PHOSPHONI UM | ONOVERS COVPRI SI NG PENDANT VI NYL GROUPS AND PROCESSES FOR
PREPARI NG SAME Field of the Invention 5The present invention relates to

cur abl e bwoybiyoskler derivatives. In particular, the presemtA20nwemoron
relates to iononers conprising at |east one pendant vinyl group. Background
10Pol y(i 5oBBHOSEHOMEMN ONMEES COMPRIGINGPENISANT VYl GRQUPSAMND commonl y
known as butyl rubber (oPRRGESSESFORPRERARNG ISAMBbeen prepared since the
1940' s through the random cationi c copol ynmeri zation of isobutylene with
smal | amounts of isoprene (usually not nore than 2.5 nmol % . As a result of
its nolecular structure, Il R possesses superior air inperneability, a high
| oss nodul us, 15oxidative stability and extended fatigue resistance. Butyl
rubber iFeld@EtHd RVéntionPe a copol yner of an isoolefin and one or nore,
preferably conjugated, multiolef ins as cononomers. Commercial butyl

conpbi sdheapragent ipantioonretdtes soqtusable butyl rbbenclerivabives., logaiticylanot nore
than 2.5 nmol % .20 of.a cqnjugated nmultiolefin. B | .rubber but vl

ol yrer 118 RuesaRany S feRtss R Bhotiers spmiristia ot Ik S eb ot Y de as
a di l uergrogpd a Friedel -Crafts catalyst as part of the polynerization
initiator. This process is further described in U S. Patent No. 2,356,128
and U | manns Encycl opedia of Industrial Chem stry, volune A 23, 1993, pages

288- 295. | ggenation of this butyl rubber produces reactive allylic
hal i de f%égkéﬁaHgﬁfty within the el astoner. Conventional butyl rubber

hal agenagto|piisdBAPBRE RD-i8bFretRs &ri IR dis! & syhtHetRXaBBlIcPre bdMBIRIPE known
Encycl opedia of Tndustrial Chemstry (Fifth, Conpletely Revised Edition,
Vol ume Am3butdiirubber @rvBoty! nsdyraer)) which/ bas 'bRebbprepated siratothryy940shi r d

Edi tion) rice Murton, .Chapter 10 (.Van . Nostrand Reinhol y (c)
ron7) - yarldtlie: ol baBniSRaRbR el balioR ks ST Re k) 38iel OBRE)
rubber (dfaisepreng Yud\aglygnseimote eapnde nidlevd)s afsubnrssultobf gt doldvlar
provi di ng nuch hi gher Curing rates and enabling co-vul canization wth

gener al sgwwe lﬂ%bb%@@@@hsa@erm @iralimpgpeabilityd &t igbndossutaedWHe rubber
SBR).. But yl.. rulher. hal l..rubber .are high value 5 polyners, as

'Eheﬁ)r; urt %‘Véoﬁgswg/taé]@%eg‘P%gfg@ﬁ%W‘iee?S{%&&%?-| egt i nper meab!ol i %/y, good

fl ex, good weatherability, co-vulcanization with high unsaturation rubbers,

in the case of hal obutyl) nmake them preferred materials for various
appl i catBuiyk ruigherhis amdenstiopdusdbe @ eepalyger iof @ni isaelefinudrd oardot Moge, nner

i : f |ylic halide f ti it )

nuct copr I8 Ao RNaS udliakind A5bonBooREE FeRunbigR i Grates

t r eat mend nefjoldpErtibA 3 esbdmefiry And BRIor GRdURE, Mdudy Mot hegrerthan @ ®mdIsesphor us
based nucl eophiles, in the solid state, |eads to the generation of

| | R29aseef 3 epRikgRteduRiolefinerBelyl nipbstiys bedil peiwnNehs dergrally epateds (see:

ol yrer &SR RISEER ! od patl e Eiian s 4 BRI  elbed TR ARV, 5
S.; Li skeypartfef, thBeéélW\%ﬂzaﬁlan ﬁﬂiié‘t@\g ﬂﬁs p%%ﬁ&@%ﬂh@pas\ﬁc%cﬁm g.g.-A S.

Penciu, A ; CQuillen- Castellanos, . A.; Liskova, A ; i tney,

Macr onol BatenéNos 2,3561 728 and3)limau Enayniopesiaioé indusivialiGhemistry, velugisner at ed
fromthe,r LN a Qi bpegen or phospohorus based nucl eophile and the
allylic ééﬁﬁgppgepgg?%%§$%bghe hal ogenat ed butyl rubber to produce an
anmm@y um or phosphoni umionic group respectively. Like other rubbers, for
nost applications, butyl rubber nust be conpounded and vul cani zed

(cheni calplpgenatian | ofnttdsbuld fubbes rredeces reactivel alidiedhakide dupetipnadity 25

d ol i fi i d
o oper ¢ Vil the diasiEndiCoREMofiaN SR Cioblr MERboSRAf Hodis e gty o"
rates. Bgédurided iantoruoamplel Uliiam' BdcydiepddiactIatosirianCheiistry §Fieth,

inportant in deternininﬁ%}he right grade of butyl rubber to use in a
speci fi cCapmietelt Remisedreditien.céelusie Arg1 rEditass Edvershet plbpad/or i' Rubper

pro Si i WS P . d rahl I piti es in
bot ﬁjqaowﬁg%ﬁﬁ@é o&.ﬁmé\j/vi %&Elé?)ogo&s g%ﬁ&%h%%ﬁﬁ ?Hnge?ogécfv %/di I’ﬁgv?[)té%ave.

Per oxi deRelnhaid Eobiary ©Ui9Bey, @fmy?ﬁppp@mogever al advant ages over
conventional sulfur-curing systens. Typically, these conmpounds display
extrenely fast cure rates and the resulting cured articles tend to possess
excel l ent heat resistance. In addition, peroxide-curable fornulations are 5
considered to be "clean” in that they do not contain any extractable
inorganic inpurities (e.g., sulfur). The clean rubber articles can
therefore be used, for exanple, in condenser caps, bionedical devices,
pharmaceuti cal devices (stoppers in nedicine-containing vials, plungers in
syringes) and possibly in seals for fuel cells. 10 One approach for
obt ai ning a peroxi de-curable butyl-based fornulation lies in the use of

T o



butyl rubber with nultiolefin content of 2.5 nol/0 or |ess. The physi cal
and dynam c properties of the | ow isoprene content peroxide cured butyl
conpoundswendi2mBabut yl conpounds generally are poor.  PCTIGA20ai0cR97
therefore be desirable to provide self curable or peroxide iononer

5conposi tions which do not require elevated levels of nultiolefins. Summary
of the ent. ' ' [ ' '
per oxi do EucalsaPient o Haiqgiriod Buth E0BeFRIboL RS BRed® SlEKLER
| n accotlansefulnéds ahbapdyt proliding nprats bigher ueingirates hrd eerablipg@a-ded a

[ i S ti duct of th ti t hal ted
| sool of MHIGBRANPRNITSENErA IRLEBOS® RIDGHB SHeDr A NBsalor ber apghrsvene.
conpri sigyga dibnd ?%befﬂ%B‘Fﬁndaﬁmtyl"irMergéﬂgphal@)ﬁlh{y'l %B?érd%’f'&%ign? Yalfe@spect
of the present inventi‘on there s provided a process for preparing an

i onofer pohymeissiayy thdie unicges combinationd oh grepdriies eredlismt | inpareeability,

copol yner; providi at | east one phosphorus based nucl eophil e conprising
ot | ems GoosieTe saaAveAths by o 5 v ARANIZAtoN WIBAIGh 4 ERET AR HBDSRO Bt y of

t he hal d 14~ i ; t i r. In
accor dagggr}%}st% h°‘gﬂ§?€§w gﬂ ‘{ehteﬁégﬁédggf\étr%eﬁwee{%t&?%% ft%ﬁe\{agbpg rcl)l\lfl;lgggr?a
process sush gz thparnisegnanaking tirgomingntubesnma tire inmet lreerspr ocess for preparing
a cured polyner, which conprises the steps of providing a hal ogenated

i sool efin 25 copol yner; providing at | east one phosphorus based nucl eophile

co i Si t I ; i I npi ety of
Che Rar o, Brecfite of MhyRC HeiRe, MhBHONANRLPaYdRe Tb} Bcicbbniie, akGluaR Tt
curing trbecﬁi@:}mr‘rtahab;beleealteicegtly_ashawsluﬁhaaltﬂeatmelmi n?b;cmnipatesd buty! ratdeat ai :ced
Descri pt The present inventjon relates to ngvel jononers, processes for
pr Zp_ar !On(é?'ﬁ’le‘é’@h P’B’iﬁ%ﬂ%? &ang _ B?m% Wdcﬁ‘t‘(ﬁﬁ%ptﬂ‘l?ésé”itbﬁpﬂ&ds?ta §:ononer
The i onqgggs 18f trfegg.e%?a‘%%'ﬁt of W}F?-Bétbﬁﬁ iBh& awiiﬂfqn@eétﬁfgcbhggicél an

hal ogenat ed i soo i'n copol yner w a nucleophile conpri’sing a pendant
vi nyl grahemical pispedmsafsed: Papmityde® s LidkevhaAqgiWhineyl RofppResendesjded in

one 151 - mA4naLPL PONETe  SHERSRe FETRr: SRYBPT CHRISIAS, SO o0 (9 0800 ot |

VLY TOPSERES) 05 0k Roval A, TRESLAGN 441 PN Al LaDIghoh SadiE R | Paight esen!
i nventions are hydrocarbdn ‘hononers 'havi n to carbori atons. |n one
enbodi mehtSof, Rdwcipr AsenGuiliener@asiallancso @ ef AnsLibieova, f A QrivvhitiegaRoodh at ons.
Exanpl es, of isool efi for_use in_th p{,esent inv?nti_on ',nc,l ude isobut ene
(i sobut yV@r&ymolse FPR%JNHG?%,Z%M 15Thedengmen fupiptiopality is generated

2- met hyl s s 1= = et 1= ' es. In
one enbofg(lgmrrgﬁ%,ergtg ﬁ%&? gg%ﬂﬁ#?#’??ﬂ@%%ﬂ?@%@g(%gga?%é;ér@? % Wtﬂiﬁo?wl{cm
cop@Oy nemalideblséesi inh thdrehalogenatdnbutyhisrubbenriot pratees kanl laedmoniunheorar t

can be used in the practice of the present invention. In one enbodi nent, 20
mul ti ol &W%Wﬁ%ﬂ&'ﬁ@@%?ﬁﬁ?&ﬁ?‘&iydi enes. Exanpl es of such nultiolefins

i nclude, for exanple, those having in the range of from 4-14 carbon atons.
Exanpl es of suitable nultiolef ins include isoprene, butadiene,

2- met hy| biké athenesbb2rgl-fdr metshyapplidatibngnbutybryisser most be compounded and

3- et hyl - ent adi ene, 4- hexadi ene,  2- neoppentyl but adi ene

yl y 3_. 21 . '
2- met hylVEJIQ@J'E%%HP%W&G‘"Z,%Q%‘ ked1toryigld aiegtylledrable epd use products.
et iy - lofsRANbR BRI Gub e “Heedr L8NS méeB sl n§SAHdi ene,
2,3?¥%ibutyl-1?3®%§ﬂtggﬁgﬁggyé}%¥ﬁynggggggﬁﬁégggﬁggbgﬁét'éF%%§3§butadiene,
2- met hy| gropenymesdisc aad a yarigepehmmik@nar, werghty, | nsaturpton adne ceye rates.
cycl ohexgdj,ene, 1- vinyl-cycl ohexadjene and m xtures thereof. |In gone
o meloth T <ish g arBEBGRE e dhe cOiRBRENG SHIAPRAN Hge tRoRel ) ny
ar omat | CHERARIRAG thS fight ordbid BE bR $EBber R 684 iR SHECIHA YPpRSaRIPMRd C
group such as beglzene,EJ ngpht hal eneﬁ ant%r acene,l pﬁgdrsl%nt h?gne or bi phenyl.
I n one esdjediiorerand tratioal &fyIthe ubsiper ufilketsy iprgtesaimgredids, ratatnlzersj sared C1- C4
al ky] . substi.tuted styrene. In one enbodiment, C 1- al kyl substituted
oty e Piieles 8o ok ERfisal RIS SORIOR T EEpoundokilAToeSH nd hott
m net hyl th%té/ﬁcﬁﬁl%dlﬁt Wil §&Ysvebodi nent, the hal ogenated copol ymer used in
the formation of the i1onomer of the present invention conprises at |east
one allylic halogen noiety, or at |east one halo alkyl noiety or both. 10
I n one enbodi nent, the hal ogenated copol yner conprises repeating units
derived fromat |east one isoolefin nononer and repeating units derived
fromone or nore nultiolefin nononmers.21n such an enbodi ment, one or nore
of the repeating units derived fromthe nmultiol efin nononers conprise an
allylic halogen noiety. 15 In one enbodi nent, the hal ogenated copol ynmer is
obtained by first preparing a copolyner froma nononmer m xture conprising
one or nore isoolefins and one or nore multiolefins (also referred to as

