§6€FEﬂﬁ¢%QEQid stripline transm ssion
line in a symetrical configuration so that said first
term nal and said second termnal are electrically
i nterchangeable. 22. A stripline filter as in claim
20, further conprising:a printed circuit board; and
wherein said stripline transmssion line, said first
pair of quarter-wave tuned resonators, said second
pair of quarter-wave tuned resonators, and said fifth
quarter-wave tuned resonator are enbedded in said
printed circuit board. 23. A stripline filter as in
claim?22, wherein said printed circuit board is a
multi-layer printed circuit board. 24. A stripline
filter as in claim?22, wherein said first
predeterm ned harnmonic is the third harnonic of said
predet erm ned frequency, said second predeterm ned
harnmonic is the fourth harnonic of said predeterm ned
frequency, and the third predeterm ned harnmonic is the
fifth harnmonic of said predeterm ned frequency. 25. A
stripline filter as in claim20, further conprising: a