- e r 1



repeating units derived fromthe nmultiolefin nononers. In one enbodi nent,
the repeating units derived fromthe nultiolefin nononers are at |east 4.0
nor/ o. | rworei2skadi nent, the repeating units derived fiPramaarelmoizorol efin
nononers are at least 5.0 nor/o. In one enbodi nent, the repeating units
derived fromthe 20 nultiolefin nononers are at |east 6.0 nork. In one
enbodi np e t i derd 0 i f n s at
Toast 77 Oroa CbERRE b b o ERinas oo mevards acan ey Rl S e
mul ti ol ebnventmmatreselfarr—wrirrgmsyﬂems 0. Typiazlly, ) ffiegeo ebmpou@s nalispl8y | n one
enbodi nent, B@Pe repeat i n 25 units derived fromthe rrultlgl efin nonomers

are frofiH8 dast gHre o Q?‘ euthe rﬁéP"mQOCUerﬁ GRECl$IS AP i (POSSRES

repeat i iV, tihe NONRG ’ b 0.5
mol ")/ g?%wa m??j‘é\E éﬂﬁk%}o\@#nn I(IF)HneameH odi f‘éeramatBhe re%eg{)ﬁﬂglaﬁgpgs%éerl ved
frond t heonsidered & ibe faeanteinsthat éhéy ala abbeontais anyl erraciableoumorgarsc nol %

30 I n one enbodi nent | ogenat ed, copol. yner for, use in the esent
Chvent | BRPHES S0 o 5w o dRa . aaR JUPDS AURUPS el Rrast S o Bke. and
| ess th 4 e 1,00 IS
comer Ao A ST e AR R oL hr e R 3%’2'2?% e
names Bl(smppawh rﬁé&@'ﬁuﬂrccﬁﬂanmntgﬂmls ROAQYEKS irBsyrnges) phd XWERbIb Imseals
enbodi fhe hal ogenat ed copol yner for use in the present invention

i ncl ude rafuﬁ &®l!S soprene hal ogenated butyl rubber formed fromi sobut yl ene
andqg@t least 3 nole%isoprene or at |east 4%isoprene, as described in

Canadi an Patent Application No. 2,578,583 and 2,418, 884, respectively,
whi ch ai@ne approachdoedblagrieg a yrokiekesizable butykbesad fentiutadion. lieslnitheone

enbodi nent, .the hal.ogenate ol of the esent. i nve t on conpr,i se
copol yniise gfrconvantgdel %wxfjr@%% ot GoniistioRovilh Sopny AREAS BepRiiiLe
aromat i Gyy 'dl%gfﬁ%ﬂ%@ﬁéf}( %@Brﬁ#&?e?@ﬂ& (SBE JH amess Pliblidafion
repeating unit erive e aro V|ny nono rs conprise a halo

al kyl miNet §6-107788). onhn plamedofr@l\t/B Hmeetectrppemﬁidrbwimg;cgnaﬂuedontmmhgrrers
are btalndb first r mer froma oner m xture

contb1 s el dngiaal reendmeb GBS GiRieToamyigie oM oy R prORANS (A Bie
aromatl r mer to
2 hal ogi“n‘{“af*? BRERy %@Esﬁmtaﬁ%% s8] 6% LSt Subilcao AP T
hal ogendt7i2d847).sone or all of the al kyl groups of the repeating units
derived fromthe aromatic vinyl nononers are hal ogenated. In one
enbodi nment, the haI ogenat ed copol ymers of the present invention conprise
co- pol yieksmipherc Eﬂ}{ f 19 ppggpat i ons,
met hyl grggp o a%fg‘rlé'%?qgr rﬂéé} P%%ééc%?ﬁﬁsgo un éﬁé IEE?I veg %@% ?hearret hyl
st yRBne VB, a((h.nmmbdstamrMBzwlth @enakiddsalode I-H@A/a\l'erbeﬂmsyhaterlamdoee

tent of the hal obutyl ot dth t t
ﬁgﬂtgﬁt RPSRE BaTenc GUGAN L BRAGHABIACSS. | nF o R, ribie PrEMIGor ymer s
| t
| 500l 54 IBPOEICH RRLDRE Kin BFOTEH <10t RehoBRROTF GGRRAPEI 5 f80al | ng

unlts d omthe a aro tlc vin noi e rom abou wei ght
per cent D%Babanboﬂ:@ra&edgmmrganhmmlwmemMIoncprmeysrﬂr sighificant aemdoodi ofent ,

t he al kyl aromatic repe t|n units are fromabout 1 to about i ght

per cent CTPRSIRINGL e3P AN To ﬂ@ufapwungaﬁbﬁaeﬁe'tmew i €8 78 B om
aboys 2 l\t/|91@@@111t251@CWedrﬁJ‘ rd¥IreeNby gé mga 'tm%nlénat%m bat&ashat ed
copol ymer of the present nventlon rises copol ynmers |sobutylene and
p- net hyldlﬁwhetoa prasesBasEor tbdsé nreadssns Pat efvnuld Noe @egite)lgo®, havieclani s
|ncorporate in by reference in its entir dlrrent t he
ol ooendBSelwBReI et RAV AL WIS e PRIGE Lt e comPlelely sEREEs o selot

| sobut yleag a?ﬁjccﬂ‘itﬁ%% oF bAEEB GRS Y dRiMfIBERzeHR IR @fthpddifigh.about 5% to

7% and hal ogen content from about 0.5 to 1.5% In one errbodl ment, the

hal ogenat ed copol yner of the present invention conprises copol yners of at

| ea o] | SQ0J e re multiolefin n IS one or. nor

kD o9t PRl Nb ey B 821 RFIORER chr EessH1oe [ naisA BB T & one or
nor e uni [ i Be R

hal ogen %‘.dg’?'y ﬁgg@cg@g%t@rt Wn%&iggdﬁf'tgederl mﬁf§8@Y@?sﬁ%§ﬁ¢%¢%g

ar omat i coadsegbedoaomanomaedglr modeculdralveeighk distnbutary.. Theepolytmer ofg.,

hal ogenat ed copol yners can be forned by first preparing a 20 copol ynmer from
a nononmer m xture conprising the isoolefin, the nultiolefin and the al kyl
substituted aromatic vinyl nononers, f®llowed by subjecting the resulting
copol yner to hal ogenation process to hal ogenate the repeating units derived
fromthe nmultiolefin nonomers and/or the al kyl group of the repeating units
derived fromaromatic vinyl nmononers. 25 In one enbodi nent, the nononer

m xture used | n prepar| ng the copol ymer of |osool ef| n, the rruI tiolefin and
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6, 960, 632, which is incorporated herein by reference in its entirety. The
m xture used to produce nultiolefin butyl rubber polynmer may further

conpri se wormizassdief i n cross-1inking agent. The term cr @s3«dA2ndaioogRIagent i s
a term 10 known to persons skilled in the art and is understood to denote a
conpound that causes chem cal cross-I|inking between the polymer chains as
opposed iSoUTREABS ty tQt A -of BdmR f oyl bakl-e
cross-| ipmzyilng agents %@ Kderhh%%g?@rrngdi%?g, 2-i sogpropem?rr]%r%or n%ne,

2-vi nyl mmethpistyiene, was3, rBixelexattr ize rpmlyunsaltienatdd Icr8sdlinkiny eagent (and,

di vi nyl benzen di i.sopropenyl.benzene, 15 di.vinyltol uene,  divinyl xyl ene and
C'to’ COBURRRY, - S iR vaBEH JBRRGl Tond sihibel . \RohEy sorarag) piinde

mul ti ol ebhBitlohSSH ith& Hi@sBAEE of Drelit NYeroRRIRZETKis Binh&PAIZAREAYWASNEZENe,

di vinyl tol uene, divinyl-xylene and"Cl to Cal alkyl-substituted derivatives
t her @of ConREnweNae f uthes cotiplinge of csquoenefs the Vree-radical gegradedbpglymetie

mul tiolefin crqss-linking agent conprises divinyl-benzene and diiso- 20

pr openyl gﬁ?e%@ﬁe ‘ﬁ”ﬁaﬁﬁaﬁ%ﬂrﬁ&ﬁeﬁi ; %Q{QS?’Q%{Y}%@QW opol yners of the
present invention isa star branched pol ymer conprising a branching noiety.
251 n one enbodi nent, the branching noiety is a polyneric branching noiety.
The pol \ousid et.balafidis.idatant dloy 5;9¢4,4B5) dischsesoa magthod fof cuhiegsteguldsr anched
pol yner of the present inyention include ol rs ng)co ol rs

conpri sV Wﬁ@p'?%&ﬂeg‘?ﬁ%‘ﬁsééﬂgﬁlgegrw_ @53& %EEPP&‘?% yott'gqtﬂilerra? ,wtl‘ba
covabenipdigxie Vahd 4 fﬁsrﬁ@leﬂﬁldé"%bFEieE.ha'qbr@Hiém©£QﬁpN6.'5‘2,4‘18,%4' Anghe

formati on of the hal ogenated copol yner. e tunctional group conprises
cat i oni czanadiantRatenudpplicatian do. 2468, 74intlesaripee fraampresaratios uafhbplyl-yner i ¢

pol ybut SSBe. PHSRHELGRERS | cBBPoURR T yhEhe. Nag: digh FostAem conent
St yT ene-GuichiliAne CADBR1B S8 e 8BAAY 4R ArbESCorERARRIn TIIORAY wit

styreneibutadiege-styrene and styrene-isoprene-sty ock copol yners.
St ar br asnprede gevalseangiof ftdne Jotoel emdl JonvEe elevatsahlehbel of isppread imythei r st

l'i nking the po ric chajns with the branching, noiety fo]lowed b

el SBen RGBT BECRe, G leds thésaerBouTS pRITHUSRUGHT: Halsodatebrer

pol ymer piss i N ) Publyi cati on
Ro. 70 305" JEERRRGIOT OLE, nEBLP orlimes, eSSt MO SRQRART 4R

ent i r et yprotlued s aprdactive Eyliolnalide dhinctiandlity withen itire elastpmepav\ithi thesef t he

i ononer Qf the present .inventiqgn conprjse, at |east pendent vinyl group.
15" oo JRERE Of isebrafies ojsnpPsibE: 1 cenerien Bl Bakateavuhithon

i ncl ude o] r e [ 1AV at {,eas 2 Vi nyl
group. %ﬁtahnémlg g%@??n@rﬂwsb g%%ut%edo?@%fftgno? tltohg @r@%h?ﬁ%g&\tpi on has
t he 200l Iresidug! 2mthieiclbandd ifi otheulpolyrhgr backboeé.n: NMudlsopttilis phubstitutioand 25
Rl, R2 and R3 are independently: a l|inear, or branched Cl-C18 al ky‘j roup
opt i onal "P§C %@?sg‘?@:@ﬁa %poy%,c@nhg@ &S@datooﬁge,at%den%meﬁﬁrf@%‘é*@ﬁoﬁ# gr oups
or conbi i i : ; 4 ; : = :

cycl oal kt{/‘légé %g]?IgSHﬁiﬁ%g%%%glt%??ﬁg%{élc% F%@P@%ﬁigpggenﬁﬂ% ergnr']t at

| east orgerokidRl cuf@g.andPdr8xidentaiatde yipindalotierviondmer eompd3@tionisn withe
enbodi nent, .in the structural faormnula t |east one of Rl and R3 is
¥ nearcleratsf els ! isaredind ars G SitRbPLT Beblicationdlas yi02097 (261

het ego0arydd w2 | kyl ; C3-C6 heterocycl oal kyl optionally substituted
Wi t%g- q%ﬁqqzdﬁéﬁg/%?ég? -C(0O)R4, wherein R4 is Cl1-C6 alkyl or H 1In one
enbodi ment, in the structural formula (1), at least one of RlL, R2 and R3 is

e RPN i P 0 0 e 0 L ol
i ndependgnbtyndrhicafly @‘é%baﬁ?agégué%g%nﬁggﬁ% BF‘dH&cS?H 8212 '; IgZ'l‘t:,théj‘io

formula (1), at least one o , and gﬂ , or -C(0)R4,
wher ei n tRe needdo tramsitibk pletweemgrades. 1 woultethendfods endgsirabld tmbaveme of

R1, and is |lipear, or branched C1-Cl18 15 al kyl group haying. a ndent
im0 rolsN B urablBr By funBer Sihimer combestion asta,dh Skbard ories B he
str uct urialtyf umdrawith) mufoldifRbn@A¢ dif2BImdi 8Ped® 1 Phd slcdy GHy ary!
substituted with a pendent vinyl group or substitufed with a’l'i near or
branched Cl1-C18 al kyl group having a pendant vinyl group, wherein the
pendant 20 vinyl group is represented by the formula -CH=CH2. In one

enbodi nent, the one or nore heteroatomin the formula (1) is selected from
N or 0. In general, the appropriate nuel eophile wll contain at |east one
neutral 25 phosphorus center which possesses a | one pair of electrons which
is both electronically and sterically accessible for participation in

nucl eophilic substitution reactions. Suitable nucl eophiles include, but are
not limted to diphenyl phosphi nostyrene(DPPS), al | yl di phenyl phosphi ne,



phospohor us nucl eophil e conprising a pendant vinyl group as al so discussed
10 above. In one enbodi nent, when the nucleophile is reacted with

hal ogenatwo 20psB410er S cont ai ni ng hal o groups such as alPcyldazohaloixdes
produced at the nultiolefin sites of the starting polynmer or al kyl halides
produced at the aromatic 15 vinyl sites of the starting polyner, the

" eact i OyRBRAIBroMIrAEL 6Pl RpRFERe BaMIEHD pénbade B PBuRt cbitpopRRgant
vinyl sites. This unsaturation is In addition to any residual unsaturation
r emai ni @gdi halobetyheoropeuwsdsgenerply greepost.arti ng materi al . Unsat urati on

all ows self and peroxide curability of the iononer, w thout the nolecular
wei ght degradati on and chain scission that normal ly occurs when

20i nsuf i Gl AbRIfbRY %ebaagﬁ%aéetdor;ﬁéﬁaé-se% XS8! 8F YerENaBTNBRicH ned by
the reaction of hal obutyl rubber wth DPPS I's shown below. 25 The anmount
of nbicl @optdsitionsaghiel dei ndt refeird alevgdechterdlscofpulljiotefinean be in the range
of from about 0.05 to about 5 nolar equivalents. In one enbodi nent, the
anount of nucleophile is fromabout 0.5 to about 4 nolar equivalents. In
one 5 enbodi nent, the anount of nucleophile is fromabout 1 to about 3
nmol ar equi val ents based on the total nolar ampbunt of hal ogen present in the
hal ogenat ed copol ymer. The Surogwrytafthedpuention and t he nucl eophil e can be
reactedIIor aboBt 9.&% to 10 9g.n2£@1es. Wien . t he regction ggkesnslace in

i nt er nal't 17 88 OPIBET AL ARERRESERE INVERTIPRHI PERYIAE (RETPHIR; cHIPRE 1FOMeSm 1 t o
4 nmijput eHmpPnLify AleasRBARE pehBBnt ﬂﬁgltgr‘é[lp.t 3K e cORIAFICESIRP M a's?@@ﬁéf, thgor
exanple from15to 90 mnutes, or 20to 60 mnutes. 15Si nce the nucl eophile
react s iresenthiavaationdhdrenist promialedt § iofiombae chaiprigingaa ergactioolpyoduct afhe

[ ti i Br i i et i ti nit deri d f t.h ti
Uni ts caffpr [RAGGN: REVERN e Falfeendindl (s0pleihcopalmercantent 167k GRBner i o
moi ety ighdspRoh 198 ﬁl[ﬁ@é%lﬂfeec&ﬁ@ﬁ%g%’f of@?eﬁbgm ViR Igrfé,%ﬁ”t of halide
er I dua al i ai

in the hal ogenat ed copol yner; howe res es con i ng 20
repeating units and/ or residual unsaturated repeating units fromthe

mul ti.ol efin and/ or vinyl aronatic nononers resent. In one

o0l mRtaCooRA st St i fe PR ADeTPrihald FovidsToa PARIeSS: of t he
i onomer i { p e } h §igh Nal L nt ent
o T he. el QR e o g e O Py M L ARG AT s
may be psedclefih copolime?5 providimgr &tnlemshoone ephospimuns basad rmucieophilet not

exceedin the.orlﬂkggkIuﬂldgﬁ%ﬁﬁ%ﬁnt of tqﬁahalogenated copol ynmer used to

produce YRS A RBE &N i YOUP; A%y be present in a non-zero
anmount i [ I8 i [ t of
he. ot ar o e Ao L Rod 2R oBpOR el fleEodo i
2012008 3o1raRaa iarsroan/ 001297 I n one enbodi nent, the ionomer conprises total
unsaturation of the hal ogentaed copol yner and the pendant vinyl group in an
anount greater than or equal to 1.0 nol % 5 In one enbodi nent, the iononer
conpri seg, é&‘o%ar‘l’dbgﬂitHraﬁééé&ﬁ‘Hf thE PrestintlinydHIRRN thafdlid BRVRRIIZ Brodddy |
group in an anount greater than or "'equal to 1.0 nol % Fillers can al so be
used i n fohepreparimg iacucdd tpolyremnomeich iofolvhs proessstfoi pvepdringha Eutdder s
suitable for use i.n the present inyentign nmay sed of parti%les of a
(

h . be co
10 ni nerRYMEL; MHFR F?’F‘BQ?%Si | FRPS 9fi Rroviding; @alilogenalgd ( Sotptins
bentsgni t AT i ' b Ol i inkig; wel |
et LG RovRig ol e, (T PHOYEND s i 0 GolphSing™at
conbi natleaat ahe rpaadant viryh-grougr edacting [tbe halsgerh maietyaohthe bhklgesatesui t abl e
car bon blacﬁs can.E%ﬁgareF bg.tﬂf Iang bl ack, furnace bl ack or gas bl ack
process ARPWREEWH Hagieoppile i forgkan jonnes; asg o 15 200 ne/g, for
exanpl e,cﬁﬁflq]thb%ﬁ@m@ﬁﬁy He'ating lat &itaBIPAiNY RpSaraklre! ubber gel's,
preferably those based On pol ybut adi ene, butadi ene/ styrene copol yners,
but adi ene/ acrylonitrile copolynmers and pol ychl oroprene. Curing of |ononers
20 ¥g§ presence of the pendantDv'nyl Brouas.nakes the iononers according to
the It esent invention suitabl ePERICLPPSCHRYBE: oxi de curing, particularly
t he i onomRg rihgé r | j I i dual
Tl £ ol of T Peent ap §%’?§’v¢§d§ﬂ@§ ?’h@%ﬂ?oﬂ@?gﬁ’adgégﬁé@asﬂb&ﬁﬁégﬁngméﬁr oxi de
curi ng wonhomers andyrocésses fecceingthesedonoinecsil ar wei ght degradation. 25
Curing can be effected by providing conditions suitable for self and
peroxi de curing. In one enbodinent the curing is achieved by heating the
iononmers of the present invention at & suitable curing tenperature. 30 In
one enbodi nent the curing is achieved by heating the iononers of the
present invention at a suitable curing tenperature in the presence of a
peroxi de curing agent. WD 2012/ 083419PCT/ CA2011/001297 I n one enbodi nent,
the curing tenperature is in about 80 to about 250 C. In one enbodi nent,
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WO 2012/ 083419PCT/ CA2011/ 001297 Additionally, fillers, curing agents,

and/ or other additives may be added to the iononer. In enbodi nents where

t he conpowsot2oss41gl udes the i ononmer, fillers, curing 5pragam2ell/@mdsor

ot her additives, the ingredients may be conmpounded together using
conventional conpoundi ng techni ques. Suitable conpoundi ng techni ques

i nclude, for exanple, mxing the ingredients of the conposite together
using, for exanple, an internal mxer, such as a Banbury mxer, a mniature
i nt er nallonomer, such as a Haake or Brabender mixer, or a two roll mll

m xer. extruder also 10 provide ood m.xing,, and permts.shorter m xi ng
Ul mos, e, ONOTESS il dhe Presbhy MyERTona i BABSH DY HepSPone i SIei Tng
the m Xiigyh PR with £h{i¢IB6EH fisihy péiarftifPhfogie stage in an
i nter nallgﬁ @C%%Ee ét aégjl‘emlE gbgn eegft%gcigrg% orrq%aurt her bi n%r mati on on
conpbundi ng techni ques, see Encycl opedi a of Pol yner Science and

Engi neer,i,ng, Vol . ., 66 et seq. (Conmpounding). O her 15 techniques, as
known tﬁqr}ggggakﬁd?wymﬁ”? he art, are further suitable for conpounding.
In oneep}%o' &k | esse r hP VRSN Is¢E coBbRehdglofmars, it
is desira lfiél?@@f?tr%gité ﬁ(é)'t%he rﬁjc teh%p@%l%g Qor\rlgrlﬁgqfr?g §Bge dant vi nyl
group wiledsttdree pabefirogommnezt aongangrer maref mutioldfim momonears arhemne tas

per oxi de_cure the,i r by adm xjng it with a.peroxide curing agent. In
ot her erfB9& %Wt%‘,bsﬁ{b?ﬁa@éw%ﬁ'md mg”Pm%“‘» BEPBQfde cured conpounds by
adnmygi ng the hal ogenated copol yner with both the nucl eophile conprising the

pendant vinyl group and the peroxide curing agent, to thereby formthe
i ononer The dsoaleting i suitable ifog wde tihetheonpesent. iMfendionS preodugkocarbeinnpl er

f i nt f i o that it i | i | t t
o B T anmeet abhact U Tieasbon tors 1 e S5eRaineR 3L I Reslel, L0
grades Vijdhtigrs Wdd &irﬁgﬁa@ 6/, 4V&Boh atd M8, TBER98S otrl@scszﬂ WMoy gjse,er m t

[
peroxide curability. wever, the In situ process can also be used with
hal ogendn dtiecpreseptminvegtiaddaciudei isgbeleaeafizabutdents 2Mmathylt1-blutenens3-i n t he

2, SECC AR b 4R P Bl D b
desi r ablaghdi@auredO 1Ak GRBORENRY/ %%Qééiéﬁ@?@%&béfen‘ee(ﬁ%gﬁ@)r abl e cure

states, and nay have enhanced cure states, as conpare conpounds
produced in a nulti-step process. In one aspect, the present invention

| at to. the d I . ticl 5 i S th
et | nod MAHolRTeS apalRaeizRple WD 1R AR IS, ASITONSILhRGHY BLlhasn
ref er encgyrd QeSpEEH ‘;Iihctr@%rr%tf’c%: of fthi ﬂ)t‘gséﬁt W%?iéhooqint&?é érﬁ@oéiﬁ{é-!n?,"“ ng

exanpl es are i ntended to describe enbodinents of the invention and are not
i nt @0dedmubiiolafim tmarmemersy and i conjigatadydieags. HxaRuplep nefinsubh emnitolgfinsr of i | es

bt ai d i Movij i e Rhe t VDR Tt t bet
160° ¢ dneago TRl WRemele r Ilaeheyng nie Fager b Tomc Ao EBIAm g U BS AS T
5289. Thsxérﬁg@svaléﬂﬁa%ﬁné%@ﬁh@qmlwe %;csjgeﬁ@, ei'é%né-n%émvma@@ﬁéf L ic

cure tines. Stress strain sanples were pared by curing a’2 mmthic
macr o sh2dtdietetinydbytadeng; egipbatinvee 3-bedhd- B Bepetadiené or2, 4 teaadiemenules,

ft whi ch Di.e C dunbbel d t. The test duct ed bout
O S o R 4 el B, 2SR SRPY 58, S
det esgni nﬁ@tﬂ%?ﬁ?%géﬂt&%éﬁé}' @-tﬁh\}l&@éé’r’itaé@n@?%élo@uﬂgtH% tadiéRe, 203-

Mat erial s Al ents, unless otherw se specifie re used as received
from Si gtibutyM,drperttadicnsyi2-ethyl-OBtpantadien8B22e iyl (I-ANER&3r @vmisthy4 2030,
LANXESS | nc, RB3OLTM ( LANXESS Butyl ., 301 Di - 400TM i . e. . Di cumnyl

per oxi deJl ’%Sh%‘%?g'ﬁﬁ'?ol Syciﬁﬁ?”*ﬁ&?a%nd%eﬁb@@)&h%eﬁﬁ%fa%% qyg@i‘eégd're@@ei Ji\gd from
their regRECEYIShWRMINCESd kIS theraes Pl et ¥MmBeBaInkéht"H chhRated
Sigma- Al drich and Hokko Chem cal industry Conpany Ltd. (Tokyo, Japan) were
bot h usedieas i¢ isoprengl fromthe suppliers. 30 BIMS1, BIMS2 and BIMS3 are
bromnat ed copoyl ners of isobutylene and nethyl styrene. BIMS1l has styrene
conteht of 5% a brom de content of 0.5% and a Mooney viscosity of 45.

Bl M52 ha ] i i

2012/ 08301 3P AL VBB SEmBRE FhondineRs RSB JF AT esert [Rventon P ogi 1
of 35. Bha®3 has atomaite gupensuait abouienzénea baphthddersyntanihraskenabout
1.2% and a Mooney viscosity of 45. 5 RB701-mis butyl rubber with an

i soprene content of 6.9 nD% a divinyl benzene content of 0.1 nmol % and a
Mooney viscosity of 40. SBB is a starch branched pol ynmer of hal ogenat ed
butyl rubber containing isobutene, isoprene and additionally a

styrene-but adi ene-styrene triblock polynmer 10 as branchi ng agent. The

brom ne content of this polymer was 2.4 % and the Mboney viscosity was 32.
M xi ng Procedure 1 The polyner (or previously nade conpound) was added to a

M . =



Cure tenperatures Unl ess stated otherwi se, a cure tenperature of about
170 C was used. In Di Cup 15 40C containi ng conpositions about 170 C was
used as cwoeotxaispapat ure. I n Trigonox 101-45B- PD cont ai RCIEAME@OLI i ons
about 180C was used. Exanples: Follow ng the general m xing procedures

di scussed above, various polynmeric 20 m xtures and ionomers were prepared

as showphghahtledd brt BipktnyRNth Conée dembobiitfe efRNGRKAIbRRASE vil/l
peroxi de curing agents, and'the tensile properties were determ ned as
descr i bearopwtiswnomanies ig a CELargikyd substituedistyrgng. |n 8ne erobadinRBa0&1-TM

100 BBZ&BQWI ]s%%s?‘lﬁﬂe& Oszr%(r%g in%Rl%es,l%)r exarﬁ%?qu-ﬂmethyl styrene, p-methyl

styrene, or m-methyl styrene.

In one embodiment, the halogenated copolymer used in the formation of the
ionomer of the present invention comprises at least one allylic halogen moiety, or
at least one halo alkyl moiety or both.

10 In one embodiment, the halogenated copolymer comprises repeating units
derived from at least one isoolefin monomer and repeating units derived from one
or more multiolefin monomers. In such an embodiment, one or more of the
repeating units derived from the multiolefin monomers comprise an allylic
halogen moiety.

15
In one embodiment, the halogenated copolymer is obtained by first preparing a
copolymer from a monomer mixture comprising one or more isoolefins and one or
more multiolefins (also referred to as multiolefin butyl rubber polymer), followed
by subjecting the resulting copolymer to a halogenation process to form the

20 halogenated copolymer. Halogenation can be performed according to the
process known by those skilled in the art, for example, the procedures described
in Rubber Technology, 3rd Ed., Edited by Maurice Morton, Kluwer Academic
Publishers, pp. 297 — 300 and further documents cited therein.

25 During halogenation, some or all of the multiolefin content of the copolymer is
converted to units comprising allylic halides. The total allylic halide content of the

halogentaed polymer cannot exceed the starting multiolefin content of the parent
copolymer.

30 In one embodiment, the monomer mixture used in preparing the multiolefin butyl
rubber comprises from about 80% to about 99.5% by weight of at least one
isoolefin monomer and from about 0.5% to about 20% by weight of at least one
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multiolefin monomer. In one embodiment, the monomer mixture comprises from
about 83% to about 98% by weight of at least one isoolefin monomer and from
about 2.0% to about 17% by weight of a multiolefin monomer.

In one embodiment, the multiolefin butyl polymer comprises at least 0.5 mol%
repeating units derived from the multiolefin monomers. In one embodiment, the
repeating units derived from the multiolefin monomers are at least 0.75 mol%. In
one embodiment, the repeating units derived from the multiolefin monomers are
at least 1.0 mol%. In one embodiment, the repeating units derived from the
multiolefin monomers are at least 1.5 mol%. In one embodiment, the repeating
units derived from the multiolefin monomers are at least 2.0 mol%. In one
embodiment, the repeating units derived from the multiolefin monomers are at
least 2.5 mol%.

In one embodiment, the multiolefin butyl polymer comprises at least 3.0 mol%
repeating units derived from the multiolefin monomers. In one embodiment, the
repeating units derived from the multiolefin monomers are at least 4.0 mol%. In
one embodiment, the repeating units derived from the multiolefin monomers are
at least 5.0 mol%. In one embodiment, the repeating units derived from the
multiolefin monomers are at least 6.0 mol%. In one embodiment, the repeating

units derived from the multiolefin monomers at least 7.0 mol%.

In one embodiment, the repeating units derived from the multiolefin monomers
are from about 0.5 mol % to about 20 mol %. In one embodiment, the repeating
units derived from the multiolefin monomers are from about 0.5 mol % to about 8
mol %. In one embodiment, the repeating units derived from the mult}iolefin
monomers are from about 0.5 mol % to about 4 mol %. In one embodiment, the
repeating units derived from the multiolefin monomers are from about 0.5 mol %
to about 2.5 mol %.

In one embodiment, the halogenated copolymer for use in the present invention
includes a halogenated butyl rubber formed from isobutylene and less than 2.2



DPPS

10

15

20

25

30

5.
Procedure 1
0]

1 5.1- Di-Cup 40CTM1 11 1111 Mxing
1211
2012/083419

=o

W PCT/CA2011/001297
mol % isoprene, which is commercially available from LANXESS Deutschland

GmbH and sold under the names Bromobutyl 2030™, Bromobutyl 2040™,
Bromobutyl X2™,

In one embodiment, the halogenated copolymer for use in the present invention
includes a high isoprene halogenated butyl rubber formed from isobutylene and
at least 3 mole% isoprene or at least 4% isoprene, as described in Canadian
Patent Application No. 2,578,583 and 2,418,884, respectively, which are
incorporated herein by reference in their entirety.

In one embodiment, the halogenated copolymer of the present invention
comprises copolymers of at least one isoolefin and one or more alkyl substituted
aromatic vinyl monomers. In such an embodiment, one or more of the repeating

units derived from the aromatic vinyl monomers comprise a halo alkyl moiety.

In one embodiment, these type of halogenated copolymers are obtained by first
preparing a copolymer from a monomer mixture comprising one or more
isoolefins and one or more alkyl substituted aromatic vinyl monomers, followed
by subjecting the resulting copolymer to a halogentation process to form the
halogenated copolymer. During halogenation, some or all of the alkyl groups of
the repeating units derived from the aromatic vinyl monomers are halogenated.

In one embodiment, the halogenated copolymers of the present invention
comprise co-polymers of isoolefin and methyl styrene, wherein after
halogenations, methyl group of some or all of the repeating units derived from the
methyl styrene are converted to benzylic halides. The total benzylic halide

content of the halobutyl polymer cannot exceed the starting styrenic content of
the parent butyl compound.

In one embodiment, the copolymers of isoolefins monomers and alkyl aromatic
vinyl monomers comprise repeating units derived from the alkyl aromatic vinyl
moieties from about 0.5 weight percent to about 25 weight percent of the
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copolymer. In one embodiment, the alkyl aromatic repeating units are from about
1 to about 20 weight percent. In one embodiment, the alkyl aromatic repeating

units are from about 2 to about 10 weight percent.

5 In one embodiment, the halogenated copolymer of the present invention
comprises copolymers of isobutylene and p-methyl styrene, as described in U.S.
Patent. No. 5,013,793, which is incorporated herein by reference in its entirety.
In one embodiment, the halogenated copolymer of the present invention
comprises copolymers of isobutylene and p-methyl styrene having styrene

10  content from about 5% to 7% and halogen content from about 0.5 to 1.5%.

In one embodiment, the halogenated copolymer of the present invention
comprises copolymers of at least one isoolefin, one or more multiolefin
monomers, and one or more alkyl substituted aromatic vinyl monomers. In such
15 an embodiment, one or more units derived from the multiolefin monomers
comprise an allylic halogen moiety and/or one or more units derived from the

substituted aromatic vinyl monomers comprise a halo alkyl moiety.

These type of halogenated copolymers can be formed by first preparing a

20 copolymer from a monomer mixture comprising the isoolefin, the multiolefin and
the alkyl substituted aromatic vinyl monomers, followed by subjecting the
resulting copolymer to halogenation process to halogenate the repeating units
derived from the multiolefin monomers and/or the alkyl group of the repeating
units derived from aromatic vinyl monomers.

25
In one embodiment, the monomer mixture used in preparing the copolymer of
iosoolefin, the multiolefin and the alkyl substituted aromatic vinyl monomers
comprise from about 80% to about 99% by weight of isoolefin monomers, from
about 0.5% to about 5% by weight the multiolefin monomers, and from about

30  0.5% to about 15% by weight of the alkyl substituted aromatic vinyl monomers. In
one embodiment, the monomer mixture comprises from about 85% to about 99%
by weight of isoolefin monomer, from about 0.5% to about 5% by weight the

10
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shown i n wakbe/mks34iExanpl e 1 (BB2G3OTM + Di cunyl per oxi derTahaes/a0e9gi nal
peroxide curability (MH = 2.77 dNm ). Exanple 2 (BB2G3OTM +

tri phenyl phosphine or TPP) pre-mixed on a roomtenperature (RT) mll) shows

5 an i nefaaGiefin Ndofs ahtetrom MBBLLEs.59% U idut 9109 TR wdightTailkyn-

Exanpl e 3 (BB2GBOTM + TPP reacted in a mxer) shows no increase in tor que,
i ndi cat isnstitbtad awnfatia Vieyl meaemeon occurs under heat after the iononer is
formed. Exanples 4 and 5 show no increase in torque, indicating that the
TPP iononer is not peroxide curable. In conparison, Exanples 6 and 7

(BB2GBOTM gnd Oc bR BfRYAD PP wam@m&&ﬁec% %&’ﬁk&h@ﬂé@ &éﬁw Ijrhér’éntof

increase in torque over tine m and MH =
mar chi ndgsalsdyleos, iSopderat and mmehhylostmneoasdesdmbedomohie‘s E’ateml INQas

20121 08 SHSPEI ADGHT? GPSFaten Bt B iofist MRS HIE o medt | onomer

(Exarrple 9) resulted in a high initial torque (6.24 dNm, fast t'90 (4.48
m n), hi MH (10.72 dNm and slight reversion. Exanple 8 illustrates the
di ffereﬂg‘@ naisiEe v egedhion pme snuitiolefinebiutys rabbaddpalymer (may HPtPerand
peroxi de _are. adde wer t 90 (7.59

e o ol 8 Pl BOsfn Slo-inking, 805 S RN RS SR RO R IS 5 T g
t hatj ot henoWrOIEHerstné killEE ih theé hitlandFisaiiierstobd BNiknble Retcthgolimy FRAOLTM

and TP RB7STM whi ch cannot form an i ononer due to the absence of allylic

hal i de. cahges eghdmical CNIIR- linking: Hetween rtbelpolymaredmns ras opgosed andasever e

rE)e(\érer{)fgonorf\gr%er q will%add t %e %h%bseréc%mogleé %rflomatable cross hnﬂmg ager?ts '
include norbornadiene, 2-isopropenylnorbornene, 2-vinyl-norbornene, 1,3,5-
hexatriene, 2-phenyl-1,3-butadiene, divinylbenzene, diisopropenylbenzene,

15 divinyitoluene, divinylxylene and C; to Cy alkyl-substituted derivatives thereof.

More preferably, the multiolefin crosslinking agent is divinyl-benzene, diiso-
propenylbenzene, divinyltoluene, divinyl-xylene and C, to Cy alkyl-substituted
derivatives thereof, and/or mixtures of the compounds given. Most preferably, the
multiolefin  cross-linking agent comprises divinyl-benzene and diiso-

20 propenylbenzene.

In one embodiment, the halogenated copolymers of the present invention isa star
branched polymer comprising a branching moiety.

25 In one embodiment, the branching moiety is a polymeric branching moiety.

The polymeric branching moiety useful in the formation of the star branched
polymer of the present invention includes polymers and copolymers comprising
functional groups capable of copolymerizing or forming a covalent bond with the
30 polymeric chain of the copolymer used in the formation of the halogenated
copolymer. The functional group comprises cationically active unsaturation.
Non—-limiting examples of such polymeric moieties include polydienes, partially

11
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hydrogenated polydienes, such as polybutadiene, polyisoprene, polypiperylene,
natural rubber, styrene-butadiene rubber, ethylene-propylene diene monomer
rubber, styrene-butadiene-styrene and  styrene-isoprene-styrene  block
copolymers.

Star branched polymers of the present invention can be prepared by first linking

the polymeric chains with the branching moiety followed by halogenations of the

polymeric chains. Preparation of starch branch polymers is described in U.S.

Patent No. 5,182,333 and European Publication No., 0 320 263, which are
10  incorporated herein by reference in their entirety.

Nucleophiles

The nucleophiles for use in the preparation of the ionomer of the present
invention comprise at least one pendent vinyl group.

15
In one embodiment, the nucleophile for use in the present invention includes a
phosphorus based nucleophile having at least one pendant vinyl group.

In one embodiment, the nucleophile of the present invention has the following
20  structural formula (1):

wherein:
A is phosphorus; and

25 Ry, Rz and Rj are independently:
a linear or branched C,-C3 alkyl group optionally comprising one or more hetero
atoms, one or more carbonyl groups or combinations thereof; Cg to Cyo aryl; Cs-
Ce heteroaryl; Cs-Ce cycloalkyl; Cs-Cgs heterocycloalkyl; or combinations thereof;

wherein at least one of Ry, Rz and R; contains a pendant vinyl group.
30

12
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In one embodiment, in the structural formula (l), at least one of Ry, R; and Rs is a
linear or branched C+-Cis alkyl group or Cg to Co aryl; optionally substituted
with—C(O)-C(=CR'R")R4, or —C(O)R4, wherein R', R" and R4 are independently
C1-C6 alkyl or H.

10
In one embodiment, in the structural formula (1), at least one of Ry, Rz and Rs is —
C(0)-C(=CHy)R4, or —C(O)R4, wherein R, is C1-C6 alkyl or H.

In one embodiment, at least one of Ry, R, and Rz is linear or branched C¢-Cis
15 alkyl group having a pendent vinyl group represent by the formula —-CH=CH..

In one embodiment, in the structural formula (1), at least one of Ry, Rz and Rs is a

Ce to Cyp aryl substituted with a pendent viny! group or substituted with a linear or

branched C1-C1g alkyl group having a pendant vinyl group, wherein the pendant
20  vinyl group is represented by the formula -CH=CH..

In one embodiment, the one or more heteroatom in the formula (l) is selected

from N or O.

In general, the appropriate nucleophile will contain at least one neutral
25 phosphorus center which possesses a lone pair of electrons which is both

electronically and sterically accessible for participation in nucleophilic substitution

reactions. Suitable nucleophiles include, but are not limited to

diphenylphosphinostyrene (DPPS), allyldiphenylphosphine,

diallylphenylphosphine, diphenylvinylphosphine, triallylphosphine, or mixtures
30 thereof.

13
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In one embodiment, the nucleophile for use with the present invention is
diphenylphosphinostyrene (DPPS), shown below.

sBen
s

5
Preparation of lonomers
The ionomers of the present invention are prepared by reacting the halogen
moieties of the halogenated copolymers as described above with the
phospohorus nucleophile comprising a pendant vinyl group as also discussed
10  above.

In one embodiment, when the nucleophile is reacted with halogenated
copolymers containing halo groups such as allylic halides produced at the
multiolefin sites of the starting polymer or alkyi halides produced at the aromatic
15  vinyl sites of the starting polymer, the reaction product produces an ionomer
having unsaturation at the pendant vinyl sites. This unsaturation is in addition to
any residual unsaturation remaining in the halogenated copolymer starting
material. Unsaturation allows self and peroxide curability of the ionomer, without
the molecular weight degradation and chain scission that normally occurs when
20 insufficient olefinic bonds are present.

An exemplary ionomer obtained by the reaction of halobutyl rubber with DPPS is
shown below:

25 N '
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anount of peroxide is beneficial in that it shortens the cure tine
significantly. BB2030 and DPPS with no peroxide 5 (Exanple 6) has a t'90
of 23.61 mn vs. t'90 of 17.22 mn (Exanple 16), 14.22 mn (Exanple 17),
and 7.59_mn (Exanple 8), for 0.05 phr, 0.1 phr and 1 phr dicunyl peroxide
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5 embodiment, the amount of nucleophile is from about 1 to about 3 molar
equivalents based on the total molar amount of halogen present in the
halogenated copolymer.

The halogenated copolymer and the nucleophile can be reacted for about 0.20 to

10 90 minutes. When the reaction takes place in internal mixer the reagents are
reacted from 1 to 10 minutes, or from 1 to 4 minutes. In other cases, the reaction
takes considerably longer, for example from 15 to 90 minutes, or 20 to 60
minutes.

15 Since the nucleophile reacts with the halide functionality of the halogenated
copolymer, the resulting ionomeric moiety is a repeating unit derived from the
repeating units comprising the halide functionality. The total content of
ionomeric moiety in the ionomer therefore cannot exceed the starting amount of
halide in the halogenated copolymer; however, residual halides containing

20 repeating units and/or residual unsaturated repeating units from the multiolefin
and/or vinyl aromatic monomers may be present. In one embodiment, the
resulting ionomer comprises from at least 0.05 mol % of the ionomeric moiety up
to an amount not exceeding the original halide content of the halogenated
copolymer used to produce the ionomer. Residual halides may be present in the

25 ionomer in a non-zero amount up to an amount not exceeding the original halide
content of the halogenated copolymer used to produce the ionomer. Residual
multiolefin may be present in a non-zero amount up to an amount not exceeding
the original multiolefin content of the starting polymer used to produce the
halogenated copolymer.

30
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In one embodiment, the ionomer comprises total unsaturation of the halogentaed
copolymer and the pendant vinyl group in an amount greater than or equal to 1.0
mol %.

5 In one embodiment, the ionomer comprises total unsaturation of the butyl rubber
and the pendant vinyl group in an amount greater than or equal to 1.0 mol %.

Fillers can also be used in the formation of the ionomers of the present invention.
Fillers suitable for use in the present invention may be composed of patrticles of a
10 mineral; suitabie fillers include silica, silicates, clay (such as bentonite), gypsum,
alumina, titanium dioxide, talc and the like, as well as mixtures thereof. Minerai
fillers can also be used alone or in combination with known non-mineral fillers,
such as carbon blacks; suitable carbon blacks can prepared by the lamp black,
furnace black or gas black process and have BET specific surface areas of 20 to
15 200 m2/g, for example, SAF, ISAF, HAF, FEF or GPF carbon blacks;
or rubber gels, preferably those based on polybutadiene, butadiene/styrene
copolymers, butadiene/acrylonitrile copolymers and polychioroprene.

Curing of lonomers

20 The presence of the pendant vinyl groups makes the ionomers according to the
present invention suitable for self and peroxide curing, particularly the ionomers
comprising polymers which do not have high levels of residual multiolefin content
previously thought necessary to allow self and peroxide curing without undue
chain scission and molecular weight degradation.

25
Curing can be effected by providing conditions suitable for self and peroxide
curing. In one embodiment the curing is achieved by heating the ionomers of the
present invention at a suitable curing temperature.

30 In one embodiment the curing is achieved by heating the ionomers of the present
invention at a suitable curing temperature in the presence of a peroxide curing
agent.

16
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embodiment, the curing temperature is about 120 to 180 °C.

Peroxide based curing systems suitable for use in the present invention
comprises a peroxide curing agent, for example, dicumyl peroxide, di-tert-butyl
peroxide, benzoyl peroxide, 2,2'-bis (tert.-butylperoxy) diisopropylbenzene
(Vulcup® 40KE), benzoyl peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)-hexyne-
10 3, 2,5-dimethyl-2,5-  di(benzoylperoxy)hexane, (2,5-bis(tert.-butylperoxy)-2,5-
dimethyl hexane and the like. One such peroxide curing agent comprises
dicumyl peroxide and is commercially available under the name DiCup 40C™.

In one embodiment, the peroxide curing agent is used in an amount of 0.01 to 7
15 parts per hundred parts of rubber (phr). In another embodiment, the peroxide
curing agent is used in an amount of 0.1 to 6 phr. In yet another embodiment,
the peroxide curing agent is used in an amount of about 0.2 to 1.5 phr. In yet
another embodiment, the peroxide curing agent is used in an amount of about 0.3
to 1.2 phr.
20

Peroxide curing co-agents can also be used in the present invention. Suitable
peroxide curing co-agents include, for example, triallyl isocyanurate (TAIC),
commercially available under the name DIAK 7™ from DuPont, N,N’-m-
phenylene dimaleimide, known as HVA-2™ (DuPont Dow), triallyl cyanurate

25 (TAC) or liquid polybutadiene known as Ricon D 153™ (supplied by Ricon
Resins). Peroxide curing co-agents may be used in amounts equivalent to those
of the peroxide curing agent, or less.

In some embodiments of the present invention, stabilizers, anti-oxidants,

30 tackifiers, and/or other additives as known to those of skill in the art may also be
added in the usual way and in the normal amounts.

17
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Additionally, fillers, curing agents, and/or other additives may be added to the
jonomer.

In embodiments where the composition includes the ionomer, fillers, curing

5 agents, and/or other additives, the ingredients may be compounded together
using conventional compounding techniques. Suitable compounding techniques
include, for example, mixing the ingredients of the composite together using, for
example, an internal mixer, such as a Banbury mixer, a miniature internal mixer,
such as a Haake or Brabender mixer, or a two roll mill mixer. An extruder also

10 provides good mixing, and permits shorter mixing times. It is possible to carry out
the mixing in two or more stages, and the mixing can be done in different
apparatus, for example one stage in an internal mixer and one stage in an
extruder. For further information on compounding techniques, see Encyclopedia
of Polymer Science and Engineering, Vol. 4, p. 66 et seq. (Compounding). Other

15 techniques, as known to those of skill in the art, are further suitable for
compounding.

In one embodiment of the process for producing peroxide cured polymers, it is
desirable to first admix the nucleophile comprising a pendant vinyl group with the
20 halogenated copolymer to form the ionomer, then to peroxide cure the ionomer
by admixing it with a peroxide curing agent. In other embodiments, it is desirable
to form peroxide cured compounds by admixing the halogenated copolymer with
both the nucleophile comprising the pendant vinyl group and the peroxide curing
agent, to thereby form the ionomer in situ during curing of the compound. This
25 process is simpler from a process point of view, in that it requires only a single
step to lead to enhanced states of peroxide cure of halogenated copolymers such
as grades with insufficient diene levels in the backbone to otherwise permit
peroxide curability. However, the in situ process can also be used with
halogenated copolymer grades having elevated levels of multiolefins in the
30  backbone, in order to produce cured polymers having desirably elevated cure

states and short cure times. Cured compounds produced in situ desirably have

18
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at least comparable cure states, and may have enhanced cure states, as
compared with compounds produced in a muiti-step process.

In one aspect, the present invention relates to the cured polymer and articles
5 comprising the ionomer as defined and described above.

The invention will now be described with reference to specific examples. It will be
understood that the following examples are intended to describe embodiments of
the invention and are not intended to limit the invention in any way.
10
Equipment
Rheometry profiles were obtained using a Moving Die Rheometer (MDR) at
temperatures between 160 °C and 180 °C with a frequency of 1.7 Hz (12 arc)
according to ASTM 5289. The tc90 value was subsequently used to determine
15 test specific cure times. Stress strain samples were prepared by curing a 2 mm
thick macro sheet at temperatures between 160 °C and 180 °C for tc90+5
minutes, after which Die C dumbbells were dyed out. The test was conducted at
about 23 °C according to ASTM D-412 Method A. Hardness (Shore A2) values

were determined using an A-scale durometer as described in ASTM 2240.
20

Materials

All reagents, unless otherwise specified, were used as received from Sigma-

Aldrich (Oakville, Ontario). BB2030™ (LANXESS Bromobutyl 2030, LANXESS

Inc.), RB301™ (LANXESS Butyl 301), Di-Cup 40C™ i.e., Dicumyl peroxide
25  (Struktol) and “Trigonox 101-45B-PD” were used as received from their

respective suppliers. Diphenylphosphinostyrene (DPPS) from Sigma-Aidrich and

Hokko Chemical industry Company Lid. (Tokyo, Japan) were both used as
received from the suppliers.

30 BIMS1, BIMS2 and BIMS3 are brominated copoylmers of isobutylene and methyl
styrene. BIMS1 has styrene content of 5%, a bromide content of 0.5%, and a
Mooney viscosity of 45. BIMS2 has styrene content of about 5%, a bromide

19
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content of about 0.75% and a Mooney viscosity of 35. BIMS3 has styrene
content of about 7%, a bromide content of about 1.2%, and a Mooney viscosity of
45,

RB70™ is butyl rubber with an isoprene content of 6.9 mol%, a divinylbenzene
content of 0.1 moi %, and a Mooney viscosity of 40.

SBB is a starch branched polymer of halogenated butyl rubber containing
isobutene, isoprene and additionally a styrene-butadiene-styrene triblock polymer
as branching agent. The bromine content of this polymer was 2.4 % and the
Mooney viscosity was 32.

Mixing Procedure 1

The polymer (or previously made compound) was added to a room temperature
two-roll mill and was allowed to run for a short period of time before adding the
other ingredients. All ingredients were added on the mill and the resulting
compound was subjected to a minimum of 6 three-quarter cuts and 6 endwise
passes to ensure adequate dispersion of ingredients. For examples where the
compound was split to mix another example the scale was approximately 130g
per batch and for compounds that were not split the scale was approximately 65
g.

Mixing Procedure 2

The polymer was added to a Brabender miniature internal mixer at 130 °C and 60
rpm. The rubber was allowed to mix alone for a short period of time before
adding the other ingredients. All ingredients, not including peroxide, were added
in the mixer and the compound was allowed to mix for 7 to 10 minutes. The
peroxide was added to the compounds on a room temperature two-roll mill. After
peroxide addition the compound was refined with a minimum of 6 three-quarter
cuts and 6 endwise passes. For examples where the compound was split to mix
another example the scale was approximately 130g per batch and for compounds
that were not split the scale was approximately 65 g.

20

( MPa)
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The polymer, filler, and TPP (if applicable) were added to a Brabender miniature
internal mixer at 60 °C and 60 rpm. The rubber was allowed to mix alone for a
5 short period of time before adding the other ingredients. The compound was
allowed to mix for approximately 4 minutes. The DPPS and peroxide, where
applicable, were added to the mix on a room temperature two-roll mill. After
ingredient addition the compound was refined with a minimum of 6 three-quarter
cuts and 6 endwise passes. For examples where the compound was split to mix
10  another example the scale was approximately 130g per batch and for compounds

that were not split the scale was approximately 65 g.

Cure temperatures

Unless stated otherwise, a cure temperature of about 170 °C was used. In DiCup
15 40C containing compositions about 170 °C was used as cure temperature. In

Trigonox 101-45B-PD containing compositions about 180 °C was used.

Examples:

Following the general mixing procedures discussed above, various polymeric
20 mixtures and ionomers were prepared as shown in Tables 1 to 14, and cured in

the presence and absence of peroxide curing agents, and the tensile properties

were determined as described below.

Table 1.

Example

1 2 3 4 5 6 7 8 9 10 11
RB301™ 100

BB2030™ {100 [ 100 | 100 | 100 100 100
RB70™ 10
Example 3 104.7

Example 6 105.1

Example 7 105.1
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101.3 DPPS 5.1 1.3 D -Cup 40CTM1 1 1 Mxing Procedure 11111
MH 4.62 5.90 16.15 2.10 5.14 M+ M 3.35 4.94 15.2 1.04 4.13 t'90 (min) 2.88
23. 23 4. AR04010834162 WO 2012/ 083419PCT/ CA2011/ 001297 UPpCirrazel1iensr| e

TPP 4.7 |47 4.7

DPPS 5.1 5.1 5.1 5.1 5.1
Di-Cup 1 1 1 1 1 1

40C™

Mixing 1 1 2 1 1 1 2 1 2 1 1
Procedure

M 277|268 (154 (279|147 |7.63 |11.00|12.84|10.72|1.11 [1.50

Mu-Mo 119136023 |(145/0.12 |[6.24 (627 |11.37|6.24 | 0.01 |0.44
90 (min) | 3.51 | 4.65)23.18|5.1126.10|23.61]6.27 |7.59 |4.48 |29.89|1.60

Ultimate
Tensile
(MPa) N/A | NA |NA |[NA |NA 332 |NA 256 |[NA |NA |NA
Ultimate
Elongation
(%) N/A |N/A [N/A | N/A |NA [3421|NA |150.3 | N/A | N/A | N/A
M100 N/A [ N/A |NJA |N/A [NA 078 |[NA |1.34 [NJA |NA | NA
M300 N/A [N/A |N/A [N/A [N/A | 257 [NJA [NJA [NJA [ N/A | N/A

As shown in Table 1: Example 1 (BB2030™ + Dicumyl peroxide) shows marginal

peroxide curabilty (My = 277 dNm.). Example 2 (BB2030™ +

triphenylphosphine or TPP) pre-mixed on a room temperature (RT) mill) shows

5 anincrease in torque after 5 minutes, suggesting ionomer formation. Example 3

(BB2030™ + TPP reacted in a mixer) shows no increase in torque, indicating that

no further reaction occurs under heat after the ionomer is formed. Examples 4

and 5 show no increase in torque, indicating that the TPP ionomer is not peroxide

curable. In comparison, Examples 6 and 7 (BB2030™ +

10  Diphenylphosphinostyrene or DPPS) show a significant increase in torque over

time (My = 7.63 dNm and My = 11.00 dNm) with a marching modulus, indicating

both formation of the ionomer as well as radical cross-linking through the vinyl
group on the styrene.

22
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@zaf%le‘l% illustrates the differences observed when DPPS is utilized as an
additive (the DPPS and peroxide are added on a RT mill). This compound shows
a slower t'90 (7.59 min), a steady state of cure and a comparable My (12.84

dNm) indicating that the ionomer is formed in situ.

Examples 10 and 11 relate to RB301™ and TP RB75™, which cannot form an
ionomer due to the absence of allylic halide. The resulting MDR curves show no

increase in torque, and severe reversion for RB301, confirming absence of

ionomer formation.
Table 2.

Example

12 13 14 15
BB2030™ 100 100
Example 12 101.3
Example 13 101.3
DPPS 1.3 1.3
Di-Cup 40C™ 1
Mixing 1 2 1 2
Procedure
M 3.55 2.55 4.73 4.46
Mu-ML 2.05 0.77 3.18 2.36
t'90 (min) 9.03 18.76 4.72 1.47
Ultimate
Tensile (MPa) | 1.53 1.97 1.44 1.95
Ultimate
Elongation (%) | 660.9 913.5 303.5 301.2
M100 0.41 0.4 0.46 0.56
M300 0.79 0.78 1.41 2.18
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Examples 12 to 14 relate to variation in the amount of DPPS used in the ionomer

preparation.

A decreased level of DPPS (Examples 12, 13) results in compounds with lower

state of cure. However, comparison of the MDR curves of lower DPPS peroxide

cured compounds (pre-formed ionomer (Example 13) vs. ionomer formed in situ

(Example 12) shows the same trend as the high DPPS analogues described

above with comparable My values.

Examples 12, 14 and 15 show a cure

behavior and physical properties that is commensurate with crosslinked butyl

rubber.
Table 3.

Example

16 17 18 19 20
BB2030™ | 100 100 100 100 100
DPPS 5.1 5.1 51 1.3 5.1
Di-Cup 0.05 0.1 3 3 7
40C™
Mixing 1 1 1 1 1
Procedure
My 9.85 10.53 10.15 4.38 6.17
Mn-M_ 8.56 9.20 8.65 2.78 4.66
'90 (min) 17.22 14.22 6.56 5.11 2.42
Ultimate
Tensile
(MPa) 4.09 3.81 2.74 1.69 2.03
Ultimate
Elongation
(%) 2711 248.1 168.6 352.4 2241
M100 0.78 0.83 1.09 0.4 0.71
M300 N/A N/A N/A 1.23 N/A
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9.58 0.67 2.58 t'90 (min) 2.67 22.43 10.75 6.09 4.45 Utimte NA 2.39 2.68
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0.33 1.57 NA N A 0.97 Exanples 40-43 denonstrate the effect of a branched
pol ymer mcrostructure. Starbranched bronobutyl rubber in conparison with
Exanples 6, 8, 12 and 14 (that based on BB2G3OTM peroxide cure to a

slightly | ower degree (MH of 10.96 5vs. MH of 12.20.) Table 8. Exanple
Examples 16-20 demonstrate that very little peroxide is required for the cure o

ionomers comprising DPPS. A small amount of peroxide is beneficial in that it
shortens the cure time significantly. BB2030 and DPPS with no peroxide
5 (Example 6) has a t'90 of 23.61 min vs. 90 of 17.22 min (Example 16), 14.22
min (Example 17), and 7.59 min (Example 8), for 0.05 phr, 0.1 phr and 1 phr
dicumyl peroxide respectively. The presence of excess peroxide (i.e. 7 phr,
Example 20) causes a substantial decrease in torque and is not recommended.

10 Table 4.
Example
21 22 23 24 25 26

High 100 100 100
Isoprene
BIIR
Example 105.1
22
Example 101.3 101.3
24
DPPS 5.1 1.3
Di-Cup 1 1 1 3
40C™
Mixing 1 1 1 1 1 1
Procedure
My 2.64 8.21 12.20 2.61 4.31 3.53
Mu-Mp 1.39 710 11.00 1.42 3.03 2.25
t'90 (min) | 3.54 23.20 8.11 15.28 4.97 3.94
Ultimate
Tensile
(MPa) 1.56 3.07 2.77 N/A 1.19 0.76
Ultimate | 955.0 365.5 184.4 N/A 400.8 364.0
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44 45 BB2CG3OTM 100 Exanple 44 103.8 2-vinylpyrazine 3.8 D -Cup 40CTM 1

M xi ng Procedure 1 1

47 BB2G3OTM 100

MH 3.75 3.49 M+ M 2.25 1.93 t'90 (min) 22.58 5.39
U tinmate woensidm3{ibPa) 1.49 1.16 U tinmate El ongation (/@CTRA2080610100 0. 32

0.45 MB0OO 0.45 0.54 WD 2012/ 083419PCT/ CA2011/ 001297 Table 9. Exanple
Elongation
(%)
M100 0.25 0.75 1.09 0.32 0.38 0.36
M300 0.34 2.09 N/A 0.41 0.81 0.84

10

Examples 22-26 demonstrate the effect of elevated levels of isoprene, wherein
high isoprene BIIR (2.5 mol% isoprene, 0.8 mol% allylic bromide) was used as
described in U.S. Publication No. 2007/0218296 A1, which is incorporated herein

by reference.

Comparison with Examples 6, 8, 12 and 14 (that based on

BB2030™) show a similar state of cure (My of 12.20 dNm for Example 23)
compared to My of 12.84 dNm for Example 8) as well as a similar cure time (1’90
of 8.11 min compared to 7.59 min.)

Table 5.

Example

27

28

29

30

31

32

33

BIMSH

100

100

BIMS2

100

BIMS3

100

Example
28

105.1

Example
30

105.1

Example
32

105.1

DPPS

5.1

51

5.1

Di-Cup
40C™

Mixing

Procedure

My

1.77

13.50

10.32

16.46

14.33

16.01

8.55

26
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Exanple 46 106.1 N-[3- (dinethylam no)propyl]nethacrylamde 6.1 D -Cup
40CTM 1 M xing Procedure 1 1 MH 3.01 3.52 MVHM. 1.29 1.80 t'90 (m n)
5.26 2. 62v0l2nizmBa9Tensile (MPa) NV A 2.31 Utimte El ongamianro(1/00)29W A 441
MLOO N/ A 0.38 MB0OO N A 0. 88 Exanpl es 44-47 denonstrate iononers forned
via alternative nucl eophiles. In 5 conparison with Exanple 8 (that with

?SP% Bwﬁﬁmmucl i | ¢31sdow p7 @oeat ||y14.g7uc th.cszre stapa (- £882 MPa vs.
) a_) Tabhlda 10 Examl e 48 49 50 51!BB2
t90 (min) |22.22 |16.03 3.16 20.18 3.43 18.02 1.84

Ultimate
Tensile
(MPa) N/A 4.77 1.8 2.96 2.36 2.23 N/A
Ultimate
Elongation
(%) N/A 199.0 132.0 117.0 104.0 80.0 N/A
M100 N/A 1.28 1.42 2.43 2.24 N/A N/A
M300 N/A N/A N/A N/A N/A N/A N/A

Examples 28-33 demonstrate the effect of ionomer formation via a benzylic
bromide. Comparison with Examples 6, 8, 12 and 14 (that based on BB2030™ -
allylic bromide) typically shows a decreased cure state (My of 10.32 dNm vs. My

5 of 12.20 dNm), but an increased cure rate (90 of 3.16 min for Example 29
compared to 7.59 min. for Example 8)

Table 6.

Example

34 35 36 37 38
Terpolymer | 100 100 100
Example 35 105.1
Example 37 101.3
DPPS 5.1 1.3
Di-Cup 1 1 1
40C™
Mixing 1 1 1 1 1
Procedure
My 4.62 5.90 16.15 2.10 5.14
Mu-My 3.35 4.94 15.2 1.04 4.13
'90 (min) 2.88 23.23 4,72 4.61 3.62
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100 100 Exanple 47 104.9 Exanpl e 49 105.4 tri(p- tolyl)phosphine

5.4 diphenyl (p- 4.9 WO 2012/ 083419PCT/ CA2011/ 001297 tol yl) phosphi ne
D - Cup 40€0DNMD1210834191 M xing Procedure 1 1 1 1 VH 2PTT/CA260/@187 2. 31

Ultimate

Tensile

(MPa) 1.65 2.52 3.15 0.64 1.79

Ultimate

Elongation

(%) 568.7 368.1 130.0 750.3 401.7

M100 0.37 0.84 1.86 0.41 0.45

M300 0.59 1.87 N/A 0.57 0.95

Examples 35-38 relate to terpolymers obtained by polymerizing isobutene,
isoprene and methyl styrene, comprising 1.4mol% of isoprene, 8.2% of methyl
styrene and 0.8% brominated monomer units. Comparison with Examples 6, 8,

5 12 and 14 (that based on BBB2030™) shows an increased cure state (My of
16.15 dNm (Example 34) vs. My of 12.20 dNm(Example 8) ) and increased
ultimate tensile (3.15 MPa vs. 2.56 MPa.)

Table 7.
Example
39 40 41 42 43
SBB 6222 | 100 100 100
Example 40 105.1
Example 42 101.3
DPPS 5.1 1.3
Di-Cup 1 1 1
40C™
Mixing 1 1 1 1 1
Procedure
My 2.45 5.13 10.96 2.15 4.07
Mu-M, 0.97 3.80 9.58 0.67 2.58
'90 (min) 2.67 22.43 10.75 6.09 4.45
Ultimate N/A 2.39 2.68 N/A 1.14
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MHM 1.37 1.21 0.96 0.93 t'90 (mn) 3.86 2.49 2.99 1.71 Utimte Tensile
(MPa) VA NANANAULtimte Elongation (9 NA NANANA MO0 NA NA
N A NA MNSOQoN/83MOA NV A NN A Exanpl es 48-51 denonstr at ecriaotimeiall yl or
vinyl group is necessary for peroxide cure to occur. These

tol yl -functionalized phosphi ne nucl eophiles formiononer, but do not

per oxi er%#g"g. rapl e 171. anple 52 B3 54 BB2OBOTM 100 100 100 DPPY 5.1
1.3 1.3 TPP 3.7

(MPa)

Ultimate

Elongation

(%) N/A 493.9 178.1 N/A 382.5

M100 0.24 0.72 1.2 N/A 0.41

M300 0.33 1.57 N/A N/A 0.97

Examples 40-43 demonstrate the effect of a branched polymer microstructure.

Starbranched bromobutyl rubber in comparison with Examples 6, 8, 12 and 14

(that based on BB2030™) peroxide cure to a slightly lower degree (My of 10.96
5 vs.Myof 12.20.)

Table 8.

Example

44 45
BB2030™ 100
Example 44 103.8
2-vinylpyrazine 3.8
Di-Cup 40C™ 1
Mixing Procedure 1 1
(I 3.75 3.49
My-ML 2.25 1.93
t'90 (min) 22.58 5.39
Ultimate Tensile (MPa) 1.49 1.16
Ultimate Elongation (%) 879 605
M100 0.32 0.45
M300 0.45 0.54

10
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Trigonox 101-45B- PDTM 0.3 0.3 0.3 Mxing Procedure 1 1 1 NAH 13. 21

4.82 4.01 M+ M 11.93 3.48 2.81 t'90 (mn) 5.12 3.40 7.28 WO
2012/ 083446RCI/(8AA011/ 001297 U ti mateTensil e (MPa) 3PBI/(A241/001296

Utimte El ongation (% 169.6 375.8 603.1 MLOO 1.17 0.45 0.54 M300O N A
1.13 1.12
Table 9.
Example
46 47
BB2030™ 100
Example 46 106.1
N-[3- 6.1
(dimethylamino)propyl]methacrylamide
Di-Cup 40C™ 1
Mixing Procedure 1 1
My 3.01 3.52
Mu-M, 1.29 1.80
t'90 (min) 5.26 2.62
Ultimate Tensile (MPa) N/A 2.31
Ultimate Elongation (%) N/A 441
M100 N/A 0.38
M300 N/A 0.88

Examples 44-47 demonstrate ionomers formed via alternative nucleophiles. In
comparison with Example 8 (that with DPPS), these nucleophiles show a greatly
reduced cure state (~ 3.5 MPa vs. 12.20 MPa.)

Table 10.
Example
48 49 50 51
BB2030™ 100 100
Example 47 104.9
Example 49 105.4
tri(p- 5.4
tolyl)phosphine
diphenyl(p- 49
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Exanpl es 52-54 show the use of different peroxide types with peroxide
curabl e i ononer. Equi nol ar anobunts of Trigonox-101 and di cunyl peroxide
denonstr ave 2a128i88d1bar crosslink density. Table 12. ExamrplraA266/066937 58 59
BB2G3OTM 100 100 100 100 DPPS 1.3 1.3 TPP 4.7 Exanple 56 161.3

Hi S11532EP 60 60 60 60 Di-Cup 4CCTM 1 3 1 Mxing Procedure 3 1 3 3

tolyl)phosphine

Di-Cup 40C™ 1 1.1
Mixing 1 1 1 1
Procedure

My 2.71 2.50 2.37 2.31
Mu-M 1.37 1.21 0.96 0.93
'90 (min) 3.86 2.49 2.99 1.71
Ultimate N/A N/A N/A N/A
Tensile (MPa)

Uitimate N/A N/A N/A N/A
Elongation (%)

M100 N/A N/A N/A N/A
M300 N/A N/A N/A | N/A

Examples 48-51 demonstrate that the allyl or vinyl group is necessary for
peroxide cure to occur. These tolyl-functionalized phosphine nucleophiles form
ionomer, but do not peroxide cure.

5

Table 11.

Example

52 53 54
BB2030™ 100 100 100
DPPS 5.1 1.3 1.3
TPP 3.7
Trigonox 101-45B- | 0.3 0.3 0.3
PD™
Mixing Procedure | 1 1 1
Mu 13.21 4.82 4.01
My-M, 11.93 3.48 2.81
t'90 (min) 5.12 3.40 7.28
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3

WMH 26.32 24.09 20.24 11.60 15.35 MH M 19.07 17.39 14.32 5.03 8.51
t'90 (mn) 8.69 14.66 15.37 2.22 2.84 Utimte Tensile (MPa) 7.42 8.53 6.53

N A N A Woioerms3dbongat i on 553.5 560.0 424.1 NN A N A WOTI/CA2011/001297
2012/ 083419PCT/ CA2011/ 001297 (0/0)

MLOO 1.75 1.68 1.93 NA NA

Ultimate  Tensile

(MPa) 3.51 1.46 2.46
Ultimate

Elongation (%) 169.6 375.8 603.1
M100 1.17 0.45 0.54
M300 N/A 1.13 1.12

Examples 52-54 show the use of different peroxide types with peroxide curable

ionomer. Equimolar amounts of Trigonox-101 and dicumy! peroxide demonstrate

a similar crosslink density.

Table 12.

Example

55 56 57 58 59
BB2030™ | 100 100 100 100
DPPS 1.3 1.3
TPP 4.7
Example 56 161.3
HiSil 532EP | 60 60 60 60
Di-Cup 1 3 1
40C™
Mixing 3 1 3 3 3
Procedure
My 26.32 24.09 20.24 11.60 15.35
Mu-My 19.07 17.39 14.32 5.03 8.51
190 (min) 8.69 14.66 15.37 2.22 2.84
Ultimate
Tensile
(MPa) 7.42 8.53 6.53 N/A N/A
Ultimate
Elongation | 553.5 560.0 424 1 N/A N/A
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MBOO 4.33 4.68 5.32 NA N A Exanples 55-65 denonstrate the properties that
can be obtained by the use of fillers in peroxide curable iononers. IWH

val ues ofwopot20836934 and ultinmate tensile of 13.08 MPaPpcarcArelizoimeved in
cured filled conmpounds. These 5Sproperties can be tailored to specific
applications by altering of the recipes. Table 13. Exanple 60 61 62 63 64

65 BB2 C@’A%I PPPS 5.1 1.3 5.1 1.3 TPP B.7 TRB#7[50 50 50 50 50
50 Di - Cup_4QCTM 3

M100 1.75 1.68 1.93 N/A N/A

M300 4.33 4.68 5.32 N/A N/A

Examples 55-65 demonstrate the properties that can be obtained by the use of

fillers in peroxide curable ionomers. MH values of up to 35.34 and ultimate

tensile of 13.08 MPa can be achieved in cured filled compounds. These
5 properties can be tailored to specific applications by altering of the recipes.

Table 13.

Example

60 61 62 63 64 65
BB2030™
DPPS 5.1 1.3 5.1 1.3
TPP 4.7
IRB#7 50 50 50 50 50 50
Di-Cup 3 3 3 3 1
40C™
Mixing 2 2 3 3 3 3
Procedure
My 25.12 9.37 35.34 11.38 8.66 8.05
Mu-Mp 8.76 3.33 31.23 7.02 4.38 3.93
t'90 (min) | 2.69 3.66 10.67 7.26 2.05 14.83
Ultimate
Tensile
(MPa) N/A 5.82 13.08 6.48 11.88 8.69
Ultimate
Elongation
(%) N/A 309.0 125.8 378.5 551.0 626.5
M100 N/A 1.55 9.62 1.62 1.659 1.053
M300 N/A 5.82 N/A 5.24 5.949 2.917
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333 1 Mxing Procedure 2 2 3 3 3 3 IMH 25.12 9.37 35.34 11.38 8.66
8.05 MVH M. 8.76 3.33 31.23 ' 7.02 4.38 3.93t'90 (mn) 2.69 3.66 10.67 7.26

2. 05 14. 88oubtrosatie Tensile (MPa) N A 5.82 13.08 6.48 1PCcEEAR0ADOUII nat e
El ongation (0/0) NA

Table 14.

Example

66 67
BB2030™ 100 100
DPPS 5.1 1.3
HVA-2™ 1 1
Di-Cup 40C™ 1 1
Mixing Procedure 1 1
My 12.42 428
Mu-M, 10.87 2.64
t'90 (min) 7.50 3.92
Ultimate Tensile (MPa) 2.76 1.04
Ultimate Elongation (%) 167.8 326.3
M100 1.08 0.427
M300 N/A 1.151

Examples 66-67 demonstrate the effect of coagent on peroxide curable ionomer.
5 Although the torque in the MDR is not altered by the addition of coagent, it can
alter the physical properties i.e. elongation of the compounds. These recipes

can be altered and different coagents may provide an improvement in properties.

Example 68 69 70 71

My (dNm) 11.08 14.41 1556 15.42
Temperature: 160°C My - M (dNm) 9.62 1273 14.05 13.72
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309.0 125.8 378.5 551.0 626.5 MLOO NV A 1.55 9.62 1.62 1.659 1.053 M300 N A
5.82 NNA 5.24 5.949 2.917 WO 2012/ 083419PCT/ CA2011/ 001297 Tabl e 14.

Exanpl e w6 26i2/@BBAC®30OTM 100 100 DPPS 5.1 1.3 HVA-2TM 1 PcDicACop/00Q8TM 1 1
M xi ng Procedure 1 1 NAH 12.42 4.28 M+ M 10.87 2.64

foo (Min) 35.67 29.64 22.65 19.45

My (dNm) 841 888 9.89 9.02
Temperature 200°C My - M (dNm) 720 744 857 7.51
fgo (Min) 7.09 248 254 229

Examples 68 - 71 show that crosslinked rubber is resulting at temperatures
between 160 and 200 °C.

5 Extractions in Toluene
Some of the above examples were extracted in toluene to demonstrate
crosslinking of the polymer. Small masses of the cured compounds were
weighed (approximately 0.3g) and placed in glass vials with caps. To the vials
approximately 5 mL of toluene was added and the samples were allowed to mix

10 on a shaker for over 72 hours. The samples were then decanted and the swollen
rubber, if it had not dissolved, was weighed and the mass was recorded. The
swollen rubber was then placed in a vacuum oven at 60 — 70 °C overnight to dry
the sample of any solvent. The dried sample was then weighed and the mass
was recorded. A rubber that swells in organic solvent is indicative of a

15 crosslinked polymer.
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t"90 (mn) 7.50 3.92 Utimate Tensile (MPa) 2.76 1.04 Utimate El ongation
(%9 167.8 326.3 MLOO 1.08 0.427 MBOO N A 1.151 Exanples 66-67 denonstrate
t he ef f ecwoabh120agent on peroxi de curabl e iononer. 5 Al Phoughotive129or que in
the MDR is not altered by the addition of coagent, it can alter the

physi cal properties i.e. elongation of the conpounds. These recipes can be
altered and different coagents may provide an inprovenent in properties.
Exanple 68 69 70 71 B82030 100 100 100 100 riPPS 5.0 5.0 5,0 5.0 HVA-2 3.0

3.0 Tri gtablei®1-458- 0.1 0.1 0.3 0,3 PD MH (dN m) 11.08 14.41

Sample Observation % Swell % Loss
Example 1 swollen 601.2 10.7

Example 2 dissolved N/A N/A

Example 6 swollen 363.8 6.1

Example 8 swollen 264.9 4.6

Example 12 swollen 718.6 12.2

Example 14 swollen 405.5 8.0

Calculations:
5 % swell = (swollen mass / dried mass) * 100%

% loss = [(initial mass — dried mass)/initial mass] * 100%

All documents cited in the Detailed Description of the invention are, in relevant
part, incorporated herein by reference; the citation of any document is not o be
10  construed as an admission that it is prior art with respect to the present invention.

Although the invention has been described in detail in the foregoing for purposes

of illustration, it is understood that such detail is solely for that purpose and that

variations can be made therein by those skilled in the art without departing from
15 the spirit and scope of the invention except as it may be limited by the claims.
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15.56 15.42 Tenperature: 160CWVH - (dNm) 9.62 12.73 14.05 13.72 WO

2012/ 083419 PCT/ CA2011/ 001297 1.90 (min) 35.67 29.64 22.65 19.45 M
(dNm)  10.\0 201/B34182. 85 12. 53 Tenper at ur e: 180 8. ®TTAM2BM/0012953 11: 01
C MH M. (dNm t90 (min) 15.84 6.50 5.47 5. 6 NMH (CI NV

What is claimed:

1. An ionomer comprising a reaction product of the reaction between a
halogenated isoolefin copolymer and at least one phosphorus based
5 nucleophile comprising at least one pendant vinyl group.

2. The ionomer of claim 1, wherein a halogenated isoolefin copolymer comprises
repeating units derived from at least one isoolefin monomer, and repeating
units derived from one or more multiolefin monomers, one or more alkyl

10 substituted aromatic vinyl monomers or a mixture thereof.

3. The ionomer of claim 2, wherein said halogenated copolymer comprises at
least one allylic halogen moiety, or at least one halo alkyl moiety or both.

15 4. The ionomer of claim 2, wherein said halogenated copolymer comprises
repeating units derived from said at least one isoolefin and repeating units
derived from said one or more multiolefin monomers.

5. The ionomer of claim 2, wherein one or more of said repeating units derived
20 from said multiolefin monomers comprise an allylic halogen moiety.

6. The ionomer of claim 5, wherein said one or more multiolefin monomers are
selected from C4-C16 conjugated diolefins.

25 7. The ionomer of claim 6, wherein said conjugated diolefin is isoprene.

8. The ionomer of claim 2, wherein said halogenated copolymer comprises
repeating units derived from said at least one isoolefin and repeating units
derived from said one or more alkyl substituted aromatic vinyl monomers.

30

9. The ionomer of claim 8, wherein one or more of said repeating units derived

from said aromatic vinyl monomers comprise a halo alkyl moiety
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8.41 8.88 9.89 9.02 Tenperature 200C MHWL (dNM 7.20 7.44 8.57 7.51 1190
(mn) 7.09 2.48 2.54 2.29 cure (mn.) 10 Rubber cur ed 200C cure (O
200 200 290 28083410t i mat eTensi | e 2.43 3.72 2 3 3. @2T/qAYPH)001297

10.The ionomer of claim 2, wherein said halogenated copolymer comprises
repeating units derived from said at least one isoolefin, repeating units derived
from said one or more multiolefin monomers, and repeating units derived from

5 said one or more alkyl substituted aromatic vinyl monomers.

11.The ionomer of claim 10, wherein one or more units derived from said
multiolefin monomers comprise an allylic halogen moiety and/or one or more
units derived from said alkyl substituted aromatic vinyl monomers comprise a

10 halo alkyl moiety

12.The ionomer of any one of claims 8 to 11, wherein the aromatic group in the
alkyl substituted aromatic vinyl monomer is benzene, naphthalene,
anthracene, phenanthrene or biphenyl.

15
13.The ionomer of any one of claims 8 to 11, wherein the alky!l substituted
aromatic vinyl monomer is C4-C4 alkyl substituted styrene.
14.The ionomer of claim 13, wherein the alkyl substituted aromatic vinyl
20 monomer is o-methyl styrene, p-methyl styrene, or m-methyl! styrene.

15.The ionomer of any one of claims 1 to 14, wherein the isoolefin monomer

comprises a C4 to Cg isomonoolefin monomer.

25 16.The ionomer of claim 15, wherein the isomonoolefin monomer comprises
isobutylene.

17.The ionomer of claim 1, wherein said halogenated copolymer comprises
halobutyl rubber.
30
18.The ionomer of claim 1, wherein said halogenated copolymer comprises a
copolymer of isobutylene and p-methyl styrene, wherein one or more
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U ti mat eEl ongati on 246 222 183 224 (/0) MLOO (MPa 0.78 0.94
0.89 0.86 Exanples 68 - 71 show that crosslinked rubber is resulting at
t enper at we=otrassvaen 160 and 200 C. 5 Extractions in TolPagema26ame1of t he
above exanples were extracted in toluene to denonstrate crosslinking of the
pol ymer. Small masses of the cured conpounds were wei ghed (approxi mately

0.39g) and pipaaadgiuhi! @&sved fbm Bhibhpeadbyl dQrdritehii@ls banpyirxhameyehy 5
of toluene was added and the sanples were allowed to m x 10 on a shaker for
over 72 ho@fio¥P. The sanpl es were then decanted and the swollen rubber, if it
had not dissol ved, was wei ghed and the mass was recorded. The swoll en
rubber was then placed in a vacuumoven at 60 - 70 C overnight to dry the

sanpl e a9, TRy isAdbmentof clditn dr iviiseremmBhR WalDgERaRABOEbIPheBbnihsg¥RasS Was
recorded. A rubber that swells in organic solvent is indicative of a

15crBss| i iekeelymeryefeisobutys e 1isppeael apdTp-oactbyl shyoarre 7whersie A% anpl e
Qbservatiop ' % . % S I | ] 601. 0 '
di ssol ved ﬁfpﬁe(hﬁﬁ%éhﬁgp@t% d?ﬁi@eﬁoéé. @%@reé;?arlfélvé gz ﬁﬁgphgloéen
moiety and/or one or more repeating units derived from said p-methyl styrene
have a benzylic halogen group.

10  20.The ionomer of any one of claims 1 to 19, wherein said halogenated
copolymer is a star branched polymer.

21.The ionomer of any one of claims 2 to 19, wherein said polymer comprises
from about 0.2 to about 20 mol% of the units derived from said conjugated
15 multiolefins.

22.The ionomer of claim 21, wherein the repeating units derived from said
conjugated multiolefin is from about 0.5 to about 2.5 mol%.

20 23.The ionomer of claim 21, wherein the repeating units derived from said
conjugated multiolefin is from about 3.0 to about 8.0 mol%.

24.The ionomer of any one of claims 1 to 23, wherein the phosphorus based
nucleophile has the formula:

25
'?1
P
Ry~ Ry
wherein:
R1, Rz and R are independently:
30 a linear or branched C4-Cis alkyl group optionally comprising one or more

hetero atoms, one or mare carbonyl groups or combinations thereof; C6 to
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swol l en 264.9 4.6 Exanple 12 swollen 718.6 12.2 Exanple 14 swollen 405.5
8.0 Calculations: 5 %swell = (swollen mass / dried mass) * 100% % | oss =
[ (initialwoase/83dpi ed mass)/initial nass] * 100% Al | pdoaarentm®izodrted in
the Detail ed Description of the invention are, in relevant part,

i ncorporated herein by reference; the citation of any docunent is not to be
10const ruedcag #yi; UBICH hetferbaal; CB-C6 aycloaikygr C3vEE Metesjogcloalkyl;t bie
present invention. Although the invention has been described in detail in

t he foregoi ¢RMbinatipns greseafof illustration, it is understood that such

detail is s f oge t yvarj aft i - de therein
by those sk?%%a%n ?ﬁrﬁaﬁggéﬂwvﬁ?t ﬁ%&ﬁagqeapéﬁi{?%giﬁé% t@?ﬁ‘?‘#% and scope
of the invention except as it may be limted by the clains.
2012/ 083419PCT/ CA2011/ 001297 What is clained: 1. An ionong

: er V.\f)) rising a
r egcﬁ i 0?5-6?hﬁjmpmﬁf of ibaiedé Woareist adeastonfrbfente 884 Bo @ﬁlnggr €bpol yner
Sendant vigREEECE Ak Bpthaif BRdentvAGE TGS RprSeriasr ihe e

i sool ef i n feppalayr®&H=CeRpPri ses repeating units derived fromat |east one

i sool efin nmononer, and repeating units derived fromone or nore

nnul ti ol efin nononmers, one or nore al kyl 10substituted aromatic vinyl
nonomer 1 r f . The (L0040 chal niel id

nal ogenabenEisigfeht Lafih Pouasiein M IGAAIE of pyREaflai, A TRER 57 O
| eafy one drahehed KO4-Croakyl groupdet ICs 56 C4, afyle optionalBr sabstitlieidwith wher ei n
sai d hal ogenat ed copol yner conprises repeating units derived fr n};ﬁai d at
| east one CENCEFCR R4 ras )y whetein d&r Ry éadiRoatesidgrsndenty kdr e

mul ti ol efie Wy? . 5. The iononmer of claim2, wherein one or nore
of said rep% ng units derived 20from said nmultiolefin nonomers conprise
an allylic halogen noiety. 6. The iononer of claimb5, wherein said one or

nore multiol efin nononers are selected from C4-C16 con&;&?at ed_di OlCSfi ns.
257. The’i Bheirfionesr ef claim 84 wikrrel), mtdeast aenplugatRaad HadficnCe 40 il pr ene.

8. e ion I - | M ' ' : - Iy Ses
replt i ng Ay cuBad i g 08 iR CoRRleD B R AR TR iReRE 0
units derilyewtchedenCsd,g alkg grouppihavirgyl peablani tviryédgraupatherein riie
mononers. 30 9. The iononer of claim8, wherein gne or nore of said

repeati ng Rendantyinl geus isdepiasented byhe toriud +Chsitdier s conprise a hal o
al kyl noiety 10. The iononer of claim2, wherein said hal ogenated

copol ymer conprises repeating units derived fromsaid at |east one isool ef
in, reped ThY iodrhsr BEElawaP4, namarein theongcleophity B selétted! fedrnrthexgroopr s, and

repeating units derived from b5said one or npre al kyl substi ﬁ ted aromatic
vi ngP nonoeehsisting ofrhdipheRyrBesRiliNestiranel olDRiRet eiallylsieheny hilft s

derived frgi I iol.efin : {Se an i oge i et
andl or - one T8 RbE 0T EhbofR, " FRRRFRURERGRENTE, oLV IhbERIREr S anED VY,
nononer s caiuteaetharddihal o al kyl noiety 12. The ionomer of any one of

clains 8 to 11, wherein the aromatic group in the al kyl substituted
aromatic vinyl nononer is benzene, naphthal ene, anthracene, phenanthrene or

al kyt i1 e JehameFet dRRT2G, RopRbt 1B Obebul BPEPES) "Sunetitutea

stypsgne. 14. The iononmer of claim 13, wherein the al kyl substituted

aromati c_vinyl 20nmpnoner is o-nmethyl styrene, |£|) met hyl styrene, or m nethyl
st yr ene.30LA AIREESDHIE RERPHINGLAY INENY: CINRNISHERT 1he §tePg Ofivher ei n the isool efin

nonomer conpris I Lf 1 g@p@é’per. 25 16. The ionomer of
claim 15, Wnerefpﬁ°?ﬁg‘§és§%@§?83‘?§$§8%ﬁﬁn°§? onpfises isobutylene. 17.The
i onomer of cl ai mprévididge aeilgastadnk phosghorisedasa olughemphde ngomprsing satobut vl
rubber. 30 18. The iononmer of claim 1, wherein said hal ogenated copol yner
conprises a RBYAMBRSNGANtVEYHGIQYRAdand p- net hyl styrene, wherein one or
mor 3o reacting the halogen moiety of said halogenated copolymer with the

nucleophile to form the ionomer.
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repeating units derived fromsaid p-nethyl styrene have a benzylic hal ogen
group. 19.The iononer of claim1l, wherein said hal ogenat ed copol yner

conpri seswe 28120884101 yner of isobutyl ene, isoprene and pPOgEtdazbiigyENe,
wherein one or nore repeating units derived fromsaid i soprene have an
allylic hal ogen noiety and/or one or nore repeating units derived fromsaid
p- et hyB1 SThe qitecdsy eactorGiRgY td Celbinh 03E N viHeRbin: tHE RAodBRalcdNMBlefi any
one of clains 1 to 19, wherein said hal ogenated copolyier is a star
branched FOP@HEREr COMPIiSERerapsadngr ubits gqgwlvedefr@fn @taleast oneo is@lefither ei n

said poly ri .about.. 0. 0. ab 20 mol % of th ni derived
from sai dﬁéﬁfﬁg}ét e%]%is;ﬁhgﬁ'@&eyhﬁt%saeé\foaﬁéh oHBme?" IOl a 'Thﬁ(%f?%er ein
t he repeatrogomerd, Sork@ron esbrer aIkys suBsHRd grbeatiEWihyohedriomés b am about
0.5 to about 2.5 nor/o. 20 23.The iononer of claim21, wherein the

r epeat i ng NXtYre thereofed from sai d conjugated nultiolefin is from about 3.0
to about 8.0 nol/0. 24. The iononer of any one of clainms 1 to 23, wherein

t he phosphorus based nucl eophile has the forrmula: 25 RL | ./P R2R3 wherein:
Rl, R2 3adTH&3pricess il pand80ior31, Hterbinead halodenated edpsiinfetds al &4t group
optionally conprising one or nore hetero atons, one or nofe carbonyl groups
or conbi ndAABARed fAP@YMero6 to 010 aryl; C3-C6 heteroaryl; C3-C6
cycl oal kyl ; C3-C6 heterocycl oal kyl ; or conbi nations thereof; wherein at

| east one of R1, R2 and R3 contains a pendant vinyl group. 525. The i ononer
of 10 ai 882Fhe Whededishacadrdingadt clane 3, wHere2tndubiBophilé id irégaedakitter anched
Cl-C18 aIkKI group having a pendent vinyl group represent by the fornula
-CH=CH2. the halogenated copalymear iofthelrange Jvormabosi i, toah Melasequivelests R1, R2

d R3 i ' 0 d.ClL- 18 al ky| r 06 C10 | ;
opti onal 1 yPassie PP ol e AFREH O i iotin, Breith o e iR R | R
and R4 ar gdipsiependently Cl- C6 al kyl or H. 27. The iononmer of claim

24 wherein, at least one of Rl, R2 and R3is a 06 to 010 15 aryl
substituted with a pendent vinyl group or substituted with a |linear or

br he - I roup havi endant .vi ny oup,. wherein the
pen antgﬁﬁ%&ﬁ*%ﬁ%JéybE%Pgﬂﬁégﬁﬂngxﬁvﬁ?h%OWBPﬁHSAL@ : 28. The
i ononer of cl ai praddingheidibgerdted sdiemPbpsiymersel ected from the group
20consi sting of diphenylphosEhinostyrene (DPPS), " al I 'yl di phenyl phosphi ne,
di a![ |yl phfﬂyl phgﬂwﬁlﬁﬁ,ﬁégﬁé_@ﬂnﬁ nb@%hmp?ibﬁlé,eﬁr h%ﬂélegmilﬁ)@pmﬁiﬁjw@t

m xtures RILP %genggn hﬂ sgbpnoner of claim 28, erein the

nucl eophil e 1S S” ess for preparing an iononer conprising
the steps of: pr@utiﬁgnmeahm@g@geﬁ@@gdor ol ehioyenare ¥8Bolymer witlPitigyi di ng
at | east one phosphorus based nucl eophile conprising at | éast one pendant
vi @ gr oupnugleapBite interman ianemert 8gen noi ety of sai d hal ogenat ed

copolyner with cl hile to form.the .jononer. ~31.Th rocess
according to cl é{]ﬁﬁ]@&e @ﬁgmrﬁyﬂ?@twgla&&%t iF FUdRg E%mﬂef@glﬂfér yner
conprises repeating units derived fromat |east one isoolefin nononer, and
repeating units derived fromone or nore nultiolefin nononers, one or nore
al kyl s@gsTh'Q Preeessrfnelaing 34 mhereipnsaigrauriog tenfoeratwe ds taboub80. °G20 The
process Ofaﬁa iqgg or 31, wherein said hal ogenated copol yner is a star
branched copol yier.”"1033. The process according to claim 30, wherein the
nuc2gophile is reacted wth the hal ogenated copol yner in the range from
about 1 to 5 nolar equival ents based on total nolar anmount of the hal ogen
pr esent 3PnThePracessgehalaim Bl 9msp. whergn. thepewing stém furthespaompgsas cur ed
pol ymer cotmy:kSi : - .providing a hal ogenated isoolefin
copolynerfﬂﬂﬂh&agggbggﬁzémﬁgEﬁ%ﬁ@t one phosphorus based nucl eophile
conprising at | east one pendant vinyl group; reacting the
hal ogen_noiety of sai d hal ogenated copol ymer with the 20nucl eophile to form
an i onoRér ! NYREOGASS AfgEMhene e elaimshd4 e B6, mheseinasaidiprabess campriges

< Mot dBR s brBEe o b s B Yedlcace 0 0l ai m s or 35, wher ei n

the curing step further conprises adding a peroxide curing agent. 37.
The process of any one of clains 34 to 36, wherein said process conprises
30form ng said i ononer prior to the curing step.
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WD 2012/ 083419PCT/ CA2011/ 001297 38. The process of any one of claim34 to
36, wherein said process conprises formng said i ononmer during the curing
step. 39.woheiyissaess according to any one of clainms 34Pco/c32p1vioexei n t he
peroxide 5 curing agent conprises dicunyl peroxide, di-tert-butyl

per oxi de, benzoyl peroxide, 2,2'-bis (tert-butyl peroxy) diisopropyl benzene,

b | i : i ' - ' s mpri
B e B G AT oy U S EIARSL Prodt Bimpries

(2, 5- bi s( tfermingusajd jenammen durjrigy dhenaitrimgl stepxane. 10 40. The process
according to any one of clainms 34 to 39, wherein the peroxide curing agent
is added in an anount of fromO0.01 to 7 phr. 41. The process according to

any one3gfTid @iré@es%‘]aédbréiﬂg etﬁfifﬁfbﬁ?td?eclé'iﬁg%hﬁqe@é,%gér%fgfé ?@rc}%&? t he

hal ogenat ed copol yner int nge from 15about 1 to quival ents
based on t@Hlg @geat coroprisesofdicuraylhpeomede,gidotart-butyl 2perditisienr berzsy|
accordi ng a , of aj 34 to, 41, wherein the process further
conpri ses é\%ﬂf@éh?zg'@ér g&?f’a@%‘&?f%ﬁc '139@é99ﬁ9&?@4?q9meb%%4 i BRIO%Sur i ng
agent and g,gmimﬂgmgrﬁ_ fert-bos o ding to cl abrg_4: ehein the
co-agent conprises tri glﬂl yl P@c@;ggﬁ?%%%%&l C, NN - n?ﬁéﬁ'}‘?ﬂéﬂ@’%

di mal ei ni déi(benzoylipeyoxyjiyaxaneaoe (2, 5AG%( tert-biutyipé dxppRBadinesthginttexad®. 44. The
process according to claim 34 wherein the iononmer conprises total
unsaturation of the copolymer and the pendant vinyl group in an anount

gr efd er 4bIPHe Pro@ddhcdddihgGo™My bRk Gt claims 34 to 39, wherein the peroxide
curing agent is added in an amount of from 0.01 to 7 phr.

41.The process according to any one of claims 34 to 40, wherein the

neucleophile is reacted with the halogenated copolymer in the range from

15 about 1 to 5 molar equivalents based on total molar amount of the halogen
group.

42.The process according to any one of claims 34 to 41, wherein the process

further comprises admixing a peroxide curing co-agent with the peroxide
20 curing agent and the ionomer.

43.The process according to claim 42, wherein the co-agent comprises triallyl
isocyanurate (TAIC), N,N'-m-phenylene dimaleimide, triallyl cyanurate (TAC)
or liquid polybutadiene.
25
44.The process according to claim 34 wherein the ionomer comprises total
unsaturation of the copolymer and the pendant vinyl group in an amount
greater than or equal to 1.0 mol %
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